
Durham E-Theses

Spectroscopic studies of model biological membranes

Margaret Hope Greenhall

How to cite:

Greenhall, Margaret Hope (1993) Spectroscopic studies of model biological membranes. Doctoral
thesis, Durham University.

Use policy

The full-text may be used and/or reproduced, and given to third parties in any format or medium, without prior permission or
charge, for personal research or study, educational, or not-for-profit purposes provided that:

• a full bibliographic reference is made to the original source

• a https://etheses.durham.ac.uk/id/eprint/5585/ is made to the metadata record in Durham E-Theses

• the full-text is not changed in any way

The full-text must not be sold in any format or medium without the formal permission of the copyright holders.

Please consult the full Durham E-Theses policy for further details.

Academic Support Office, The Palatine Centre, Durham University, Stockton Road, Durham, DH1 3LE
e-mail: e-theses.admin@durham.ac.uk Tel: +44 0191 334 6107

https://etheses.durham.ac.uk

https://www.durham.ac.uk
https://etheses.durham.ac.uk/id/eprint/5585/
https://libguides.durham.ac.uk/open_research/etheses#s-lib-ctab-15326874-5
https://etheses.durham.ac.uk


UNIVERSITY OF DURHAM 

A Thes i s 
e n t i t l e d 

SPECTROSCOPIC STUDIES OF MODEL BIOLOGICAL MEMBRANES 

submitted by 
MARGARET HOPE GREENHALL B.Sc 

The copyright of this thesis rests with the author. 

No quotation from it should be published without 

his prior written consent and information derived 

from it should be acknowledged. 

A candidate f o r the degree of Doctor of Philosophy 
1993 

- 2 J U L 1993 



Jo Mum, Dad, MoAXjxmet and MarctUri 

all that qxm /lOAje duane pon me. 



DECLARATION 

The m a t e r i a l described i n t h i s t h e s i s was c a r r i e s out by 

the author i n the departments of Chemistry and Applied Phy s i c s , 

U n i v e r s i t y of Durham; and a t the centre for r e s e a r c h and 

technology. The Heath, I C I P i c , Runcorn, Cheshire, between 

October 1989 and October 1992. I t has not been submitted f o r any 

other higher degree. The work i s o r i g i n a l , except where 

acknowledged by r e f e r e n c e . 



ACKNOWLEDGEMENTS 

I would l i k e to express my g r a t i t u d e to Dr. Jack 
Yarwood and Ron Swart f o r t h e i r guidance and encouragement 
throughout the p r o j e c t . I would a l s o l i k e to thank Sarah 
Froggatt, Ruth Brown and Paul G e l l e r t f o r t h e i r a s s i s t a n c e . I 
would a l s o l i k e t o thank the t e c h n i c a l and non-technical s t a f f a t 
Durham, e s p e c i a l l y Terry Harrison, f o r t h e i r s e r v i c e s . Thank you 
to a l l of the f r i e n d s , both w i t h i n and outside the department who 
have made my s t a y i n Durham so enjoyable. Most e s p e c i a l l y I would 
l i k e t o thank my husband, Martin f o r h i s help and encouragement 
throughout, e s p e c i a l l y during the production of t h i s t h e s i s . 

Thank you to Dr. Mike Petty f o r access to h i s 
Langmuir troughs.The Science and Engineering Research Council and 
Corporate C o l l o i d s , I C I P i c . are thanked f o r t h e i r f i n a n c i a l 
support. 

1 1 



A b s t r a c t of a PhD. T h e s i s e n t i t l e d : 

SPECTROSCOPIC STUDIES OF MODEL BIOLOGICAL MEMBRANES 

Margaret Hope Greenhall 1993 

Small v e s i c l e s of egg l e c i t h i n were made by a gel 
f i l t r a t i o n technique. T h e i r s i z e was found to be 24 ± 0.5 nm v i a 
photo c o r r e l a t i o n spectroscopy. The v e s i c l e s were proved to be 
u n i l a m e l l a r by use of phosphorus nuclear magnetic resonance. 
F o u r i e r transform i n f r a r e d spectroscopy (FTIR) s t u d i e s showed that 
the l i p i d hydrocarbon chains were f l u i d ( i . e . contained gauche 
conformations) i n a l l environments studied. The phosphate groups 
and about h a l f the carbonyl groups were found to be solvated. 

Monolayers s t u d i e s a t the a i r / w a t e r i n t e r f a c e 
showed t h a t a mixtures of dipalmitoylphosphatidic a c i d (DPPA) with 
d i o l e o y l p h o s p h a t i d i c a c i d (DOPA) were l a r g e l y immiscible. There 
was a s l i g h t d e v i a t i o n from complete i m m i s c i b i l i t y f o r mixtures of 
DPPA i n DOPA, such t h a t a c l o s e r molecular packing occurred 
compared to monolayers of the pure m a t e r i a l s . Mixtures of 
a l a m e t h i c i n i n DPPA were found to be immiscible. 

M u l t i l a y e r s of DPPA were deposited v i a 
Langmuir-Blodgett (LB) deposition, over water onto both micro 
attenuated t o t a l i n t e r n a l r e f l e c t i o n (ATR) s i l i c o n c r y s t a l s and 
gold coated g l a s s s l i d e s . R e f l e c t i o n absorption i n f r a red 
spectroscopy (RAIRS) and l i n e a r l y p o l a r i s e d micro ATR s t u d i e s 
showed t h a t the a l k y l chains of these m u l t i l a y e r s were 
approximately perpendicular to the s u b s t r a t e . 

A novel deposition technique was used to make a 
b i o l o g i c a l b i l a y e r s t r u c t u r e s of m a t e r i a l s underwater, f o r 
examination v i a FTIR. These were examined i n a newly designed 
micro ATR s o l u t i o n s t a t e c e l l . I t was found t h a t f o r a b i l a y e r of 
DPPA when the H2O was exchanged f o r D2O t h a t there was H2O trapped 
i n the b i l a y e r . T h i s took water a long time to become deuterated 
(about 2-3 h o u r s ) . 

A 30:1 mixture of DPPA:alamethicin was found to 
d e p o s i t i n a Z-type manner, v i a Langmuir-Blodgett dipping. ATR 
FTIR s o l u t i o n s t a t e s p e c t r a of a b i o l o g i c a l b i l a y e r of 16:1 
DPPA:gramicidin a l s o r e t a i n e d water, s i m i l a r to pure DPPA, but the 
d e u t e r a t i o n of the H2O took approximately h a l f the time. 
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Abbreviations used in this thesis 

5 bending vibration 
V stretching vibration 
7t-A surface pressure versus area per molecule 
AAV air/water 
APM area per molecule 
as antisymmetric 
ATR attenuated total internal reflection 
CD circular dichroism 
CMC critical micelle concentration 
CPA close packed area per molecule 
DMPA dimystroylphosphatidic acid 
DMPC dimystroylphosphatidylcholine 
DMPE dimystroylphosphatidylethanolamine 
DMPG dimystroylphosphatidylglycerine 
DOPA dioleoylphosphatidic acid 
DPPA dipalmitoylphosphatidic acid 
DPPC dipalmitoylphosphatidylcholine 
DPPE dipalmitoylphosphatidylethanolamine 
DPPS dipalmitoylphosphatidylserine 
EDTA ethylenediaminetetra-acetic acid 
ESR electron spin resonance 
FD Fourier deconvolution 
FT Fourier transform 
FTIR Fourier transform infrared 
FWHH foil width at half height 
IPA iso-propyl alcohol 
IR infrared 
LB Langmuir-Blodgett 
LS Langmuir-ShaeflFer 
LUV's large unilamellar vesicles 
MLV's multilamellar vesicles 
NMR nuclear magnetic resonance 
PATR polarised attenuated total internal reflection 
PC phosphatidylcholine 
PCS photo correlation spectroscopy 
PTFE polytetrafluoroethene 
RAIRS reflection-absorption infrared spectroscopy 
s symmetric 
S/N signal to noise 
SD second derivative 
SUV's small unilamellar vesicles 
I E transverse electric 
TM transverse magnetic 
IPO triphenylphosphine 
UV's unilamellar vesicles 
ZPD zero point difference 
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CHAPTER 1 

BACKGROUND AND INTRODUCTION 

1.1 BACKGROUND TO BIOLOGICAL MEMBRANE RESEARCH 

B i o l o g i c a l membranes are found throughout nature, 
from protozoa to whales and algae to giant red-woods. Membranes 
a c t as b a r r i e r s , both to separate f l u i d s and to protect organisms 
from t h e i r e x t e r n a l environment. However, i t i s necessary for 
m a t e r i a l s to enter and leave an area surrounded by a biomembrane 
and t h i s i s achieved by s e l e c t i v e t r a n s p o r t , f a c i l i t a t e d by the 
membrane. B i o l o g i c a l membranes form the w a l l s of the b a s i c 
b u i l d i n g blocks of l i f e - c e l l s . Thus, i t i s of fundamental 
importance to understand the s t r u c t u r e and mechanisms of membranes 
i n order to comprehend f u l l y the biochemistry of any organism. 

The work o u t l i n e d i n t h i s t h e s i s was aimed a t 
f u r t h e r i n g the understanding of b i o l o g i c a l membranes a t a 
molecular l e v e l . However, any rese a r c h r e s t s on a foundation of 
the work of predecessors and i s often i n p a r a l l e l with the 
contemporary r e s e a r c h of other s c i e n t i s t s using d i f f e r e n t 
t echniques. Thus, before i t i s p o s s i b l e to propose new r e s u l t s , 
and t h e o r i e s based thereon, the h i s t o r y of membrane re s e a r c h 
should be des c r i b e d . 



1.2 : HISTORICAL ACCOUNT OF THE RESEARCH INTO BIOMEMBRANES 
(General r e f e r e n c e s 1-12) 

1.2.1 C e l l s and t h e i r membranes 

The term c e l l was f i r s t used by Hooke i n 1665 to 
d e s c r i b e the box - l i k e compartments t h a t he had observed by 
examination of cork with a l i g h t microscope. Leeuwenhoek improved 
the r e s o l u t i o n of microscopes such t h a t by 1674 he was able to 
view protozoa and l a t e r b a c t e r i a . 

However, the idea of c e l l s as the b a s i c b u i l d i n g 
u n i t s of l i f e forms, i n biochemical terms the u n i t s of metabolism, 
was not proposed u n t i l 1835 by Schwann. I n 1855 Nageli used the 
s e l e c t i v e absorption of pigments into d i f f e r e n t regions of the 
c e l l to i d e n t i f y s p e c i f i c components of c e l l s . By the end of the 
19th century microscopes were approaching the t h e o r e t i c a l l i m i t of 
t h e i r r e s o l u t i o n (~ 0.2 /im) . At t h i s l e v e l of r e s o l u t i o n the 
s u b s t r u c t u r e s w i t h i n c e l l s were v i s i b l e with the a i d of s t a i n i n g 
techniques. The outer w a l l s of the c e l l s could be seen as a l i n e 
d i v i d i n g the c e l l from the r e s t of the world. T h i s was termed the 
plasma membrane. Within the c e l l s other d i v i d i n g membranes could 
be seen s e p a r a t i n g small areas with s p e c i f i c f u n c t i o n s . I n the 
l a t e 19th century Nageli and Cramer showed t h a t c e l l s changed 
volume depending on the osmotic p o t e n t i a l of t h e i r immediate 
environment. They suggested t h a t i t was the plasma membrane which 
was r e s p o n s i b l e f o r t h i s osmotic a c t i v i t y . Overton continued 
t h e s e s t u d i e s i n t o the nature of the separating membrane I n 1899 
he publi s h e d r e s u l t s of h i s observations. He found t h a t i f a 
molecule was h i g h l y polar i t s t r a n s i t i o n a c r o s s the membrane was 
very slow, whereas the addition of non-polar groups (e.g. a l k y l 
c h a i n s ) i n c r e a s e d the r a t e of entry. There were some devi a t i o n s 
to t h e s e observations, suggesting t h a t the membrane performed an 
a c t i v e r o l e i n t r a n s p o r t . Overton concluded, based on h i s 
e m p i r i c a l evidence, t h a t the plasma membrane was composed of 
c h o l e s t e r o l and other l i p i d s . 



I t was Gorter and Grendal i n 1925 who f i r s t 
suggested t h a t the l i p i d s e x i s t e d as a b i l a y e r . T h i s was based on 
the s t u d i e s of l i p i d s a t the air / w a t e r i n t e r f a c e . These showed 
t h a t l i p i d s e x t r a c t e d from erythrocyte membranes occupied an area 
approximately double t h a t of the o r i g i n a l membrane when spread a t 
the a i r / w a t e r i n t e r f a c e . They proposed t h a t the polar groups of 
the l i p i d s faced outwards towards the agueous media with the a l k y l 
c h a i n s sandwiched i n between ( f i g u r e 1 ( a ) ) . 

~~ Hydrophilic region 

• Hydrophobic region 

Figure 1(a) The bilayer structure proposed by Gorter and 
Grendal. The circles represent the hydrophilic region of a 
lipid and the lines attached are hydrocarbon chains. 

D a n i e l l i and Davson i n 1935 a l s o proposed a b i l a y e r 
of l i p i d s but now added the idea of the i n t e r a c t i o n of pr o t e i n s 
with the b i l a y e r . They envisioned a l i p i d b i l a y e r , as described 
above, sandwiched between l a y e r s of pr o t e i n s ( f i g u r e 1 ( b ) ) . This 
was based on t h e i r observations t h a t b i o l o g i c a l membranes appeared 
to have very low s u r f a c e tensions compared to model l i p i d systems. 

Protein 

o crtrxrt) c) o o o o j o 

6jxJ> 6 6 0 0 6 0 6 6 6 
Figure 1(b) A lipid bilayer sandwiched between proteins, as 
proposed by Davson and Danielli 

D e s t r u c t i v e s t u d i e s did give information on the 
v a r i e t y of components w i t h i n the membrane. Studies were hampered 
by problems of sepa r a t i o n of the components once the membranes had 
been destroyed. The main breakthrough i n t h i s problem was by 
Claude i n 1946, followed by de Duve i n the 1950's who introduced 
the q u a n t i t a t i v e method of d i f f e r e n t i a l c e n t r i f u g a t i o n . 



Yet s t i l l no-one had a c t u a l l y seen the b i l a y e r 
s t r u c t u r e involved. For t h i s a v i s u a l i s a t i o n technique with a 
much b e t t e r r e s o l u t i o n than o p t i c a l microscopes was necessary. 
T h i s was found i n the development of the e l e c t r o n microscope. 
These were f i r s t produced i n the 1940's and 1950's and have a 
r e s o l u t i o n of - 2 nm. By s t a i n i n g the polar groups of l i p i d s the 
b i l a y e r s t r u c t u r e i s p l a i n l y v i s i b l e . Robertson i n the l a t e 
1950's s t a t e d t h a t a l l membranes did indeed follow the s t r u c t u r e 
of D a n i e l l i and Davson. T h i s was based on e l e c t r o n microscopy 
r e s u l t s and supported by X-ray d i f f r a c t i o n data g i v i n g t h i c k n e s s 
and p e r i o d i c i t y information. 

The model proposed by Davson and D a n i e l l i and 
supported by Robertson f a i l e d to be c o n s i s t e n t with l a t e r 
f i n d i n g s . I n 1972 Singer and Nicolsen^^ proposed the ' f l u i d 
mosaic' model of a b i o l o g i c a l membrane. I n t h e i r model the l i p i d 
b i l a y e r i s as proposed by Gorter and Grendal but pr o t e i n s t r a v e r s e 
the membrane. Thus a mosaic of pr o t e i n s and l i p i d s i s formed as 
shown i n f i g u r e 1 ( c ) . 

Figure 1(c) : The fluid-mosaic model proposed by Singer and 
Nicolsen. Reproduced vith the kind permission of Blackie G 
Sons, London (reference 2). 



The term f l u i d i s used to suggest t h a t the 
molecules move q u i t e f r e e l y i n a l a t e r a l d i r e c t i o n , as i f a 
l i q u i d . There i s l i m i t e d motion between the two l a y e r s of the 
b i l a y e r . T h i s view of a biomembrane i s now widely accepted as the 
c o r r e c t s t r u c t u r e . S c i e n t i s t s seeking to simulate a b i o l o g i c a l 
membrane t r y to emulate t h i s s t r u c t u r e . 

Singer and Nicolsen's arguments were based mainly 
on thermodynamics and the p r o p e r t i e s of the l i p i d and p r o t e i n 
molecules. Also a strong piece of evidence was e l e c t r o n 
micrographs of membranes fr e e z e f r a c t u r e d along the dotted l i n e AB 
shown i n f i g u r e 1 ( c ) . I n these the, p r o t e i n s l e f t i n h a l f a 
b i l a y e r , can be seen as lumps standing proud of the l i p i d s . They 
proposed t h a t t h e r e were two types of membrane p r o t e i n s . Those 
which were i n t e g r a l i n the membrane ( i n t r i n s i c ) and those which 
p e r i p h e r a l ( e x t r i n s i c ) . The p e r i p h e r a l p r o t e i n s are not d i r e c t l y 
contained w i t h i n the membrane but are a s s o c i a t e d with i t . They 
can e a s i l y be separated by means such as the a l t e r a t i o n of the 
i o n i c s t r e n g t h or a c h e l a t i n g agent. On the other hand, i n t r i n s i c 
p r o t e i n s r e q u i r e the d e s t r u c t i o n of the membrane s t r u c t u r e for 
t h e i r r e l e a s e . 



1.2.2 Modellincf the biomembrane 

I n the twenty years t h a t have followed Singer and 
Ni c o l s e n ' s f l u i d mosaic model, a v a r i e t y of techniques have been 
used to t r y and understand b i o l o g i c a l membranes. Natural 
membranes c o n s i s t of a larg e v a r i e t y of components i n d i f f e r e n t 
p roportions depending on the purpose of the membrane. Some 
examples of membrane c o n s t i t u e n t s are shown i n t a b l e l ( i ) ^ . I t 
can be seen t h a t b i o l o g i c a l membranes are complex. T h e i r 
macroscopic p r o p e r t i e s are best comprehended by examination of 
n a t u r a l systems. However, a r t i f i c i a l membranes o f f e r an 
opportunity t o study i n t e r - and i n t r a - molecular i n t e r a c t i o n s i n a 
sim p l e r environment. 

As seen i n t a b l e l ( i ) phospholipids make up a 
l a r g e percentage of the c o n s t i t u e n t s of most membranes. Therefore 
a l a r g e p a r t of membrane simulation has concentrated on the 
production of b i l a y e r s f o r a v a r i e t y of phospholipids. The 
e f f e c t s of the i n t e r a c t i o n s of pro t e i n s and c h o l e s t e r o l on these 
b i l a y e r s has been i n v e s t i g a t e d by many r e s e a r c h groups^*'"^"'^^ 

Lipid class Plasma 
membranes 

Nuclear 
membranes 

Endoplasmic reticulum 
membranes 
Rough Smooth 

Gogli 
membranes 

Lysomal 
membranes 

Mitochon- drial 
membrane 
Inner Outer 

Cholesterol 25 10 6.0 8.5 6.7 14 2.5 4.5 

Neutral lipids 16 15 10 8.5 34 17 13 12 

Phosphatidyl­
choline 

18 44 55 47 29 24 38 41 

Sphingo­
myelin 

13 3.0 3.0 10 7.3 24 2.0 4.0 

Phosphatidyl-
ethanolamine 

11 17 16 18 11 13 21 19 

Phosphatidyl-
linositol 

3.5 6.5 8.0 6.0 4.9 6.5 5.0 11 

Phosphatidyl-
serine 

8.0 3.2 3.0 0 2.7 0 1.0 1.5 

Diphosphatidyl 
glycerol 

0 0 0 0 0 0 15 3.0 

Other 
phospholipids 

5.0 1.0 2.0 2.0 5.8 5,0 2.5 3.5 

Table l(i) : Lipid composition (in weight percentage) of sub cellularmembranes, averaged from 
membrane preparations of mammalian cells. Taken from Oraganelles, by M. Caroll ^. 



S e v e r a l methods have been employed to produce a 
b i l a y e r s t r u c t u r e . Many r e l y on the s e l f assembly of the l i p i d s 
i n t o ordered s t r u c t u r e s which depend on the nature of the l i p i d 
and the experimental conditions. Phase diagrams are a v a i l a b l e for 
the more common phospholipids^*. The volume occupied by the l i p i d 
and i t s shape dominate the phase behaviour^^. Not a l l of the 
phases a r e of a b i l a y e r s t r u c t u r e e.g. m i c e l l e s , i n v e r t e d m i c e l l e s 
or the hexagonal c y l i n d r i c a l phase. Others have a m u l t i - b i l a y e r 
s t r u c t u r e such as planar b i l a y e r s or m u l t i - l a m e l l a r v e s i c l e s 
(MLV). U n i l a m e l l a r v e s i c l e s (UV) are spheres formed by a s i n g l e 
b i l a y e r of l i p i d s and they probably represent a c e l l membrane 
be s t . Though i t could be argued t h a t MLV's and planar b i l a y e r s 
a r e s i m i l a r to some i n t e r n a l c e l l s t r u c t u r e s ^ . Some techniques 
f o r preparing the s e l f assembled s t r u c t u r e s are described i n a 
review by Bangham^^. The theory of s e l f assembly i s given i n the 
books by Cevc and Marsh^*; and I s r a e l a c h i v i l i ^ ^ . 



o-
o 

(i) Micelles 

(Hi) Hexagonal micelles 

(v) Unilamellar vesicles 

(ii) Inverted micelles 

0 0 0 0 0 0 0 0 0 

0 0 6 0 0 0 0 6 0 o o 

(iv) Planar bilayers 

(vi) Multilamellar vesicles 

Figure 1(d) : Self assembled phases of lipids. 



There are a l s o other techniques which c r e a t e 
b i l a y e r s t r u c t u r e s by imposing order r a t h e r than r e l y i n g on 
s e l f - a s s e m b l y . One w e l l e s t a b l i s h e d method i s known as the black 
l i p i d membrane technique^ * ̂ '" . These a r t i f i c i a l membranes are 
mainly used to perform e l e c t r i c a l and t r a n s p o r t measurements. A 
s o l u t i o n of l i p i d i n a non-polar solvent i s spread over a very 
s m a l l hole ~1 mm i n diameter i n t h i n p o l y t e t r a f l u o r o e t h y l e n e 
(PTFE) or ' L u c i t e ' sheets under water. As the solvent d r a i n s , the 
membrane t h i n s to a b i l a y e r at the centre i n an i n v e r t e d soap 
bubble form i.e. a b i o l o g i c a l b i l a y e r . The thinning to a b i l a y e r 
can be followed by observing the i n t e r f e r e n c e colours, due to the 
t h i c k n e s s of the membrane, change to black. 

An a l t e r n a t i v e method, which avoids the use of 
solvents^^, i s to use a v a r i a t i o n of Langmuir techniques. A very 
t h i n PTFE sheet with a small hole i n i t i s placed between two 
chambers of water ( f i g u r e l ( e - i ) ) . On the s u r f a c e of the water a 
l a y e r of l i p i d i s deposited. The sheet i s then lowered through 
the s u r f a c e of the water and as the holes pass through the 
monolayers a b i l a y e r i s formed. This technique produces b i l a y e r s 
which are s t a b l e f o r s e v e r a l hours. 

Frey and Tamm̂ ^ describe a technique which 
i n c o r p o r a t e s the imposed order of Langmuir-Blodgett deposition^^ 
with s e l f - a s s e m b l y . A monolayer of a phospholipid was deposited, 
by Langmuir-Blodgett deposition, onto a h y d r o p h i l i c s u b s t r a t e . 
U n i l a m e l l a r v e s i c l e s , made by s o n i c a t i o n , were then flowed past 
the deposited monolayer. Some of these spontaneously fused with 
the monolayer to produce a b i l a y e r ( f i g u r e l ( e - i i ) ) . A s i m i l a r 
method i s to c o v a l e n t l y l i n k a l i p i d monolayer to a s u b s t r a t e , by 
a l t e r a t i o n of the head-group, and then deposit a second l a y e r v i a 
Langmuir-Blodgett techniques^°, or other methods such as v e s i c l e 
f u s i o n . 

Another technique i n v o l v i n g Langmuir-Blodgett f i l m s 
i s the patch-clamp method. Whereby a p i p e t t e t i p i s passed down 
through a monolayer, deposited a t the a i r - w a t e r i n t e r f a c e ( f i g u r e 
l ( e - i i i ) ) . On removal there i s a monolayer suspended across the 
mouth of the p i p e t t e by s u r f a c e tension. The t i p i s then pushed 
s l i g h t l y i n t o the monolayer and a b i l a y e r i s formed so long as the 
p i p e t t e i s kept i n place^°. 



(i) 
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i l l 000000 

Monolayer 
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PTFE sheet 
with small holes 
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Bilayer 

Subphase 

(ill) 

Fine glass 
pipette 

F/gure fCe; ; Examples of the different techniques 
which can be used to fabricate a lipid bilayer. 
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A monolayer of l i p i d can be deposited by v e r t i c a l 
Langmuir-Blodgett deposition^^ onto a h y d r o p h i l i c s u r f a c e . Then a 
second l a y e r can be deposited v i a a h o r i z o n t a l deposition 
technique^^ (Langmuir-Shaeffer deposition) to give a b i o l o g i c a l 
b i l a y e r s t r u c t u r e ( f i g u r e 4 ( 1 ) ) . 

Most of the imposed order techniques can be used to 
produce b i l a y e r s with an asymmetric d i s t r i b u t i o n i n the 
composition of l i p i d s on e i t h e r s i d e of the b i l a y e r . Thus they 
can mimic a biomembrane more f u l l y i n t h i s respect^^. However 
s e v e r a l of them are deposited onto a s o l i d s u b s t r a t e so i t i s 
d i f f i c u l t f o r the b i l a y e r to be completely enclosed i n an aqueous 
environment. 

With a l l of the techniques described i t i s 
p o s s i b l e , by a l t e r a t i o n of the method, to incorporate peptides, 
and sometimes p r o t e i n s int o the b i l a y e r s t r u c t u r e . One of the 
most common techniques used i s to form the b i l a y e r then to absorb 
p r o t e i n s from s o l u t i o n . Sometimes an e l e c t r i c a l c u rrent i s 
r e q u i r e d to cause the p r o t e i n , or poly-peptide to be i n s e r t e d 
a c r o s s the b i l a y e r , r a t h e r than adsorbing a t the b i l a y e r - w a t e r 
i n t e r f a c e ^ . Another method i s to t r y and ensure t h a t p r o t e i n i s 

90 
incorporated i n t o the b i l a y e r s t r u c t u r e on formation . 
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1.2.3 Techniques f o r the study of biomembranes 

Most a n a l y t i c a l techniques impose r e s t r i c t i o n s on 
the type of sample they can be used to examine. Therefore, the 
ch o i c e of b i l a y e r preparation i s l a r g e l y dependent on the 
subsequent proposed experiments. A lar g e v a r i e t y of a n a l y t i c a l 
techniques are a v a i l a b l e f o r the study of b i l a y e r s . Each 
technique g i v e s d i f f e r e n t information on the nature of the 
b i l a y e r . Often the biggest problem faced by r e s e a r c h e r s i s 
c o l l a t i n g the information a v a i l a b l e and comparing d i f f e r e n t sample 
p r e p a r a t i o n and a n a l y t i c a l methods to give an o v e r a l l d e s c r i p t i o n 
of a p a r t i c u l a r b i l a y e r system. 

There are s e v e r a l books which give overviews of 
techniques used to study biomembranes. A s e l e c t i o n of these were 
used to prepare the following examples of some of the p o s s i b l e 
methods f o r biomembrane study (references 1,2,5-7,11,14,15,24-27). 
Most of the methods are used because they are thought to be 
no n - d e s t r u c t i v e . Given below i s a b r i e f o u t l i n e of the 
information which can be derived from a v a r i e t y of 
techniques. 

Many of the methods can be u t i l i s e d to monitor the 
l i p i d phase t r a n s i t i o n temperature. The phase t r a n s i t i o n i s from 
a g e l s t a t e to a l i q u i d c r y s t a l l i n e phase. I n the g e l s t a t e the 
hydrocarbon chains are constrained i n a f u l l y extended t r a n s 
conformation. As the temperature r i s e s there i s a point a t which 
gauche bonds can form i n the a l k y l chains and co n t r a c t and t h i s i s 
known as the phase t r a n s i t i o n temperature. There i s a l s o evidence 
t h a t the b i l a y e r s undergo a p r e - t r a n s i t i o n s t a t e where only the 
very ends of the chains can change conformation and the b i l a y e r , 

28 

i f a b l e to, forms a r i p p l e s t r u c t u r e . Figure 1 ( f ) i l l u s t r a t e s 
the t r a n s i t i o n process i n a planar b i l a y e r . 

mmmmm Heat 

Pre-transition 
00000000000000 

Gel phase 

Main transition 

Ripple phase Liquid crystalline phase 

Figure 1(f) : Phase transitions with temperature of a bilayer of lipid in water. (Levin'") 
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(A) X-ray d i f f r a c t i o n has two main uses i n the study of 
membranes. The f i r s t i s X-ray c r y s t a l l o g r a p h y . Some of the 
molecules which are found i n biomembranes can be s u c c e s s f u l l y 
c r y s t a l l i s e d and t h e i r f u l l three dimensional s t r u c t u r e 
determined. However, very few membrane components can be 
c r y s t a l l i s e d , e s p e c i a l l y the p r o t e i n s . T h i s i s because i n a 
b i l a y e r the p r o t e i n i s able to adopt a conformation such that i t s 
non-polar regions are w i t h i n the hydrocarbon chains of the l i p i d s 
and the p o l a r regions are i n aqueous s o l u t i o n . T h i s v a r i e t y of 
environments i s not a v a i l a b l e i f the p r o t e i n i s c r y s t a l l i s e d on 
i t s own. Indeed, even i f the p r o t e i n can be c r y s t a l l i s e d there i s 
some question as to whether the determined s t r u c t u r e i s indeed the 
same as i n the biomembrane. 

The second use of X-ray d i f f r a c t i o n f o r the study 
of both r e a l and simulated membranes i s to e l u c i d a t e information 
on the p e r i o d i c i t y of the s t r u c t u r e . T h i s gives information such 
as the b i l a y e r t h i c k n e s s and the repeat d i s t a n c e between l a y e r s i n 
a m u l t i - l a m e l l a r system. T h i s can be used to follow the l i p i d 
phase t r a n s i t i o n because the b i l a y e r c o n t r a c t s when the 
temperature i s r a i s e d above t h a t required f o r the t r a n s i t i o n . 

(B) Neutron and e l e c t r o n d i f f r a c t i o n can y i e l d s i m i l a r 
information to X-ray d i f f r a c t i o n . Neutron d i f f r a c t i o n i s u s e f u l 
because the neutrons are d e f l e c t e d by n u c l e i r a t h e r than the 
e l e c t r o n clouds. Deuteration i n neutron d i f f r a c t i o n s t u d i e s can 
g i v e e x t r a data compared to t h a t obtained from X-rays. I n 
p a r t i c u l a r , the e f f e c t of hydrogen atoms can be seen d i r e c t l y 
r a t h e r than i n f e r r e d from the r e s t of the data. However i t i s 
expensive, so l i m i t e d s t u d i e s have been c a r r i e d out. E l e c t r o n 
d i f f r a c t i o n can give information concerning very small areas of a 
sample (-10 nm) but there i s always some doubt about the r e s u l t s 
as the technique r e q u i r e s a very high vacuum. There may be damage 
to the membrane s t r u c t u r e because of the removal of water. 
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(C) E l e c t r o n microscopy i s a very u s e f u l technique for 
the study of membranes. P a r t i c u l a r l y when combined with 
techniques which enhance the c o n t r a s t such as f r e e z e f r a c t u r e and 
f i x i n g p a r t i c u l a r molecules, or p a r t s thereof, with a dye. Freeze 
f r a c t u r i n g removes one l e a f l e t of the l i p i d b i l a y e r but leaves the 
other l a y e r of l i p i d with the proteins embedded i n i t . I t can 
a l s o be used to open up MLV's to r e v e a l the onion l i k e l a y e r s 
w i t h i n l a y e r s . 

The use of e l e c t r o n microscopy i n deciding the 
plasma membrane s t r u c t u r e has already been mentioned i n s e c t i o n 
1.2.1. E l e c t r o n micrographs can be used to f i n d the s i z e and 
s t r u c t u r e of aggregates such as MLV's and UV's produced by s e l f 
assembly techniques. 

When e l e c t r o n microscopy i s combined with e l e c t r o n 
d i f f r a c t i o n i t i s p o s s i b l e to e l u c i d a t e the three dimensional 
p r o t e i n s t r u c t u r e as with X-ray c r y s t a l l o g r a p h y , i f the p r o t e i n s 
a r e i n two dimensional c r y s t a l s . 

(D) C i r c u l a r dichroism (CD) can be used to 
determine the secondary s t r u c t u r e of a p r o t e i n . I t r e l i e s on the 
measurement of the d i f f e r e n c e i n absorption between l e f t and r i g h t 
c i r c u l a r l y p o l a r i s e d l i g h t . I t can give the percentage content of 
a, p and random c o i l content of a membrane p r o t e i n . However, the 
u n c e r t a i n t y i n the a n a l y s i s of the r e s u l t s i n c r e a s e s i f the 
p r o t e i n i s embedded i n a l i p i d b i l a y e r . Conformational changes i n 
the p r o t e i n are d e t e c t a b l e so i t i s p o s s i b l e to compare the 
secondary s t r u c t u r e of p r o t e i n s when both complexed and 
uncomplexed. L i p i d s are d i f f i c u l t to study v i a c i r c u l a r dichroism 
so i t needs to be used i n conjunction with other techniques for the 
a n a l y s i s of a l l the membrane components. 

A r e l a t e d technique i s o p t i c a l r o t a r y d i s p e r s i o n . 
T h i s r e l i e s on the measurement of the o p t i c a l a c t i v i t y of samples 
by the r o t a t i o n of l i n e a r l y p o l a r i s e d l i g h t as i t passes through . 
T h i s measures changes i n the r e f r a c t i v e i n d i c e s of the sample 
which i s very s e n s i t i v e to the conformational changes i n p r o t e i n s . 
However, c i r c u l a r dichroism i s p r e f e r r e d by most r e s e a r c h e r s as 
the r e s u l t s obtained can be i n t e r p r e t e d with more c e r t a i n t y . 
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(E) D i f f e r e n t i a l scanning c a l o r i m e t r y i s 
p a r t i c u l a r l y u s e f u l f o r the detection of the l i p i d phase 
t r a n s i t i o n . The change i s endothermic and high l y dependent on the 
exact mixture of l i p i d s , water, and a l s o the macroscopic phase, 
e.g. p l a n a r b i l a y e r s or v e s i c l e s . A small absorption of heat can 
be detected a t the p r e - t r a n s i t i o n temperature and t h i s can be 
detected. A n a t u r a l membrane w i l l have very broad phase t r a n s i t i o n 
peaks due to the presence of a complex mixture of l i p i d s and 
p r o t e i n s and the presence of metal ions A l l of these f a c t o r s mean 
t h a t t h e r e i s a v a r i e t y of d i f f e r e n t environments even f o r one 
type of l i p i d and with the range of l i p i d s there i s a l s o a v a r i e t y 
of t r a n s i t i o n temperatures. 

(F) Fluorescence probes can be added to the 
simulated membranes. These can be used to monitor phase 
t r a n s i t i o n s and can give information on the f l u i d i t y of the 
b i l a y e r , i.e. how much l a t e r a l movement occurs. Most probes give 
f l u o r e s c e n c e due to the presence of l i p i d s but i t i s p o s s i b l e to 
use ones which f l u o r e s c e due to protein proximity. Indeed, some 
p r o t e i n s contain tryptophan r e s i d u e s which are themselves 
f l u o r e s c e n t . By following the fluorescence i n t e n s i t y 
conformational changes can be seen but only i f the r e s i d u e s 
environment i s a l t e r e d . 

D i f f u s i o n c o e f f i c i e n t s of molecules w i t h i n the 
biomembrane can be c a l c u l a t e d by the use of fluorescence 
c o r r e l a t i o n spectroscopy or f l u o r e s c e n t photo-bleaching recovery. 
I n the f i r s t case the i n t e n s i t y changes i n fluorescence of a small 
a r e a can be followed as the number of molecules a l t e r s . I n the 
second t h e r e i s no fluorescence from the bleached area u n t i l 
unbleached molecules d i f f u s e i n t o i t . 

Another technique i s resonance energy t r a n s f e r 
which r e l i e s on l a b e l i n g with two d i f f e r e n t chromophores on the 
p r o t e i n s . The t r a n s f e r e n c e of energy from one to the other i s 
monitored as the p r o t e i n s aggregate. Again t h i s i s a measure of 
l a t e r a l d i f f u s i o n . 
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(G) Nuclear magnetic resonance (NMR) can be used 
f o r a v a r i e t y of n u c l e i i n b i o l o g i c a l membranes. The most 
commonly used are ̂ H and ^̂ P n u c l e i but s t u d i e s of enriched 
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molecules have been performed using H and C n u c l e i . NMR i s 
u s e f u l f o r e l u c i d a t i n g the macroscopic phase of a system. This i s 
due t o the f a c t t h a t NMR spect r a are influenced by the freedom of 
motion a v a i l a b l e to a molecule. Thus i f molecules are constrained 
i n a pla n a r b i l a y e r s t r u c t u r e broadening occurs and a change i n 
shape of the s i g n a l . D i f f e r e n t e f f e c t s are seen for the v a r i e t y 
of s e l f - a s s e m b l e d phases p o s s i b l e . Also the e f f e c t s of d i f f e r e n t 
environments on inner and outer l i p i d s e.g. pH or other ion 
gr a d i e n t s can be observed i n closed systems, such as v e s i c l e s . 

Recently i t has been p o s s i b l e to use advanced NMR 
techniques on small p r o t e i n s , with s u b s t i t u t e d n u c l e i as l a b e l s , 
to determine the three dimensional structure^^. 

(H) E l e c t r o n s p i n resonance (ESR) r e q u i r e s the presence 
of a probe with an unpaired e l e c t r o n . Generally n i t r o x i d e s are 
used. The r a t e of exchange of spin i n f l u e n c e s the widths of the 
peaks and the hyperfine s p l i t t i n g i n the s p e c t r a . L e v e l s of spin 
probe doping are t h e r e f o r e c a r e f u l l y chosen so t h a t i n a mixture 
of l i p i d s i f phase separation occurs i t can be detected by the 
p a r t i t i o n of the probe into one of the phases. To give the 
d e s i r e d e f f e c t concentrations of the probe may need to be very 
high and can d i s r u p t the membrane system. 

L i p i d l a t e r a l d i f f u s i o n constants can be found 
usi n g ESR, as they can with f l u o r e s c e n t techniques. ESR can a l s o 
y i e l d information on the movement of l i p i d s from one s i d e of a 
b i l a y e r to the other. I f the l a y e r s of l i p i d can be s e l e c t i v e l y 
exposed to a s c o r b i c a c i d , which damps the ESR s i g n a l , then the 
study of the movement of the l i p i d s across the b i l a y e r l e a f l e t s i s 
p o s s i b l e . 
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( I ) v i b r a t i o n a l spectroscopy can be used f o r a v a r i e t y 
of purposes i n the study of biomembranes. The advent of Fourier 
transform i n f r a r e d spectroscopy (FTIR) and the use of l a s e r s i n 
Raman spectroscopy have enhanced the uses of v i b r a t i o n a l 
spectroscopy f o r the study of b i o l o g i c a l molecules (see Chapman et 
al^° f o r a r e v i e w ) . T h i s i s due to the greater s e n s i t i v i t y t h a t 
has been developed i n these techniques over the l a s t twenty years. 
Both FTIR and Raman spectroscopy e x c i t e v i b r a t i o n s between the 
i n d i v i d u a l atoms w i t h i n a molecule. Both can give information on 
the conformation and l o c a l environment of molecules. The 
v i b r a t i o n a l frequency and band widths i n both techniques are 
s e n s i t i v e to the environment of molecules. 

By following e i t h e r the change i n frequency or a 
r a t i o of band i n t e n s i t i e s i t i s p o s s i b l e to use e i t h e r Raman or 
FTIR spectroscopy to i n v e s t i g a t e both the main l i p i d phase 
t r a n s i t i o n and the p r e - t r a n s i t i o n ^ ^ . Recently i t has become 
p o s s i b l e t o determine the secondary s t r u c t u r e of p r o t e i n s with 
both techniques w h i l s t the pr o t e i n s are s t i l l w i t h i n a l i p i d 
b i l a y e r ^ ^ . However FTIR a n a l y s i s of such systems can be d i f f i c u l t 
because water has a very strong absorption a t the same frequency 
as one of the most important bands used i n the assignment of 
p r o t e i n conformation. I t i s p o s s i b l e to overcome t h i s problem v i a 
a v a r i e t y of methods, one of the most popular i s to use D̂ O, s i n c e 
the e q u i v a l e n t absorptions to those i n Ĥ O are s h i f t e d to a lower 
wavenumber and thus no longer i n t e r f e r e s with the a n a l y s i s of the 
p r o t e i n band. Both FTIR and Raman r e q u i r e f a i r l y high 
c o n c e n t r a t i o n s of p r o t e i n s compared to most of the other 
a n a l y t i c a l methods mentioned p r e v i o u s l y (mM r a t h e r than M̂ as i n 
c i r c u l a r dichroism etc.). 

V i b r a t i o n a l c i r c u l a r dichroism has r e c e n t l y been 
developed^^. As f o r v i s i b l e l i g h t CD, i t r e l i e s on the d i f f e r e n c e 
between r i g h t and l e f t p o l a r i s e d r a d i a t i o n but i n the i n f r a r e d 
r e g i o n of the spectrum. I t can be used to examine minute changes 
i n p r o t e i n s t r u c t u r e . 

I t i s p o s s i b l e to perform v i b r a t i o n a l a n a l y s i s on 
the nano-second time s c a l e and thus to follow conformational 
changes i n p r o t e i n s k i n e t i c a l l y , but only i f a r t i f i c i a l l y slowed 
by low temperatures. 
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(J) The t r a n s p o r t p r o p e r t i e s of ions and water across 
membranes are of paramount importance because t h i s i s one of the 
s p e c i a l i s e d f u n c t i o n s t h a t trans-membrane p r o t e i n s are thought to 
perform. Schultz^^ provides a t h e o r e t i c a l t e x t on t h i s s u b j e c t . 
A multitude of experiments have been used to study the e f f e c t s of 
t r a n s p o r t i n g d i f f e r e n t ions across a v a r i e t y of membranes, both 
r e a l and simulated. For tr a n s p o r t to occur a c a r r i e r ion i s often 
r e q u i r e d to t r a v e l with the main component being transported. 

Some t r a n s f e r processes do not r e q u i r e the use of 
energy, t h i s i s known as p a s s i v e t r a n s p o r t . A c t i v e t r a n s p o r t 
p r o c e s s e s r e q u i r e energy before they w i l l happen. T h i s i s often 
provided i n the form of a change i n e l e c t r i c a l p o t e n t i a l . I n both 
c a s e s s e l e c t i v i t y occurs, i.e. some ions pass through the membrane 
f a s t e r than others. Stein"^ provides a d e s c r i p t i o n of the r o l e of 
p r o t e i n s i n t r a n s p o r t . 

(K) E l e c t r i c a l measurements such as the conductance of 
biomembranes are important because a p o t e n t i a l i s developed across 
membranes during t r a n s f e r processes. These p o t e n t i a l s are 
maintained by the s e l e c t i v e t r a n s p o r t of ions by membranes causing 
an e l e c t r i c a l imbalance between the i n s i d e and outside of a c e l l . 
T h i s ion/charge gradient can a c t as a p o t e n t i a l energy source for 
a c e l l . I n p a r t i c u l a r i t i s used during adenosine triphosphate 
(ATP) s y n t h e s i s * . 

Through e l e c t r i c a l measurements of a r t i f i c i a l 
membranes C i f u e t a l have observed the opening of a s i n g l e ion 
channel"^^ . 

The e l e c t r i c a l p r o p e r t i e s of biomembranes can be 
measured e i t h e r d i r e c t l y by micro-electrodes or by following the 
io n c o n c e n t r a t i o n i t s e l f by techniques such as observing the 
d i s t r i b u t i o n of a dye. 
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(L) The e l a s t i c p r o p e r t i e s of a b i l a y e r can be measured 
f o r model systems. T h i s information can be used to p r e d i c t how 
l i p i d l a y e r s oppose applied s t r e s s . These measurements can a l s o 
be used to understand the morphology of membranes. The e l a s t i c 
response of a membrane can be r e l a t e d to the dynamic molecular 
p r o p e r t i e s of the c o n s t i t u e n t s such as the moduli of 
c o m p r e s s i b i l i t y . The Langmuir technique i s often used to monitor 
the s t r e s s response of monolayers (see chapters 4&5). 

(M) T h e o r e t i c a l s t u d i e s of b i l a y e r s are beginning to 
approach the l e v e l where they can be compared to the r e s u l t s 
obtained by e x p e r i m e n t a l i s t s . I t i s now p o s s i b l e to take 
s i m u l a t i o n of ~1000 molecules, s i m i l a r i n nature to l i p i d s ^ " , and 
f o l l o w t h e i r i n t e r a c t i o n s v i a a computer c a l c u l a t i o n . T h i s type 
of s i m u l a t i o n r e q u i r e s enormous amounts of computing time j u s t to 
f o l l o w i t f o r exceedingly short periods of time ( p s ) . As 
computational power i n c r e a s e s i t can be expected t h a t t h e o r i s t s 
w i l l be able to achieve even more accurate s i m u l a t i o n s . 
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1.3- AIMS AND REASONS FOR THE RESEARCH GIVEN IN THIS THESIS 

1.3.1 Aims 

To s i m u l a t e a b i o l o g i c a l b i l a y e r s t r u c t u r e and t o 
s t u d y t h e c o n f o r m a t i o n s and i n t e r a c t i o n s o f p h o s p h o l i p i d s and 
p e p t i d e s , v i a FTIR. 

1.3.2 S p e c t r o s c o p i c t e c h n i q u e s 

Of t h e t e c h n i q u e s o u t l i n e d i n s e c t i o n 1.2 o n l y a 
few a r e a b l e t o i n v e s t i g a t e t h e s t r u c t u r e o f t h e i n d i v i d u a l 
m o l e c u l a r components w i t h i n a membrane. Such fundamental 
i n f o r m a t i o n i s necessary i n o r d e r t o understand why molecules 
s e l f - a s s e m b l e i n t o biomembrane s t r u c t u r e s and how t h e y f u n c t i o n 
once t h e r e . 

D i f f r a c t i o n t e c h n i q u e s r e q u i r e c r y s t a l s o f pure 
m a t e r i a l t o e l u c i d a t e t h e m o l e c u l a r s t r u c t u r e . These ar e v e r y 
d i f f i c u l t t o o b t a i n ^ ^ . More success has been achieved w i t h t h e 
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d e t e r m i n a t i o n o f t h e c r y s t a l s t r u c t u r e o f l i p i d s . As c r y s t a l s 
o f p u r e m a t e r i a l s a r e r e q u i r e d f o r d i f f r a c t i o n t e c h n i q u e s t h e 
s t r u c t u r e o f m o lecules w i t h i n a b i l a y e r cannot be found u s i n g 
t h e s e methods. 

CD s p e c t r o s c o p y i s w i d e l y used t o f i n d t h e 
secondary s t r u c t u r e o f p r o t e i n s ^ ^ b u t cannot be used t o s t u d y a 
whole membrane as t h e l i p i d s a r e n o t e a s i l y d e t e c t a b l e . A l s o 
t h e r e i s a problem o f l i g h t s c a t t e r i n g from membranes which 
reduces CD's u s e f u l n e s s . There are a l s o some p r o t e i n 
c o n f o r m a t i o n s between which i t cannot d i s t i n g u i s h ^ " . 

The use o f NMR spectroscopy t o t h e s t u d y o f 
p r o t e i n s i s l i m i t e d t o s m a l l p r o t e i n s w i t h a m o l e c u l a r w e i g h t l e s s 
t h a n 15000 g/mole and r e q u i r e s i s o t o p i c s u b s t i t u t i o n o f n u c l e i 
w h i c h i s expensive^". T h i s t e c h n i q u e i s d i f f i c u l t t o use i n t h e 
presence o f a b i l a y e r due t o broadening e f f e c t s caused by t h e 
removal o f i s o t r o p i c m o t i o n . 
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v i b r a t i o n a l spectroscopy has i n t h e p a s t s u f f e r e d 
f r o m a poor s i g n a l t o n o i s e r a t i o b u t t h i s has been overcome 
r e c e n t l y w i t h t h e advent o f F o u r i e r t r a n s f o r m (FT) t e c h n i q u e s . 
FTIR i s now w e l l e s t a b l i s h e d w h i l s t FT Raman i s s t i l l i n i t s 
development s t a g e . For c o n v e n t i o n a l Raman i n s t r u m e n t s t h e r e i s 
s t i l l a problem w i t h t h e s e n s i t i v i t y when examining s m a l l amounts 
o f m a t e r i a l such as s i n g l e b i l a y e r s . 

FTIR and Raman spectroscopy can b o t h be used t o 
s t u d y b o t h p r o t e i n s and l i p i d s i n a b i o l o g i c a l b i l a y e r s t r u c t u r e . 
S i m u l a t e d membranes can be used t o s t u d y t h e i n t e r a c t i o n s o f 
p r o t e i n s and l i p i d s i n biomembranes. FTIR has one l a r g e drawback 
i n t h e s t u d y o f b i o l o g i c a l systems : t h e l a r g e a b s o r p t i o n i n 
r e g i o n s o f s p e c t r a l i n t e r e s t by water. T h i s i s a p a r t i c u l a r 
p r o b l e m f o r t h e s t u d y o f p r o t e i n s as t h e amide I band i s found a t 
t h e same f r e q u e n c i e s and t h e Ĥ O bending mode^°. However 
t e c h n i q u e s a r e now a v a i l a b l e f o r r e d u c i n g t h e r e l a t i v e amount 
o f w a t e r sampled such as i n t e r n a l r e f l e c t i o n sampling methods ( f o r 
a r e v i e w see M i r a b e l l a ^ ^ ) and r e d u c t i o n i n t h e p a t h l e n g t h s o f 
c e l l s i n t r a n s m i s s i o n ^ " . The use o f computerised t e c h n i q u e s f o r 
t h e s p e c t r a l s u b t r a c t i o n o f water has a l s o i n c r e a s e d t h e a b i l i t y 
t o remove t h e i n t e r f e r e n c e o f t h e water. Another o p t i o n i s t o 
p e r f o r m t h e e x p e r i m e n t s w i t h D̂ O as i t s a b s o r p t i o n due t o t h e 
b e n d i n g v i b r a t i o n i s s h i f t e d t o lower f r e q u e n c i e s . However as 
p r o t e i n s a r e v e r y s e n s i t i v e t o a l t e r a t i o n i n hydrogen bonding t h i s 
may a f f e c t t h e s t r u c t u r e s found. 

The papers by Chapman e t al"̂ °, Parker^° and 
Mendelsohn & Mantsch^^ are r e c e n t r e v i e w s on t h e p o s s i b l e uses o f 
FTIR i n t h e s t u d y o f b i o l o g i c a l molecules. More c u r r e n t r e s e a r c h 
i s c o n t a i n e d w i t h i n r e f e r e n c e 29. One o f t h e most u s e f u l 
advantages i n t h e s t u d y o f p r o t e i n s v i a FTIR has been t h e 
development o f r e s o l u t i o n enhancement techniques'*^''*^. 

By comparison w i t h X-ray data f o r a v a r i e t y o f w e l l 
c h a r a c t e r i s e d p r o t e i n s s e v e r a l methods have been developed t o 
c o r r e l a t e i n f r a r e d s p e c t r a w i t h p r o t e i n conformation^^''*^"*^. 
These can t h e n be used t o determine t h e s t r u c t u r e o f p r o t e i n s 
w h i c h cannot be c r y s t a l l i s e d o r are w i t h i n a b i o l o g i c a l b i l a y e r . 
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There have been a v a r i e t y o f IR s t u d i e s on 
p h o s p h o l i p i d s t h e s e i n c l u d e r e f e r e n c e s 24,28,32,40,48-59. A l o t 
o f work has a l s o been done by s c i e n t i s t s i n t e r e s t e d i n 
l i p i d - p r o t e i n i n t e r a c t i o n ( r e f e r e n c e s 18,30-32,45,60-70). Many of 
t h e f i n d i n g s o f t h e s e r e s e a r c h e r s r e l a t e t o t h e work c a r r i e d o u t 
i n t h i s t h e s i s and were used t o a i d t h e a n a l y s i s o f r e s u l t s found. 

A l i t e r a t u r e search was c a r r i e d o u t , which was 
e x t e n s i v e b u t o b v i o u s l y n o t e x h a u s t i v e . I t was found t h a t i n v e r y 
few s t u d i e s o f b i o l o g i c a l molecules had r e s e a r c h e r s s e t out t o 
produce a w e l l c h a r a c t e r i s e d s i n g l e b i l a y e r s t r u c t u r e and t h e n 
observe t h e i n t e r a c t i o n s v i a FTIR. 

The e x c e p t i o n s found were r e f e r e n c e s 18,63,69&70. 
Mendelsohn e t a l ^ ^ have s t u d i e d t h e l i p i d phase t r a n s i t i o n s o f 
l a r g e u n i l a m e l l a r v e s i c l e s (LUV's) made from d i m y s t r o y l -
p h o s p h a t i d y l c h o l i n e (DMPC). Takenaka e t a l ^ ' have made s m a l l 
u n i l a m e l l a r v e s i c l e s (SUV's) o f egg y o l k p h o s p h a t i d y l c h o l i n e (PC) 
w h i c h were s t u d i e d v i a p o l a r i s e d a t t e n u a t e d t o t a l i n t e r n a l 
r e f l e c t i o n (FTIR-PATR) t o f o l l o w t h e i n t e r a c t i o n o f egg l e c i t h i n 
v e s i c l e s , produced by s o n i c a t i o n , w i t h a n t i b o d i e s . Frey and 
Tamm^^ used t h e FTIR-PATR t e c h n i q u e t o st u d y b i l a y e r s o f l i p i d s 
made by t h e combined La n g m u i r - B l o d g e t t and v e s i c l e f u s i o n 
t e c h n i q u e . The i n t e r a c t i o n o f t h e l i p i d w i t h a p e p t i d e m e l i t t i n 
was s t u d i e d . Mantsch e t al^° have r e p o r t e d t h e p r o d u c t i o n 
u n i l a m e l l a r v e s i c l e s from bovine b r a i n p h o s p h a t i d y l s e r i n e (PS). 
These have been used t o st u d y t h e l i p i d phase t r a n s i t i o n and t h e 
c o n f o r m a t i o n o f g l y c o p h o r i n v i a FTIR. 

22 



1.3.3 B r i e f o v e r v i e w o f r e s e a r c h t o be p r e s e n t e d i n t h i s t h e s i s 

As seen above v e r y few FTIR s t u d i e s o f w e l l d e f i n e d 
b i o l o g i c a l b i l a y e r s t r u c t u r e s have been undertaken. I t was 
t h e r e f o r e d e c i d e d t o produce w e l l d e f i n e d p h o s p h o l i p i d b i l a y e r s , 
w i t h p e p t i d e s i n c o r p o r a t e d i n t o them and s t u d y t h e system v i a 
FTIR. 

The f i r s t method o f b i l a y e r p r e p a r a t i o n used was t o 
t r y and assemble one by t h e use o f La n g m u i r - B l o d g e t t (LB) 
d e p o s i t i o n . T h i s t e c h n i q u e was chosen because i t i s p o s s i b l e t o 
use t h e d e p o s i t i o n r a t i o s t o v e r i f y t h e f a c t t h a t a b i l a y e r has 
ind e e d been made. Very few FTIR s t u d i e s o f b i o l o g i c a l molecules 
p r e p a r e d by t h e LB t e c h n i q u e have been undertaken. These i n c l u d e 
L o t t a e t a l ^ ^ and Takenaka & co.^^ who have b o t h s t u d i e d 
d i p a l m i t o y l p h o s p h a t i d y l c h o l i n e (DPPC) v i a FTIR-ATR b u t n o t i n 
b i l a y e r s . Yarwood and P e t t y e t al̂ *'̂ ° have s t u d i e d 
d i p a l m i t o y l p h o s p h a t i d i c a c i d (DPPA) m u l t i l a y e r s , a g a i n v i a 
FTIR-ATR b u t have n o t t r i e d t o prepa r e a b i o l o g i c a l b i l a y e r 
s t r u c t u r e . 

The samples prepared by LB methods i n t h i s s t udy 
were t h e n examined by two s u r f a c e s e n s i t i v e FTIR t e c h n i q u e s -
RAIRS ( r e f l e c t i o n - a b s o r p t i o n i n f r a r e d s pectroscopy) and PATR t o 
d e t e r m i n e t h e m o l e c u l a r c o n f o r m a t i o n s and o r i e n t a t i o n s . 
S p e c i a l i s e d PATR equipment, designed and c o n s t r u c t e d i n Durham, 
f o r t h e s t u d y o f v e r y s m a l l amounts o f sample was u t i l i s e d . 
A l t h o u g h i t was n o t p o s s i b l e , g e n e r a l l y , t o have aqueous media on 
b o t h s i d e s o f a b i l a y e r f a b r i c a t e d v i a L a n g m u i r - B l o d g e t t 
d e p o s i t i o n , s t u d i e s on t h e e f f e c t o f p l a c i n g t h e samples i n water 
were c a r r i e d o u t . 

O l i g o p e p t i d e s were t o be i n c o r p o r a t e d , as a simple 
model f o r p r o t e i n s . A l a m e t h i c i n i n p a r t i c u l a r was s t u d i e d (see 
c h a p t e r s 5 & 7 ) , an o l i g o p e p i d e which forms i o n channels by 
a g g r e g a t i o n ^ ^ T h i s i s s i m i l a r i n p r i n c i p l e t o t h e supposed 
f o r m a t i o n o f an i o n channel by a s i n g l e p r o t e i n which spans a 

2 
membrane s e v e r a l t i m e s . 
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As a comparison a second system was s t u d i e d , i n 
wh i c h t h e l i p i d b i l a y e r s t r u c t u r e c l o s e l y resembled a c e l l plasma 
membrane. T h i s was l a r g e u n i l a m e l l a r v e s i c l e s (LUV's) 
s e l f - a s s e m b l e d i n aqueous s o l u t i o n . I n t h i s case b o t h s i d e s o f 
t h e b i l a y e r a r e surrounded by water. LUV's were chosen as t h e y 
mimic a c e l l membrane- more f u l l y t h a n SUV's as t h e c u r v a t u r e o f 
t h e b i l a y e r i n a t r u e membrane i s u s u a l l y v e r y shallow^*. I n 
SUV's t h e m o l e c u l a r i n t e r a c t i o n s a r e p o s s i b l y i n f l u e n c e d by t h e 
c o n s t r a i n t o f t h e t i g h t c u r v a t u r e . 

The v e s i c l e s were f a b r i c a t e d i n an aqueous 
e n v i r o n m e n t and s m a l l p a t h l e n g t h , t e m p e r a t u r e c o n t r o l l e d FTIR 
t r a n s m i s s i o n s p e c t r a were rec o r d e d . Again o l i g o p e p t i d e s were 
added t o s t u d y t h e e f f e c t s on t h e p h o s p h o l i p i d s . 

Figure 1(h) : A unilamellar vesicle 
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CHAPTER 2 

BACKGROUND AND DESCRIPTION OF EXPERIMENTS ON VESICLES 

2.1 INTRODUCTION TO UNILAMELLAR VESICLE STUDIES 

The main o b j e c t i v e f o r t h i s p a r t o f t h e p r o j e c t was 
t o use FTIR t o s t u d y t h e i n t e r a c t i o n s o f l i p i d s and p r o t e i n s i n 
l a r g e u n i l a m e l l a r v e s i c l e s (LUV's), i n o r d e r t o model a c e l l 
membrane. 

The t e c h n i q u e o f d e t e r g e n t removal by g e l 
f i l t r a t i o n was chosen f o r t h e i r f a b r i c a t i o n as a r e v i e w by A l l e n 
e t a l ^ ^ shows t h a t i t i s p o s s i b l e t o produce LUV's o f t h e o r d e r o f 
100-150 nm, i n d i a m e t e r , w i t h low p o l y - d i s p e r s i t y . I n comparison 
t h e paper by Hope e t a l ^ ^ shows t h a t v e s i c l e s produced by probe 
s o n i c a t i o n a r e u s u a l l y 25-30 nm i n diameter The process o f 
f r e e z e - t h a w c y c l e s can i n c r e a s e t h i s t o 80 nm b u t does n o t always 
produce LUV's r e l i a b l y and t h e r e i s a h i g h d i s p e r s i t y i n t h e s i z e s 
made^^. R e c e n t l y t h e t e c h n i q u e o f o b t a i n i n g LUV's by e x t r u s i o n 
methods has been developed, by Hope e t a l ^ ^ ' ^ * t o t h e stage where 
i t p o s s i b l e t o produce LUV's i n t h e range 60-100 nm w i t h r e l a t i v e 
ease. However t h e r e i s s t i l l a wide d i v e r s i t y i n s i z e and 
s p e c i a l i s e d equipment i s r e q u i r e d . 

Once aggregates had been made, i t was necessary t o 
p r o v e t h a t LUV's had indeed been produced. I n o r d e r t o achieve 
t h i s two t e c h n i q u e s were employed. ^̂ P NMR was used t o prove 
u n i l a m e l l a r i t y ^ ^ and p h o t o - c o r r e l a t i o n s pectroscopy (PCS) was 
u t i l i s e d t o measure t h e i r s i z e and d i s p e r s i t y . ''̂P NMR and a dye 
entrapment experiment were used t o i n v e s t i g a t e t h e s t a b i l i t y o f 
t h e system w i t h t i m e . 
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2.2 GEL SEPARATION FOR THE FORMATION OF LUV'S 

Sephadex G50 f i n e polymer beads (these beads 
c a p t u r e p a r t i c l e s w i t h an average m o l e c u l a r mass l e s s t h a n 10000 
g) were h y d r a t e d w i t h a pH 7.4 b u f f e r . T h i s g e l was p l a c e d i n a 
2 0 cm X 1.5 cm^ g l a s s column w i t h coarse s i n t e r e d g l a s s i n t h e 
base ( f i g u r e 2 ( a ) ) , t o a l l o w l i q u i d s t h r o u g h . The column o f 
sephadex g e l was a l l o w e d t o s e t t l e and t h e n r i n s e d w i t h 100 ml o f 
b u f f e r s o l u t i o n . The b u f f e r s o l u t i o n used i n i t i a l l y was phosphate 
based (8.7 mM KHPO w i t h 3 0 mM Na HPO )'^^. However, t h i s was 
found t o i n t e r f e r e w i t h t h e NMR experiment ( s e c t i o n 2.5) so 
Hepes, a w e l l known b i o l o g i c a l b u f f e r ( f i g u r e 2 ( b ) ) was used a t a 
c o n c e n t r a t i o n o f 20 mM. T h i s was made up as a s o l u t i o n and t h e n 
sodium h y d r o x i d e was added t o a d j u s t t h e pH t o -7.4. 150 mM 
p o t a s s i u m c h l o r i d e was added, t o g i v e t h e c o r r e c t e l e c t r o l y t e 
c o n c e n t r a t i o n . 

sintered 
disk 

sample 
bottle 

Figure 2(a) : The sephadex column. 

I t was f i r s t necessary t o determine t h e v o i d volume 
o f t h e column ( t h i s i s t h e volume o f l i q u i d which i s e l u t e d b e f o r e 
even t h e l a r g e s t p a r t i c l e s can pass t h r o u g h ) . T h i s was found by 
u s i n g a 0.2% by w e i g h t s o l u t i o n o f t h e h i g h m o l e c u l a r w e i g h t dye, 
d e x t r a n b l u e . 2 ml were pl a c e d a t t h e t o p o f t h e column and t h e n 
e l u t e d w i t h w a t e r . 
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Figure 2(b) : Hepes - a biological buffer. 

COONa 

Figure 2(c) : The detergent, sodium etiolate. 

CpH^-CH^-N (CH3)^ 

O = P— O H 

H,C-
H 
C C K 

O = C C = O 

R, •1 • -2 
Figure 2(d) : The general structure of a phosphatidylcholine. 
For egg lecithin fl, and are hydrocarbon chains of different lengths 
and with a high degree of unsaturation. 
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3 0 mg o f l i p i d , d i s s o l v e d t o 1 mg/ml i n c h l o r o f o r m 
were p l a c e d i n a b o i l i n g t u b e . The l i p i d used was egg l e c i t h i n , a 
n a t u r a l l y o c c u r r i n g p h o s p h a t i d y l c h o l i n e (PC) e x t r a c t e d from egg 
y o l k . Each m o l e c u l e has two d i f f e r e n t hydrocarbon c h a i n s . There 
i s a h i g h l e v e l o f u n s a t u r a t i o n amongst them. I n t h e experiments 
i n w h i c h p e p t i d e was added ~3 mg o f t h e p a r t i c u l a r p e p t i d e were 
d i s s o l v e d i n c h l o r o f o r m and t h e s o l u t i o n was mixed w i t h t h e l i p i d 
s o l u t i o n . T h i s g i v e s a l i p i d : p e p t i d e w e i g h t r a t i o o f -10:1. 
The c h l o r o f o r m s o l u t i o n was evacuated w h i l s t b e i n g r o t a t e d , t o 
g i v e an even l a y e r on t h e base o f t h e tu b e . The e v a c u a t i o n was 
c o n t i n u e d f o r a t l e a s t t h r e e hours, t o ensure complete removal o f 
t h e s o l v e n t . 

The d e t e r g e n t , sodium c h e l a t e , was weighed and 
d i s s o l v e d i n 2 ml o f t h e same b u f f e r used t o prepa r e t h e sephadex 
column. I n i t i a l l y , t h e amount o f d e t e r g e n t used was 22 mg (26 mM) 
b u t t h i s was a l t e r e d t o 156 mg (190 mM)(see c h a p t e r 3 ) . T h i s was 
added t o t h e d r i e d l i p i d t o form mixed m i c e l l e s o f l i p i d and 
de t e r g e n t ^ ^ . T h i s process l a s t e d h a l f an hour and was c a r r i e d out 
under n i t r o g e n and a i d e d by manual a g i t a t i o n . The l i p i d / d e t e r g e n t 
s o l u t i o n was p l a c e d a t t h e t o p o f t h e sephadex column and e l u t e d 
w i t h b u f f e r . The v o i d volume was c o l l e c t e d as a s i n g l e f r a c t i o n . 
T h e r e a f t e r , t h e f l u i d e l u t e d was c o l l e c t e d i n f r a c t i o n s o f ~2 ml. 
The a i r above each f r a c t i o n was r e p l a c e d w i t h n i t r o g e n . The 
c o n t e n t s o f each f r a c t i o n were analysed by use o f FTIR. 
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2.3 ENTRAPPED DYE EXPERIMENT 

2.3.1 I n t r o d u c t i o n 

I f t h e v e s i c l e s are i n t e g r a l , i.e. t h e y do not 
a l l o w t h e passage o f m a t e r i a l between t h e i n s i d e and t h e o u t s i d e 
and v i c e v e r s a , i t s h o u l d be p o s s i b l e t o develop a pH g r a d i e n t 
between t h e i n t e r i o r and e x t e r i o r media. I f a pH s e n s i t i v e dye i s 
p r e s e n t t h e n t h e pH w i t h i n t h e v e s i c l e s can be m o n i t o r e d v i s u a l l y . 

The v e s i c l e s can be prepared i n t h e u s u a l f a s h i o n 
a t a g i v e n pH w i t h dye p r e s e n t . The e x t e r n a l f l u i d i s t h e n 
r e p l a c e d by a b u f f e r o f d i f f e r e n t pH by e l u t i o n on a g e l 
f i l t r a t i o n column o f d i f f e r e n t bead s i z e . T h i s p r e v e n t s t h e 
d i s i n t e g r a t i o n and r e f o r m a t i o n o f t h e v e s i c l e s . 

2.3.2 D e s c r i p t i o n o f t h e dye entrapment experiment 

A s o l u t i o n o f sodium c h e l a t e w i t h p h e n y l r e d (a pH 
i n d i c a t o r ) was made i n Hepes b u f f e r . 1 ml o f t h i s was used t o 
h y d r a t e 25 mg o f l i p i d . T h i s was t h e n e l u t e d on a sephadex G50 
f i n e column a t pH 6. I t was t h e n passed t h r o u g h a sephadex G25 
column a t pH 8. A s m a l l amount was removed and i s o - p r o p y l 
a l c o h o l (IPA) was added. T h i s d e s t r o y s t h e i n t e g r i t y o f t h e 
v e s i c l e s . The r e s t was l e f t over n i g h t , i n t h e dark. I t was 
v i s u a l l y examined t h e n e x t day and t h e n IPA was added t o d e s t r o y 
t h e v e s i c l e s . 
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2.4 PHOTO CORRELATION SPECTROSCOPY (PCS) 

2.4.1 I n t r o d u c t i o n 

PCS i s a modern t e c h n i q u e based on t h e i n e l a s t i c 
s c a t t e r i n g o f l a s e r l i g h t . PCS i n v o l v e s t h e measurement o f t h e 
i n c r e a s e i n w i d t h o f t h e i n c i d e n t l i g h t f r equency which has been 
R a y l e i g h s c a t t e r e d ^ ^ . The s c a t t e r i n g o f t h e l i g h t i s caused by 
f l u c t u a t i o n s i n t h e d i e l e c t r i c c o n s t a n t o f t h e media b e i n g 
measured. The i n t e n s i t y , a n g u l a r d i s t r i b u t i o n , p o l a r i s a t i o n and 
f r e q u e n c y s h i f t o f t h e s c a t t e r e d l i g h t a re determined by t h e s i z e , 
shape and m o l e c u l a r i n t e r a c t i o n s o f t h e s c a t t e r i n g c e n t r e s . A 
v a r i e t y o f i n f o r m a t i o n can be d e r i v e d u s i n g PCS i n c l u d i n g 
r o t a t i o n a l and t r a n s l a t i o n a l d i f f u s i o n c o e f f i c i e n t s , and t h e 
i n t e r n a l m o t i o n a l dynamics o f macromolecules. 

However, f o r those w i t h a s i m p l e r aim i n mind t h e 
equipment can a l s o be used t o e s t i m a t e t h e s i z e and d i s p e r s i t y o f 
c o l l o i d s i n s o l u t i o n . The a c t u a l process d e r i v e s t h e s i z e 
d i s t r i b u t i o n f r o m t h e d i f f u s i o n c o e f f i c i e n t s and assumes t h a t t h e 
p a r t i c l e s a r e s p h e r i c a l . 

t 
2.4.2 PCS E x p e r i m e n t a l d e s c r i p t i o n 

2 ml o f t h e f r a c t i o n c o n t a i n i n g t h e h i g h e s t 
c o n c e n t r a t i o n o f l i p i d , ( determined by FTIR), were p l a c e d i n a 
q u a r t z t u b e -0.5 cm di a m e t e r . T h i s was i n s e r t e d i n t o t h e sample 
compartment o f a Malvern 4700 spectrometer. T h i s has an Argon i o n 
l a s e r source s e t a t 488 nm. The sample was c e n t r e d i n t h e beam. 
S c a t t e r e d l i g h t was c o l l e c t e d a t an angle o f 90° to t h e s t r a i g h t 
t h r o u g h beam. The s o l v e n t was assumed t o have t h e same 
c h a r a c t e r i s t i c s as pure water, d e s p i t e t h e presence o f b u f f e r : 
v i s c o s i t y = 0.893 g m ^s ^, r e f r a c t i v e i ndex = 1.33, te m p e r a t u r e = 
25 °C. 

t These e x p e r i m e n t s were performed by J . H o l l a n d i n my presence. 
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2.5 PHOSPHORUS NUCLEAR MAGNETIC RESONANCE (̂ *P NMR) 

2.5.1 Background 

Each p h o s p h o l i p i d molecule has one phosphorus atom 
w h i c h s h o u l d c o n t r i b u t e a p p r o x i m a t e l y t h e same emis s i o n i n t e n s i t y 
as any o t h e r i n t h e ̂ P̂ NMR spectrum. The p r e c i s e environment 
w i l l i n f l u e n c e t h e peak shape and chemical s h i f t b u t a t t h e n o i s e 
l e v e l s p r e s e n t i n t h e o r i g i n a l s p e c t r a any d i f f e r e n c e s would be 
d i f f i c u l t t o d i s c e r n ( p l o t 3-5). 

I f t h e v e s i c l e s a r e i n t e g r a l t h e n t h e a d d i t i o n o f 
paramagnetic m a t e r i a l s t o t h e s o l u t i o n s h o u l d o n l y have a major 
e f f e c t on t h e phosphorus NMR s i g n a l o f t h e l i p i d s i n t h e e x t e r i o r 
l a y e r s ( f i g u r e 2 ( e ) ) . T h e r e f o r e , i f a paramagnetic i o n , such as 
Mn̂ "̂  i s added t o t h e s o l u t e t h e ̂ P̂ NMR s i g n a l from these o u t e r 
groups w i l l broaden b u t t h a t due t o t h e i n n e r groups w i l l remain 
u n a f f e c t e d u n t i l exchange, e i t h e r o f t h e l i p i d s o r t h e i o n s , 

73 
o c c u r s . 

I f t h e aggregates are u n i l a m e l l a r and i n t e g r a l t h e n 
~50% o f t h e l i p i d head groups w i l l be i n c o n t a c t w i t h t h e o u t e r 
media c o n t a i n i n g t h e paramagnetic i o n s . Whereas, t h e o t h e r 50 % 
w i l l be s h i e l d e d from t h e e f f e c t o f s p e c t r a l broadening^*. I f t h e 
ag g r e g a t e s a r e m u l t i l a m e l l a r a h i g h e r p r o p o r t i o n o f t h e l i p i d w i l l 
be s h i e l d e d . 

T h e r e f o r e t h e use ^̂ P NMR sho u l d make i t p o s s i b l e 
t o t e l l whether t h e v e s i c l e s are u n i l a m e l l a r . The decay i n s i g n a l 
o v e r t i m e can show t h e r a t e o f exchange o f MnCl^ between t h e 
i n t e r n a l and e x t e r n a l media, s u r r o u n d i n g t h e v e s i c l e s . 
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CI 
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Figure 2(e) : A vesicle in manganese chloride solution. 
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2.5.2 E x p e r i m e n t a l d e s c r i p t i o n f o r ̂ P̂ NMR s t u d i e s 

315 mg o f t r i p h e n y l p h o s p h i n e o x i d e (TPO) were 
d i s s o l v e d i n 10 ml o f 2 - m e t h y l p r o p a n - l - o l . A s m a l l amount o f t h i s 
s o l u t i o n was s e a l e d i n c a p i l l a r y t u b e , which was t h e n p l a c e d i n t o 
a 10 mm NMR t u b e , t o a c t as an e x t e r n a l r e f e r e n c e . 

The two f r a c t i o n s c o n t a i n i n g t h e h i g h e s t 
c o n c e n t r a t i o n o f l i p i d were mixed t o g e t h e r and p l a c e d i n t h e NMR 
t u b e . A Bruker AC250 o p e r a t i n g a t 101.26 MHz, f o r phosphorus, was 
c a l i b r a t e d u s i n g p h o s p h o r i c a c i d as a r e f e r e n c e f o r t h e ex a c t 
c h e m i c a l s h i f t . The sample was t h e n p l a c e d i n t h e NMR machine and 
spun a t 16 r e v s . s ~ \ 1024 p u l s e s were a p p l i e d g i v i n g an average 
f r e e i n d u c t i o n decay (FID) which was t h e n F o u r i e r t r a n s f o r m e d t o 
g i v e a spectrum. 

The i n t e g r a t i o n o f b o t h t h e r e f e r e n c e and t h e 
sample peaks was undertaken and t h u s t h e r e l a t i v e areas measured. 
Three such s p e c t r a were t a k e n t o o b t a i n an average i n t e n s i t y and 
an e s t i m a t e o f t h e p r e c i s i o n . The sample was t h e n removed from 
t h e s p e c t r o m e t e r and 2 mg o f manganese d i c h l o r i d e were added (4 
mM) . The sample was imm e d i a t e l y r e p l a c e d i n t h e NMR machine and a 
spectrum o b t a i n e d . Spectra were t a k e n a t -2 0 minute i n t e r v a l s 
o v er a p e r i o d o f s e v e r a l hours and a f i n a l r e a d i n g was g e n e r a l l y 
measured t h e n e x t day. 

For a l l o f t h e s p e c t r a t h e i n t e n s i t y o f s i g n a l f o r 
t h e l i p i d was d i v i d e d by t h a t f o r t h e r e f e r e n c e TPO. T h i s r a t i o 
was t h e n used as a r e l a t i v e i n t e n s i t y t o compare s p e c t r a b e f o r e 
and a f t e r t h e a d d i t i o n o f MnCl^. An e x t e r n a l r e f e r e n c e i s needed 
t o p r o v i d e a r e l a t i v e measure o f t h e peak i n t e g r a t i o n between 
d i f f e r e n t s p e c t r a because t h e a b s o l u t e i n t e n s i t y i n NMR i s v e r y 
dependent on t h e p r e c i s e e x p e r i m e n t a l c o n d i t i o n s . Even r e c o r d i n g 
s p e c t r a c o n s e c u t i v e l y , w i t h o u t removal o f t h e sample can g i v e 
v a r y i n g v a l u e s . 

As a c o n t r o l experiment t h e v e s i c l e s were d e s t r o y e d 
by a d d i t i o n o f IPA and t h e i r NMR s p e c t r a r e c o r d e d b e f o r e and a f t e r 
t h e a d d i t i o n o f MnCl_. 
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2.6 FOURIER TRANSFORM INFRA-RED SPECTROSCOPY (FTIR) 

2.6.1 I n t r o d u c t i o n 

(A) FTIR i n s t r u m e n t s : 

FTIR i n s t r u m e n t s are based on t h e Miche l s o n 
i n t e r f e r o m e t e r ^ ^ . F i g u r e 4 ( f ) shows an example o f a FTIR 
s p e c t r o m e t e r . C o l l a t e d r a d i a t i o n from t h e source (S) passes 
t h r o u g h a beam s p l i t t e r ( B ) , u s u a l l y a h a l f - s i l v e r e d potassium 
bromide p l a t e , p r o d u c i n g two m u t u a l l y p e r p e n d i c u l a r beams. Each 
o f t h e s e i s r e f l e c t e d o f f a m i r r o r (Mi and M2) . I f Mi t r a v e r s e s a 
d i s t a n c e x away from t h e beam s p l i t t e r , t h e n on r e c o m b i n a t i o n w i t h 
t h e o t h e r beam t h e r e w i l l be a phase d i f f e r e n c e and an 
i n t e r f e r e n c e p a t t e r n w i l l be formed. Each f r e q u e n c y has i t s own 
i n t e r f e r e n c e p a t t e r n w i t h c o n s t r u c t i v e i n t e r f e r e n c e a t v a l u e s o f x 
w h i c h a r e i n t e g r a l m u l t i p l e s o f wavelength. These combine, over 
t h e f r e q u e n c y spectrum, t o form an o v e r a l l i n t e r f e r o g r a m ^ ^ . 

I n o r d e r t o r e c o r d a l l t h e i n f o r m a t i o n necessary 
t h e m i r r o r has t o move i n s t e p s l e s s t h a n h a l f t h e s h o r t e s t 
w a v e l e n g t h . I n most modern FTIR s p e c t r o m e t e r s , i n c l u d i n g t h e 
M a t t s o n S i r i u s 100 which shown i n t h e diagram ( f i g u r e 4 ( f ) ) , t h e 
m i r r o r moves c o n t i n u o u s l y . However, t h e computer cannot cope w i t h 
d a t a i n an analogue form and needs a r e f e r e n c e f o r d i g i t i s a t i o n . 
T h i s i s p r o v i d e d by a Helium-Neon l a s e r . The l i g h t f rom t h i s 
passes t h r o u g h a d i f f e r e n t p a r t o f t h e i n t e r f e r o m e t e r a t t h e same 
t i m e as t h e main IR beam. I t i s s e p a r a t e l y m o n i t o r e d by a 
d e d i c a t e d d e t e c t o r . By u s i n g t h e s i n e wave i n t e r f e r e n c e p a t t e r n 
produced f r o m t h e monochromatic l a s e r t h e p a t h d i f f e r e n c e o f t h e 
m i r r o r s can be measured i n terms o f t h e l a s e r wavelength. By 
c o n v e r s i o n o f t h e s i n u s o i d a l l a s e r i n t e n s i t y i n t o a square wave 
t h e s i g n a l can be used t o t r i g g e r data a c q u i s i t i o n . 
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The i n t e r f e r o g r a m can be c o n v e r t e d back t o t h e 
f r e q u e n c y domain by use o f a mathematical r e l a t i o n s h i p known as a 
F o u r i e r t r a n s f o r m ^ ^ , 

F(i') = f ( x ) e x p ( - 2 T r i v x ) d x Eqn. ( 2 . i ) 

Whereby two dependent v a r i a b l e s can be r e l a t e d t o one another. 
U n t i l t h e advent o f w i d e l y a v a i l a b l e high-powered computers t h e 
s o l u t i o n o f t h e above was n o t f e a s i b l e p r a c t i c a l l y . However now 
b o t h computers and s o f t w a r e t o p e r f o r m f a s t F o u r i e r t r a n s f o r m s are 
w i d e l y a v a i l a b l e and a f f o r d a b l e . 

I f a sample i s now p l a c e d between t h e 
i n t e r f e r o m e t e r and t h e d e t e c t o r a b s o r p t i o n s w i l l t a k e p l a c e which 
w i l l l o w e r t h e i n t e n s i t y o f g i v e n f r e q u e n c i e s , such t h a t when t h e 
i n t e r f e r o g r a m i s F o u r i e r t r a n s f o r m e d an e m i s s i v i t y spectrum i s 
formed w i t h drops i n i n t e n s i t y c o r r e s p o n d i n g t o t h e a b s o r p t i o n s . 
When t h i s i s r a t i o e d a g a i n s t t h e background e m i s s i v i t y a normal 
a b s o r p t i o n spectrum i s seen. 

The main advantages o f u s i n g FTIR as opposed t o a 
d i s p e r s i v e IR a r e t h a t a l l t h e f r e q u e n c i e s are sampled a t once, 
g i v i n g a h i g h e r t h r o u g h - p u t and l e s s n o i s e i . e . g r e a t e r s e n s i t i v i t y 
i s a c h i e v e d . The s p e c t r a t a k e ~1 second t o g a t h e r compared w i t h 
-15 m i n u t e s f o r an e n t i r e d i s p e r s i v e IR spectrum. These 
advantages a r e p a r t i c u l a r l y i m p o r t a n t f o r v e r y d i l u t e samples as 
many s p e c t r a can be co-added t o improve t h e s i g n a l t o n o i s e r a t i o . 
T h i s i s due t o t h e f a c t t h a t i f a l a r g e number o f i n t e r f e r o g r a m s 
a r e co-added random n o i s e w i l l superimpose t o g i v e an o v e r a l l 
r e d u c t i o n i n i n t e n s i t y compared t o t h e s i g n a l . However, a 
d i s p e r s i v e i n s t r u m e n t has one advantage, over t h e FTIR machine 
used, i n t h a t most d i s p e r s i v e i n s t r u m e n t s have two beams - one f o r 
a background and one f o r t h e sample. T h i s would a l l e v i a t e t h e 
p r o b l e m o f w a t e r vapour i n t h e s p e c t r a . 
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V h e r e : S = s o u r c e 
M I , M2 = t h e m i r r o r s 
D = d e t e c t o r 
T = s a m p l e 
B = beam s p l i t t e r 
L = l a s e r 
P i , P 2 = e x c h a n g e a b l e m i r r o r s i n t h e s a m p l e compartment 

Figure 2(f) : A schematic of the Mattson Sirius 100 FTIR 
spectrometer,drawn by T. D. Harrison. 
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(B) Absorption r a t i o s 

The spectra obtained a f t e r Fourier transformation 
are i n the form of e m i s s i v i t y i.e. the r a d i a t i o n from the source 
m o d i f i e d by the absorption of the sample. As the source does not 
emit evenly over the e n t i r e range of frequencies t h i s gives a 
frequency dependent weighting of s p e c t r a l i n t e n s i t y . Also as the 
amount absorbed by the sample may be very small compared t o the 
t o t a l output of the source i t i s very d i f f i c u l t t o see the 
spectrum of the sample. A s o l u t i o n t o both of these problems i s 
t o r a t i o two e m i s s i v i t y spectra. One of which contains the sample 
t o be s t u d i e d the other a s i m i l a r system but w i t h the sample 
absent. The f o l l o w i n g r a t i o s can be used. : 

Transmittance = % t r a n s m i t t e d = ^/^ X 100 Eqn. ( 2 . i i ) 
J-O 

I = e m i s s i v i t y of the sample 
Io= e m i s s i v i t y of the background 

Absorbance = - l o g (^/_ Eqn. ( 2 . i i i ) 
±0 

For the experiments t o be described absorption i s 
used as the Beer-Lambert law states t h a t i t i s p r o p o r t i o n a l t o the 

79 
c o n c e n t r a t i o n of the sample . 

•""/̂  = exp (-ccl) Eqn. ( 2 . i v ) 
Xo 

Where c = concentration of the sample 
e = absorption c o e f f i c i e n t 
1 = path length 
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2.5.2 D e s c r i p t i o n of FTIR experiments 

Spectra were obtained on a Mattson S i r i u s 100 
spectrometer ( f i g u r e 2 ( f ) ) w i t h a ni t r o g e n cooled mercury cadmium 
t e l l u r i d e d e t e c t o r i n conjunction w i t h an Opus V computer. 100 
interferograms were co-added at a r e s o l u t i o n of 4 cm~\ a gain of 
1 and the aperture set t o 25% of t o t a l c a p a b i l i t y . A f a s t Fourier 
t r a n s f o r m was then performed t o give the e m i s s i v i t y spectrum. 

The samples were placed i n an aqueous holder 
c o n s i s t i n g of two calcium f l u o r i d e p l a t e s separated by a very t h i n 
t i n spacer. A 12 /im c e l l was used i n i t i a l l y , but t h i s was changed 
t o 6 nm f o r most of the r e s u l t s presented. The c e l l was 
maintained a t a constant temperature t o w i t h i n ± 0.2 °C f o r any 
given experiment by a temperature c o n t r o l l e d water j a c k e t around 
the c e l l ( f i g u r e 2 ( g ) ) . The path length was kept constant f o r a 
given set of data by removal of the previous sample v i a suction 
w i t h a l u e r lock syringe. The c e l l was then r i n s e d w i t h b u f f e r 
s o l u t i o n and r e f i l l e d w i t h the next sample. The e m i s s i v i t y 
spectra obtained were r a t i o e d versus a spectrum of pure b u f f e r 
taken under the same condi t i o n s . This was then converted t o an 
absorpt i o n spectrum. 

I t was necessary t o obtain a set of reference 
spectra f o r a l l the components i n the system. I n the s o l u t i o n 
s t a t e a 6 mm c e l l was used w i t h the component dissolved i n the 
app r o p r i a t e solvent. This was r a t i o e d against the pure solvent. 
Again, the c e l l temperature was regulated. Cast f i l m spectra were 
also obtained. A small drop of the sample i n s o l u t i o n was placed 
onto a s i n g l e CaF^ p l a t e . The solvent was allowed t o evaporate, 
aided by evacuation i n a desiccator. The e m i s s i v i t y spectrum of 
t h i s p l a t e was recorded and r a t i o e d against t h a t of a clean CaF 
p l a t e . A s i m i l a r technique was followed t o obt a i n RAIRS spectra, 
t h i s technique i s explained i n d e t a i l i n se c t i o n 4.4. A spectrum 
of water vapour ( f i g u r e 2(h)) was recorded by r a t i o i n g the 
e m i s s i v i t y spectrum f o r the empty spectrometer w i t h t h a t of the 
spectrometer w i t h a beaker of warm water present. 
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Figure 2(g) : The heated transmission cell. 
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Figure 2(h) : FTIR spectrum of water vapour. 
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CHAPTER 3 

RESULTS AND DISCUSSION OF THE STUDIES ON VESICLES 

3.1 CHARACTERISATION OF THE VESICLES 

3.1.1 F r a c t i o n a t i o n of v e s i c l e s by g e l f i l t r a t i o n 

(A) Results 

The v o i d volume of the sephadex G-50 column was 
found t o be 8 ml, by use of Dextran blue, a high molecular weight 
dye (see s e c t i o n 2.2). A f t e r the i n i t i a l dye was f i r s t e l uted the 
f o l l o w i n g 8 ml were found t o be coloured by the dye. This 
i n d i c a t e d t h a t e l u t i o n on the column had caused d i l u t i o n of a 
f a c t o r of f o u r from the o r i g i n a l 2 ml of dye. 

Thus the f i r s t 8 ml e l u t e d i n each experiment were 
c o l l e c t e d as a s i n g l e f r a c t i o n . Thereafter f r a c t i o n s were ~2 ml. 
For each f r a c t i o n the FTIR spectrum was obtained. Usually 14 such 
f r a c t i o n s were c o l l e c t e d . I t was g e n e r a l l y found t h a t the l i p i d 
content increased from f r a c t i o n number 2-4/5 then decreased 
towards f r a c t i o n s 7/8 . P l o t 3-2 shows the FTIR spectra of the 
most intense peaks i n the egg l e c i t h i n spectrum ( p l o t 3-13). The 
p l o t shows the increase and subsequent decrease i n the i n t e n s i t y 
of the bands on e l u t i o n from the sephadex column. The numbers 
given are the f r a c t i o n numbers w i t h F2 being the f i r s t f r a c t i o n 
c o l l e c t e d a f t e r the 8 ml of the v o i d volume. 

As s t a t e d i n 2.6.1.B the absorption i s p r o p o r t i o n a l 
t o the c o n c e n t r a t i o n of a species. Therefore, p l o t 3-2 i n d i c a t e s 
the increase and decrease i n l i p i d concentration when the 
f r a c t i o n s are consecutively c o l l e c t e d from the bottom of the 
sephadex column. 
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Thereafter, b u f f e r only was elut e d u n t i l f r a c t i o n s 
10-12 which contained detergent. This can be c l e a r l y seen i n the 
FTIR spectra. P l o t 3-1 i s the FTIR spectra f o r f r a c t i o n s 10-13. 
I t shows a re g i o n of the i n f r a r e d spectrum where the detergent has 
peaks ( p l o t 3-20) but the l i p i d does not ( p l o t 3-13) . The growth 
i n i n t e n s i t y of these peaks shows the e l u t i o n of the detergent. 

l o t a - l ; The e l u t i o n of d e t e r g e n t from t h e column 
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p lot3-2.; The e l u t i o n of l i p i d by t h e s e p h a d e x column 
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(B) Discussion of gel separation 

The l i p i d i s s o l u b i l i s e d by the formation of mixed 
m i c e l l e s w i t h the detergent. The c r i t i c a l m i c e l l e concentration 

80 

(CMC) Of sodium chelate i n 0.15 M NaCl i s 50 MM . Thus the 
o p e r a t i n g c o n d i t i o n s of mM are w e l l above the CMC of the 
detergent. Small, Penkett and Chapman^^ found t h a t the mixed 
m i c e l l e s formed are c y l i n d r i c a l r a t h e r than s p h e r i c a l . The b i l e 
s a l t ( d e t e r g e n t ) , sodium chelate, can be considered as possessing 
a h y d r o p h i l i c face and a hydrophobic one ( f i g u r e 3 ( a ) ) . A m i c e l l e 
i s formed w i t h a b i l a y e r of l i p i d surrounded by a cage of 
detergent molecules ( f i g u r e 3(b)) such t h a t the hydrophobic 
regions of both l i p i d and detergent are separated from the aqueous 
media. The surrounding s o l u t i o n contains monomers of detergent. 

As the m i c e l l e s and monomers traverse the column the 
c o n c e n t r a t i o n of monomers of detergent decreases by entrapment i n 
the sephadex beads^^. As the concentration of the monomers f a l l s 
the e q u i l i b r i u m between the micelles and monomers i s disrupted and 
the mixed m i c e l l e s s t a r t t o be depleted of detergent. The r a t i o 
of detergent t o l i p i d i n the micelles decreases u n t i l eventually 
only aggregates of l i p i d remain. 

As the micelles are depleted of detergent they 
begin t o fuse, so t h a t the remaining detergent molecules can s t i l l 
p r o t e c t the hydrophobic regions of the l i p i d s . These sheets begin 
t o curve as t h e i r s i z e increases. Eventually the detergent 
d e p l e t i o n reaches a l e v e l whereby the micelles can no longer 
remain s t a b l e and the l i p i d b i l a y e r s f o l d over t o form a sphere, 
and u n i l a m e l l a r v e s i c l e s are made. 

Previous work (16,72,73 & 81) shows t h a t complete 
removal of the detergent i s extremely d i f f i c u l t - even a f t e r 
d i a l y s i s f o r several days A l l e n et a l ^ ^ found t h a t there are s t i l l 
seven detergent molecules per 1000 l i p i d s . However i f g e l 
f i l t r a t i o n i s used then 1% d e t e r g e n t : l i p i d i s r e t a i n e d . The FTIR 
spectra show no sign of detergent i n the l i p i d c o n taining 
f r a c t i o n s , but a t t h i s concentration (0.03 mg/ml) d e t e c t i o n would 
be p r o b l e m a t i c a l . 
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Figure 3(a) : Illustrating the hydrophilic and hydrophobic nature of the two 
sides' of sodium cholate. (Drawn from information given by Small et al^^) 
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Figure 3(b) : Illustrating the construction of 
cylindrical micelles. (Drawn from Small et al ) 

Figure 3(c) : Micrograph of the aggregates produced 
from an initial detergent to lipid ratio of 15:1. 
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An experiment was performed on the Durham FTIR 
spectrometer where the concentration of detergent, i n water, i n a 
6 jLtm CaF^ c e l l was gradually increased. This continued u n t i l the 
spectrum of sodium chelate could be c l e a r l y discerned. I t was 
found t h a t the concentration required was q u i t e high ~ 1 mg/ml. 
Assuming t h a t a l l of the l i p i d was eluted i n one f r a c t i o n the 
l e v e l of d e t e c t i o n of detergent would be at a l e v e l of one 
molecule of detergent f o r twenty l i p i d molecules. As the actual 
c o n c e n t r a t i o n of l i p i d i s lower, due t o d i l u t i o n from passing 
through the column, the f r a c t i o n of l i p i d t o r e t a i n e d detergent 
molecules could be even higher and s t i l l not detectable using FTIR 
spectroscopy. 

Therefore, i t must be assumed t h a t there are s t i l l 
d etergent molecules present i n the f i n a l liposomes even though the 
technique was not s e n s i t i v e enough t o detect them. A l l e n and 
co-workers^^ have r a d i o a c t i v e l y labeled detergents and have shown 
the quoted percentage r e t e n t i o n . I t must be assumed t h a t the 
experimental technique used has removed no more than t h i s . Thus, 
i n t e r p r e t a t i o n of the r e s u l t s must take t h i s f a c t o r i n t o account. 
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3.1.2 Size and D i s p e r s i t y 

(A) Results 

At f i r s t the i n i t i a l detergent : l i p i d r a t i o was 
3:1, but i n order t o reduce the f i n a l detergent content t h i s was 
a l t e r e d t o 1.5:1. This i s s t i l l w i t h i n the region f o r the 
for m a t i o n of mixed m i c e l l e s ' . Most of the references quote 
3-5 :1 as the optimum r a t i o (72,80 & 81). I t was found t h a t the 
r a t i o of 1.5:1 was too low and the aggregates formed were depleted 
of detergent too q u i c k l y and thus large liposomes were formed. 
These could be viewed v i a an o p t i c a l microscope ( f i g u r e 3 ( c ) ) . 
Some were 14 /nm i n size and could be seen t o comprise of layers 
w i t h i n l a y e r s . I t was t h e r e f o r e decided t o a l t e r the detergent : 
l i p i d r a t i o . On examination of the l i t e r a t u r e a r a t i o of 15:1 was 
chosen as A l l e n e t a l ^ ^ found t h a t a higher p r o p o r t i o n of the 
aggregates (-90%) w i l l be LUV's. 

On increasing the concentration of detergent, t o a 
15:1 r a t i o compared t o the l i p i d the aggregates could no longer be 
seen by o p t i c a l microscopy. The l i p i d c o n taining f r a c t i o n s were 
almost c l e a r , compared t o the cloudy appearance seen w i t h a 2:1 
r a t i o . However a small change i n o p t i c a l density could be seen 
w i t h a d i s c e r n i n g naked eye, possibly due t o a few l a r g e r 
aggregates s t i l l being made. The size of the new aggregates was 
obtained by use of PCS. A good f i t t o the data was found f o r each 
PCS run - normally w i t h a m e r i t f a c t o r of 85% c e r t a i n t y . 

I f the size of the aggregates was found on the same 
day as they were made then the average size was 24.1 ± 11 nm. 
This was very reproducible w i t h an e r r o r of ± 0.5 nm i n the 
average s i z e and ± 3 nm i n the standard d e v i a t i o n . I f the size of 
the aggregates was measured on the subsequent day t o formation 
then the s i z e was 33.4 ± 22 nm w i t h r e p r o d u c i b i l i t y e r r o r s of ± 2 
nm i n the average siz e and ±3 nm i n the standard d e v i a t i o n . I t 
was observed t h a t i f the samples were l e f t a t room temperature f o r 
a p e r i o d of several days t h a t the l i p i d s had aggregated i n t o a 
white mass a t the bottom of the sample tube. 
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(B) Discussion of the size of the aggregates produced 

I n i t i a l l y the aggregates formed w i t h the 2:1 
detergent t o l i p i d r a t i o were not LUV's. So the detergent t o 
l i p i d r a t i o was changed t o 15:1. This produced aggregates of 
average s i z e 24.1 ± 0.5 nm w i t h a f a i r l y small spread i n d i v e r s i t y 
67 % were w i t h i n 14-35 nm i n s i z e . This c o n t r a d i c t s the e a r l y 
e x p e c t a t i o n of 100-150 nm v e s i c l e s . A recent paper by Rotenberg 
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and Lichtenberg surveys a number of d i f f e r e n t detergent removal 
procedures and the r e s u l t s thereof. This gives a size f o r 
v e s i c l e s produced by the same method of 30.3 ± 1.2 nm. 
This i n d i c a t e s t h a t the experimental procedures used a t Durham 
d i f f e r i n some manner from the o r i g i n a l workers, who obtained 100 
nm v e s i c l e s , but are s i m i l a r t o more recent work. The most 
probable change i s t h a t the l i p i d traversed the column f a s t e r and 
thus t h e r e was less time f o r the micelles t o grow before they 
fused t o make the v e s i c l e s . 

As the detergent i s removed Lasic^^ hypothesises 
t h a t the b i l a y e r m i c e l l e s fuse and form l a r g e r disc l i k e m icelles. 
These e v e n t u a l l y grow so large t h a t the net hydrophobic 
i n t e r a c t i o n s increase u n t i l the discs f o l d back on themselves t o 
form v e s i c l e s . The slower the detergent removal, the longer the 
time the m i c e l l e s can enlarge by f u s i o n and t h e r e a f t e r form bigger 
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UV's. Although the work of Vinson et a l i n d i c a t e s t h a t the 
v e s i c l e s may be formed v i a a t r a n s i t i o n through a c y l i n d r i c a l 
m i c e l l a r s t a t e r a t h e r than f l a t d iscs, the p r i n c i p l e of growth by 
f u s i o n would be the same. 
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3.1.3 Proof of u n i l a m e l l a r i t v of the v e s i c l e s 
produced by g e l separation 

(A) I n t r o d u c t i o n 

As described i n section 2.5 i t i s possible t o use 
^̂ P NMR t o i n v e s t i g a t e the layer s t r u c t u r e of the aggregates. I f 
only the e x t e r i o r l i p i d s of the aggregates are a f f e c t e d by the 
presence of Mn^ there w i l l be a drop i n the i n t e n s i t y of the ̂ P̂ 
NMR s i g n a l r e l a t e d t o the r a t i o of the e x t e r i o r t o i n t e r i o r l i p i d s , 

From section 3.1.2 the average diameter of the 
aggregates i s 24 nm w i t h a standard d e v i a t i o n of 11 nm. From the 
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x-ray data of Parsegian e t a l the width across a b i l a y e r of egg 
PC i s 3.5 nm. I f we assume t h a t the aggregates formed are 
u n i l a m e l l a r v e s i c l e s and t h a t the area occupied, by each l i p i d , i s 
the same i n both the inner and outer spheres then, given t h a t the 
surface area of a sphere i s 47rr^, the i n t e n s i t y of the ̂ P̂ NMR 
s i g n a l should drop by a f a c t o r of : 

4Trr^ 
2 Eqn. 3(i) 

4Tr(rJ+ rl) 

= area of i n t e r i o r of sphere 
area of i n t e r i o r + e x t e r i o r 

a NMR i n t e n s i t y from the i n t e r n a l l i p i d s ( I ) 
t o t a l NMR i n t e n s i t y from a l l of the l i p i d s ( I ) 

I , Eqn. 3(ii) 
'1 

radius of the outer sphere = 12 nm = r^ 
radius of the inner sphere = 8.5 nm = r^ 

Thus the f r a c t i o n i s (8.5)^/((8.5)^+(12)^) = 0.33 
Therefore i f a l l the assumptions are c o r r e c t the NMR i n t e n s i t y 
should f a l l t o e x a c t l y a t h i r d of the o r i g i n a l on a d d i t i o n of the 

2 + 

Mn w i t h a standard d e v i a t i o n , m the f r a c t i o n , of 0.05 
( c a l c u l a t e d from the average standard d e v i a t i o n of the PCS data). 
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(B) Results of ̂ P̂ NMR experiments 

The f r a c t i o n a l f a l l i n r e l a t i v e i n t e n s i t y between 
the i n i t i a l peaks, due t o phospholipid, and the peaks a f t e r 
a d d i t i o n of MnCl^was c a l c u l a t e d f o r each spectrum. A graph was 
p l o t t e d f o r the i n t e n s i t y r a t i o , followed w i t h respect t o time. 
The f r a c t i o n was extrapolated back t o the p o i n t of a d d i t i o n of the 
s a l t . I t was assumed t h a t the broadening e f f e c t would occur as 
soon as Mn^^ had been added. P l o t 3-8 i s a t y p i c a l response from 
v e s i c l e s made from an o r i g i n a l l i p i d : d e t e r g e n t r a t i o of 15:1. 

The ^̂ P NMR s i g n a l f e l l t o a f r a c t i o n of 0.84 of 
the o r i g i n a l i n t e n s i t y f o r the 1.5:1 detergent t o l i p i d r a t i o . 
These r e s u l t s confirmed the microscopy r e s u l t s t h a t u n i l a m e l l a r 
v e s i c l e s had not been formed. The data i n d i c a t e s t h a t the 
aggregates formed are m u l t i l a m e l l a r as the decrease i s very small 
i m p l y i n g t h a t only -16 % of the l i p i d s are on the e x t e r n a l 
surfaces of the aggregates. The decay of the r a t i o over a period 
of s e v e r a l hours i s shown i n p l o t 3-7. 

Seven r e s u l t s were recorded f o r the 15:1 
d e t e r g e n t / l i p i d r a t i o . The i n i t i a l i n t e n s i t y r a t i o s were as 
f o l l o w s 0.31, 0.29, 0.41, 0.28, 0.18, 0.50 and 0.245. The average 
value f o r the f r a c t i o n of the o r i g i n a l ^̂ P NMR s i g n a l a f t e r the 
a d d i t i o n of Mn̂ ''"was t h e r e f o r e 0.32 ± 0.10. 

Before MnCl^ was added three spectra of each sample 
were recorded t o gauge the r e p r o d u c i b i l i t y of the r e l a t i v e 
i n t e n s i t y between the phospholipid peak and the e x t e r n a l 
reference. These proved t h a t there was q u i t e a large e r r o r i n 
making a measurement. Over a l l of the sets of three readings, the 
standard d e v i a t i o n was 14 % of the recorded value. Propagating 
t h i s through the eqn. 3 ( i i ) using the equation below : 

\ J y X 

cr = standard d e v i a t i o n 
x,y = the v a r i a b l e s i n a f u n c t i o n z = f ( x , y ) 

The d i f f e r e n t i a l s are c a l c u l a t e d a t the average recorded value f o r 
X and y. The standard d e v i a t i o n of the r a t i o would be 0.07 given 
the mean of 0.32. Thus the recorded d e v i a t i o n of 0.1 i s q u i t e a 
b i t l a r g e r than the value expected purely on instrumental e r r o r . 
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(C) Discussion of the type of v e s i c l e made 

The recorded value of 0.32 ± 0.1 i s w i t h i n the 
e r r o r of the expected value of 0.33 ± 0.05. Thus i t can be 
concluded t h a t there i s a strong p o s s i b i l i t y t h a t the aggregates 
are u n i l a m e l l a r v e s i c l e s . However, the standard d e v i a t i o n i n the 
r e s u l t s obtained i s higher than would be expected from purely 
experimental e r r o r i n the measurement of the r e l a t i v e NMR 
i n t e n s i t i e s . I t i s possible t h a t samples prepared on d i f f e r e n t 
days had v a r y i n g ranges i n the sizes of the aggregates. This was 
seen, t o some extent i n the PCS experiments. Although the average 
s i z e was f a i r l y constant the spread around t h a t mean v a r i e d 
s u b s t a n t i a l l y ( p l o t s 3-3 a&b) f o r d i f f e r e n t samples. This would 
a f f e c t the average i n t e n s i t y r a t i o because the t h e o r e t i c a l r a t i o 
i s not a simple l i n e a r r e l a t i o n s h i p w i t h the diameter, as shown i n 
p l o t 3-6. I f the d i s t r i b u t i o n of sizes around the mean i s broad 
then the average i n t e n s i t y r a t i o w i l l be lower than a narrow 
spread as the t h e o r e t i c a l curve begins f l a t t e n and a t very large 
v e s i c l e diameters w i l l asymptote t o a value of 0.5. 

Another p o s s i b i l i t y i s t h a t some of the aggregates 
on a given day are MLV's and others e a s i l y penetrated by the 
manganese, e i t h e r of these would increase the e r r o r i n 
measurement. The f i r s t would give r a t i o s higher than p r e d i c t e d , 
the second lower than expected. 
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Plot5-7: Graph of intensity ratio vs time for the 1.5:1 deterqeiit\lipiii mole ratio 
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plot3-8: 
Graph of intensity ratio vs time for the 15:1 deterqent\lipi(i mole ratio 
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3.1.4 S t a b i l i t y o f t h e v e s i c l e s 

(A) Dye entrapment r e s u l t s 

Phenyl r e d , t h e i n d i c a t o r i s y e l l o w a t pH6 and 
p u r p l e a t pH8. The v e s i c l e s were o r i g i n a l l y made a t pH6 t h e n 
e l u t e d on a sephadex G50 column a t pH8. The s o l u t i o n was y e l l o w 
b e f o r e t h e second e l u t i o n b u t became p u r p l e a f t e r w a r d s . T h i s 
i n d i c a t e d t h a t t h e v e s i c l e s had reformed on t h e column w i t h pH8 
b u f f e r i n s i d e . A second experiment was t r i e d w i t h a d i f f e r e n t 
c a p t u r e volume f o r t h e column. The v e s i c l e s were a g a i n formed on 
a sephadex G-50 column a t pH6 b u t t h e second e l u t i o n t o o k p l a c e on 
a much s h o r t e r sephadex G-25 column. The s o l u t i o n e l u t e d was 
y e l l o w i n d i c a t i n g t h a t t h e b u f f e r t r a p p e d w i t h i n t h e v e s i c l e s was 
a t pH 6 whereas t h a t o f t h e s u r r o u n d i n g medium was pH 8. On 
a d d i t i o n o f IPA t h e v e s i c l e s were d e s t r o y e d and t h e c o n t e n t s 
d i s g o r g e d g i v i n g a p u r p l e c o l o u r . On l e a v i n g t h e v e s i c l e s whole 
o v e r n i g h t t h e y e l l o w c o l o u r was s t i l l p r e s e n t b u t appeared p a l e r . 
On a d d i t i o n o f IPA t h e s o l u t i o n again became p i n k i s h . 

The d i s i n t e g r a t i o n o f t h e v e s i c l e s , when t h e second 
e l u t i o n was p e r f o r m e d on a sephadex G-50 column c o u l d be due t o 
t h e presence o f d e t e r g e n t molecules w i t h i n t h e s o l u t i o n . These 
would a g a i n become d e p l e t e d f u r t h e r c a u s i n g any d e t e r g e n t 
m o l e c u l e s i n t h e v e s i c l e s t o be removed and t h u s r e l e a s i n g t h e 
dye. 

(B) NMR r e s u l t s 

There i s a v e r y g r a d u a l decay i n t h e i n t e n s i t y 
r a t i o o v e r a p e r i o d o f 3 hours ( p l o t 3-8). However t h e n e x t 
m o r n i n g , 12 hours a f t e r t h e a d d i t i o n o f t h e manganese, t h e r a t i o 
had f a l l e n t o 0.18 f o r t h e sample shown. T h i s decay o v e r n i g h t was 
a r e p r o d u c i b l e t r e n d . 
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(C) D i s c u s s i o n o f t h e s t a b i l i t y o f t h e v e s i c l e s 

The v e s i c l e s appear t o b e g i n d e g r a d i n g almost as 
soon as made. However, t h i s process i s q u i t e slow and t h e r e i s 
s t i l l a h i g h percentage o f t h e v e s i c l e s which remain s t a b l e 
o v e r n i g h t . 

The PCS data shows a l a r g e r s i z e and d i s p e r s i t y t h e 
day a f t e r f o r m a t i o n . I t was a l s o observed t h a t a l t h o u g h samples 
were c l e a r a t t h e t i m e o f e l u t i o n , on b e i n g l e f t t o s t a n d t h e y 
g r a d u a l l y became more opaque. E v e n t u a l l y , about a week l a t e r a 
mass o f w h i t e m a t e r i a l c o u l d be seen a t t h e bottom o f t h e sample 
t u b e . 

A l l o f t h e data d e s c r i b e d suggest t h a t as t i m e 
passes t h e v e s i c l e s coalesce t o form l a r g e r aggregates and f i n a l l y 
j o i n t o g e t h e r as one mass. T h i s i s due t o t h e f a c t t h a t w h i l s t i t 
i s p o s s i b l e t o form v e s i c l e s t h e y are none t h e l e s s 
t h e r m o d y n a m i c a l l y u n s t a b l e . They o n l y e x i s t f o r any l e n g t h o f 
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t i m e due t o t h e slow k i n e t i c s f o r c o n v e r s i o n t o o t h e r phases . 
The v e s i c l e s produced seemed l e s s s t a b l e t h a n t h o s e made by 
e x t r u s i o n t e c h n i q u e s . Hope and co-authors^* r e p o r t e d t h a t t h e i r 
v e s i c l e s remained i n t e g r a l f o r p e r i o d s o f days. Whereas t h e 
a p p a r e n t t i m e s c a l e found f o r t h e s t a b i l i t y o f t h e v e s i c l e s made 
i n t h e e x p e r i m e n t s d e s c r i b e d here suggests t h a t t h e are n o t s t a b l e 
f o r more t h a n a few hours. 
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3.2 : CONFORMATIONAL ANALYSIS USING FTIR 

3.2.1 I n t r o d u c t i o n 

Each o f t h e v a r i o u s chemical groups o f a l i p i d 
m o l e c u l e have v i b r a t i o n a l modes which a re a c t i v e i n t h e i n f r a r e d . 
From each s m a l l p i e c e o f i n f o r m a t i o n u n d e r s t a n d i n g o f t h e 
m o l e c u l a r c o n f o r m a t i o n and i n t e r a c t i o n s i s p o s s i b l e . 

The t a b l e o v e r l e a f shows a g e n e r a l o u t l i n e o f 
i n f r a r e d assignments f o r m o l e c u l a r groups which a re commonly found 
i n b i o l o g i c a l systems. The r e s u l t s found w i l l f i r s t be discus s e d 
i n t erms o f t h e i n f o r m a t i o n which can be gained from t h e 
c o n s i d e r a t i o n o f t h e whole s p e c t r a . Secondly each s p e c t r a l r e g i o n 
o f i n t e r e s t w i l l be s t u d i e d i n depth. Then a l l o f t h e i n f o r m a t i o n 
w i l l be drawn t o g e t h e r t o g i v e an overview. 

P l o t s 3- 12-23 are FTIR s p e c t r a o f egg l e c i t h i n 
i n a v a r i e t y o f environments. They show t h e whole o f t h e s p e c t r a l 
r e g i o n o f i n t e r e s t f o r t h e l i p i d i n an aqueous medium. A t 
wavenumbers above 3200 cm ^and below 1000 cm ^ water absorbs so 
s t r o n g l y t h a t t h e d e t e c t o r r e c e i v e s an e x t r e m e l y low s i g n a l . Even 
u s i n g v e r y s m a l l p a t h l e n g t h s s p e c t r a l i n f o r m a t i o n , f o r low 
c o n c e n t r a t i o n s o f molecules w i t h i n water, i s l o s t beyond t h e 
wavenumbers mentioned. 

I f more t h a n one spectrum i s shown on a p l o t t h e n , 
i n most cases a n o r m a l i s a t i o n f a c t o r has been used t o enable t h e 
s p e c t r a t o be seen on t h e same s c a l e . The absorbance s c a l e i n 
each case i s f o r t h e main spectrum on t h a t p l o t . T h i s i s shown as 
a s o l i d l i n e . The e x c e p t i o n s t o t h i s are p l o t s 3- 19,29-32&34 i n 
whi c h t h e absorbance s c a l e r e l a t e s t o a l l o f t h e s p e c t r a 
d i s p l a y e d . 

56 



Wavenumbers 
(cm-') 

Description of assignment Reference 

3490 V a s ( H , 0 ) 95 

3280 I t 

3300 Amide A } Fermi resonance between N-H and 88 

3100 Amide B } excited state of amide IT I I 

3020-3030 v^(CH3 )inN-(CH3)3 M 

3010 V (CH) in alkenes 95 

2960 Vas(CH3 ) 31 

2919-2930 V3s(CH2 ) I I 

2875 V s ( C H 3 ) 
I I 

2850-2854 v,(CH2) I I 

2125 HjO association band 95 

1700-1740 V (C=0) I I 

1650 Amide I : in plane mode mainly C=0 mixed with N-H 88 

1645 95 

1550 Amide 11: in plane mode 88 

1470-1490 5^ (CH)inN(CH3)3 88 

1463-1470 5 (CH2) scissoring 31 

1410-1420 5 (CHj) scissoring attached to CO or PC 151 

1375-1388 5j (CH3) (mnbrella mode) 95 

1300 Amide I I I : (weak) in plane mode 88 

1230-1250 VasCPO^-) 
I I 

1350-1250 v(P=0) M 

1188 v . ( C O C ) I I 

1088 Vs(P02-) 
I I 

1064 v,(COC) I I 

1050-970 v(POC) I I 

1040-910 V (PC) in POH 151 

970 v^(N-(CH3)3) 88 

K e y : 

V = stretching vibration 
5 = bending vibration 
s = symmetric 
as = antisymmetric 

amide = one of the bands found in proteins 

Table 3(i) : General assignments of interest in the infrared 
spectra of biological molecules. 
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3.2.2 Background t o FTIR s t u d i e s 

(A) E s t i m a t i o n o f t h e p o s i t i o n o f a peak 

Atoms are bound t o g e t h e r by e l e c t r o n s t o form 
bonds. These bonds a r e e l a s t i c and a c t as anharmonic o s c i l l a t o r s . 
C o n s i d e r a d i a t o m i c molecule. F i g u r e 3(d) shows t h e e m p i r i c a l 
shape o f t h e energy c u r v e . T h i s has been f i t t e d t o an e q u a t i o n by 
Morse^^. The v i b r a t i o n a l e n e r g i e s o n l y occur a t q u a n t i s e d steps 
w i t h i n t h e energy w e l l . These a r e g i v e n by : 

= (v + 1 / 2 ) t j ^ - (v + 1 / 3 ) ^ tj^x^ (cm'^) Eqn. 3(iv) 

Where :- = v i b r a t i o n a l energy l e v e l v 
(J = e q u i l i b r i u m o s c i l l a t i o n wavenumber 

( f o r i n f i n i t e l y s m a l l v i b r a t i o n s about t h e e q u i l i b r i u m l e n g t h ) 
X = t h e a n h a r m o n i c i t y c o n s t a n t 
V = v i b r a t i o n a l quantum number 

The s e l e c t i o n r u l e f o r anharmonic o s c i l l a t o r s i s : 
Av = ± l , ± 2 , ± 3 , Eqn. 3(v) 

A t room temp e r a t u r e Boltzmann's d i s t r i b u t i o n may be 
used t o c a l c u l a t e t h e p o p u l a t i o n o f t h e u n e x c i t e d s t a t e s , 99 % o f 
t h e p o p u l a t i o n i s i n t h e energy l e v e l v = 0. Thus t h e most 
p r o m i n e n t a b s o r p t i o n ( t h e fundamental) a r i s e s from a t r a n s i t i o n v 
= 0 t o V = 1 and Ac = w ^ ( l - 2xJ cm ^ The f i r s t o v e r t o n e a r i s e s 
f r o m t h e t r a n s i t i o n v = 0 t o v = 2 and u s u a l l y has a s m a l l 
i n t e n s i t y . From e m p i r i c a l measurements o f t h e a b s o r p t i o n 
f r e q u e n c i e s t h e s e e q u a t i o n s can be used t o f i n d (j^ and x^. Once 
t h e s e a r e d e t e r m i n e d i t i s p o s s i b l e t o use t h e c l a s s i c a l e q u a t i o n 
f o r t h e o s c i l l a t i o n f r e q u e n c y t o determine t h e f o r c e c o n s t a n t o f 
t h e bond : 
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u= {2nc)~^ ^^^^^ 

-1 Where c = v e l o c i t y o f l i g h t i n cm s 
k = f o r c e c o n s t a n t 
fi = reduced mass o f t h e system e.g. m m / ( m + m ) 

Po l y a t o m i c m o l e c u l a r v i b r a t i o n s stem f r o m s i m i l a r 
p o t e n t i a l s b u t i n s t e a d o f one fundamental v i b r a t i o n t h e r e are now 
s e v e r a l . These can be determined by normal mode a n a l y s i s . I f 
t h e r e a r e N atoms i n a molecule each o f them can be d e s c r i b e d by a 
s e t o f t h e r e c o o r d i n a t e s ; x,y and z. Thus t h e molecule has 3N 
degrees o f freedom. The molecule can t r a n s l a t e as an e n t i t y 
t h r o u g h space and t h u s 3 o f these degrees o f freedom are used. 
The r o t a t i o n o f t h e molecule can be d e s c r i b e d u s i n g another 3 
degrees o f freedom, t h u s l e a v i n g 3N - 6 degrees o f freedom t o 
d e s c r i b e t h e m o l e c u l a r v i b r a t i o n s . I f t h e molecule i s however 
l i n e a r t h e n 2 dimensions are s u f f i c i e n t t o d e s c r i b e t h e r o t a t i o n a l 
m o t i o n l e a v i n g 3N - 5 v i b r a t i o n s . These v i b r a t i o n a l modes are 
known as normal modes o f v i b r a t i o n because, i n g e n e r a l , a l l t h e 
atoms move i n phase and w i t h t h e same frequency. For b o t h l i n e a r 
and n o n - l i n e a r ( a c y c l i c ) molecules t h e r e a r e N - 1 bonds between 
t h e atoms t h u s N - 1 o f t h e fundamental v i b r a t i o n s a re s t r e t c h i n g 
modes and t h e r e s t a r e bending modes. 

The modes o f v i b r a t i o n are f u r t h e r s p l i t i n t o 
s ymmetric and a n t i s y m m e t r i c . The former i f t h e molecule 
u n d e r g o i n g t h e v i b r a t i o n i s unchanged on r o t a t i o n about t h e 
symmetry axes o f t h e f u n c t i o n a l group and t h e l a t t e r i f t h e image 
i s d i f f e r e n t . 
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I n o r d e r f o r any o f these v i b r a t i o n s t o be d e t e c t e d 
v i a i n f r a r e d s p e c t r o s c o p y t h e r e must be a change i n t h e d i p o l e 
moment d u r i n g t h e v i b r a t i o n . I f t h e molecule i s l a r g e t h e n t h e r e 
a r e l i a b l e t o be a l o t o f normal modes from t h e 3N - 6 which are 
i n f r a - r e d a c t i v e . Some o f these may i n v o l v e t h e whole molecule 
and a r e known as s k e l e t a l modes whereas o t h e r s are a p p r o x i m a t e l y 
c o n c e n t r a t e d i n p a r t i c u l a r r e g i o n s o f t h e molecule and are known 
as c h a r a c t e r i s t i c group f r e q u e n c i e s . These f r e q u e n c i e s i n v o l v i n g 
s m a l l groups o f atoms can be t r e a t e d as a r i s i n g s o l e l y from t h a t 
group ( a l t h o u g h t h e r e w i l l be a s m a l l e f f e c t on t h e r e s t o f t h e 
m o l e c u l e ) and normal mode a n a l y s i s may be undertaken f o r these 
groups as i f t h e y were se p a r a t e s m a l l molecules. The 
c h a r a c t e r i s t i c f r e q u e n c i e s o f these v i b r a t i o n s w i l l f a l l i n 
s i m i l a r r e g i o n s o f t h e i n f r a r e d spectrum from molecule t o molecule 
and may be used t o a s s i g n m o l e c u l a r s t r u c t u r e t o unknown 
compounds. 

I f e n v i r o n m e n t a l f a c t o r s a l t e r t h e e l e c t r o n i c 
d i s t r i b u t i o n w i t h i n t h e bond t h e n t h e fundamental resonant 
f r e q u e n c y i s s h i f t e d , because t h e f o r c e c o n s t a n t i s changed. 
T h e r e f o r e i f t h e m o l e c u l a r c o n f o r m a t i o n a l t e r s t h i s o f t e n leads t o 
a s m a l l change i n t h e frequency o f t h e c o r r e s p o n d i n g 
c h a r a c t e r i s t i c peak i n t h e IR. T h i s i s due t o t h e immediate 
environment o f t h e atoms and t h e i r bonds b e i n g changed. A l a r g e 
e f f e c t on t h e bond s t r e n g t h or t h e v i b r a t i n g masses, such as 
hydrogen bonding o r i s o t o p i c exchange i s e a s i l y d i s c e r n i b l e . 

The r e s o l u t i o n o f t h e s p e c t r a r e p o r t e d here i s 4 
cm~^. T h i s means t h a t t h e i n s t r u m e n t s h o u l d be s e t up so t h a t 
peaks w h i c h a r e ^ 4 cm ^ a p a r t should be r e s o l v e d . The 
d i g i t i s a t i o n o f t h e s p e c t r a w i t h t h e s e t parameters i s every two 
wavenumbers. T h e r e f o r e i f t h e computer s o f t w a r e i s used t h e e r r o r 
i n t h e measurement a t a g i v e n p o i n t i n t h e spectrum i s ± 1 cm .̂ 
However, i f t h e peak p i c k i n g f a c i l i t y i s used t h e a c t u a l 
d i f f e r e n c e between t h e manual and computer measured wavenumbers o f 
a peak c o u l d h i g h e r t h a n 1 cm~\ T h i s i s because t h e s o f t w a r e 
g i v e s t h e wavenumber o f t h e h i g h e s t p o i n t i n t h e r e c o r d e d peak. 
T h i s can be up t o 1.5 cm~^ away from t h e most a c c u r a t e measurement 
p o s s i b l e f r o m t h e g i v e n d a t a . 
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F i g u r e 3(e) i l l u s t r a t e s t h e problem. The graph 
shows a s i m u l a t i o n o f peaks made up from p o i n t s e p a r a t e d by 2 
cm .̂ I n ( i ) t h e computer would g i v e a v a l u e o f e i t h e r 6 or 8 
u n i t s b u t i t i s p l a i n t o t h e eye t h a t t h e c e n t r e o f t h e peak i s a t 
7 u n i t s . ( i i ) i l l u s t r a t e s a second peak o f t h e same shape b u t 
s h i f t e d by one u n i t w i t h r e s p e c t t o t h e sampling p o i n t s . T h i s 
t i m e t h e computer would chose t h e h i g h e s t p o i n t which i s 6 u n i t s . 
By v i s u a l e s t i m a t i o n t h e peak p o s i t i o n would be 6.5 u n i t s . 
T h e r e f o r e i f t h e bandwidth i s much g r e a t e r t h a n t h e r e s o l u t i o n , 
as i n t h e examples shown, i t i s p o s s i b l e t o e s t i m a t e t h e peak 
p o s i t i o n more a c c u r a t e l y t h a n t h e r e s o l u t i o n o f 4 cm ^ i m p l i e s . 
I t i s p o s s i b l e t o f i n d t h e wavenumber from a 4 cm~^ r e s o l u t i o n 
p l o t t o a t l e a s t t h e n e a r e s t 0.5 cm~\ i f p l o t t e d on a s c a l e such 
t h a t 1 mm = 1 cm \ Reported d a t a are t h e r e f o r e g i v e n t o h a l f 
wavenumbers. 

The r e p r o d u c i b i l i t y o f t h e spectrometer r e p e a t i n g t h e 
same measurement f o r a sample, even on d i f f e r e n t days sh o u l d be 
more a c c u r a t e t h a n i t i s p o s s i b l e t o measure t h e peak p o s i t i o n . 
T h i s i s because i t s l i m i t a t i o n r e l i e s on t h e fre q u e n c y o f t h e 
l a s e r used as t h e d i g i t i s a t i o n r e f e r e n c e , n o t on t h e r e s o l u t i o n 
chosen. T h i s s h o u l d g i v e an accuracy t o o f ± 0.1 cm .̂ 
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Dissociation 
energy (D^̂ ) 

equilibrium 
distance 

Internuclear distance 

Figure 3(d) : The Morse potential, showing allowed vibrational energies and some 
transitions between them for a diatomic molecule undergoing anharmonic oscillation. 
(Redrawn from the Fundamentals of Molecular Spectroscopy by Banweii^^) 
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Figure 3(e) : illustration of peak position problem. 
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(B) Measurement o f t h e w i d t h o f a band. 

The shape o f an IR band i s dependent on t h e 
e n v i r o n m e n t i n which a molecule i s s i t u a t e d . I t i s n o t g e n e r a l l y 
as s e n s i t i v e as t h e band p o s i t i o n t o c o n f o r m a t i o n a l changes b u t 
can be a f f e c t e d by a v a r i e t y o f e x t e r n a l f a c t o r s . For any IR 
a b s o r p t i o n t h e peak w i l l n o t be a s i n g l e l i n e a t one frequency. 
There w i l l be a d i s t r i b u t i o n i n frequency about a c e n t r a l v a l u e , 
t h i s i s dependent on a number o f f a c t o r s . 

Even f o r an i s o l a t e d molecule t h e a b s o r p t i o n w i l l 
have a c e r t a i n w i d t h due t o t h e Heisenberg u n c e r t a i n t y 
p r i n c i p l e ^ ^ . I n l i q u i d s and gases t h e r e a r e two o t h e r broadening 
e f f e c t s . I n l i q u i d s c o l l i s i o n broadening i s dominant, where 
m o l e c u l e s c o l l i d e and t h i s i n t e r f e r e s w i t h m o l e c u l a r v i b r a t i o n s . 
I n gases b r o a d e n i n g due t o t h e Doppler e f f e c t i s more 
pronounced^^. 

For a g i v e n v i b r a t i o n t h e r e w i l l n o t o n l y be t h e 
e f f e c t s d e s c r i b e d above b u t a l s o t h e number o f d i f f e r e n t 
e n v i r o n m e n t s i n which t h e atoms o f t h e molecules are found w i l l 
g i v e a d i s t r i b u t i o n f o r t h e fundamental frequency. 

An e s t i m a t e o f l i n e w i d t h i n an IR peak can be 
fo u n d by measuring t h e w i d t h , i n wavenumbers, a t h a l f t h e peak 
h e i g h t (FWHH). One o f t h e most d i f f i c u l t problems i n making t h i s 
measurement i s t h a t i n o r d e r t o f i n d t h e h e i g h t an e s t i m a t i o n o f 
t h e b a s e l i n e p o s i t i o n o f t h e peak i s necessary. Manual 
measurement a g a i n g i v e s an advantage, because i f t h e r e i s a slop e 
i n t h e b a s e l i n e i t can be t a k e n i n t o account. However, care must 
be t a k e n t o ensure t h a t t h e b a s e l i n e chosen i s v a l i d . O v e r l a p p i n g 
peaks may mean t h a t t h e t h e absorbance does n o t f a l l t o t h e 
b a s e l i n e v a l u e . I t i s b e s t t o c o n s i d e r a r e g i o n o f t h e spectrum 
w i t h no peaks p r e s e n t t o g a i n an idea o f b o t h t h e p o s i t i o n o f t h e 
b a s e l i n e and whether t h e r e i s any g e n e r a l s l o p e t o t h e b a s e l i n e o f 
t h e whole spectrum. A s l o p i n g b a s e l i n e can occur due t o d i f f e r e n t 
r e a s o n s . The most commonly encountered reason w i t h t h e Durham 
i n s t r u m e n t was a d r i f t i n t h e d e t e c t i o n o f t h e zero p o i n t 
d i f f e r e n c e (ZPD) i n t h e i n t e r f e r o g r a m o f t h e r e f e r e n c e l a s e r . 
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(C) S p e c t r a l enhancement 

I f more t h a n one peak i s p r e s e n t i n a spectrum then 
t h e peaks w i l l superimpose t o g i v e a r e s u l t a n t a b s o r p t i o n . I f t h e 
s e p a r a t i o n i n f r e q u e n c y between t h e peaks i s o f t h e same o r d e r , o r 
l e s s , t h a n t h e band w i d t h t h e n i t w i l l n o t be p o s s i b l e t o measure 
t h e i n t e n s i t i e s o f t h e i n d i v i d u a l peaks. T h i s i s due t o t h e f a c t 
t h a t t h e o t h e r peaks i n t h e superimposed band w i l l c o n t r i b u t e a 
s i g n i f i c a n t amounts t o t h e peak t o be measured. 

I n a spectrum where t h e i n s t r u m e n t a l r e s o l u t i o n i s 
g r e a t e r t h a n t h e band s e p a r a t i o n t h e n t h e peaks w i l l n o t be 
r e s o l v e d . I n t h i s case i n c r e a s i n g t h e spectrometer r e s o l u t i o n may 
s e p a r a t e t h e peaks. An example o f t h i s i s t h e spectrum o f gaseous 
carb o n monoxide. The r o t a t i o n a l f i n e s t r u c t u r e peaks i n 
v i b r a t i o n a l spectrum o f CO are separated by l e s s t h a n 4 cm ^ and 
have a band w i d t h around 1 cm~\ Thus a t an i n s t r u m e n t a l 
r e s o l u t i o n o f 4 cm~^ most o f t h e i n f o r m a t i o n on t h i s f i n e 
s t r u c t u r e i s l o s t b u t a t a r e s o l u t i o n o f 0.5 cm ^ each peak i s 
c l e a r l y seen^^. 

I f t h e band w i d t h s , o f peaks i n c l o s e p r o x i m i t y , 
a r e much l a r g e r t h a n t h e s m a l l e s t p o s s i b l e s p e c t r a l r e s o l u t i o n 
a v a i l a b l e t h e n i t w i l l n o t be p o s s i b l e t o sep a r a t e t h e peaks 
s a t i s f a c t o r i l y by a l t e r i n g t h e e x p e r i m e n t a l c o n d i t i o n s . To 
s e p a r a t e peaks which are c l o s e r t h a n t h e i r band w i d t h s i t i s 
necessary t o use one o f s e v e r a l c o m p u t a t i o n a l t e c h n i q u e s which are 
now a v a i l a b l e . 

F o u r i e r d e c o n v o l u t i o n (FD), o f s p e c t r a , 
a r t i f i c i a l l y narrows t h e superimposed peaks so t h a t t h e y can be 
s e p a r a t e d . FD has been a p p l i e d t o a v a r i e t y o f s p e c t r a l 
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t e c h n i q u e s and s p e c i f i c s o f t w a r e r e l a t i n g t o each p a r t i c u l a r 
t y p e o f s p e c t r o s c o p y i s becoming more common. A F o u r i e r t r a n s f o r m 
i s p e r f o r m e d on t h e d a t a . W h i l s t i n t h e F o u r i e r domain a f u n c t i o n 
i s used w h i c h on t h e r e t u r n FT has t h e e f f e c t on n a r r o w i n g t h e 
peaks. Two parameters are needed t o p e r f o r m t h e most common t y p e 
o f FD i n IR, as developed by Kauppinen e t a l An e s t i m a t e 
o f t h e r e a l band w i d t h (w) and t h e l e n g t h o f t h e a p o d i s a t i o n 
f u n c t i o n t o be used ( k ) . The s i g n a l t o n o i s e o f t h e o r i g i n a l 
s p ectrum needs t o be v e r y good and t h e band w i d t h s o f t h e 
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component peaks s h o u l d be s i m i l a r as t h e y a r e assumed t o be t h e 
same i n t h e FD t e c h n i q u e . The i n f o r m a t i o n o b t a i n e d i s t h e number 
o f superimposed peaks i n a p a r t i c u l a r band, t h e i r p o s i t i o n s and 
t h e i r r e l a t i v e i n t e n s i t i e s . I f two peaks are v e r y c l o s e t o g e t h e r 
FD may n o t be a b l e t o r e s o l v e them. 

The second d e r i v a t i v e (SD) o f a spectrum w i l l g i v e 
i n f o r m a t i o n on t h e p o s i t i o n and number o f peaks i n a band. The 
f i r s t d e r i v a t i v e o f a t u r n i n g p o i n t i s zero and t h e SD i s zero f o r 
a p o i n t o f i n f e c t i o n , n e g a t i v e f o r a maximum and p o s i t i v e f o r a 
minimum. A t t h e fr e q u e n c y o f a peak a n e g a t i v e s p i k e i s seen i n 
t h e SD spectrum. A l l d a t a on t h e r e l a t i v e i n t e n s i t i e s i s l o s t . 

A nother t e c h n i q u e f o r t h e assessment o f u n d e r l y i n g 
peaks i s t o f i t t h e o r e t i c a l curves so t h a t when superimposed t h e 
shape i s t h e same as t h e e x p e r i m e n t a l d a t a . There are a number o f 
v a r i a b l e s i n such a process. 

The number o f component peaks t o gene r a t e i s t h e 
f i r s t v a r i a b l e t o be decided. V i s u a l e x a m i n a t i o n o f t h e s p e c t r a 
i s one o f t h e b e s t s t a r t i n g p o i n t s t o determine b o t h t h e number o f 
peaks and t h e i r r e l a t i v e i n t e n s i t i e s . FD and second d e r i v a t i v e 
t e c h n i q u e s can a l s o a i d t h i s d e c i s i o n . The p o s i t i o n s o f t h e 
components s h o u l d be t h e n e x t p i e c e o f i n f o r m a t i o n t o be 
d e t e r m i n e d . FD and d e r i v a t i v e t e c h n i q u e s can a l s o a i d t h i s 
p r o b l e m as o u t l i n e d above. FD can y i e l d i n f o r m a t i o n about t h e 
r e l a t i v e i n t e n s i t i e s o f t h e components. The n e x t v a r i a b l e i s t h e 
w i d t h s o f t h e peaks. I n f o r m a t i o n on an i n i t i a l e s t i m a t e can come 
f r o m t h e c o n s i d e r a t i o n o f t h e t o t a l w i d t h o f t h e o r i g i n a l band. 
The l a s t v a r i a b l e i s perhaps t h e h a r d e s t t o chose; t h i s i s t h e 
p e r c e n t a g e c o m p o s i t i o n o f t h e t h e o r e t i c a l band shapes. There i s 
g e n e r a l l y a c h o i c e o f two t h e o r e t i c a l band shapes - Gaussian 
L o r e n t z i a n . As t h e shape o f a r e a l IR peak may n o t be e i t h e r o f 
t h e s e t h e o r e t i c a l p o s s i b i l i t i e s i t may be necessary t o mix them. 
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I n g e n e r a l IR peaks a r e more L o r e n t z i a n i n n a t u r e . So once a 
s t a r t i n g p o i n t has been chosen f o r a l l o f t h e v a r i a b l e s mentioned 
i t i s necessary t o o p t i m i s e them so t h e t h e t h e o r e t i c a l curve i s 
as c l o s e t o t h e r e a l one as p o s s i b l e . 
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Many s o f t w a r e packages a r e a v a i l a b l e f o r curve 
f i t t i n g f o r a v a r i e t y o f d i f f e r e n t s p e c t r a l t e c h n i q u e s . The one 
used f o r t h e f i t t e d d a t a shown i n p l o t s 3-29 & 30 etc. was i n t h e 
FTIR s o f t w a r e p r o v i d e d by Mattson p i c . ( c a l l e d FIRST). However, 
t h e o p t i m i s a t i o n a l g o r i t h m s p r o v i d e d were n o t s a t i s f a c t o r y . The 
f i t s shown were made by f i n d i n g t h e wavenumber o f t h e peak maxima 
and number o f peaks by eye, FD and d e r i v a t i v e methods. Then a 
e s t i m a t e o f t h e band-width was made. The generated shape chosen 
was t h a t w h i c h f i t t e d t h e curves t o t h e b a s e l i n e b e s t . The v a l u e s 
f o r a l l t h e v a r i a b l e s were t h e n o p t i m i s e d by manual i t e r a t i o n 
u n t i l t h e s i m u l a t e d curve was a c l o s e as p o s s i b l e t o t h e 
e x p e r i m e n t a l d a t a . The f i n a l curves f i t t e d p r o b a b l y are n o t a 
u n i q u e s o l u t i o n b u t t h e y are a good manual f i t based on t h e 
a v a i l a b l e d a t a . The l a s t s t e p w i t h curve f i t t i n g i s t o check 
whether t h e f i n a l r e s u l t makes chemical sense. 
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(D) Water s u b t r a c t i o n 

The a b s o r p t i o n o f c e r t a i n IR f r e q u e n c i e s by water 
i s so l a r g e t h a t i t can cause such a v e r y low s i g n a l t o reach t h e 
d e t e c t o r t h a t on r a t i o i n g an aqueous sample a g a i n s t a background 
i n f o r m a t i o n about t h e sample i s l o s t . Unless t h e te m p e r a t u r e and 
t h e p a t h l e n g t h o f t h e aqueous c e l l were k e p t c o n s t a n t t h e s t r o n g 
a b s o r p t i o n o f w a t e r swamped t h e sample. The magnitude and shape 
o f t h e w a t e r absorbances are v e r y s e n s i t i v e t o changes i n 
t e m p e r a t u r e . 

I n i t i a l l y t h e spacing between t h e two c a l c i u m 
f l u o r i d e p l a t e s was 12 (im t o compromise between t h e a b s o r p t i o n o f 
t h e w a t e r and t h e d i l u t e samples. However, i t was found t h a t even 
a t t h i s t h i n s p a c i n g t h e water a b s o r p t i o n was so s t r o n g t h a t t h e 
t h e sample spectrum was d i f f i c u l t t o se p a r a t e from t h e water 
spectrum. E v e n t u a l l y i t was decided t o use 6 spacers b u t t h i s 
t h e n meant t h a t t h e s i g n a l l e v e l from t h e l i p i d was s m a l l e r due t o 
reduced amounts o f samples. 

D e s p i t e a l l o f these p r e c a u t i o n s t h e r e was s t i l l a 
n e t n e g a t i v e a b s o r p t i o n due t o water i n t h e s p e c t r a because t h e 
v e s i c l e s r e p l a c e a volume o f water t h a t was p r e s e n t i n t h e 
background. There a r e s e v e r a l methods t o d e a l w i t h t h e problem. 
The f i r s t method i s t o i g n o r e i t and l o o k a t a d i f f e r e n t r e g i o n of 
t h e s p e c t r a b u t t h i s i s n o t f e a s i b l e i f p e p t i d e c o n f o r m a t i o n i s t o 
be s t u d i e d . Furthermore, t h e s t r o n g n e g a t i v e a b s o r p t i o n a f f e c t s 
one o f t h e most i n t e r e s t i n g bands i n t h e l i p i d spectrum - t h e 
c a r b o n y l band. The n e x t method i s t o use a v a r i a b l e p a t h l e n g t h 
c e l l and t o t r y and balance t h e volumes o f water. The t h i r d 
t e c h n i q u e i s t o t r y t h e t e d i o u s and d i f f i c u l t method o f adding a 
w a t e r spectrum t o t h e sample spectrum. The f o u r t h p o s s i b i l i t y i s 
t o use D̂ O as t h e s o l v e n t and t h u s s h i f t t h e a b s o r p t i o n t o a 
d i f f e r e n t r e g i o n o f t h e spectrum. T h i s may change t h e p e p t i d e 
i n t e r a c t i o n s as t h e y a r e h i g h l y dependent on hydrogen bonding^". 

I n g e n e r a l t h e t h i r d o p t i o n was chosen f o r t h e 
r e s e a r c h d e s c r i b e d h e r e i n . The f i r s t t e c h n i q u e was n o t p r a c t i c a l 
g i v e n t h e aims o f t h e p r o j e c t , t h e second was n o t used because t h e 
p a t h l e n g t h s i n t h e v a r i a b l e s p a c i n g c e l l were q u i t e l a r g e (>20 
jim) and t h u s t h e d e t e c t o r would r e c e i v e no s i g n a l i n t h e r e g i o n s 
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of strong s p e c t r a l absorption by water. The fourth method was used 
t w i c e but due t o the expense i t was not p o s s i b l e to perforin a l l of 
the experiments i n D̂ O. The extent to which the addition 
procedure was s u c c e s s f u l i s i l l u s t r a t e d i n p l o t 3-9c. 

The main problem encountered with s p e c t r a l addition 
was t h a t the water band i n the r a t i o e d v e s i c l e spectrum was 
narrower than t h a t i n the pure water spectrum (-60 cm~^ compared 
to -80 cm ^ ) . T h i s could be due to the presence of hydrogen 
bonded water i n the v e s i c l e sample. Also the superimposition of 
sharp peaks, caused by the absorption of water vapour, on the main 
water bending mode gave problems as they were not always e x a c t l y 
the same r e l a t i v e i n t e n s i t i e s ( p l o t s 3-9 a&b). A v a r i e t y of 
techniques were used to obtain a reference water spectrum, 
i n c l u d i n g r a t i o i n g s p e c t r a recorded i n d i f f e r e n t path length c e l l s 
such as 6 /im versus 12 Mm, 12 um versus 24 iim and r a t i o i n g c e l l s 
f u l l of water a g a i n s t an empty spectrometer. None seemed to give 
an adequate r e f e r e n c e f o r s p e c t r a l a d d i t i o n . One of the best 
attempts i s shown i n p l o t 3-9c. 
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plots-9a: N e g a t i v e epectnum of w a t e r 
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plot3-9c: : V e s i c l e s p e c t r u m a f t e r w a t e r s u b t r a c t i o n 
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3.2,3 FTIR r e s u l t s 

(A) Egg l e c i t h i n i n solv e n t s and as c a s t f i l m s 

The s p e c t r a of ~1 mg/ml egg l e c i t h i n i n three 
d i f f e r e n t s o l v e n t s are displayed i n p l o t s 3-10,ll&12. The sample 
e m i s s i v i t y s p e c t r a were r a t i o e d against those of the pure 
s o l v e n t s . Both sample and background were acquired a t ~37 "c, 
w i t h i n 0.1 °C of each other. The three s o l v e n t s chosen were 
chloroform, carbon t e t r a c h l o r i d e and methanol. Carbon 
t e t r a c h l o r i d e was chosen because i t i s apolar. Methanol was used 
because a hydrogen bonding solvent was h e l p f u l i n a s s i g n i n g the 
carbonyl peaks (see s e c t i o n 3.2.4.B). The spectrum i n chloroform 
i s shown because t h i s i s the solvent t h a t the egg l e c i t h i n i s 
d i s s o l v e d i n when supplied by Sigma. 

Most of the d i f f e r e n c e s between the s p e c t r a are due 
to the absorptions of the s o l v e n t s . These are most not i c e a b l e i n 
the methanol spectrum. The i n t e r p r e t a t i o n of the CH s t r e t c h i n g 
r e g i o n (3010-2800 cm~^) of the spectrum (plot 3-12) i s impossible 
due t o the strong absorption of CH s t r e t c h i n g v i b r a t i o n i n 
methanol. The peak a t 1661 cm~^ i n p l o t 3-12 i s due to the bending 
v i b r a t i o n of the OH group of methanol which i s hydrogen bonded to 
the l i p i d . The strong absorption below 1000 cm ^ i s a l s o due to 
the OH bond absorbing of the IR energy. I n the spectrum obtained 
i n chloroform a negative peak due to C-H bending of chloroform i s 
seen a t 1220 cm~^. The spectrum of carbon t e t r a c h l o r i d e has not 
i n t e r f e r e d with the recording of the l i p i d spectrum ( p l o t 3-11). 
The s t r o n g e s t IR absorption of carbon t e t r a c h l o r i d e i n the region 
shown i s a t 1550 cm~\ E v i d e n t l y the amount of s o l v e n t i n both 
sample and background must be the same as t h i s peak has been 
r a t i o e d out. 
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p l o t 3 - a O : Egg l e c i t h i n i n c h l o r o f o r m s o l u t i o n 
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p l o t a - l l : Egg l e c i t h i n i n c a r b o n t e t r a c h l o r i d e s o l u t i o n 
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p l o t 3 - 1 3 : Egg l e c i t h i n c a s t from CHC13 onto a CaF2 p l a t e 
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p l o t 3 - 1 4 : C a s t egg l e c i t h i n s p e c t r u m by RAIHS 
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One of the most notable d i f f e r e n c e s between the 
phospholipid s p e c t r a , i n d i f f e r e n t s o l v e n t s , i s the p o s i t i o n s of 
the peaks due to the antisymmetric phosphate s t r e t c h . I n methanol 
i t i s 1232 cm ̂ ; i n chloroform i t i s a t -1241 cm ̂  (the shape of 
the band i s d i s t o r t e d by the negative absorption of the solvent) 
and i n carbon t e t r a c h l o r i d e i t i s 1251 cm~^. These wavenumbers 
correspond to the those of hydrated and dry f i l m s of DMPC 
( r e s p e c t i v e l y ) obtained by Takenaka e t a l ^ ^ v i a ATR. They 
recorded a value of 12 31 cm~^ for the v (P0~) band of a hydrated 
f i l m of DMPC and 1254 cm~^ for the same v i b r a t i o n i n a dry f i l m . 
The same trend i s seen fo r egg l e c i t h i n i t s e l f . F r i n g e l i and 
Griinthard found t h a t egg l e c i t h i n has a v (PO ) wavenumber of 
1220 cm~^for a hydrated f i l m and 1252-1262 cm~^ for a dry f i l m , 
w i t h an intermediate value of 122 5 cm ̂  a t 60 % humidity. Showing 
t h a t the change i n p o s i t i o n must be due to hydrogen bonding 
between the s o l v e n t and the phosphate group. 

P l o t 3-13 shows a f i l m of egg l e c i t h i n c a s t from a 
s o l u t i o n of chloroform onto a calcium f l u o r i d e p l a t e . I t i s 
r a t i o e d a g a i n s t a c l e a n calcium f l u o r i d e p l a t e . The peak a t 1661 
cm~^ has been assigned as the bending mode of water. T h i s was 
s t i l l p r e s e n t a f t e r evacuation overnight, i n d i c a t i n g t h a t i t was 
s t r o n g l y bound to the l i p i d . The p o s i t i o n of the v (P0~) peak 
a l s o confirms the f a c t t h a t the phospholipid i s hydrated. 
L i n e a r l y p o l a r i s e d s p e c t r a were obtained, both s and p 
p o l a r i s a t i o n s , and i t was found that there was no s i g n i f i c a n t 
d i f f e r e n c e between them. 
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P l o t 3-14 i s the RAIRS spectrum of a f i l m of egg 
l e c i t h i n c a s t from chloroform. This technique i s described i n 
s e c t i o n 4.4.1.A. Only v i b r a t i o n s which involve a change i n the 
p e r p e n d i c u l a r l y (with r e s p e c t to the substrate) r e s o l v e d component 
of the v i b r a t i o n a l dipole moment are coupled i n RAIRS. The PO and 
COC s t r e t c h i n g v i b r a t i o n s appear to be coupled much more strongly 
i n the RAIRS spectrum compared to the other v i b r a t i o n s i n the 
l i p i d . T h i s i n d i c a t e s t h a t although the c a s t f i l m would be 
presumed to be disordered there i s ordering of the molecules with 
r e s p e c t to the s u b s t r a t e . The peaks due to methyl s t r e t c h i n g 
v i b r a t i o n s (2957 and -2871 cm~^) are more intense r e l a t i v e to 
those of the methylene s t r e t c h i n g v i b r a t i o n s than i n the 
t r a n s m i s s i o n spectrum ( p l o t 3-13) again i n d i c a t i n g ordering. I t 
would appear t h a t there i s a pr e f e r r e d o r i e n t a t i o n of the 
v i b r a t i o n a l d i p o l e moments of the groups forming the h y d r o p h i l i c 
r e g i o n of egg l e c i t h i n which i s l a r g e l y perpendicular to the 
s u b s t r a t e . The a l k y l chains chains are probably o r i e n t a t e d a t 
many d i f f e r e n t angles to the sur f a c e . This statement a r i s e s from 
the f a c t t h a t both peaks from v i b r a t i o n s with dipole moments which 
are perpendicular to the a x i s of the chains (e.g. S(CH^)) and with 
components p a r a l l e l to the chain a x i s (e.g. S^(CH^)) show strong 
adsorptions i n the RAIRS spectrum . The o r i e n t a t i o n of the 
headgroups may be f a c i l i t a t e d by the presence of water, which 
could cause formation of planar b i l a y e r s . 
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(B) V e s i c l e s 

P l o t s 3-15&16 show the s p e c t r a of the f r a c t i o n s 
from the sephadex column with the highest concentration of l i p i d . 
I n both c a s e s the s p e c t r a were obtained i n a 12 /Lim c e l l a t 30 ± 
0.2 °C. The background s p e c t r a were obtained using the same c e l l 
f i l l e d w i th b u f f e r s o l u t i o n a t the same temperature. P l o t 3-15 i s 
f o r a f r a c t i o n produced from a s t a r t i n g s o l u t i o n with a 1.5:1 
r a t i o of detergent to l i p i d . P l o t 3-16 shows a f r a c t i o n where the 
o r i g i n a l detergent to l i p i d r a t i o was 15:1. I n both cases the 
s u b t r a c t i o n of water spectrum has been attempted. With more 
s u c c e s s i n the case of the 1.5:1 r a t i o . 

Both s p e c t r a have a very low s i g n a l to noise (S/N) 
r a t i o , p a r t i c u l a r l y i n the s p e c t r a l region 2000-1500 cm~^. 

P l o t 3-15 has a S/N r a t i o of 180 i n the CH s t r e t c h i n g region 
(300-2800 cm~^) but t h i s f a l l s to 30 i n the carbonyl region 
(2000-1500 cm~^) and the S/N r a t i o of the band due to the 
absorption by the carbonyl group (-1730 cm~^) to the noise from 
the l i q u i d water s u b t r a c t i o n (-1700-1600 cm~^) i s only 5. The 
r e s p e c t i v e f i g u r e s f o r p l o t 3-16 are 60, 14 and 3. T h i s high 
l e v e l of no i s e i s due to a number of f a c t o r s . The s p e c t r a l 
s u b t r a c t i o n of l i q u i d water bands even i f complete d i s t o r t s the 
s p e c t r a , as i t was not p o s s i b l e to obtain a water spectrum f o r 
s u b t r a c t i o n which e x a c t l y matched the water i n the sample 
spectrum. Water vapour a l s o absorbs strongly i n t h i s region and 
may have to be subtracted from the spectrum. Even i f two spectra 
a r e recorded one a f t e r the other there i s u s u a l l y a small 
d i f f e r e n c e i n the l e v e l of water vapour. I f the span of time i s 
h a l f an hour and the l i d of the sample compartment has been opened 
to change the s o l u t i o n then t h i s d i f f e r e n c e can be q u i t e large 
(0.03 absorbance u n i t s ) compared to the sample spectrum. I t i s 
u s u a l l y p o s s i b l e to s u b t r a c t a reference water vapour spectrum 
from the sample spectrum. This does add to the general noise 
l e v e l of the spectrum and i n p a r t i c u l a r i n c r e a s e s the noise i n the 
region where the water vapour absorbs. However, the main cause of 
the low s i g n a l to noise r a t i o i s the low concentration of the 
samples. T h i s means t h a t the background noise l e v e l due to the 
i n s t r u m e n t a l f a c t o r s i s high compared to the sample spectrum. 

75 



T h i s w i l l a f f e c t a l l regions of the spectrum. An i n d i c a t i o n of 
the background noise i s seen i n regions of the s p e c t r a where there 
are no sample peaks, such as 2800-1900 cm \ The s t r a i g h t l i n e s 
seen i n the middle of t h i s region are due to the carbon dioxide 
spectrum being removed v i a ' l i n i n g out' r a t h e r than s u b t r a c t i o n . 

The two s p e c t r a ( p l o t s 3-15 & 16) are 
r e p r e s e n t a t i v e of s e v e r a l experiments. There i s l i t t l e d i f f e r e n c e 
between the s p e c t r a obtained from repeating an experiment. 
Indeed, even i n the s p e c t r a with the best s i g n a l to noise r a t i o s 
no r e p r o d u c i b l e d i f f e r e n c e s between the s p e c t r a obtained from the 
two d i f f e r e n t d e t e r g e n t / l i p i d r a t i o s could be found. Nor was 
t h e r e any change on the addition of Mn̂ ^ to the samples. 

P l o t 3-19 i s the spectrum of the mixed detergent 
and l i p i d (15:1) m i c e l l e s before being eluted on the column. The 
dotted l i n e i s the o r i g i n a l spectrum - i t can be seen t h a t i t s 
form appears the same as p l o t 3-20. T h i s i s due to the large 
number of detergent molecules compared to l i p i d . The s o l i d l i n e 
on p l o t 3-19 i s the same spectrum but with the sodium c h e l a t e 
spectrum subtracted. The peaks at 1404 and 1547 cm ^ i n the 
detergent spectrum were used to determine the s u b t r a c t i o n f a c t o r 
a t which a l l of the detergent spectrum had been removed. Revealed 
beneath the detergent spectrum i s that of the l i p i d which i s a l s o 
p r e s e n t . T h i s spectrum w i l l be considered i n d e t a i l i n s e c t i o n 
3.2.4. 
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p l o t 3 - 1 5 : V e s i c l e s made from 1.5: 1 d e t e r g e n t : l i p i d s o l u t i o n 
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P l o t 3-23 shows the spectrum of v e s i c l e s made from 
the 15:1 detergent: l i p i d r a t i o but i n D̂ O to a c t as a reference 
spectrum f o r subsequent experiments i n v o l v i n g peptides. 
Unfortunately, the detergent appears not to have been removed from 
the sample by the column. T h i s can be seen by the presence of 
peaks a t -1550 and -1400 cm~\ However, these could be due to 
another contaminant as there i s a peak a t 2982 cm~^ where n e i t h e r 
l i p i d , b u f f e r nor detergent s p e c t r a showed any peak. These peaks 
i n the sample spectrum were only seen on the one p a r t i c u l a r day of 
th e s e experiments. Apart from the buffer being phosphate based 
r a t h e r than hepes (see s e c t i o n 2.2) which was s l i g h t l y unusual but 
had been used s e v e r a l times before, and the solvent being D O 

2 

t h e r e were no other major d e v i a t i o n s i n experimental procedure. 
The only d i f f e r e n c e which may have had some e f f e c t was the f a c t 
t h a t the sephadex column was not r i n s e d as thoroughly as usu a l . 
Normally -100 ml of buffer were used to r i n s e the column but i n 
t h i s case, due to the expense, only 20 ml of b u f f e r were used f o r 
r i n s i n g . I t was a new column of sephadex so the contaminant was 
not detergent l e f t on the column from a previous experiment. 
Therefore e i t h e r the detergent was not f u l l y separated or there 
was a contaminant. 
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(C) Cast f i l m s from v e s i c l e s o l u t i o n s 
P l o t s 3- 17&18 show the s p e c t r a obtained when a 

s o l u t i o n of the v e s i c l e s was c a s t as a f i l m and d r i e d . P l o t 3-17 i s 
the spectrum v i a t r a n s m i s s i o n . PLot 3-18 i s a spectrum taken 
u s i n g the RAIRS technique. These s p e c t r a were recorded to see 
whether the l i p i d s r e t a i n e d any of the ordered b i l a y e r s t r u c t u r e 
on the removal of the water. As the v e s i c l e s were i n buffer 
s o l u t i o n on c a s t i n g the f i l m the spectrum of hepes could be seen 
with the l i p i d spectrum. S p e c t r a l s u b t r a c t i o n of a c a s t f i l m of 
pure b u f f e r s o l u t i o n was t h e r e f o r e performed. The r e s u l t a n t 
s p e c t r a are those shown. A l l of the t r a n s m i s s i o n s p e c t r a were 
recorded a t 37 °C but there was no temperature c o n t r o l f o r the 
RAIRS equipment so experiments were c a r r i e d out at room 
temperature, -19 "c. 

L i n e a r p o l a r i s a t i o n of the t r a n s m i s s i o n sample 
showed no dichroism i n d i c a t i n g t h a t there was no d i f f e r e n c e i n the 
o r d e r i n g i n the x or y d i r e c t i o n s . I n the RAIRS spectrum the 
r e g i o n below 1300 cm~\ containing peaks r e l a t i n g to the C-O-C and 
0-P=0 groups was very intense compared to the r e s t of the 
spectrum. The bands i n the CH s t r e t c h i n g region were of the 
lowest i n t e n s i t y . T h i s would seem to i n d i c a t e t h a t the l i p i d s 
were ordered with r e s p e c t to the s u r f a c e such t h a t the phosphate 
groups are l a r g e l y perpendicular to the s u r f a c e but the a l k y l 
c h a i n s a r e randomly o r i e n t a t e d . As seen i n the c a s t f i l m , plot3-14. 

There appear to be some major changes i n the 
t r a n s m i s s i o n spectrum of the c a s t v e s i c l e s compared to the f i l m 
c a s t from chloroform, and from the v e s i c l e experiment. These were 
r e p r o d u c i b l e . P l o t s 3-25a&b show the s o l u t i o n s t a t e and c a s t 
f i l m s r e s p e c t i v e l y of the buffer, hepes. I t can be seen t h a t the 
two s p e c t r a have very d i f f e r e n t shapes fo r bands po s i t i o n e d below 
1300cm~^. Although s u b t r a c t i o n of c a s t f i l m of buffer s o l u t i o n 
was undertaken f o r the c a s t v e s i c l e s i t would seem t h a t the 
d i f f e r e n c e i n the l i p i d spectrum, compared with any of the other 
l i p i d s p e c t r a obtained may because buffer peaks are narrower than 
i n s o l u t i o n . Bands below 13 00 cm~^ which are the most intense i n 
the aqueous b u f f e r a l s o occur i n the c a s t f i l m s p e c t r a of the 
b u f f e r but are much narrower than when c a s t with the v e s i c l e s . 
T h i s i s p o s s i b l y due to the water r e t e n t i o n by the c a s t v e s i c l e s . 
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plot3-19: P r e - c o l u m n s o l u t i o n . 15: 1 r a t i o 
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plot3-20: Sodium c h e l a t e ( d e t e r g e n t ) i n w a t e r 
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plot3-21a." Hepes b u f f e r a s a f i l m c a s t from w a t e r onto CaF2 
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plot3-21: Hepes b u f f e r i n w a t e r 
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plot3-22: P h o s p h a t e b u f f e r i n d e u t e r i u m o x i d e 
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(D) The a d d i t i o n of peptides 

P l o t s 3-24,25&26 are s p e c t r a of the attempts to 
i n c o r p o r a t e peptides i n t o the v e s i c l e s . P l o t 3-24 was c a r r i e d out 
i n water, but the experiments f o r plots3-25&2 6 were done i n 
deuterium oxide. I n a l l cases the buffer was phosphate. The l a s t 
two were c a r r i e d out on the same day as the experiment whose 
r e s u l t s are shown i n p l o t 3-23 and d i s c u s s e d i n s e c t i o n 3.2.3.B. 

P l o t 3-24 i s the spectrum from an experiment where 
polybenzylglutamate ( f i g u r e 3 ( f ) ) , a polypeptide with only one 
type of monomer u n i t , was added as a chloroform s o l u t i o n to the 
l i p i d chloroform s o l u t i o n . I t s average r e l a t i v e molecular weight 
i s 21000. I t was chosen because i t i s thought to span a b i l a y e r 
membrane^^. 

T h i s experiment appears to have been s u c c e s s f u l i n so 
f a r as the peptide has t r a v e r s e d the column and been el u t e d i n the 
same f r a c t i o n as the l i p i d ( p l o t 3-24). T h i s can be seen by 
comparison with the reference spectrum of c a s t peptide. The peak 
a t -1650 cm ^ has changed p o s i t i o n from the c a s t f i l m to the 
e l u t e d s o l u t i o n . However, i t must be remembered t h a t t h i s i s the 
s p e c t r a l r e g i o n where water absorbs st r o n g l y and may weight the 
spectrum (see s e c t i o n 3.2.4.C). Unfortunately, there i s no 
p o s i t i v e proof t h a t the peptide has been incorporated int o the 
v e s i c l e s and not j u s t e luted with them i n the same f r a c t i o n s . The 
weight of the peptide i s such t h a t i t i s greater than the 
e x c l u s i o n l i m i t s of the polymer beads and would e l u t e i n the 
f r a c t i o n immediately following the void volume whether 
incorporated or not. 

I t i s d i f f i c u l t to t e l l whether the presence of the 
peptide has a l t e r e d the l i p i d s t r u c t u r e . T h i s i s mainly due to 
the f a c t t h a t the peptide absorbs strongly i n both the v(C=0) 

r e g i o n and v(COC) region. The peptide absorbs weakly i n the CH 
s t r e t c h i n g region and no change i n t h i s region of the spe c t r a was 
detected compared to v e s i c l e s prepared s o l e l y with l i p i d . There 
i s one major d i f f e r e n c e i n the l i p i d spectrum - the peak due to 
the antisymmetric PO s t r e t c h i n g v i b r a t i o n has moved to 122 3 cm ^ 
compared to 1227 cm ^ i n l i p i d v e s i c l e s . T h i s i n d i c a t e s a higher 
degree of hydration. T h i s could be caused by a number of f a c t o r s : 
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the phosphate peak could be superimposing w i t h the peaks i n the 
peptide spectrum t o give an apparent s h i f t i n the wavenumber; the 
peptide may have a l t e r e d the method of formation of the vesicles 
on the sephadex column; or the peptide may be i n t e r a c t i n g w i t h the 
v e s i c l e s , e i t h e r on the outside of the b i l a y e r and possibly 
t r a p p i n g water between i t the the l i p i d or the peptide may be 
inco r p o r a t e d across the b i l a y e r and the l i p i d s t r u c t u r e changing 
t o accommodate i t . Without f u r t h e r i n f o r m a t i o n i t i s impossible 
t o choose one of these as the best explanation. 

0 H 
— A c — C — N H 
^ 6H 

Figure 3(f) : The structure of 
polybenzylglutamate. 

beam 

90 (TE, or p) 
polarisation 

y 

0 (TM or s) 
polarisation 

Figure 3(g) : Definition of directions of polarisation and axes. 
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P l o t s 3-25&26 are spectra of attempts t o 
in c o r p o r a t e alamethicin and gramicidin D r e s p e c t i v e l y . D e t a i l s of 
these o l i g o p e p t i d e s may be found i n chapter 7. At t h i s p o i n t 
s u f f i c e t o say t h a t both of them are known t o incorporate across a 

3 38 

b i o l o g i c a l b i l a y e r i n aggregates ' . Although there i s some 
controversy as t o whether alamethicin w i l l t r a v e r s e a b i l a y e r 

89 
w i t h o u t the presence of an ext e r n a l e l e c t r i c f i e l d . 

I n the case of the p l o t 3-25, where alamethicin was 
used, no evidence f o r the presence of the peptide i s seen i n the 
spectrum of the l i p i d c ontaining f r a c t i o n s . Thus i t must be 
concluded t h a t e i t h e r concentrations of alamethicin were too low 
t o d e t e c t or t h a t i t had not incorporated i n t o the v e s i c l e s . 

P l o t 3-26 shows the same experiment but w i t h 
g r a m i c i d i n D as the peptide. At f i r s t glance i t might appear t h a t 
the g r a m i c i d i n has indeed been t r a n s f e r r e d down the column w i t h 
the l i p i d . However the dashed l i n e i s the spectrum of a f i l m , 
cast from chloroform, of the mixed s o l u t i o n of l i p i d and 
g r a m i c i d i n . I t shows t h a t the most intense peak i n the gramicidin 
spectrum i s a t -1650 cm ^ (the amide I band) but i n the spectrum 
of the f r a c t i o n e l u t e d from the column the most intense peak which 
could come from the gram i c i d i n alone i s a t ~1550 cm ̂ . 
I n c o r p o r a t i o n of gr a m i c i d i n D i n t o the b i l a y e r should not cause 

• . . * • 90 

such a l a r g e change i n the r e l a t i v e absorption c o e f f i c i e n t s as 
would be necessary t o cause such a r e v e r s a l i n the peak 
i n t e n s i t i e s . The experiment was performed on the same day and on 
the same sephadex column as the experiment connected w i t h p l o t 
3-23 where i t was concluded t h a t there was e i t h e r detergent or a 
contaminant present i n the f r a c t i o n . I t must be concluded t h a t 
t h e r e i s a strong p o s s i b i l i t y t h a t t h i s i s the case once again. 
The only p e c u l i a r i t y w i t h the possible contaminant i s t h a t the 
experiment w i t h alamethicin was undertaken on the same day and 
same sephadex column. I t was done between the pure l i p i d 
experiment and the one w i t h gramicidin D so i t i s s u r p r i s i n g t h a t 
t h e r e i s no large c o n t r i b u t i o n from a peak at 1550 cm~̂  i n the 
spectrum shown i n p l o t 3-25. 
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p]ot3-23: V e s i c l e s made i n D20 fr^om 15: 1 d e t e r g e n t : l i p i d 
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plots-25: V e s i c l e s made i n D20 w i t h a l a m e t h i c i n 
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plot3-26: V e s i c l e s made i n D20 w i t h g r a m i c i d i n D 
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3.2.4 I n depth analysis of s p e c t r a l regions 

(A) 3050-2800 cm~̂  - CH s t r e t c h i n g v i b r a t i o n s 

Description of V (CH) in Vas(CH3) v.CCH^) 
sample alkenes 
in chloroform 3014.0 2958.5 2929.0 2873.5 2855.0 

0.019 0.023 0.038 sh.-^ 0.018 
23.5 44.5 22.0 

in carbon 3009.5 2954.5 2926.5 2872.0 2854.5 
tetrachloride 0.0013 0.0095 0.028 sh .^ 0.016 

29.5 18.5 
in methanol 3011.0 2927.0 sh.^ 2857.0 

0.004 0.018 0.016 
31.0 22.0 

film cast from 3010.0 2955.5 2923.0 2872.2 2853.0 
chloroform 0.038 0.174 0.634 sh .^ 0.370 

27.0 17.5 
RAIRSof 3010.0 2957.5 2927.0 2873.5 2855 
film cast from 0.025 0.105 0.155 0.080 0.135 
chloroform 22.0 66.5 28.5 
mixed 3009 2955.5 2925.0 2873.5 2854.5 
detergent and (noisy) 0.0028 0.012 sh .^ 0.0069 
lipid micelles 29.0 19.5 
multilamellar 2956.0 2925.0 2871.5 2853.0 
vesicles (from noisy 0.067 0.022 sh.-> 0.012 
1.5:1 ratio) 27.0 18.5 
miilamellar 2957 2924.5 2871.5 2853.5 
vesicles (from noisy 0.007 0.018 sh.-» 0.011 
15:1 ratio) 33.0 22.0 

I I sh.-> 2924.0 2873.5 2853.5 
+ MnCl2 I I 0.0086 sh.-> 0.0045 

26.0 16.0 

cast film of 3007.5 2953.1 2924.5 2873.4 2855 
imilamellar 0.006 0.045 0.127 0.08 0.135 
vesicles 30.5 28.5 
RAIRS of cast 3011 2958.0 2929.5,2924.5 2872.1 2855 
film of U V 0.024 0.033 sh.-> 0.029 
vesicles 

Key : Each of the boxes has the data laid out in the following mamier 
Peak position 
Intensity (absorption) 
Full width at half height 

cm" 

cm" 

sh.^ this notation means that the stated band is a shoulder of the next peak. 

Table 3(ii) Measurements on peaks in the CH stretching region 3050-2800 cm"' /or 
FTIR spectra of egg lecithin in a variety of environments. 
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P l o t 3-27 shows the spectra of egg l e c i t h i n i n 
t h r e e very d i f f e r e n t environments : i n chloroform s o l u t i o n ( d o t s ) ; 
as a f i l m cast from chloroform (dashes); and i n an aqueous 
environment i n the form of v e s i c l e s ( s o l i d l i n e ) . There i s c l e a r l y 
a s h i f t i n the wavenumber of the peak due t o the v (CH ) 

^ as ̂  2' 

s t r e t c h i n g mode t o a higher value as the l i p i d environment changes 
s t a t e , i n the order: cast f i l m ; t o aqueous media; t o non-polar 
s o l v e n t ( c h l o r o f o r m ) . This i s confirmed by the measured values 
given i n t a b l e 3 ( i i ) where the p o s i t i o n of the î ^̂ CCĤ ) peak 
ranges from 2923 t o 2929 cm~̂  f o r the respective environments. 

The p o s i t i o n s of both the CĤ  s t r e t c h i n g v i b r a t i o n s 
28 

are dependent on the f l u i d i t y of the chains . Gauche bonds 
i n t e r r u p t the i n t e r a c t i o n s between CH groups and thus the 
wavenumber increases as the number of gauche conformations r i s e s . 
The hig h e s t wavenumbers are found f o r the most f l u i d chains. 
F l u i d i t y i n t h i s respect r e f e r s t o the number of possible 
conformations an a l k y l chain may adopt. I f no gauche bonds can be 

28 

formed, as i s the case below the phase t r a n s i t i o n temperature 
then the a l k y l chains have only one possible conformation, which 
i s a l l t r a n s . At the p r e - t r a n s i t i o n temperature a few more 
conformations are possible as gauche bonds may be formed a t the 

28 

methyl end of the chains . Above the t r a n s i t i o n s t a t e the number 
of p o s s i b l e s t a t e s i s much higher as many gauche conformations can 
be formed a t d i f f e r e n t p o i n t s along the chains. However, the 
a c t u a l movement of the chain between d i f f e r e n t conformations may 
be l i m i t e d by environmental f a c t o r s . 

The range of peak p o s i t i o n s found i s from 2919 t o 
2925 cm ^ f o r the antisymmetric CĤ  v i b r a t i o n s and 2850 t o 2854 
cm ^ f o r the symmetric CĤ  v i b r a t i o n s ^ ^ . The lower values 
correspond t o the a l l trans chain and the higher wavenumbers t o 
f l u i d chains where the temperature i s above t h a t r e q u ired f o r the 
l i p i d phase t r a n s i t i o n . There are many papers i n which the 
s e n s i t i v i t y of the peaks due t o the methylene s t r e t c h i n g v i b r a t i o n 
have been used t o f o l l o w the phase t r a n s i t i o n of l i p i d s ( r e f s , 
28,30,50,63,69,70,87). A sharp r i s e i n the wavenumber of -4 cm 
i n e i t h e r of the peaks due t o CĤ  s t r e t c h i n g modes, i s seen as the 
l i p i d passes through the phase t r a n s i t i o n temperature. The band 
widths also increase and can be used as a l t e r n a t i v e measurements. 

-1 
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p l o t 3 - 2 7 : Egg l e c i t h i n i n CHC13. c a s t f i l m and v e s i c l e s 
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The peak p o s i t i o n s found f o r egg PC i n a l l of the 
d i f f e r e n t environments confirm t h a t i t s chains are very f l u i d 
( i . e . have a high p r o p o r t i o n of gauche conformers) a t temperatures 
above 3 0 °C. This i s t o be expected since egg PC was chosen 
because i t s phase t r a n s i t i o n temperature i s below zero °C 
Many of the studies which were c a r r i e d out on the phase t r a n s i t i o n 
of phospholipids, were undertaken w i t h l i p i d s whose chains are 
saturated^^. Therefore the higher value of 2929 cm ^ recorded f o r 
egg PC i n chloroform i s probably connected w i t h the f a c t t h a t most 
of the chains are alkenes not alkanes. The double bonds may be at 
d i f f e r e n t p o s i t i o n s on e i t h e r of the two chains thus increasing 
the t o t a l number of d i f f e r e n t conformations and t h e r e f o r e the 
f l u i d i t y . 

The increase i n the wavenumber, of the v (CH ) 
a s ^ 2' 

peak, from 2923 t o 2924 cm~̂  from a f i l m cast from chloroform t o 
the v e s i c l e s i s con t r a r y t o what might be expected. The 
macroscopic o r d e r i n g of egg l e c i t h i n i n v e s i c l e s should be greater 
than t h a t of the cast f i l m , thus decreasing the number of possible 
conformations. However, the evidence suggests t h a t the 
hydrocarbon chains are more f l u i d i n the v e s i c l e s than i n the cast 
f i l m . As mentioned p r e v i o u s l y plots3-13&14 show the presence of 
water i n the f i l m s cast from chloroform. I t i s possible t h a t i n 
the ordered s t r u c t u r e of the v e s i c l e s , water i s l a r g e l y excluded 
from the hydrocarbon chains. I n the cast f i l m s there i s evidence 
f o r some macroscopic ordering of the phospholipid (sect i o n 
3.2.3.A). However, i t i s possible t h a t the water i s not 
completely excluded from the region of the hydrocarbon chains and 
t h e r e f o r e acts as a c o n s t r a i n i n g f a c t o r on the f l u i d i t y of the 
l i p i d c hins. I n the cast f i l m s of the v e s i c l e s the p o s i t i o n of 
the V (CH ) peak i s 2924.5 cm ^ implying t h a t the f l u i d i t y of the 
hydrocarbon chains i s maintained, po s s i b l y by the maintenance of 
the o r i g i n a l b i l a y e r s t r u c t u r e . 
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I n the mixed detergent and l i p i d m i c elles (assuming 
complete s u b t r a c t i o n of the detergent spectrum) the l i p i d chains 
e x h i b i t a higher value than the ve s i c l e s f o r the i^^gCCH^) peak 
p o s i t i o n - 2925 cm~^. This adds weight t o the argument t h a t i t 
may be the water which i s c o n s t r a i n i n g the number of d i f f e r e n t 
conformations of the l i p i d s . The l i p i d head groups and detergent 
molecules would be even more e f f e c t i v e i n preventing the entry of 
water i n t o the hydrocarbon chains. The c o n f i g u r a t i o n of the 
detergents and head groups of the l i p i d s ( f i g u r e 3(b)) i s s i m i l a r 
t o t he Roman f o o t s o l d i e r s technique f o r p r o t e c t i o n from attack of 
j o i n i n g a l l t h e i r s h i e l d s together t o form an impenetrable 
b a r r i e r . 

The wavenumbers of the CH s t r e t c h i n g v i b r a t i o n s are 
much higher i n the RAIRS spectrum of the cast f i l m than i n the 
transmission spectrum ( p l o t 3-28). This does not necessarily have 
a bearing on the f l u i d i t y of the chains because the o p t i c a l e f f e c t s 
i n t h i s method are completely d i f f e r e n t from e i t h e r transmission 
or ATR and such wavenumber d i f f e r e n c e s are normally seen^*. For 
most of the spectra of egg PC obtained the f u l l width at h a l f 
h e i g h t i s between 27 and 30 cm~^. There appears t o be no 

I t 
s i g n i f i c a n t w i d t h changes from the cast f i l m s t o the v e s i c l e s 
The band widths are much l a r g e r i n chloroform, although i t i s 
d i f f i c u l t t o estimate the numerical values of the band widths due 
t o t he presence of shoulders on the main peaks. The increase i n 
wi d t h i s probably due t o a r i s e i n the number of d i f f e r e n t 
environments of chains. I t i s possible t h a t the e x t r a peaks seen 
i n chloroform are due t o the two chains i n each l i p i d being i n 
completely d i f f e r e n t environments. One of them may be folded over 
the head group t o s h i e l d i t from the hydrophobic solvent. 

•^^This i s c o n t r a r y t o the proceedings of ESCOMB 1991^^. I n those a 
diagram was shown where the width of the CH stretches of the cast 
f i l m was much l a r g e r than t h a t of the v e s i c l e s . This proved t o be 
completely i r r e p r o d u c i b l e . The l a t t e r f i n d i n g s of no width change 
on v e s i c u l a t i o n were reported i n the poster at the conference. 
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(B) 1800-1500 cm -1 - The carbonyl s t r e t c h i n g 
and OH bending region. 

RESULTS : 

Table 3 ( i i i ) contains the data obtained from the 
f i t t i n g of synthesised peaks t o the recorded spectra f o r the 
carbonyl and adjacent peaks i n the spectra of egg l e c i t h i n . 
Examples of these are shown i n p l o t s 3 - 29 t o 32. 

Description of No. of Position FWHH absorbance percentage integrated ^1741 
sample fitted (cm-') (cm"') intensity Lorenzian intensity sample 

peaks a ) (cm-') ^1726 

in chloroform 1 1733 31 0.0165 40 0.567 — 

in carbon 1 1738 29 0.0148 20 0.490 
tetrachloride 
in methanol 3 1744 21 0.0123 50 0.294 1.16 

1724.5 25 0.0089 I t 0.254 
1661 69 0.0072 100 0.144 

film cast from 3 1741 22 0.203 50 5.26 1.06 
chloroform 1726 26 0.166 I t 4.99 

1653 95 0.063 100 8.23 
RAIRSof 3 1744 22 0.105 50 2.75 0.92 
film cast from 1726 26 0.098 M 2.99 
chloroform 1653 95 0.074 100 8.90 
mixed 2 1742 22 0.0030 50 0.0776 1.16 
detergent and 1725 20 0.0028 I I 0.0612 
lipid micelles 
multilamellar 2 1743 22 0.0062 50 0.156 0.72 
vesicles (from 1726 26 0.0073 I I 0.216 
1.5:1 ratio) 
unilamellar 2 1741 35 0.0029 50 0.121 0.78 
vesicles (from 1726 M 0.0037 I I 0.156 
15:1 ratio) 

I t 2 1741 22 0.0061 50 0.0061 0.69 
+ MnCl, 1726 26 0.0075 M 0.0075 
cast film of 2 1743.5 22 0.092 50 2.42 0.99 
unilamellar 1728 26 0.076 I I 2.46 
vesicles 

Table 3(iii) Measurements on fitted peaks in the carbonyl stretching region 1800-1600 cm'^ 
for FTIR spectra of egg lecithin in a variety of environments 
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P l o t 3-29 shows an enlargement of the region 
1800-1550 of the f i l m of egg l e c i t h i n cast from chloroform. The 
l i n e w i t h i l l u s t r a t e d w i t h small dashes i s the o r i g i n a l spectrum. 
To a i d the f i t t i n g of s y n t h e t i c curves t o t h i s spectrum both 
second d e r i v a t i v e and Fourier deconvolution were u t i l i s e d . The 
second d e r i v a t i v e of the sample spectrum i s displayed as a s o l i d 
l i n e a t the bottom of the p l o t . This c l e a r l y shows the presence 
of two peaks w i t h i n the main carbonyl band which can also be 
discerned by v i s u a l examination. However, the t h i r d band a t ~1650 
cm ^ i s not seen i n the second d e r i v a t i v e p l o t , e i t h e r because of 
i t s w i d t h or the decrease i n the S/N r a t i o i n t h i s region. 
U n f o r t u n a t e l y , f o r most other spectra, of egg l e c i t h i n , recorded 
the S/N r a t i o was too low f o r the second d e r i v a t i v e of the 
spectrum t o be of use. The i n s e t a t the top of p l o t 3-29 i s the 
F o u r i e r deconvoluted spectrum of the region shown i n the main 
p l o t . Again a s p l i t t i n g of the carbonyl band i s seen. The 
broader peak a t ~1650 cm ^ can be seen but not as c l e a r l y as the 
other two. Again t h i s could be due t o noise i n the o r i g i n a l 
spectrum. However, i t i s much broader than the two carbonyl peaks 
and t h e r e f o r e the parameters used i n the deconvolution are not 
ap p r o p r i a t e f o r i t . Thus, both second d e r i v a t i v e and FD show the 
presence of two peaks i n the carbonyl band - one at ~1740 cm ^ and 
the other a t -1728 cm .̂ V isual i n s p e c t i o n of the spectrum 
supports t h i s a n a l y s i s but also i n d i c a t e s the presence of a much 
broader peak a t -1650 cm~^. 
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p l o t 3 - 2 9 : C u p v e f l t f o r egg l e c i t h i n c a s t from c h l o r o f o r m 
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p l o t 3 - 3 0 : C u r v e f i t f o r egg l e c i t h i n i n c l o r o f o r m s o l u t i o n 
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p l o t 3 - 3 1 : C u r v e f i t f o r egg l e c i t h i n i n methanol 
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plot3-32: c u r v e f i t f o r v e s i c l e s p e c t r u m 
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From the data obtained by FD, second d e r i v a t i v e and 
v i s u a l i n s p e c t i o n three peaks were f i t t e d (as i n sec t i o n 3.2.3.C.) 
t o the experimental data. These can be seen on p l o t 3-29. The 
s o l i d l i n e i s the summation of the three t h e o r e t i c a l curves. 

A s i m i l a r process t o t h a t described above was 
undertaken f o r a l l data given i n t a b l e 3 ( i i i ) . I n the case of the 
v e s i c l e spectra (plots3-15,16&32) the data obtained must be 
t r e a t e d w i t h scepticism given the low S/N r a t i o s . To minimise the 
number of parameters t o be f i t t e d an assumption was made t h a t some 
of them should be f i x e d , i n the v e s i c l e spectra, at the same 
values as the cast f i l m . This was considered t o be a v a l i d 
assumption given the f a c t t h a t the cast f i l m appeared t o be 
hydrated and the general shape and p o s i t i o n of a l l the peaks i n 
the v e s i c l e and cast f i l m spectra were very s i m i l a r , i n d i c a t i n g a 
s i m i l a r environment f o r the l i p i d molecules. I n general the 
parameters which were held constant were the number of peaks, the 
wavenumber and band shape. The main v a r i a b l e s a l t e r e d were the 
peak i n t e n s i t i e s and occasionally the band widths. I n the case of 
the example shown i n p l o t 3-3 2 an i n v e s t i g a t i o n was c a r r i e d out 
i n t o the e f f e c t s of a l t e r i n g each of the v a r i a b l e s i n t u r n w h i l s t 
keeping the r e s t of them constant and the same as i n the cast 
f i l m . I t was found t h a t , although the f i t t i n g gave r i s e t o 
d i f f e r e n t i n d i v i d u a l parameters, the r a t i o of the i n t e g r a t e d 
i n t e n s i t y of the -1740 cm~̂  and -1726 cm~* peaks remained f a i r l y 
s t a b l e . For a f i t where the absorption was the v a r i a b l e t h i s 
r a t i o was 0.71, f o r any of the other v a r i a b l e s the r a t i o was 0.77. 

The r e s u l t s f o r the v e s i c l e s must also be 
considered w i t h caution because of the incomplete s p e c t r a l 
s u b t r a c t i o n of water may be d i s t o r t i n g the spectra of the l i p i d . 

Despite the problem w i t h the S/N r a t i o there does 
seem t o be a s i g n i f i c a n t d i f f e r e n c e i n the r a t i o of the two f i t t e d 
peaks a t 1740 and 1726 cm * between the d i f f e r e n t environments. 
I n cast f i l m s and the mixed micelles the r a t i o , of the -1740 cm ̂  
t o 1726 cm ^ i n t e g r a t e d i n t e n s i t i e s , i s about one or s l i g h t l y 
l a r g e r , showing t h a t there i s an equal c o n t r i b u t i o n t o the 
carbonyl band from both peaks. Whereas i n v e s i c l e s the r a t i o of 
the two peaks f a l l s t o -0.7 as the c o n t r i b u t i o n from the two peaks 
i s weighted i n favour of the peak at 172 6 cm ̂ . 
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DISCUSSION : 

The bands at ~ 1650 cm ̂  a r i s e from the bending 
mode of OH i n the solvents. They have been f i t t e d because t h e i r 
p r o x i m i t y t o the carbonyl band means t h a t they c o n t r i b u t e t o the 
o v e r a l l i n t e n s i t y i n t h i s region. The assignments of the two 
peaks, seen w i t h i n most of the carbonyl bands, are not so e a s i l y 
achieved. 

There are two c o n f l i c t i n g assignments f o r the 
carbonyl peaks made i n the l i t e r a t u r e . The f i r s t , made by Levin 
e t 32^99,100,101^ a r i s e s from the comparison of g l y c e r i d e s , w i t h 
one t o thr e e chains, whose conformation i s known from X-ray data. 
The assignments are made f o r each of the two chains : s n l chain 
1727-1744 cm"^ and the sn2 chain 1716-1728 cm"\ The large s h i f t 
i n t he wavenumber of the two chains i s thought t o a r i s e from a 
d i f f e r e n c e i n the conformation a t the C-O-C region ( f i g u r e 3 ( i ) ) . 
The s n l chain i s proposed t o be i n a trans conformation, w h i l s t 
the sn2 chain i s i n a gauche conformation. The lower wavenumber 
of the sn2 carbonyl (gauche) group i s thought t o be due t o the 
f a c t t h a t the group has a higher degree of hydrat i o n . I f the 
chains have the same chemical formula then the existence of a 
gauche bond i n one of the ester groups w i l l cause t h a t chain t o be 
sh o r t e r than the other, as i n DMPC and DPPC studied by 
Levin̂ '̂̂ °°'̂ °̂  ( f i g u r e 3 ( j ) ) . This could a i d the i n t e r l e a v i n g of 
the two sides of a phospholipid b i l a y e r . I n egg PC the chains are 
d i f f e r e n t and t h e r e f o r e i t may not be advantageous f o r packing f o r 
th e r e t o be an equal d i s t r i b u t i o n between the two chains of the 
conformations. 

The second set of possible assignments have been 
proposed by Blume, Hiibner e t al^*'^^. I n t h e i r study "̂'c has been 
s u b s t i t u t e d f o r the carbonyl carbon on one of the ac y l chains of 
the l i p i d s DMPC, DMPE, DMPG and DMPA. With t h i s i s o t o p i c 
l a b e l l i n g the p o s i t i o n s of the peaks due t o the carbonyl 
s t r e t c h i n g v i b r a t i o n s of the two chains are separated by -40 cm \ 
Two peaks were observed f o r DMPC i n chloroform, one at 1732 cm~̂  
and the other a t 1690.5 cm~^. This s p l i t t i n g i s caused s o l e l y by 
the i s o t o p i c s u b s t i t u t i o n . I f the l i p i d i s i n an aqueous 
environment each of these bands becomes a doublet w i t h peak 

99 



p o s i t i o n s of 1741, 1727, 1696, and 1685 cm .̂ Blume et a l then 
r e v e r s e d the l a b e l l i n g of the carbonyl groups e.g. i f the ^̂ C was 
on the s n l c h a i n and the ^̂ C on the sn2 then these were swapped. 
They found t h a t the p o s i t i o n s of the e i t h e r the two or the four 
peaks changed only by 1-2 cm ^ thus showing t h a t Levin's 
assignment of the two peaks seen i n the unlabeled case to be 
i n c o r r e c t . The assignment made by Blume et a l of the two peaks 
seen i n each of the two i s o t o p i c bands was t h a t the lower 
wavenumber was caused by hydrogen bonding and they r u l e d out any 
conformational change. 

The two approaches to assignment seem 
i r r e c o n c i l a b l e . Indeed Blume dismisses Levin's work and Levin 
j u s t appears to ignore t h a t of Blume e t a l . However, there i s 
r e a l l y only one b a r r i e r to r e c o n c i l i a t i o n and t h a t i s the 
assignment of the two d i f f e r e n t conformations to s p e c i f i c chains. 
Now we could have some s n l e s t e r groups which are gauche and some 
t r a n s and the same f o r the sn2 chain. T h i s would then f i t the 
x-ray data of L e v i n . The wavenumber range 1727-1744 cm would 
now apply to a t r a n s conformation about the C-O-C group and the 
range 1716-1728 cm ^to a gauche conformation but n e i t h e r 
s p e c i f i c a l l y on one chain. There are now two options - e i t h e r the 
s p l i t t i n g seen i n non-labelled samples i s due to hydrogen bonding 
with the s o l v e n t or only one peak i s seen i n non-polar s o l v e n t s 
because a l l of the chains are i n one conformation. The l a t t e r 
appears u n l i k e l y given the f l u i d i t y of the hydrocarbon chains i n 
non-polar s o l v e n t s i t would seem a reasonable supposition t h a t 
t h e r e i s a l s o r o t a t i o n around the e s t e r group. The former 
hypothesis f i t s a l l the data found i n c l u d i n g NMR work^*'^^ and the 
f a c t t h a t hydrated c a s t f i l m s show s p l i t t i n g of the carbonyl peak 
w h i l s t dehydrated do not^*. 

Therefore, a new assignment i s suggested for the 
carbonyl groups of phospholipids. The two d i f f e r e n t conformations 
of the e s t e r group e x i s t , on e i t h e r chain, but the peaks are only 
s p l i t when the gauche group becomes hydrated. I.e. peaks i n the 
r e g i o n 1744-1727 cm~^ are due to a t r a n s conformation about the 
e s t e r group and peaks i n the region 1728-1716 cm~^ a r i s e from a 
gauche conformation a t the e s t e r group which i s p o s s i b l y solvated. 
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Having assigned the two peaks to solvated and 
non-solvated C=0 groups i t should be p o s s i b l e to make a 
c o r r e l a t i o n between the s p e c t r a recorded and the percentage of 
H-bonded carbonyl groups. However, l i f e i s never t h a t simple. 
Blume e t a l ^ ^ discovered, by comparison between NMR and IR data 
t h a t the e x t i n c t i o n c o e f f i c i e n t s of the IR peaks due to hydrogen 
bonded carbonyls were d i f f e r e n t to those of ' f r e e ' carbonyl 
groups. They estimated t h a t i n order to compare the number of 
c h a i n s which were hydrogen bonded to not, i n b i l a y e r forming 
phospholipids, i t was necessary to reduce the i n t e g r a t e d i n t e n s i t y 
of the carbonyl peak due to hydrogen bonding by a f a c t o r of -40 %. 

Now considering the r e s u l t s obtained f o r egg 
l e c i t h i n - I n chloroform and carbon t e t r a c h l o r i d e there i s c l e a r l y 
only one major peak i n the carbonyl band a t 1733 and 1738 cm ^ 
r e s p e c t i v e l y ( p l o t 3-30). Although there i s a small amount of 
asymmetry a s s o c i a t e d with the FD spectrum. T h i s could be due to a 
s m a l l amount of water being present. I n methanol, however there 
are two peaks i n the carbonyl band. E v i d e n t l y methanol hydrogen 
bonds to the carbonyl group of egg PC i n a s i m i l a r fashion to 
water. I n the s p e c t r a where water i s present the carbonyl band i s 
always s p l i t i n t o two components. T h i s data f i t s with the 
hypothesis the hydrogen bonding i s r e s p o n s i b l e f o r the s p l i t t i n g 
of the carbonyl peak but provides no evidence as to whether the 
wavenumber d i f f e r e n c e i s due to the hydration of d i f f e r e n t 
conformations. 

I f the c o r r e c t i o n for the e x t i n c t i o n c o e f f i c i e n t 
d e r i v e d by Blume e t al^"* i s appropriate then approximately a t h i r d 
(-32-36%) of the carbonyl groups of egg PC i n the c a s t f i l m s , 
mixed m i c e l l e s and methanol are solvated. Though, i n the RAIRS 
spectrum the e x t i n c t i o n c o e f f i c i e n t s of the two peaks may be 
d i f f e r e n t from t r a n s m i s s i o n . I n the v e s i c l e s p e c t r a a l a r g e r 
percentage of the carbonyl groups are hydrated -42-46 %. I t would 
be expected t h a t i f a l l of the a c y l chains were i n the same 
conformation t h a t i f water could reach h a l f of them i t could reach 
a l l . As only - h a l f of the carbonyl groups are hydrated i n the 
v e s i c l e s i t would suggest t h a t there i s indeed a d i f f e r e n c e i n the 
p o s i t i o n of the hydrated carbonyl groups r e l a t i v e to the water 
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i n t e r f a c e compared to the non-hydrated groups. Thus Levin e t 
99—102 

a l ' s assignment of the two wavenumbers to d i f f e r e n t 
conformations would make sense. With the gauche conformation 
b r i n g i n g the carbonyl group c l o s e r to the h y d r o p h i l i c region of 
the l i p i d and t h e r e f o r e more a c c e s s i b l e to water. 

c-c 
c c-c 
Vc" ĉ 

Trans Gauche 

•2917cm-1 
•2850cm-1 

•2925cm-1 
•2854cm-1 

Figure 3(h) : The configuration of the carbons in trans and 
gauche conformers on the hydrocarbon chain (Levin^^). 
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Figure 3(i) : The configuration of the carbons and oxygens in trans and 
gauche conformers at the ester linkage (Levin et al ; 

Figure 3(j) : The effect of a gauche conformer at 
the ester linkage on the chain lengths. 
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(C) 1690-1600 - The Amide I region 

As mentioned i n s e c t i o n 3.2.3.D experiments to 
in c o r p o r a t e a peptide int o the b i l a y e r s t r u c t u r e of the v e s i c l e s 
were attempted. I n only one case - polybenzylglutamate was the 
peptide e l u t e d i n the same f r a c t i o n as the l i p i d . Now there i s no 
way of proving, from the data obtained, whether the peptide i s 
even l o o s e l y a s s o c i a t e d with the v e s i c l e s , l e t alone incorporated 
a c r o s s the b i l a y e r . However, i t i s s t i l l of i n t e r e s t to examine 
the amide I region of both the c a s t f i l m of polybenzylglutamate 
and the e l u t e d f r a c t i o n . 

RESULTS : 

P l o t 3-33 i s an enlargement of the region containing 
the amide I band of the sp e c t r a shown i n p l o t 3-24. I t shows the 
spectrum of a c a s t f i l m of polybenzylglutamate on i t s own (dashed 
l i n e ) and the composite spectrum obtained a f t e r passing a s o l u t i o n 
of detergent, l i p i d and peptide down a sephadex G-50 column. 
P l o t 3-34 i s a f u r t h e r enlargement, to show the amide I band alone. 
I n t h i s case the dashed l i n e i s the experimental data f o r the c a s t 
f i l m of the peptide and the s o l i d l i n e i s the F o u r i e r deconvoluted 
spectrum. 

Description Positions of components of 
amide I band (cm'') 

Absorbance 
intensity 

Film of polybenzylglutamate 
cast from chloroform 

1664.5 0.15 Film of polybenzylglutamate 
cast from chloroform 1658.5 0.82 
Film of polybenzylglutamate 
cast from chloroform 

1650.0 0.86 

Film of polybenzylglutamate 
cast from chloroform 

1640.0 0.24 

Eluted with fraction which 
contained vesicles 

1650 0.0074 Eluted with fraction which 
contained vesicles 1642 0.0073 
Eluted with fraction which 
contained vesicles 

1633 0.0091 

Eluted with fraction which 
contained vesicles 

1620 0.0047 

Table 3(iv) : Positions of the components of the amide I band for polybenzylglutamate. 
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p l o t 3 - 3 3 : V e a l c l e a w i t h p o l y b e n z y I g l u t a m a t e 
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DISCUSSION 

S e v e r a l s t u d i e s of the r e l a t i o n s h i p between the 
p o s i t i o n s of the components of the amide I band to the secondary 
s t r u c t u r e of p r o t e i n have been undertaken. For reviews see 
Chapman e t al"̂ °'̂ °̂; Parker'*^; and Mendelsohn & Mantsch^^. There 
i s s t i l l a l o t of d i s c u s s i o n as to which combination of peaks 
corresponds to a given s t r u c t u r e . Table 3(v) shows three 
d i f f e r e n t s e t s of assignments. One of the biggest f a c t o r s leading 
t o the controversy i s t h a t the assignments g e n e r a l l y a r i s e from 
p r o t e i n s whose X-ray s t r u c t u r e i s known and i t i s assumed that 
t h e i r s t r u c t u r e i n water i s l a r g e l y unaltered. Therefore, the 
p r e c i s e h i s t o r y of the p r o t e i n sample i s necessary to be able to 
determine whether the p r o t e i n s t r u c t u r e recorded i n the aqueous IR 
s p e c t r a i s the same as t h a t i n the X-ray sample. 

Presuming t h a t a polypeptide such as polybenzyl­
glutamate would e x h i b i t the same peak p o s i t i o n s for the same 
s t r u c t u r e as a p r o t e i n , then i t would appear t h a t i n a c a s t f i l m 
the s t r u c t u r e of polybenzylglutamate i s predominantly a - h e l i c a l . 
T h i s i s confirmed by the amide I I peak at 1548.5 cm .̂ A f t e r 
p a s s i n g through the column the a n a l y s i s becomes hampered by the 
presence of water and a low S/N r a t i o . The amide I band has 
c e r t a i n l y s h i f t e d ( p l o t 3-33). The peak p o s i t i o n s suggest t h a t the 
s t r u c t u r e i s now mixed a and /3 h e l i x e s . T h i s change i n s t r u c t u r e 
could be caused by the change to an aqueous environment or the 
a s s o c i a t i o n of the peptide with the l i p i d . Studies have shown^° 
t h a t the wavenumbers of the components of the amide I peak of 
mono-polypeptides are d i f f e r e n t to those of p r o t e i n s . Peaks at 
1650-1660 cm~^ a r e g e n e r a l l y a s s o c i a t e d with a - h e l i c a l s t r u c t u r e s . 
I n c o n c l u s i o n - from the data obtained i t i s not p o s s i b l e to t e l l , 
w i t h c e r t a i n t y , the secondary conformation of polybenzylglutamate 
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Secondary structure Positions (cm"^) Reference 
assignment 

a helix 1650-55 Chapman et al 

P helix 1630-40 ref. 30 P helix 
1680-90 

3,n turns 1644 
random coils 
a helix 1655, 1550 Mendelsohn & 
3 helix 1630 Manstch 

P pleated 1685, 1530 ref. 31 
random coils 1660, 1540 
a helix 1656 ± 2 Jakobsen & Wasacz 

P helix 1637 ±2 ref 35 

p and Iowa helix 1636 + 2 
a and low P helix 1652 ± 2 

a and p helix 1644 ± 2 

Table 3(v) : Literature assignments for the correlation between 
protein IR spectra and their secondary structure 

Description of 
sample 

v,,(COC) v,(P02-) v,(COC) 
(N-(CH,), 

Any other 
peaks 

in chloroform 1248.0 
0.0117 

1172.0 
0.0042 

1090.5 
0.0109 

1064.0 
0.0101 

965 
0.008 

1017 
0.0169 

in carbon 
tetrachloride 

1251.0 
0.0094 

1173.0 
0.0044 

1090.0 
0.0107 

1061.0 
0.0096 

967.5 
0.0053 

in methanol 1232.0 < - sh. 1086 

film cast from 
chloroform 

1234.0 
0.235 

1172.5 
0.102 

1088.0 
0.232 

1064.0 
0.0154 

969.5 
0.112 

RAIRSof 
film cast from 
chloroform 

1236.5 
0.283 

1181.0 
0.215 

1092.0 
0.240 

1071.5 
0.209 

971.5 
0.102 

mixed 
detergent and 
lipid micelles 

1230.0 
0.0035 

<- sh. 
0.0012 

1091.5 
0.0057 

1066.0 
0.0039 

spike at 
1056.0 
0.0054 

multilamellar 
vesicles (from 
1.5:1 ratio) 

1229.5 
0.0073 

1185.0 
0.0050 

1086.5 
0.0082 

1067.0 
0.0070 

unilamellar 
vesicles (from 
15:1 ratio) 

1227.5 
0.0053 

1176.0 
0.0023 

1087.0 
0.0073 

1067.0 
0.0053 

cast film of 
unilamellar 
vesicles 

1218.0 
0.056 

1182.0 
0.077 

1087.0 
0.032 

1066.5 
0.029 

969 
0.016 

1039.5 
0.055 

RAIRS of cast 
film of UV 
vesicles 

1232.0 
0.188 

<- sh. 1090.5 
0.131 

<- sh. 

Key : Each of the boxes has the data laid out in the 
Peak position 
Intensity (absorption) 

cnr 
bllowing manner : 

<r- sh. this notation means that the stated band is a shoulder of the previous peak. 

Table 3(vi) : Measurements on peaks in the region 1300-900 cm'^ for 
FTIR spectra of egg lecithin in a variety of environments. 
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(D) 1300-900 - The head group v i b r a t i o n s 

The band which shows the most s i g n i f i c a n t 
p o s i t i o n a l changes with environment i n t h i s region i s t h a t which 
a r i s e s from the antisymmetric phosphate s t r e t c h i n g mode. As 
s t a t e d i n s e c t i o n 3.2.3.A, the p o s i t i o n of t h i s peak i s very 
s e n s i t i v e to the presence of water. A s h i f t of 30 cm ^ i s seen i n 
the wavenumber of t h i s peak between hydrated and non hydrated 

51 88 ~ 

molecules ' . The p o s i t i o n of the (PO^ ) peak f o r egg 
l e c i t h i n changes from -1250 i n non-polar s o l v e n t s to -12 3 0 cm~^ i n 
p o l a r s o l v e n t s ( t a b l e 3 ( v i ) . Such a large s h i f t i s due to 
hydrogen bonding between the phosphate group and the solvent. 
Whether t h i s wavenumber s h i f t i s accompanied by a conformational 
change i s not apparent from the l i t e r a t u r e ^ ^ . 

The widths and r e l a t i v e i n t e n s i t i e s of the peaks i n 
t h i s r e g i on appear to be l a r g e l y unaffected by environment 
( p l o t s 3 - 10 to 16 & 35). The main exception to t h i s appears to be 
t^he spectrum of the c a s t v e s i c l e s ( p l o t s 3 - 17&35) . However, i t 
seems l i k e l y t h a t these changes are due to the presence of buffer 
w i t h i n the c a s t f i l m ( s e c t i o n 3.2.3.C) and not a major change i n 
the l i p i d s t r u c t u r e . I t would seem l i k e l y t h a t the l i p i d spectrum 
i s hidden beneath t h a t of the buffer. The shoulder seen on the 
l e f t of the peak a t 1217 cm"^ (plot 3-36) i s probably the v (PO ") 
peak and the band d i s c e r n i b l e a t 1088 cm~^ the i'^(PO^ ) peak. The 
s p i k e a t 1056 cm i n the mixed m i c e l l e spectrum ( p l o t 3-26) i s 
probably n o i s e . However, the spike seen i n the spectrum i n 
chloroform a t 1017 cm ^ i s d e f i n i t e l y reproducible. I t s o r i g i n 
i s p r o b l e m a t i c a l as chloroform has no peaks i n t h i s region. 

The V (N-(CH ) peak would p o s s i b l y give 
dis 3 3 

i n t e r e s t i n g information, unfortunately i n aqueous s o l u t i o n the 
s i g n a l i s too small to detect on top of the strong water 
absorption. 
^ The s p e c t r a of v e s i c l e s shown i n p l o t s 3-35&36 are d i f f e r e n t 
from t h a t shown i n p l o t 3-16 because the S/N r a t i o i n the spectrum 
shown i n p l o t 3-35 was extremely low_in the carbonyl region but 
very high i n the region 13 00-1000 cm 
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pIot3-36; Egg l e c i t h i n v e s i c l e s I n s o l u t i o n and c a s t 

O . osH 

A 
b O . 06-
s 
o 
r 
b 
a 
n 
c 
e 
0 . 04-

O . 02H 

H182 

1040 

1300 

pIot3-37; 

1200 1100 1000 
Wavenumbep (cm-1) 

l i p i d and d e t e r g e n t m i x t u r e b e f o r e e l u t i o n 
O.0 0 5 H 

O . 004 

3 O.003 

O . 002 

0 . OOl-

o,oooH 

1300 1200 1100 
Wavenumber (cm-1) 

1000 

109 



3.3 : SUMMARY 

Uni l a m e l l a r v e s i c l e s were made v i a the detergent 
removal by g e l f i l t r a t i o n . However, they were not lar g e (-lOOnm) 
as hoped but sm a l l (-24 nm). T h i s means t h a t the method of 
u l t r a - s o n i c a t i o n ^ ^ would have made v e s i c l e s of a s i m i l a r s i z e 
without the problem of remnant detergent and a t a much higher 
c o n c e n t r a t i o n i n s o l u t i o n . 

The FTIR a n a l y s i s was hampered by the presence of 
water and low concentrations of sample. The s o n i c a t i o n method 
would again have solved these problems. As s o n i c a t i o n r e q u i r e s 
only 1-2 ml of water per experiment there would have been no 
problem with the use of D 0 apart from the e f f e c t of a l t e r i n g the 
hydrogen bonding i n p r o t e i n s . Sonication y i e l d s l i p i d 
c o n c e n t r a t i o n s of -50 mg per ml and thus low s i g n a l l e v e l s would 
have been avoided. 

At the S/N r a t i o s achieved there appeared to be no 
major d i f f e r e n c e s between the m u l t i l a m e l l a r v e s i c l e s ( p l o t 3-15) 
and the u n i l a m e l l a r v e s i c l e s (plot 3-16). T h i s would imply t h a t 
t h e r e i s no change i n the l i p i d s t r u c t u r e between the outer l a y e r 
of a MLV and the inner l a y e r s . 

I t was found t h a t the hydrocarbon chains are f l u i d 
i n a l l of the environments t e s t e d even when a macroscopic order 
occurred such as i n v e s i c l e s . Both the phosphate and carbonyl 
groups undergo hydrogen bonding i n the presence of e i t h e r water or 
methanol. However only - h a l f of the carbonyl groups were hydrogen 
bonded i n d i c a t i n g t h a t there was a conformational d i f f e r e n c e a t 
the e s t e r l i n k a g e . Water probably does not penetrate f u r t h e r into 
the b i l a y e r than the f i r s t l a y e r of carbonyl groups. 

The c a s t f i l m s which were presumed i n i t i a l l y to be 
d i s o r d e r e d d i d appear to have macroscopic ordering of some form as 
seen from the RAIRS data. 

There was no evidence i n the s t u d i e s undertaken of 
peptide i n c o r p o r a t i o n i n t o the v e s i c l e s . 
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CHAPTER 4 

BACKGROUND AND DESCRIPTION OF EXPERIMENTS FOR STUDIES OF 
MONOLAYERS AT THE AIR/WATER INTERFACE, 

DEPOSITION ONTO SUBSTRATES AND THE FTIR OF THIN FILMS 

4.1 ISOTHERMS : 

4.1.1 Background to isotherm s t u d i e s 

M a t e r i a l s which are i n s o l u b l e i n water can 
sometimes be deposited onto the water s u r f a c e to form monolayers. 
To c o n s t r u c t a s t a b l e monolayer, i n general, there has to be an 
a t t r a c t i v e f o r c e with the water to induce spreading and a 
r e p u l s i v e f o r c e which causes the molecules to be i n s o l u b l e . Thus 
an i d e a l molecule i s one which i s amphiphilic. Examples of such 
molecules are phospholipids. These have h y d r o p h i l i c phosphate 
head groups and hydrophobic hydrocarbon chains separated by an 
e s t e r r e g i o n which i s of intermediate nature with r e s p e c t to water 
(see f i g u r e s 2 ( d ) , 5 ( a ) & 5 ( b ) ) . These monolayers may then be 
t r a n s f e r r e d from the water surface onto a s u b s t r a t e . 

Before proceeding to t r a n s f e r the monolayer onto a 
s o l i d s u b s t r a t e i t i s f i r s t necessary to c h a r a c t e r i s e the m a t e r i a l 
on the s u r f a c e of the aqueous subphase. The best method i s to 
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r e c o r d a TT-A isotherm , where surface pressure i s measured as a 
f u n c t i o n of s u r f a c e area, a t constant temperature. Such isotherms 
can a l s o y i e l d information on molecular packing and i n t e r a c t i o n s 
i n t h e i r own r i g h t (see chapter 5 ) . 
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4.1.2 Theory 

(A) Surface pressure 

The s u r f a c e pressure (TT) of a m a t e r i a l i s defined 
as the d i f f e r e n c e i n s u r f a c e tension between the c l e a n subphase 
and the subphase with m a t e r i a l deposited onto i t ^ ^ . 

71 = ro - r Eqn. 4 ( i ) 

Where yo = su r f a c e tension of subphase 
r = s u r f a c e tension with monolayer 

I t i s a 2 dimensional analogy with 3-dimensional pressure. 
S u r f a c e p r e s s u r e i s u s u a l l y measured by the use of a Whilhelmy 
p l a t e and a micro balance*"^. A Wilhelmy p l a t e i s g e n e r a l l y a 
p i e c e of f i l t e r paper (1 cm wide for ease of c a l c u l a t i o n of the 
s u r f a c e tension) attached to a microbalance. Surface tension i s 
defined as the f o r c e per u n i t length. T h i s i s balanced by a 
weight on the microbalance. 

r = ^ / l ^ = '"^/21 Eqn. 4 ( i i ) 

Where m = mass used to balance the for c e a t the surf a c e 
g = g r a v i t a t i o n a l constant 
1 = length of Wilhelmy p l a t e 
F = for c e a t the surface 
1^= t o t a l length along which the tensi o n i s measured 
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( B ) Mixtures 

I f we have two components A and B on the surface, 
then i f the mixture i s e i t h e r i d e a l l y m i s c i b l e or completely 
i m m i s c i b l e the system w i l l follow equation 4 (iii)^°^, a t a given 
p r e s s u r e . I . e . e i t h e r the i n t e r a c t i o n A-B i s the same as the 
i n t e r a c t i o n s A-A and B-B or there i s no i n t e r a c t i o n between A and 
B. D e v i a t i o n s from t h i s equation suggest non-ideal mixing i . e . 
t h a t the components A & B are m i s c i b l e to some extent. 

A = N A + N A Eqn. 4 ( i i i ) 
AB A A B B 

Where : A = area per molecule 
N = mole f r a c t i o n 

I f two compounds are immiscible then^^* the TT-A 
isotherm w i l l e x h i b i t the following behaviour. The components 
w i l l be present s e p a r a t e l y and as the s u r f a c e pressure reaches a 
v a l u e e q u i v a l e n t to the lowest c o l l a p s e pressure of the 
component molecules then t h a t component w i l l enter a c o l l a p s e 
s t a t e and be e j e c t e d from the monolayer. The second component 
w i l l then be compressed to i t s c o l l a p s e pressure where i t w i l l no 
longer be a monolayer. I f two components are m i s c i b l e then a 
s i n g l e c o l l a p s e pressure i s u s u a l l y seen at a d i f f e r e n t value from 
e i t h e r of the pure components and v a r i e s with the molar 
compositions^^. 

The measurement of the c o l l a p s e pressure i s not 
under e q u i l i b r i u m conditions. The e q u i l i b r i u m spreading pressure 
would be a measurement under s t a b l e conditions. T h i s involves 
p l a c i n g a c r y s t a l of the m a t e r i a l on the water s u r f a c e and 
a l l o w i n g an e q u i l i b r i u m pressure to be achieved. The equilibrium 
spreading p r e s s u r e s of the pure components can then be compared to 
those of the mixture to determine whether the mixture i s 
immiscible, by using an equivalent equation to 4 ( i i i ) . However, 
p r a c t i c a l l y i t i s e a s i e r to measure the c o l l a p s e pressure. 
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(C) Close packed area (CPA) 

A t y p i c a l isotherm i s shown below. I n the 
s i m p l i s t i c approach one considers t h a t the monolayer goes though 
phase changes analogous to those seen i n three dimensions. I f the 
g r a d i e n t of the s o l i d region i s used to ex t r a p o l a t e back to a 
s t a t e of zero p r e s s u r e then the area found i s t h a t which would be 
expected f o r the h y p o t h e t i c a l s t a t e of an uncompressed c l o s e 
packed layer^^. T h i s i s known as the c l o s e packed area (CPA) of 
the molecules. 

C o l l a p s e 

S o l i d 

Iquld G a s 

C P A 
Area per molecule 

Figure 4(a) : An example of a n-A isotherm. 
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4.1.3 Experimental d e s c r i p t i o n f o r recording isotherms 

Two types of Langmuir-Blodgett troughs have been 
used i n t h i s work. Joyce-Loebl ( f i g u r e 4(b)) s t y l e troughs have 
been used f o r the majority of the measurements but some have been 
performed on a Fromherz trough ( f i g u r e 4 ( c ) ) . I n the former case 
the monolayer was enclosed w i t h i n a continuous PTFE coated g l a s s 
f i b r e band and i n the l a t t e r case the monolayer s i t s proud of 
trough due t o the hydrophobic nature of PTFE, and i s confined by a 
PTFE b a r r i e r . Both troughs were f i l l e d with water p u r i f i e d by 
p a s s i n g i t through a r e v e r s e osmosis u n i t then through a M i l l i - Q 
water p o l i s h i n g u n i t ( M i l l i p o r e Corp.) g i v i n g a r e s i s t i v i t y 
g r e a t e r than 18 MQ cm. 

Before depositing the monolayer the surf a c e of the 
subphase was a s p i r a t e d . The c l e a n l i n e s s was checked using the 
c r i t e r i o n t h a t on compression the pressure change was l e s s than 
0.1 mN m ^. 1 mg/ml s o l u t i o n s of the m a t e r i a l s were made i n 
A r i s t a r chloroform. The m a t e r i a l s were purchased from Sigma UK at 
99+% p u r i t y and used without f u r t h e r p u r i f i c a t i o n . Mixtures were 
made from 1 mg/ml stock s o l u t i o n s of the components i n the c o r r e c t 
p r o p o r t i o n s . Known volumes of these s o l u t i o n s were deposited onto 
the cleaned s u r f a c e of the subphase with a micrometer syringe, 
w i t h i n the area confined by the f u l l y expanded b a r r i e r s . The two 
subphases s t u d i e d were the pure HO described above, and 2.5 X 
l o " ' * M calcium a c e t a t e i n the p u r i f i e d Ĥ O. Th e i r r e s p e c t i v e pHs 
were 5.5 and 6.3 (±0.3). The temperature was e i t h e r held constant 
by a he a t i n g c o i l a t 26 °C or the experiments were performed a t 
ambient temperature, normally around 20 °C i n the trough. The 
chloroform was allowed to evaporate f o r at l e a s t f i v e minutes 
before compression. The TI-A isotherm was then recorded, on a 
c a l i b r a t e d X-Y p l o t t e r , by gradual reduction of the area a v a i l a b l e 
to the monolayer. The r a t e of compression was 1.8 cm^ s~^ f o r the 
Joyce-Loebl trough and 0.5 cm̂  s~^ f o r the Fromherz trough. 

As the i n i t i a l area of the troughs and the number 
of moles deposited are known, c a l c u l a t i o n of the area occupied per 
molecule (APM) was p o s s i b l e . This i s used as the a b s c i s s a s c a l e 
of the isotherms. 
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I n some cases i n s t e a d o f compressing t h e monolayer 
beyond t h e p o i n t o f c o l l a p s e , i n t o m u l t i l a y e r s , h y s t e r e s i s t e s t s 
were pe r f o r m e d . The m a t e r i a l was compressed t o a c e r t a i n p r essure 
t h e n t h e b a r r i e r s were re-expanded and t h e monolayer a l l o w e d t o 
r e l a x f o r f i v e minutes b e f o r e re-compression. These t e s t s were 
c a r r i e d o u t t o i n v e s t i g a t e t h e s t a b i l i t y o f t h e monolayers and 
ensure t h a t m a t e r i a l was n o t b e i n g absorbed i n t o t h e subphase. 

Micrometer 
• R i p p i n g 

head. 

P T F E coated 
g lass band 

\ 
\ 

^ 
Glas^'trough 

Substrate 

-Electrobalance Computer 

Whilhelmy 
-plate Barrier 

"motor 

(i) The trough 

P T F E 
postS\ 

iE 
PTFE cciafed glass fibre band. 

(ii) The shape of the 
barrier (from above) 

Figure 4(b) : Joyce-Loebl style of trough. 
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Figure 4(c) : Sections through a Fromherz trough. 
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4.2 SURFACE POTENTIALS 

4.2.1 Background and Theory 

The a d d i t i o n o f a m a t e r i a l t o t h e s u r f a c e o f t h e 
subphase w i l l a l t e r t h e e l e c t r o s t a t i c p o t e n t i a l . T h i s change i s 
known as s u r f a c e p o t e n t i a l . Gaines^°^ g i v e s an overview o f t h i s 
s u b j e c t . 

The s u r f a c e p o t e n t i a l , a t a g i v e n p r e s s u r e , should 
103 • • • 

f o l l o w e q u a t i o n 4 ( i v ) f o r e i t h e r i d e a l l y i t i i s c i b l e o r 
i m m i s c i b l e m i x t u r e s . T h i s i s o f a s i m i l a r form t o e q u a t i o n 
4 ( i i i ) . 

AV = N AV + N AV Eqn. 4 ( i v ) 
AB A A B B M V / 

Where AV = s u r f a c e p o t e n t i a l 
N = mole f r a c t i o n 

The change i n s u r f a c e p o t e n t i a l w i l l be r e l a t e d t o 
t h e i n c r e a s e i n c o n c e n t r a t i o n o f t h e molecules on t h e s u r f a c e . 
Compensation f o r t h i s i s necessary when c o n s i d e r i n g t h e r e s u l t s . 
A method o f compensating f o r t h e c o n c e n t r a t i o n o f t h e molecules i s 
t o c o n s i d e r AV/n = AVA, where n i s t h e number o f molecules per cm^ 
o f t h e monolayer and A i s t h e area per molecule i n t h e 
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monolayer 
The u s u a l method o f r e l a t i n g t h e measured s u r f a c e 

p o t e n t i a l w i t h a m o l e c u l a r p r o p e r t y i s t o c o n s i d e r t h e monolayer 
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as a p a r a l l e l p l a t e c a p a c i t o r . The Helmholtz model t r e a t s an 
uncharged monolayer as a u n i f o r m assembly o f m o l e c u l a r d i p o l e s 
each o f w h i c h c o n t r i b u t e s d i r e c t l y t o a p o l a r i s a t i o n across t h e 
monolayer. The p e r p e n d i c u l a r component o f t h i s p o l a r i s a t i o n (P^) 
g i v e s r i s e t o t h e p o t e n t i a l d i f f e r e n c e . E q u a t i n g t h i s system w i t h 
a p a r a l l e l p l a t e c a p a c i t o r leads t o t h e e q u a t i o n s below : 

P = e e AV/d = u /Ad Eqn. 4{v) 
n r o n 
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Where : = t h e r e l a t i v e p e r m i t t i v i t y o f t h e monolayer, 
e = t h e p e r m i t t i v i t y o f f r e e space. 
o 

11 = t h e p e r p e n d i c u l a r component o f t h e 
n 

m o l e c u l a r d i p o l e . 
A = t h e average area occupied by each molecule 

i n t h e monolayer, 
d = s e p a r a t i o n between i m a g i n a r y p l a t e s . 

E q u a t i o n 4 ( v ) leads t o t h e Helmholtz e q u a t i o n f o r 
an u n i o n i s e d monolayer ( e q u a t i o n 4 ( v i ) ) . 

AV = u /c A Eqn. 4 ( v i ) 
n o 

Where i t i s assumed t h a t t h e r e l a t i v e p e r m i t t i v i t y o f 
t h e monolayer i s u n i t y . T h i s assumption may n o t be c o r r e c t and 

has been suggested t o l i e between 5 and 10 by Adam e t al^°^. 
The d i p o l e moments o f t h e molecules i n t h e monolayer may cause 
p o l a r i s a t i o n o f t h e water a t t h e i n t e r f a c e . I f t h e monolayer i s 
charged t h e n a double l a y e r o f i o n s w i l l be formed c l o s e t o t h e 
water/monolayer i n t e r f a c e ( f i g u r e 4(d))^°^. T h i s has i t s own 
a s s o c i a t e d p o t e n t i a l (ijj ) . Equation 4 ( v i ) now becomes : 

O 
AV = M /c A + ijj Eqn. 4 ( v i i ) 

n 0 0 

I f t h e w a t e r s u r f a c e i s c o n s i d e r e d as a u n i f o r m l y charged 
homogeneous p l a n e w i t h a charge d e n s i t y E per cm^, and t h e double 
l a y e r i o n s a r e c o n s i d e r e d t o be s i n g l e p o i n t charges, t h e Guoy 
model^°^ l e a d s t o e q u a t i o n 4 ( v i i i ) : 

ip^ =2kT/e sinh~^(E/(2nDkT/Tr)^^^) Eqn. 4 ( v i i i ) 

Where : n = t h e number o f i o n s per cm^ i n t h e b u l k 
s o l u t i o n 

D = d i e l e c t r i c c o n s t a n t o f t h e medium 
(= 80 f o r water) 

T = t e m p e r a t u r e i n K 
k = Boltzmann's c o n s t a n t 
e = t h e charge on an e l e c t r o n 
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I f t h e charge d e n s i t y i s t a k e n as t h e number o f monolayer i o n s 
p e r cm^ i . e . t h e n a t 26 °C e q u a t i o n 4 ( v i i i ) becomes : 

— 1 1 / ? 
0^ (mV) = 51.5sinh (133/A.c ) Eqn. 4 ( i x ) 

Where c = t h e molar c o n c e n t r a t i o n o f i o n s 

© © © © © © © ^ e© ©© © ©©©e Q©e©e^ e© © © 
Figure 4(d) : The double layer of ions at the air/water 
interface with a charged monolayer. 

A r e f i n e m e n t o f t h e Helmholtz model was made by 
Davies and Rideal^°^. They proposed a t h r e e l a y e r c a p a c i t o r , as 
shown i n f i g u r e 4(e) . I n t h i s model t h e measured e f f e c t i v e 
d i p o l e moment i s c o n s i d e r e d t o be made up o f t h r e e components : fx^ 
f r o m t h e subphase w a t e r ; from t h e h y d r o p h i l i c head-group 
r e g i o n ; and fi^ f r o m t h e hydrophobic t a i l r e g i o n o f t h e molecules. 
Demchak and Fort^°^ f u r t h e r r e f i n e d t h i s model by a s s i g n i n g l o c a l 
r e l a t i v e p e r m i t t i v i t i e s t o each o f t h e t h r e e r e g i o n s . 

Eqn. 4 ( x ) 

\\\\\ 
t 2̂ o o o 0 0 o o 

H y d r o p h o b i c 
|region 

Hydrophi l ic region 

A q u e o u s 
s u b p h a s e 

Figure 4(e) : The three layered capacitor model of a 
monolayer at the air/water interface. 
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4.2.2 E x p e r i m e n t a l d e t e r m i n a t i o n o f s u r f a c e p o t e n t i a l s 

An Americium 241 100 iiC a-source was suspended -0.8 
mm above t h e s u r f a c e o f t h e water, w i t h i n t h e area surrounded by 
t h e PTFE band (on a Joyce-Loebl t r o u g h ) . A s i l v e r / s i l v e r c h l o r i d e 
e l e c t r o d e was p l a c e d i n t h e o p p o s i t e end o f t h e t r o u g h ( f i g u r e 
4 ( f ) ) . The source i o n i s e s t h e a i r i n t h e space between i t and t h e 
s u r f a c e . Any change i n t h e p o t e n t i a l o f t h e s u r f a c e w i l l a l t e r 
t h e p o t e n t i a l d i f f e r e n c e between t h e source and t h e e l e c t r o d e 
w h i c h i s measured by an e l e c t r o m e t e r . 

The s u r f a c e o f t h e t r o u g h was cleaned as d e s c r i b e d 
i n s e c t i o n 4.1.3, and t h e system was a l l o w e d t o s t a b i l i s e , w i t h 
t h e band f u l l y expanded, f o r an hour. The o u t p u t was m o n i t o r e d 
u s i n g an x - t p l o t t e r r e g i s t e r i n g t h e p o t e n t i a l . The steady s t a t e 
v a l u e f o r t h e p u r e w a t e r was r e c o r d e d . A l a y e r o f m a t e r i a l was 
s p r e a d (as i n s e c t i o n 4.1.3) and t h e c h l o r o f o r m a l l o w e d t o 
e v a p o r a t e f o r f i v e m i n utes. The monolayer was t h e n compressed. 
The s u r f a c e p o t e n t i a l was c o n t i n u o u s l y m o n i t o r e d on t h e x - t 
p l o t t e r . A TT-A i s o t h e r m was r e c o r d e d s i m u l t a n e o u s l y . The s u r f a c e 
p o t e n t i a l o f t h e monolayer i s t h e d i f f e r e n c e between t h a t o f t h e 
m a t e r i a l and t h e water^°^. 

AV^ = V̂  - V^ (mV) Eqn. 4 ( x i ) 

Where AV = s u r f a c e p o t e n t i a l o f A 
V = p o t e n t i a l r e c o r d e d f o r t h e monolayer 
V^ = p o t e n t i a l measured f o r pure water 
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Figure 4(f) : Diagram of the apparatus 
for surface potential measurements. 
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Figure 4(g) : Vertical Langmuir-Blodgett deposition. 
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Figure 4(h) : X,Y and Z type Langmuir-Blodgett deposition. 
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4.3 DEPOSITION ONTO A SUBSTRATE 

4.3.1 Background t o L a n g m u i r - B l o d g e t t d e p o s i t i o n 
I t i s p o s s i b l e t o t r a n s f e r p a r t o f a monolayer from 

t h e s u r f a c e o f t h e t r o u g h onto a s u b s t r a t e . By r e p e a t i n g t h i s 
p r o c e s s l a y e r e d s t r u c t u r e s can be f a b r i c a t e d which are b u i l t up a 
monolayer a t a t i m e . The most common method used f o r t h i s i s 
v e r t i c a l d i p p i n g ( f i g u r e 4 ( g ) ) where a s u b s t r a t e p e r p e n d i c u l a r t o 
t h e s u r f a c e i s moved s l o w l y t h r o u g h i t . T h i s i s known as 
L a n g m u i r - B l o d g e t t d e p o s i t i o n . W i t h t h i s t e c h n i q u e t h r e e d i f f e r e n t 
t y p e s o f d e p o s i t i o n a r e found, o r can be engineered : X, Y, and Z 
type^^ ( f i g u r e 4 ( h ) ) . I n X t y p e d e p o s i t i o n a monolayer i s 
d e p o s i t e d o n t o t h e s u b s t r a t e o n l y on e n t r y i n t o t h e subphase. I n 
Y t y p e d e p o s i t i o n a monolayer i s d e p o s i t e d on b o t h t h e down and up 
s t r o k e s o f a c y c l e . I n Z t y p e d e p o s i t i o n monolayers ar e d e p o s i t e d 
o n l y when t h e s u b s t r a t e i s removed from t h e subphase. 

D u r i n g d e p o s i t i o n t h e monolayer i s m a i n t a i n e d a t a 
c o n s t a n t s u r f a c e p r e s s u r e by t h e use o f a feedback c i r c u i t . To 
keep t h e p r e s s u r e steady, as m a t e r i a l i s removed from t h e s u r f a c e , 
t h e b a r r i e r s move inwards t o reduce t h e area a v a i l a b l e . The 
magnitude o f t h i s p r e s s u r e i s chosen e m p i r i c a l l y , g e n e r a l l y i n t h e 
r e g i o n o f s o l i d l i k e b e h a viour. However, any p r e s s u r e from t h e 
TT-A i s o t h e r m a t which t h e monolayer can be s t a b i l i s e d may be used. 

I f Y-type d e p o s i t i o n o n l y i s c o n s i d e r e d t h e n i f t h e 
s u b s t r a t e i s h y d r o p h o b i c t h e m a t e r i a l s h o u l d d e p o s i t as i t i s 
f i r s t passed from t h e a i r i n t o t h e water and a second l a y e r w i l l 
be d e p o s i t e d on l e a v i n g t h e water. I f t h e s u b s t r a t e i s t h e n 
c y c l e d t h r o u g h t h e monolayer a g a i n , two f u r t h e r l a y e r s are 
d e p o s i t e d . However, a monolayer w i l l n o t d e p o s i t onto a 
h y d r o p h i l i c s u b s t r a t e d u r i n g i n i t i a l e n t r y as t h e i n t e r a c t i o n s are 
n o t a t t r a c t i v e . On w i t h d r a w a l t h e i n t e r a c t i o n s w i l l a l l o w a l a y e r 
t o be d e p o s i t e d and t h e r e a f t e r f u r t h e r b i l a y e r s s h o u l d be added 
w i t h each c y c l e . 

Thus w i t h Y-type d i p p i n g on a hydrophobic s u b s t r a t e 
o n l y even numbers o f l a y e r s can be d e p o s i t e d w i t h a hydrophobic 
group a t t a c h e d t o t h e s u b s t r a t e . On a h y d r o p h i l i c m a t e r i a l o n l y 
odd numbers o f l a y e r s can be produced, w i t h a h y d r o p h i l i c group 
t o w a r d s t h e s u b s t r a t e ( f i g u r e 4 ( h ) ) . 
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(i) Hydrophobic substrate - only even 
numbers of layers may be deposited. 

(ii) Hydrophilic substrate - only odd 
numbers of layers may be deposited. 

Figure 4(i) : Deposition onto substrates by Y-type Langmuir-Blodgett dipping. 
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4.3.2. E x p e r i m e n t a l c o n d i t i o n s f o r LB d e p o s i t i o n 

(A) General : 

Monolayers were formed on t h e s u r f a c e o f t h e t r o u g h 
as d e s c r i b e d i n s e c t i o n 4.1.3 and were compressed t o t h e chosen 
p r e s s u r e . The L-B t r o u g h was s e t up so t h a t t h i s p r e s s u r e would 
be m a i n t a i n e d , v i a t h e feedback c i r c u i t r y . 

I n some cases p r e - c o n d i t i o n i n g t o o k p l a c e t o 
enhance d e p o s i t i o n . T h i s i n v o l v e d compressing t h e monolayer t o 
- h a l f t h e f i n a l d i p p i n g p r e s s u r e t h e n expanding t h e b a r r i e r s f o r 
15 m i n u t e s and re-compressing t o t h e d e p o s i t i o n p r e s s u r e . 

The compressed monolayer was t h e n a l l o w e d t o 
s t a b i l i s e f o r a t l e a s t one and a q u a r t e r hours b e f o r e d e p o s i t i o n . 

Changes i n area d u r i n g s t a b i l i s a t i o n and d e p o s i t i o n 
were m o n i t o r e d v i a an x - t p l o t t e r . T h i s r e c o r d s t h e response o f 
t h e system i n mV. By c a l i b r a t i o n t h i s can be c o n v e r t e d i n t o a 
change i n s u r f a c e area o f t h e t r o u g h . T h i s i n f o r m a t i o n can be 
used t o m o n i t o r how s t a b l e t h e monolayer i s a t a g i v e n p r e s s u r e by 
f o l l o w i n g t h e d r i f t i n area o f t h e t r o u g h . I t can a l s o be used t o 
c a l c u l a t e t h e p ercentage coverage o f t h e s u b s t r a t e by a monolayer. 

o area change o f t r o u g h d u r i n g d e p o s i t i o n (cm^) ^ 
% coverage = area o f t h e suhstratl (cS^) ' ^ ^ 

Eqn. 4 ( v i ) 

Presuming t h e r e i s no change i n m o l e c u l a r p a c k i n g a d e p o s i t i o n 
v a l u e o f 100 % s h o u l d show t h a t t h e s u b s t r a t e i s c o m p l e t e l y 
c o v e r e d by a l a y e r one molecule t h i c k . I n t h i s t h e s i s d e p o s i t i o n 
r a t i o s w i l l be used. These are t h e above r a t i o b u t w i t h o u t t h e 
m u l t i p l i e r o f 100. Thus, a d e p o s i t i o n r a t i o o f 1 i n d i c a t e s 
monolayer coverage o f t h e s u b s t r a t e . 
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(B) P r e p a r a t i o n o f s u b s t r a t e s f o r LB d e p o s i t i o n 

The s u b s t r a t e s used were g o l d and aluminium coated 
g l a s s s l i d e s o r s i l i c o n ATR c r y s t a l s , c u t from w a f e r s . A l l o f 
t h e s e a r e h y d r o p h i l i c i n n a t u r e when pre p a r e d as o u t l i n e d below. 

Glass s l i d e s were s o n i c a t e d i n t h e p u r i f i e d water 
t h e n r e f l u x e d i n i s o - p r o p y l a l c o h o l (IPA) f o r two hours. The 
s l i d e s were c o a t e d w i t h m e t a l , e i t h e r g o l d o r aluminium, by 
e v a p o r a t i o n . For a good m i r r o r e i t h e r a v e r y t h i c k l a y e r i s 
r e q u i r e d o r a t h i n p r e p a r a t o r y l a y e r o f a m e t a l which w i l l b i n d 
w e l l t o t h e g l a s s . Aluminium was d e p o s i t e d t o a depth o f 2000 A. 
15 A o f chromium were d e p o s i t e d b e f o r e 1000 A o f g o l d . The s l i d e s 
were used o n l y once as i t was n o t p o s s i b l e t o c l e a n them w i t h o u t 
t h e removal o f t h e m e t a l . 

New s i l i c o n ATR c r y s t a l s were r e f l u x e d i n IPA f o r 
two h o u r s . On re- u s e , however, t h e procedure f o r c l e a n i n g was as 
g i v e n below. The c r y s t a l s were cleaned manually w i t h a str a w 
c o a t e d i n c o t t o n w o o l , (commonly known as Q - t i p s ) i n i t i a l l y w i t h 
acetone as a s o l v e n t , and t h e n w i t h c h l o r o f o r m . They were t h e n 
s o n i c a t e d f o r t e n m i n u t e s , i n batches o f f i v e i n a PTFE h o l d e r , 
w i t h a r i s t a r s o l v e n t s i n t h e o r d e r g i v e n :- acetone, EDTA 
s o l u t i o n , w a t e r , c h l o r o f o r m and acetone. They were t h e n r e f l u x e d 
i n IPA f o r two hours. T h e i r c l e a n l i n e s s was v e r i f i e d by FTIR, t o 
show t h a t t h e r e was no m a t e r i a l p r e s e n t on t h e s u r f a c e , i n 
comparison w i t h t h e empty spectrometer. 
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(C) V e r t i c a l ( L a n g m u i r - B l o d g e t t ) d e p o s i t i o n 

Samples were h e l d i n a s m a l l clamp a t t a c h e d t o a 
motor d r i v e n micrometer. The lower 4 cm o f t h e m e t a l coated g l a s s 
s l i d e was c y c l e d back and f o r t h t h r o u g h t h e monolayer t o d e p o s i t 
t h e r e q u i r e d number o f l a y e r s . The t o p p a r t was l e f t b l a n k t o use 
as a r e f e r e n c e i n FTIR. M a t e r i a l was d e p o s i t e d onto -1.2 cm o f 
t h e s i l i c o n c r y s t a l s which are o n l y 1.7 cm i n l e n g t h . Care was 
t a k e n t o ensure t h a t t h e y were dipped i n t h e c o r r e c t o r i e n t a t i o n 
o r no FTIR spectrum c o u l d be o b t a i n e d due t o t h e asymmetry o f t h e 
c r y s t a l (see f i g u r e 4 ( q ) ) . 

The r a t e o f d e p o s i t i o n v a r i e d . I n i t i a l l y , most o f 
t h e e x p e r i m e n t s were performed a t a micrometer speed o f 5 mm/min 
b u t d e p o s i t i o n t o o k p l a c e a t 1.5 mm/min f o r l a t e r samples. 
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(D) Sub-aqueous sample p r e p a r a t i o n 

W i t h normal L a n g m u i r - B l o d g e t t d e p o s i t i o n t e c h n i q u e s 
i t i s n o t p o s s i b l e t o d e p o s i t a s t r u c t u r e which i s a b i l a y e r w i t h 
t h e h y d r o p h i l i c groups outermost. Using Y-type d e p o s i t i o n onto 
e i t h e r a h y d r o p h i l i c o r hydrophobic s u b s t r a t e t h e o u t e r monolayer 
i s always h y d r o p h o b i c i n n a t u r e i . e . t h e a l k y l c h a i n s o f t h e l i p i d 
a r e o u t e r m o s t n o t t h e h y d r o p h i l i c group as d e s i r e d . I t was 
t h e r e f o r e d e c i d e d t o use Y-type d i p p i n g , i n a n o v e l manner, t o 
f o r m a b i l a y e r on a s i l i c o n ATR c r y s t a l by d e p o s i t i n g one l a y e r i n 
t h e f i r s t c y c l e t h e n t o d e p o s i t a second l a y e r b u t keep t h e 
c r y s t a l under w a t e r ( f i g u r e 4 ( j ) ) . T h i s procedure a v o i d s t h e 
d e p o s i t i o n o f a t h i r d l a y e r on pa s s i n g back t h r o u g h t h e monolayer. 
I f t h e monolayer i s removed from t h e a i r / w a t e r (A/W) i n t e r f a c e 

108 

t h e n rearrangement o f t h e a l r e a d y d e p o s i t e d l a y e r s t a k e s p l a c e 
T h i s t e c h n i q u e p r e v e n t s t h e above from o c c u r r i n g . The samples 
were k e p t under water t h r o u g h o u t t h e i r usage, i n c l u d i n g t h e 
f i l l i n g o f t h e FTIR c e l l . 

The d e v i c e used t o a l l o w t h e same monolayer t o 
p r e p a r e 4 c r y s t a l s i s shown i n f i g u r e 4 ( k ) . M a t e r i a l was 
d e p o s i t e d f r o m a monolayer a t t h e A/W onto a micro-ATR c r y s t a l . 
The clamp h o l d i n g t h e c r y s t a l was t h e n r e l e a s e d and t h e c r y s t a l 
was a l l o w e d t o drop g e n t l y i n t o one o f t h e tubes i n t h e c o l l e c t i n g 
d e v i c e ( f i g u r e 4 ( k ) ) . The beaker was t h e n t u r n e d , u s i n g t h e 
h o l d i n g r o d , so t h a t an empty tube was below t h e n e x t c r y s t a l t o 
be used. The monolayer was a l l o w e d t o r e - s t a b i l i s e , t h e n LB 
d e p o s i t i o n o f m a t e r i a l o n t o t h e second c r y s t a l t o o k p l a c e . I n 
t h i s manner t h e same monolayer a t t h e A/W i n t e r f a c e c o u l d be used 
t o produce f o u r samples i n one day. 

The beaker and f o u r tubes were t h e n removed w i t h 
t h e w a t e r i n them f r o m t h e t r o u g h i n t o a bucket f u l l o f p u r i f i e d 
w a t e r . The c r y s t a l s c o u l d t h e n be removed from t h e tubes and 
p l a c e d i n t h e m i c r o ATR s o l u t i o n s t a t e accessory ( f i g u r e 4 ( v ) ) . 
T h i s was completed under t h e s u r f a c e o f t h e water and care was 
t a k e n t o ensure t h a t t h e c r y s t a l d i d n o t pass t h r o u g h t h e A/W 
i n t e r f a c e . The c e l l was t h e n removed from t h e bucket and p u t i n 
t h e FTIR s p e c t r o m e t e r where s p e c t r a were o b t a i n e d ( s e c t i o n 
4.4.2.B). 
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Figure 4(j) : A biological bilayer onto a 
hydrophilic substrate after two entries into 
the subphase with Y-type deposition. 

Holding rod 

T a p e r e d 
g l a s s t u b e s 
for retention 
of c rys ta ls 

Crystal 

ATR crystal 

Spac ing tubes 

Tapered tubes 

R o d 

R a i s e d parts for 
identification 

S p a c e r tube 

(i) Cross section (ii) Birds-eye view 

Figure 4(k) : Underwater holder for the collection of four crystals to be 
deposited using the same monolayer on the water surface. 
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(E) H o r i z o n t a l (Langmuir-Shaeffer) d e p o s i t i o n 

A more unusual method o f d e p o s i t i o n t h a n 
L a n g m u i r - B l o d g e t t d i p p i n g i s t o h o l d t h e s u b s t r a t e p a r a l l e l t o t h e 
s u r f a c e o f t h e monolayer. The sample i s b r o u g h t down onto t h e 
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monolayer t h e n p u l l e d away ( f i g u r e 4 ( 1 ) ) . T h i s i s known as t h e 
L a n g m u i r - S c h a e f f e r (LS) technique^^ and has been used r e c e n t l y by 
von Ts c h a r n e r and McConnell^^° and a l s o by V i r t a n e n e t a l ^ ^ ^ . The 
s u b s t r a t e was h e l d h o r i z o n t a l by a s u c t i o n pump on t h e r e v e r s e 
s i d e . Glass c o a t e d s l i d e s were broken i n h a l f t o a v o i d t h e FTIR 
r e f e r e n c e p o r t i o n c o l l e c t i n g m a t e r i a l from t h e s u r f a c e . 

Micrometer 
) dipping 
^ ^ head. 

Substrate 

to suction p u m p ^ jj ^ | | The substrate is moved to 
touch the surface and is held 
parallel to the interface. 

Figure 4(1) : Horizontal Langmuir-Shaeffer deposition. 

Three d i f f e r e n t t e c h n i q u e s were u t i l i s e d f o r 
c o n t r o l l i n g t h e monolayer's behaviour. The f i r s t , used f o r l a r g e r 
samples, was t o keep t h e feedback mechanism on d u r i n g t h e c y c l e . 
The second was t o b r i n g t h e sample onto t h e s u r f a c e w i t h t h e 
feedback mechanism on b u t t o s w i t c h i t o f f b e f o r e w i t h d r a w a l , 
a l l o w i n g t h e monolayer t o r e l a x . I n t h e t h i r d method, t h e sample 
was b r o u g h t down onto t h e s u r f a c e and t h e b a r r i e r s were t h e n 
expanded b e f o r e removing t h e sample. T h i s was used f o r s m a l l e r 
samples (~2 cm^) . The v a r i a t i o n i n t e c h n i q u e was needed because o f 
t h e f a c t t h a t , f o r s m a l l e r samples, more t h a n one monolayer was 
d e p o s i t e d i f t h e monolayer a t t h e a i r / w a t e r i n t e r f a c e was unable 
t o r e l a x . I n t h e f i r s t two t e c h n i q u e s i n f o r m a t i o n r e g a r d i n g t h e 
p e r c e n t a g e d e p o s i t i o n was r e t a i n e d b u t i n t h e t h i r d method i t was 
l o s t . 
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I n o r d e r t o g e t t h e spectrum o f t h e e q u i v a l e n t o f a 
b i o l o g i c a l membrane two main s t r a t e g i e s u t i l i s i n g LS d e p o s i t i o n 
were pursued : The f i r s t was t o d e p o s i t x l a y e r s v e r t i c a l l y and 
t h e n one h o r i z o n t a l l y , t h e n t o s u b t r a c t t h e spectrum o f a sample 
w i t h x-2 l a y e r s d i p p e d v e r t i c a l l y and one h o r i z o n t a l ( f i g u r e 
4 ( m ) ) . T h i s was m a i n l y used f o r t h e g l a s s s l i d e s because t h e FTIR 
RAIRS equipment (see s e c t i o n 4.4) was o n l y u s e f u l f o r 6 or more 
monolayers. The second method was t o d e p o s i t one l a y e r u s i n g t h e 
v e r t i c a l t e c h n i q u e and one w i t h t h e h o r i z o n t a l onto a s i l i c o n 
c r y s t a l . The spectrum o f a b i o l o g i c a l b i l a y e r c o u l d t h u s be 
examined d i r e c t l y . 

o 

^ 2 

I 5 

5 layers 

minus 

3 layers 

equals 

An inverted 
biological bilayer. 

(i) Just using the spectra of samples prepared by vertical deposition. 

o 

•5 S 

o— o— 

—o —o -o 

-oo-
6 layers 

4 layers 

equals 

A biological 
bilayer. 

(ii) Using the spectra of samples prepared by vertical dipping with 
a final layer added to the samples by horizontal deposition. 

Figure 4(m) : The FTIR spectrum of a biological biiayer can be obtained 

by the subtraction of multilayer LB structures. 
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4.4 FTIR of THIN FILMS : 

4.4.1 Background 

There a r e t h r e e main methods used t o o b t a i n FTIR of 
u l t r a - t h i n f i l m s : t r a n s m i s s i o n ; e x t e r n a l r e f l e c t i o n and i n t e r n a l 
r e f l e c t i o n . The f i r s t i s u s e f u l f o r r e l a t i v e l y t h i c k l a y e r s ( o f 
t h e o r d e r o f microns) b u t poor s i g n a l t o n o i s e r a t i o i s achieved 
w i t h low numbers o f monolayers. The second r e q u i r e s a t l e a s t 5-6 
l a y e r s f o r a good spectrum, u s i n g t h e equipment a v a i l a b l e i n 
Durham, b u t i s e x t r e m e l y u s e f u l f o r s t u d y i n g o r i e n t a t i o n a l 
e f f e c t s . W i t h t h e t h i r d t e c h n i q u e i t i s p o s s i b l e t o r e c o r d t h e 
spectrum o f l e s s t h a n one monolayer^^. 

The e x t e r n a l r e f l e c t i o n t e c h n i q u e used i s known as 
r e f l e c t i o n - a b s o r p t i o n i n f r a - r e d spectroscopy (RAIRS o r IR-RAS). 
I t i s p a r t i c u l a r l y u s e f u l i f performed a t a h i g h angle o f 
i n c i d e n c e f r o m a m e t a l s u r f a c e " ^ , d e s c r i b e d o v e r l e a f , which g i v e s 
a s e l e c t i o n r u l e such t h a t o n l y t r a n s i t i o n d i p o l e moments f o r 
v i b r a t i o n s w h i c h a r e p e r p e n d i c u l a r t o t h e s u r f a c e w i l l be coupled, 
and t h u s observed i n t h e IR spectrum. 

For i n t e r n a l r e f l e c t i o n equipment t h e number o f 
r e f l e c t i o n s i s m a i n l y dependent on t h e shape and s i z e o f t h e 
c r y s t a l . Depending on t h e o p t i c s o f t h e equipment, i n m u l t i p l e 
a t t e n u a t e d t o t a l i n t e r n a l r e f l e c t i o n (ATR) an IR beam may sample 
t h e f i l m f r o m 8 t o 50 t i m e s , t h u s g r e a t l y enhancing t h e s i g n a l 
compared t o t h e n o i s e . W h i l s t t h e r e i s no s u r f a c e s e l e c t i o n r u l e 
f o r ATR i t i s p o s s i b l e t o l i n e a r l y p o l a r i s e t h e r a d i a t i o n e n t e r i n g 
t h e c r y s t a l and t h u s observe o r i e n t a t i o n a l e f f e c t s . 

The i n c r e a s e d s e n s i t i v i t y o f FTIR i n s t r u m e n t s 
(compared t o a d i s p e r s i v e IR i n s t r u m e n t s ) i s necessary t o p e r f o r m 
e x p e r i m e n t s on m o n o / b i - l a y e r s . The speed f o r each scan i s a l s o an 
i m p o r t a n t f a c t o r as i t a l l o w s t h e c o - a d d i t i o n o f l a r g e numbers o f 
i n t e r f e r o g r a m s t o g i v e an i n c r e a s e i n t h e s i g n a l t o n o i s e r a t i o . 
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(A) R e f l e c t i o n / absorption IR spectroscopy (RAIRS) 

I f l i g h t i s r e f l e c t e d , a t a high angle of incidence 
(-85°) from a metal surface then the e l e c t r i c vectors,of the 
r e f l e c t e d beam, undergo phase s h i f t s due t o the conducting nature 
of t h e surface^^^. The l i g h t p o l a r i s e d perpendicular t o the plane 
of incidence (s pola r i s e d ) undergoes a 180° phase change a t the 
surface ( f i g u r e 4 ( n ) ) . Therefore, a node i n the wave f u n c t i o n i s 
formed a t the surface. As there i s no i n t e n s i t y a t the surface 
t h e r e can be no absorption of the beam by any m a t e r i a l present^^^. 
The l i g h t p o l a r i s e d p a r a l l e l t o the plane of incidence (P 
po l a r i s e d ) has a phase s h i f t of 90° on r e f l e c t i o n . Thus when the 
incoming and outgoing beams are superimposed there i s a net 
amplitude a t the surface. 

I f a very t h i n sample ( <100 nm) i s placed on the 
surface the phase s h i f t s are not a f f e c t e d t o any great extent but 
any p a r t of the beam which has an amplitude at the surface w i l l 
i n t e r a c t w i t h the sample and be absorbed a t the resonant 
v i b r a t i o n a l frequencies. Thus only p p o l a r i s e d l i g h t w i l l 
i n t e r a c t and produce a spectrum. This i s p a r a l l e l t o the plane of 
incidence which i s perpendicular t o the substrate (see f i g u r e 
4 ( n ) ) . However, as only one r e f l e c t i o n occurs i t i s necessary 
( f o r t he commercial equipment used i n t h i s work) t o have 5-6 
monolayers before a good s i g n a l t o noise can be achieved. 
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(i) 18(f phase shift of s 
polarised light (polarised 
parallel to the substrate). 

(11) 9Cf phase shift of p 
polarised light (polarised 
perpendicular to the 
substrate). 

Figure 4(n) : The phase changes of polarised light on 
reflection from a conducting surface at a high angle of 
incidence. Redrawn from Ferraro and BasileV^ 

detector 

s o u r c e 
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curved mirror 

aperture 
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mirror 

A 

polar iser 

curved mirror 

Figure 4(o) : A schematic for the optics of the RAIRS instrumentation. 

133 



(B) Attenuated t o t a l i n t e r n a l r e f l e c t i o n (ATR) 

I f a c r y s t a l w i t h a high IR r e f r a c t i v e index i s cut 
t o a s p e c i f i e d shape, u s u a l l y a p a r a l l e l e p i p e d , and the i n i t i a l 
beam reaches the i n t e r f a c e between the i n s i d e of the c r y s t a l and 
the e x t e r n a l medium a t an angle greater than the c r i t i c a l angle, 
then t o t a l i n t e r n a l r e f l e c t i o n (TIR) w i l l occur. I f the o p t i c s 
are chosen such t h a t the TIR beam i s i n c i d e n t a t the opposing 
i n t e r f a c e again a t an angle greater than the c r i t i c a l angle and 
t h i s i s repeated along the c r y s t a l then the beam can emerge at the 
other end of the c r y s t a l having been r e f l e c t e d o f f the sides 
several times. The loss of r e f l e c t e d l i g h t a t the i n i t i a l 
i n t e r f a c e can be reduced by arranging the equipment such t h a t the 
i n c i d e n t beam i s normal t o the entry face. 

Most ATR c r y s t a l s are cut w i t h 45° edges as shown. 
However, f o r depth p r o f i l i n g the angle of the c r y s t a l faces and 
i n c i d e n t beam can be changed, i n most equipment. 

Although the r e f l e c t i o n i s c a l l e d t o t a l i n t e r n a l 
r e f l e c t i o n the e l e c t r i c f i e l d of the beam does penetrate i n t o the 
r a r e r media i n the form of an evanescent wave. I f a sample i s on 
the e x t e r i o r of the c r y s t a l then the attenuated beam w i l l i n t e r a c t 
w i t h i t . I f the r e f r a c t i v e index of the sample changes, as i n the 
re g i o n of an absorption band, then a change i n the amount of 
energy r e f l e c t e d w i l l occur. The r e s u l t a n t spectrum may, f o r 
unpol a r i s e d l i g h t , approximate a normal transmission spectrum. 
However, only a very small amount of energy i s absorbed i n a sin g l e 
r e f l e c t i o n , many are needed t o ensure a good spectrum^*. This i s 
e s p e c i a l l y important f o r t h i n f i l m s where there i s very l i t t l e 
sample. 
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t h i s i s g e n e r a l l y given by 
The evanescent wave decays w i t h i n the sample and 

39 

E = E exp (~^/d ) 
o p 

z = the distance from the surface of the c r y s t a l 
E = the i n i t i a l e l e c t r i c f i e l d 

o 
E = the e l e c t r i c f i e l d a t z 

V 2n (sin ^ e i - n^") ^ ' ^ T " - ^ ( ^ ^ ^ ^ 
21 

d^ = p e n e t r a t i o n depth f o r the f i e l d t o decay t o E^*exp~^ 
= wavelength of the r a d i a t i o n 

0̂  = the angle of incidence 
n^^= n 2 / n i = r e f r a c t i v e index r a t i o of sample and c r y s t a l 
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Figure 4(p) : A schematic of the micro ATR optics. 
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Figure 4(q) : The micro ATR silicon crystal. 
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Figure 4(r) : The linear polarisation directions in ATR 
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4.4.2 D e s c r i p t i o n of the FTIR experiments f o r t h i n f i l m s 

(A) RAIRS 

R e f l e c t i o n spectra were gathered w i t h a Mattson 
S i r i u s 100 spectrometer as o u t - l i n e d i n section 2.6. The gain was 
set t o 2, w i t h a 98% i r i s , and a r e s o l u t i o n of 4 cm .̂ 1024 
interferograms were accumulated and Fourier transformed t o give a 
r e f l e c t i v i t y spectrum (equivalent t o an e m i s s i v i t y spectrum). 

The samples were e i t h e r aluminium or gold coated 
glass s l i d e s , prepared as i n section 4.3.2.B, w i t h 
Langmuir-Blodgett layers deposited on them. These were placed 
onto the p l a t f o r m of a 'Graseby Specac' standard RAIRS accessory 
and the i n f r a - r e d beam was r e f l e c t e d a t an i n c i d e n t angle of 85°± 
2°. The o p t i c s are shown i n f i g u r e 4 ( o ) . A p o l a r i s e r was 
attached t o the arm of the e x i t m i r r o r . This was set t o 90° as 
Song e t a l ^ ^ * have shown t h a t not only does the a d d i t i o n of a 
p o l a r i s e r reduce noise i t also enhances the r e l a t i v e s i g n a l 
i n t e n s i t y . The background spectra were obtained, i n a s i m i l a r 
manner, from the clean h a l f of the m e t a l l i s e d s l i d e . 
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(B) ATR 

The spectra were gathered w i t h a Mattson S i r i u s 100 
spectrometer. The gain was set t o 4, w i t h an i r i s of 98 % and a 
r e s o l u t i o n of 4 cm .̂ 1024 interferograms were co-added t o be 
F o u r i e r transformed i n t o a spectrum. They were r a t i o e d against a 
s i m i l a r but clean c r y s t a l , whose spectrum had been obtained the 
same day. 

The equipment used has been developed a t 
D u r h a m ^ ' * ' T h e ATR c r y s t a l i s a very small piece of 
s i l i c o n w i t h 45° angled edges and dimensions of 19 X 17 X 0.4mm, 
cut from a s i l i c o n wafer. The advantage of t h i s system i s t h a t a 
high number of r e f l e c t i o n s can be obtained, ~48 compared t o 10 f o r 
a standard ATR c r y s t a l . Thus, f o r the study of small amounts of 
m a t e r i a l ( i . e . b i l a y e r s ) t h i s represents considerable advantage. 
However t h e r e i s a problem as s i l i c o n has a f a i r l y small i n f r a - r e d 
s p e c t r a l window and r e l i a b l e data i s d i f f i c u l t t o o b t a i n below 
1000 cm~\ 

Polarised spectra were obtained by p l a c i n g a l i n e a r 
p o l a r i s e r between the focusing m i r r o r and the c r y s t a l a t e i t h e r 
90°or 0° l i n e a r p o l a r i s a t i o n ( f i g u r e 4 ( r ) ) . 

For s o l u t i o n s t a t e spectra the c e l l was as 
described i n s e c t i o n 4.4.3.B. For b i l a y e r work the c r y s t a l was 
placed i n t o the holder w i t h i n a container f u l l of water thus 
a v o i d i n g contact w i t h a i r . As water (H^O) i s a strong absorber i n 
the IR s p e c t r a l regions of b i o l o g i c a l i n t e r e s t , ( t a b l e 3 ( i ) ) i t 
was necessary t o replace i t w i t h D̂ O. This was achieved by use of 
a s y r i n g e and D 0 slowly replaced H 0 without emptying the c e l l . 

2 2 

Cast f i l m spectra of samples, f o r comparative 
purposes, were prepared by deposition from solvent onto e i t h e r a 
CaF p l a t e , metal coated glass s l i d e s or s i l i c o n ATR p l a t e s 
depending on what type of spectrum was required. The solvent was 
evaporated and the spectra recorded as f o r the Langmuir-Blodgett 
f i l m s . 

138 



4.4.3 Development of new equipment 
(A) C e l l holder 

I n i t i a l l y the ATR holder was a metal jaw supported 
on a column. This system had many degrees of freedom f o r movement 
but none were r e p r o d u c i b l y c o n t r o l l a b l e . Indeed i t was d i f f i c u l t 
and f r u s t r a t i n g t o a l i g n t h i s system i n the i n f r a - r e d beam and 
exact r e - p o s i t i o n i n g of a c r y s t a l or a s i m i l a r one was impossible 
( f i g u r e 4 ( s ) ) , Another problem was t h a t precise p o s i t i o n i n g of 
the c r y s t a l s i n v o lved manually moving them i n the jaw. This o f t e n 
r e s u l t e d i n breaking the c r y s t a l s , as the t h i n s i l i c o n i s b r i t t l e . 
I t was t h e r e f o r e decided t o re-design the holder. 

The main c r i t e r i a were: (a) t h a t the c r y s t a l could 
be placed i n a holder, then components of the holder moved u n t i l 
the c r y s t a l was a l i g n e d ; (b) t h a t there be some method of 
measuring the p o s i t i o n of the c r y s t a l ; and (c) t h a t the e n t i r e 
u n i t should f i t i n t o the space a v a i l a b l e . I t was decided t h a t a 
3-way t r a n s l a t i o n a l stage would f i t these c r i t e r i a ( f i g u r e 4 ( t ) ) . 
A t h r e e stage x,y,z p o s i t i o n e r was purchased from Micro-Controle. 
Each t r a n s l a t i o n stage i s moved w i t h a micrometer w i t h a range of 
13 mm and the scale on these can be read t o hundredths of a 
m i l l i m e t e r . A small piece of one of the m i r r o r stands had t o be 
removed i n order t o f i t the x,y,z p o s i t i o n e r i n the small space 
a v a i l a b l e i n the spectrometer. A holder f o r the c r y s t a l was 
f a b r i c a t e d by the u n i v e r s i t y workshop and attached t o the 
p o s i t i o n e r . This s t i l l allowed the c r y s t a l t o be placed at a 
v a r i a b l e p o s i t i o n i n the holder so Dr P.Lukes designed a new one 
w i t h a s l i g h t n i c k t o push the c r y s t a l against. 

Thus i t i s now possible t o place a c r y s t a l i n the 
holder and use the x,y and z t r a n s l a t i o n a l stages t o move the 45° 
face of the c r y s t a l i n t o the optimum f o c a l p o i n t of the beam and 
thus a higher through-put i s seen. This increases the s i g n a l t o 
noise r a t i o as the beam i s able t o i n t e r a c t w i t h a l a r g e r area of 
sample. Finding the f o c a l p o i n t has also been aided by the 
purchase of a card, from Sunstone Inc., which converts an 
i n f r a - r e d beam i n t o v i s i b l e l i g h t . The greatest advantages are 
t h a t t h e sample and background c r y s t a l s can now be placed 
a c c u r a t e l y i n the same p o s i t i o n , and i t now takes 10 minutes t o 
a l i g n t he sample as compared t o several hours on the o l d u n i t . 
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(B) S o l u t i o n s t a t e c e l l 

Early i n the p r o j e c t i t was decided t h a t s o l u t i o n 
s t a t e spectra from the micro ATR u n i t would be h i g h l y d e s i r a b l e , 
p a r t i c u l a r l y f o r the study of the e f f e c t of an aqueous environment 
on the Langmuir-Blodgett layers. Thus i t was a high p r i o r i t y t o 
design and b u i l d a s u i t a b l e u n i t . 

The f i r s t two designs were inadequate. The f i r s t 
was a s t e e l U-shape w i t h a f r e e piece of metal i n the centre which 
was h e l d against one of the U faces w i t h a screw ( f i g u r e 4(u)-A). 
The c r y s t a l was i n s e r t e d between the U-face and the metal p l a t e , 
s e a l i n g was performed by PTFE r i n g s . Solutions could enter 
c a v i t i e s cut i n t o the metal pieces through l u r e lock f i l l i n g 
tubes. There were two main problems w i t h t h i s c e l l . The f i r s t 
was t h a t the recesses f o r containing f l u i d were f a i r l y deep and 
thus the volume contained was q u i t e large (~1 ml) f o r the very 
expensive peptides t h a t we planned t o use. The second, and major, 
problem was t h a t the u n i t was v i r t u a l l y impossible t o seal. Even 
i n a i r the c r y s t a l and seals kept moving out of p o s i t i o n . The 
s i t u a t i o n was impossible under water where s l i g h t eddies would 
cause t h e c r y s t a l t o f a l l out of the c e l l . The second design 
consisted of an L-shaped piece of s t e e l w i t h a s o l i d piece which 
f i t t e d i n t o i t ( f i g u r e 4(u)-B) The spacers and the c r y s t a l were 
placed between the pieces of s t e e l and the whole u n i t was held 
t o g e t h e r w i t h a clamp. I t had the same i n t r i n s i c problems, as the 
f i r s t , as i t too had separate spacers, but i t s major flaw was 
p o o r l y f i t t i n g p a r t s . Again i t was d i f f i c u l t t o handle under 
water as both hands were required t o seal i t . 

F i n a l l y , i t was possible t o achieve b e t t e r design 
and c o n s t r u c t i o n i n the current c e l l ( f i g u r e 4(v) & 4(u)-C). The 
main design advantages are the recessed 0-rings (made from v i t o n ) 
and the s p r i n g which allows the closure of the c e l l w i t h one hand 
- p e r f e c t f o r underwater closure. Both of the l a s t two c e l l s had 
smaller l i q u i d volumes (-0.3 ml) and had two f i l l i n g tubes i n t o 
both sides w i t h one of the tubes reaching t o the bottom of the 
sample chamber and the other a t the top. This was t o stop 
g r a v i t a t i o n a l e f f e c t s causing a i r bubbles on f i l l i n g . Most of the 
r e s u l t s presented were obtained w i t h the c u r r e n t c e l l . 

141 



Solu t ion 
cavi ty 

Micro A T R 
s i l icon crysta l 

ME 

Luer lock inlet 

- P T F E s p a c e r 

S«parat« 
pimcm of 

(A) First cell 

A T R _ -I 
crysta l 

Luer 
iook 
tops 

^ C l a m p 

s p a c e r s 

(B) Second eel 

Recessed 
0-rings ~~ 

Solution 

t 
• • Springs 

I 
I 

Threaded 
screw 

(C) Third cell 

Steel cell ^ Silicon micro ATR crystal 

Figure 4(u) : The three micro ATR solution state cells. 

142 



Solution 

R e c e s s e d 
0-r ings -

Steel ceil 

^ Springs 

Tlireaded 
screw 

(A) C r o s s 
sect ion 

Silicon micro ATR crystal 

' ATR crystal 

R e c e s s e d 
0-ring 

ATR crystal ^ 
(in front of cavity) 

r 

Infrared 
beam 

Solution 
cavity 

(B) End on 
view 

(C) C r o s s sect ion 
througli tlie sample 
c h a m b e r 

Figure 4(v) : The current micro ATR solution state cell 

143 



CHAPTER 5 

RESULTS AND DISCUSSION OF MONOLAYER STUDIES AT THE A/W INTERFACE 

5.1 INTRODUCTION TO MONOLAYER MEASUREMENTS : 

The r e s u l t s f o r studies of monolayers a t the 
a i r / w a t e r i n t e r f a c e w i l l be presented i n sections, which w i l l 
r e l a t e t o e i t h e r a s i n g l e compound or p a r t i c u l a r mixtures of 
d i f f e r e n t compounds. 

The choice of m a t e r i a l f o r monolayer studies was 
determined by one of the primary aims of the p r o j e c t , which was t o 
deposi t a b i o l o g i c a l b i l a y e r of phospholipid. The main 
pho s p h o l i p i d which was i n v e s t i g a t e d was 1,2,-dipalmitoyl-sn-
glycero-3-phosphatidic a c i d (DPPÂ "̂  - see f i g u r e 5 ( a ) ) . This was 
p r i m a r i l y chosen because Hasmonay^^^, Petty^*, Matuoka^^^, 
Swart^^^ and t h e i r respective co-authors have achieved success i n 
d e p o s i t i n g DPPA onto substrates by the Langmuir-Blodgett 
techniques. Apart from the l a s t , a l l of these s c i e n t i s t s used 
calcium i n the subphase t o a i d deposition by producing a monolayer 
w i t h a higher degree of r i g i d i t y and c r y s t a l l i n i t y . However, i n 
order t o a i d i n t e r p r e t a t i o n of FTIR r e s u l t s i t was hoped t h a t i t 
would be pos s i b l e t o deposit DPPA over a pure water substrate. 
Unpublished work by Swart and Froggatt"^ l e d t o the conclusion 
t h a t t h i s might be possible. Other phospholipids have been 
s u c c e s s f u l l y deposited as m u l t i l a y e r s by the Langmuir-Blodgett 

•^tWhere DPPA i s r e f e r r e d t o i n t h i s t h e s i s without a p r e f i x i t i s 
the mixture of D and L enantiomers. 
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technique but only i n the presence of metal ions. Examples of 
these i n c l u d e the d e p o s i t i o n of di p a l m i t o y l p h o s p h a t i d y l c h o l i n e 

120 

(DPPC) by Prakash e t a l , over uranyl acetate; DPPC over water 
but only z-type by L o t t a e t a l ^ ' ; and d i p a l m i t o y l p h o s p h a t i d y l -
ethanolamine (DPPE) over water by Taylor & Mahboubian-Jones^*^ 
(but only t o t h r e e l a y e r s ) . However, no re p o r t s of Y-type 
d e p o s i t i o n of high numbers of m u l t i l a y e r s of a phospholipid, over 

90 

pure water, were t o be found u n t i l Lukes et a l reported the 
successful y-type d e p o s i t i o n of DPPA over pure water. That work 
was performed i n close c o l l a b o r a t i o n w i t h the author of t h i s 
t h e s i s . 

As one of the main ob j e c t i v e s of t h i s p r o j e c t was t o 
inc o r p o r a t e a polypeptide i n t o the b i l a y e r s t r u c t u r e monolayer 
s t u d i e s of the i n t e r a c t i o n s of DPPA w i t h alamethicin ( f i g u r e 5 ( f ) ) 
were undertaken. Due t o problems encountered w i t h the deposition 
of alamethicin/DPPA mixtures (see chapter 7) i t was decided t h a t a 
mixture of l i p i d s a t the air/water i n t e r f a c e might a i d deposition 
by the formation of a more f l u i d monolayer. The l i p i d chosen was 
1,2-dioleoyl-sn-3-phosphatidic acid (DOPA), f i g u r e 5 ( b ) . The head 
group of DOPA i s the same as DPPA th e r e f o r e i t was thought t h a t i t 
would not a f f e c t the i n t e r a c t i o n s of the l i p i d w i t h water t o a 
grea t e x t e n t . The hydrocarbon chains of DOPA contain a c i s double 
bond h a l f way along the chains. DOPA i s above i t s phase 
t r a n s i t i o n temperature a t room temperature (see s e c t i o n 6.9) and 
the monolayers formed should be more f l u i d i n nature. The 
monolayer studies of DPPA, DOPA, alamethicin and mixtures thereof 
are presented i n the f o l l o w i n g sections. 
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The TT-A isotherms (section 4.1) are presented i n 
the common manner of the area a v a i l a b l e (on the subphase surface) 
t o each molecule, i n A^, versus the surface pressure. The tables 
given are t o show r e p r o d u c i b i l i t y . I t i s possible t o read the 
r e s u l t s of the isotherms t o ± 0.2 per molecule and ± 0.1 mN 
m~̂ . Thus the greatest source of e r r o r i s i n the r e p r o d u c i b i l i t y 
of the isotherms. This can be a f f e c t e d by a number of f a c t o r s : 
i n c l u d i n g the concentration of the s o l u t i o n used; whether the 
c a l c u l a t e d amount of l i p i d s o l u t i o n was deposited onto the water 
surface or passed through i n t o the bulk water; the temperature of 
both the subphase and the deposited s o l u t i o n ; and the length of 
time allowed f o r the solvent t o evaporate. The f o l l o w i n g f a c t o r s 
would give r i s e t o high values of APM being recorded: the 
d e p o s i t i n g s o l u t i o n being more concentrated than planned; the 
s o l u t i o n being colder than room temperature; incomplete 
evaporation of the solvent. The opposite of the preceding would 
g i v e r e s u l t s w i t h areas per molecule (APMs) lower than they should 
be, as would the loss of deposited m a t e r i a l through the subphase 
surface. 

The average percentage standard d e v i a t i o n f o r the 
r e p r o d u c i b i l i t y of the isotherms recorded was 3%. This represents 
an e r r o r of ± 1.2 per molecule on a value of 40 A^ per 
molecule. The e r r o r on recording the surface pressure should be 
low. This i s due t o the f a c t t h a t the zero value i s r e s e t a t the 
s t a r t of an experiment. Factors which could a f f e c t the surface 
pressure are the presence of i m p u r i t i e s both i n the subphase and 
on i t s surface. Those on the surface would tend t o increase the 
recorded pressure, w h i l s t those i n the subphase may have a v a r i e t y 
of e f f e c t s . One major e r r o r could a r i s e from d i f f e r e n t 
compression speeds. This i s because the conditions under which 
Ti-A isotherms are recorded, as given i n s e c t i o n 4.1, are 
n o n - e q u i l i b r i u m and the monolayer may respond d i f f e r e n t l y under 
d i f f e r e n t time constraints^"^. 
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The isotherm numbers are those of the a c t u a l 
experiments performed and th e r e f o r e r e l a t e t o the chronology of 
the data r a t h e r than the order i n which they are presented i n t h i s 
t h e s i s . The s t a r t i n g area per molecule (APM) i s the i n i t i a l 
c a l c u l a t e d area of the trough ( i n A^) d i v i d e d by the number of 
molecules deposited on the surface. The pressure a t which the 
change i n slope of the isotherm due t o the l i q u i d t o s o l i d phase 
t r a n s i t i o n i s given f o r isotherms f o r which i t could be measured. 
The i n i t i a l pick-up i s the APM at which a detectable surface 
pressure i s f i r s t recorded on the isotherm. The close packed APM 
(CPA) i s the e x t r a p o l a t i o n of the gradient i n the s o l i d region t o 
zero pressure. The APM i s also given a t three d i f f e r e n t 
pressures, where possible. These were chosen t o give a 'snapshot' 
of the 7T-A response, p r i m a r i l y f o r use i n i n v e s t i g a t i n g the 
r e l a t i o n s h i p of the data w i t h the t h e o r e t i c a l model given i n 
4.I.2.B. These values were found by dropping a v e r t i c a l l i n e from 
the isotherm, a t the pressure stated, t o the APM axi s . Three 
pressures 10, 25 and 50 mN m ̂  were chosen. 10 mN m ̂  i s below 
the l i q u i d / s o l i d phase t r a n s i t i o n of DPPA; 25 mN m ̂  i s i n the 
s o l i d phase region of DPPA; and 50 mN m ̂  i s below the collapse 
pressure of DPPA but above both those of DOPA and alamethicin (see 
r e s u l t s t o f o l l o w ) . 

The r e s u l t s f o r the s t a b i l i t y t e s t s are given i n 
u n i t s which can be used t o d i r e c t l y compare the r a t e of 
condensation of d i f f e r e n t materials (A^ per molecule per hour). 
The recorded change i n area of the given trough i s also quoted i n 
brackets (cm^ per minute). 
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The s u r f a c e p o t e n t i a l (see s e c t i o n 4.2) r e s u l t s are 
p r e s e n t e d w i t h t h e x - a x i s as t i m e r a t h e r t h a n area per molecule 
because t h i s d i s p l a y s t h e h y s t e r e s i s experiments adequately. A l l 
o f t h e s u r f a c e p o t e n t i a l d ata was r e c o r d e d on a Joyce-Loebl s t y l e 
t r o u g h . The t o p p l o t i n each case shows t h e change i n area per 
m o l e c u l e as a d o t t e d l i n e ( i . e . i t r e f l e c t s t h e change i n t h e area 
e n c l o s e d by t h e r i b b o n on t h e Joyce-Loebl t r o u g h ) . The upper 
p l o t s a l s o show t h e s u r f a c e p r e s s u r e o f t h e monolayer vs t i m e , 
w h i c h i s an e q u i v a l e n t p l o t t o a rr-A i s o t h e r m as t h e APM i s 
d i r e c t l y p r o p o r t i o n a l t o t h e t i m e . The lower p l o t s are o f t h e 
measured s u r f a c e p o t e n t i a l d i f f e r e n c e (AV), w i t h t h e s u r f a c e 
p o t e n t i a l o f t h e water s u b t r a c t e d . The d o t t e d l i n e s on t h e bottom 
p l o t s show t h e r e l a t i v e c o n t r i b u t i o n o f each molecule t o t h e 
s u r f a c e p o t e n t i a l (e^AV*A*2.65X10~^) , t h i s i s e q u i v a l e n t t o t h e 
p e r p e n d i c u l a r d i p o l e moment per molecule measured i n m i l l i D e b y e s 
p e r m o l e c u l e . The c o n s t a n t 2.65X10~^ i s t o c o n v e r t t h e v a l u e s 
f r o m mV F m"' t o mD ( 1 D = 1/(3.33*10~^°) Cm) 

For a l l o f t h e s u r f a c e p o t e n t i a l measurements t h e 
b a r r i e r s were f u l l y compressed, expanded t h e n re-compressed. T h i s 
was i n o r d e r t o i n v e s t i g a t e t h e h y s t e r e s i s o f t h e s u r f a c e 
p o t e n t i a l o f t h e monolayer. 
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5.2 : STUDIES OF MONOLAYERS OF DPPA AT THE AIR/WATER INTERFACE 

5.2.1 : R e s u l t s f o r L-a-DPPA 

Three isotherms o f L-a-DPPA were r e c o r d e d on t h e 
Fromherz t r o u g h . U n f o r t u n a t e l y isotherms were n o t rec o r d e d f o r 
t h i s e nantiomer on t h e Joyce-Loebl t r o u g h . 

Pressure mNm'^ Area per molecule 
Isotherm 
number 

Starting 
apm 

Liquid 
change 

Collapse 
pressure 

Initial 
pick-up 

Close 
packed 

at 10 
mNm'^ 

at 25 
mNm'' 

at 50 
mNm"^ 

40 80 15 46 50 42.6 42.6 38.7 28.5 
41 n If 49 39.3 39.0 37.0 27.2 

42 n 11 n tt 40.9 40.9 38.2 30.4 

Average 40.8 
± 1 . 8 

40.8 
± 1 . 8 

38.0 
± 0 . 9 

28.7 
± 1 . 6 

Table 5(i) Results for L-a-DPPA on a Fromherz trough 

S t a b i l i t y : A monolayer o f L-a-DPPA was m a i n t a i n e d , v i a 
t h e f e e d back c i r c u i t r y on t h e Fromherz t r o u g h , a t a c o n s t a n t 
p r e s s u r e o f 3 0 mN m~̂ . I n i t i a l l y ( i n t h e f i r s t 15 minutes a f t e r 
compression) i n o r d e r t o m a i n t a i n t h e s u r f a c e p r e s s u r e a t 30 mN 
m~̂  t h e feedback mechanism had t o decrease t h e t r o u g h area a t an 
average r a t e o f 2.5 per molecule per hour (0.65 cm^/min.). The 
monolayer s t a b i l i s e d a f t e r t h i s p e r i o d and t h e r a t e o f c o n t r a c t i o n 
reduced t o 0.65 per molecule per hour (0.17 cm^/min) . 

¥ 5 - 1 : Isotherm for L-a-DPPA ot 22 'C [Fromherz trough 
60 

104 

Area per molecule [A''2]' 
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5 . 2 . 2 : R e s u l t s f o r DL-a-DPPA 

Pressure mNm"^ Area per molecule A2 
Isotherm 
number 

Starting 
apm 

Liquid 
change 

Collapse 
pressure 

Initial 
pick-up 

Close 
packed 

at 10 
mNm'^ 

at 25 
mNm'' 

at 50 
mNm"^ 

3 120 16 53.0 58 43.0 43.7 41.0 37.7 

4 n n 54.5 42.2 43.0 40.6 37.9 

62 n 14 53.0 62.5 44.6 43.0 38.4 33.6 

63 n 15 56.0 n 43.4 43.2 39.8 36.5 

64 n n 53.0 n 44.6 44.2 41.3 38.4 

Average 43.6 
± 1 . 0 

43.2 
± 0 . 8 

40.2 
± 1 . 2 

36.8 
± 1 . 9 

Table 5(ii) Results for D-L-a-DPPA on a Joyce-Loebl trough 

H y s t e r e s i s : The c o l l a p s e p r e s s u r e was exceeded, u s i n g a 
Joy c e - L o e b l t r o u g h , t h e n t h e b a r r i e r s were expanded. The pressure 
dropped suddenly from t h e c o l l a p s e p r e s s u r e w i t h a g r a d i e n t 
s i m i l a r t o t h a t d u r i n g compression i n t h e s o l i d phase. A change 
t o a s h a l l o w e r g r a d i e n t was seen a t 15 mN m \ The l a y e r was 
a l l o w e d t o r e l a x a t f u l l expansion f o r 5 minutes t h e n 
re-compressed. The new curve f o l l o w e d t h e shape o f t h e o r i g i n a l 
b u t t h e a r e a , a t t h e same p r e s s u r e , was 0 . 5 l e s s t h a n t h e 
o r i g i n a l compression. 

S t a b i l i t y : A monolayer o f DL-a-DPPA was m a i n t a i n e d , v i a 
t h e f e e d back c i r c u i t r y on t h e Joyce-Loebl t r o u g h , a t a c o n s t a n t 
p r e s s u r e o f 30 mN m~\ I n i t i a l l y ( i n t h e f i r s t 15 minutes a f t e r 
compression) i n o r d e r t o m a i n t a i n t h e s u r f a c e p r e s s u r e a t 30 mN 
m~̂  t h e feedback mechanism had t o decrease t h e t r o u g h area a t an 
average r a t e o f 3 . 0 per molecule per hour ( 0 . 7 8 cm^/min.). The 
monolayer s t a b i l i s e d a f t e r t h i s p e r i o d and t h e r a t e o f c o n t r a c t i o n 
r educed t o 0 . 9 3 A^ per molecule per hour ( 0 . 2 4 cm^/min) . The 
o v e r a l l r a t e o f c o n t r a c t i o n was 1 . 8 A^ per molecule per hour ( 0 . 4 6 
cm^/min) . 
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^lot5-2: isotherm for DL-a-DPPA at 26 'C on o Jo/ce-Loebl trough 
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S u r f a c e p o t e n t i a l : P l o t 5-3 shows t h e v a r i a t i o n i n 
p r e s s u r e , s u r f a c e p o t e n t i a l , and p e r p e n d i c u l a r d i p o l e moment f o r 
DL-a-DPPA w i t h r e s p e c t t o t i m e . The experiment was re p e a t e d t h r e e 
t i m e s up u n t i l t h e c o l l a p s e p r e s s u r e . Only i n t h e p l o t shown was 
h y s t e r e s i s i n v e s t i g a t e d . The average maximum s u r f a c e p o t e n t i a l 
was 228 ± 11 mV. I n t h e experiment shown i n p l o t 5-3 t h e b a r r i e r s 
were c o n t r a c t e d t h e n expanded, and l e f t expanded u n t i l t h e s u r f a c e 
p o t e n t i a l reached a steady v a l u e . T h i s s u r f a c e p o t e n t i a l (20 mV) 
was h i g h e r t h a n t h e o r i g i n a l v a l u e on s p r e a d i n g t h e monolayer (-15 
mV) . The monolayer was t h e n compressed t o 30 mN m ^ where t h e 
feedback mechanism was s w i t c h e d on and t h e s u r f a c e p r e s s u r e 
m a i n t a i n e d a t 30 mN m \ On re-compression t h e magnitude o f t h e 
r e c o r d e d s u r f a c e p o t e n t i a l was h i g h e r (270 mV) t h a n t h a t r e c orded 
f o r t h e i n i t i a l compression. 

Monolayer s t u d i e s over a subphase c o n t a i n i n g c a l c i u m a c e t a t e : 
Pressure mNm"^ Area per molecule A2 

Isotherm 
number 

Starting 
apm 

Liquid 
change 

Collapse 
pressure 

Initial 
pick-up 

Close 
packed 

at 10 
mNm'^ 

at 25 
mNm"'' 

at 50 
mNm"^ 

17 120 17.5 58 89 55.7 55.7 53.3 50.9 
18 11 n 57 82 58.1 58.1 55.7 53.3 

Average 56.9 
±1.7 

56.9 
±1.7 

54.5 
±1.7 

52.1 
±1.7 

Table 5(iii) Results for D-L-a-DPPA over calcium acetate on a Joyce-Loebl trough 

There i s an i n f l e c t i o n on b o t h curves a t 53.5 mN 
m~̂ , a t t h e same p o i n t as t h e c o l l a p s e p r e s s u r e w i t h o u t c a l c i u m . 
A t 58 mN m~̂  t h e monolayer began t o respond i n a l i n e a r manner, t o 
t h e change i n area. T h i s was a t an APM o f 34 A^. T h i s p a r t o f 
t h e i s o t h e r m had a g r a d i e n t s h a l l o w e r t h a n e i t h e r t h e l i q u i d or 
s o l i d phases. 

S t a b i l i t y : A monolayer o f DPPA over t h e c a l c i u m a c e t a t e 
s o l u t i o n was m a i n t a i n e d , v i a t h e feed back c i r c u i t r y on t h e 
Joyc e - L o e b l t r o u g h , a t a c o n s t a n t p r e s s u r e o f 30 mN m .̂ I n ord e r 
t o m a i n t a i n t h e s u r f a c e p r e s s u r e a t 30 mN m ^ t h e feedback 
mechanism had t o decrease t h e t r o u g h area a t an average r a t e o f 
3.1 A^ p e r mol e c u l e p er hour (0.67 cm^/min.). 
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Figure 5(a) : The structure of dipalmitoylphosphatic acid. 
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Figure 5(b) : Ttie structure of dioleoylpliosphatic acid. 

154 



5.2.3 A n a l y s i s and d i s c u s s i o n o f t h e monolayer s t u d i e s o f DPPA 

(A) I s o t h e r m s 

The average r e s u l t f o r t h e CPA o f L-a-DPPA ( t a b l e 
5 ( i ) ) i s 3.5 A^ lower t h a n t h a t f o r DL-a-DPPA ( t a b l e 5 ( i i ) ) . 
These r e s u l t s were a c q u i r e d on two d i f f e r e n t s t y l e s o f Langmuir 
t r o u g h s . Tables 5 ( v i i ) & 5(v) and 5 ( v i i i ) & 5 ( i x ) i n d i c a t e t h a t 
t h e Fromherz t r o u g h , on which t h e r e s u l t s f o r L-a-DPPA were 
o b t a i n e d , would be expected t o g i v e l a r g e r APM's a t a g i v e n 
p r e s s u r e r a t h e r t h a n lower v a l u e s . Thus, i t may be concluded t h a t 
n o t o n l y i s t h e d i f f e r e n c e r e a l i t may be g r e a t e r i f t h e 
measurements had t a k e n p l a c e on t h e same s t y l e o f t r o u g h . T h i s 
would l e a d t o t h e s u p p o s i t i o n t h a t i f o n l y one enantiomer i s 
p r e s e n t t h e m o l e c u l e s can form a c l o s e r packed c r y s t a l s t r u c t u r e . 
P r o b a b l y a more r e g u l a r c r y s t a l s t r u c t u r e i s p o s s i b l e w i t h one 
enant i o m e r r a t h e r t h a n two. T h i s i s an i m p o r t a n t o b s e r v a t i o n , 
because i n n a t u r e t h e r e i s a predominance o f e n a n t i o m e r i c 
s p e c i f i c i t y , namely f o r t h e L c o n f i g u r a t i o n . I t would be o f 
i n t e r e s t t o pursue t h i s m a t t e r f u r t h e r , b u t i t was n o t p o s s i b l e i n 
t h i s s t u d y , due t o t h e l a c k o f t i m e . 

R e s u l t s f o r DL-a-DPPA have been p u b l i s h e d 
p r e v i o u s l y by o t h e r r e s e a r c h e r s . The da t a o b t a i n e d i s c o n s i s t e n t 
w i t h t h e i r f i n d i n g s . Taylor^'*^ and Lukes'" and t h e i r c o - a u t h o r s 
b o t h f o u n d t h e CPA f o r DL-a-DPPA t o be 42 A^. T h i s compares 
f a v o u r a b l y w i t h t h e v a l u e o f 43.6 ± 1.0 A^ r e c o r d e d . A t a 
p r e s s u r e o f 48 mN m~̂  Wood^^^ and T a y l o r e t al^°* r e c o r d e d v a l u e s 
f o r t h e APM o f DL-a-DPPA t o be 35 and 3 6.8 A^ r e s p e c t i v e l y . The 
r e s u l t s r e p o r t e d here g i v e a v a l u e o f 3 6.8 ± 2.0 A^ a t a s u r f a c e 
p r e s s u r e o f 50 mN m ^, aga i n a good agreement w i t h l i t e r a t u r e . 
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124 The CPA f o r a s i n g l e alkane c h a i n i n a monolayer 
i s -20 A^. The area o f a p h o s p h a t i d i c a c i d group^^^ i s o n l y 24 
A^. The CPA o f DPPA was found t o be 42 A^. The m o l e c u l a r p a c k i n g 
arrangement f o r DPPA must t h e r e f o r e be dominated by t h e 
i n t e r a c t i o n s o f t h e a l k y l c h a i n s . T h i s c o n t r a s t s w i t h molecules 

124 

such as DPPC, t h e CPA o f which was determined by Losche e t a l 
t o be -60 A^, where t h e c h o l i n e group must c o n t r i b u t e a l a r g e 
e f f e c t t o t h e n a t u r e o f i n t e r m o l e c u l a r i n t e r a c t i o n s . 

I t can be seen i n p l o t 5-2 t h a t t h e r e are f i v e 
r e g i o n s i n t h e DL-a-DPPA i s o t h e r m . From a -> b t h e r e i s no s u r f a c e 
p r e s s u r e r e c o r d e d . Thus t h e molecules must be i n a s t a t e 
analogous t o t h e gaseous phase i n t h r e e dimensions. The molecules 
a r e n o t c o n s t r a i n e d and can f r e e l y respond t o t h e movement o f t h e 
b a r r i e r . Gaines^°^ suggests t h a t a t t h i s p o i n t t h e hydrocarbon 
c h a i n s may be l y i n g f l a t on t h e water s u r f a c e . From b -> c t h e 
mo l e c u l e s b e g i n t o i n t e r a c t w i t h one another and r e s i s t t h e 
movement o f t h e b a r r i e r . T h i s i s t h e r e g i o n r e f e r r e d t o as t h e 
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l i q u i d expanded s t a t e . The l i q u i d condensed r e g i o n o f t h e 
i s o t h e r m i s f r o m c -> d. The monolayer i s becoming l e s s 
c o m p r e s s i b l e and i t s response t o t h e a p p l i e d f o r c e i s now almost 
l i n e a r , s i m i l a r t o t h a t o f a t h r e e d i m e n s i o n a l l i q u i d . I n t h e 
r e g i o n d -> e t h e monolayer i s c o n s i d e r e d t o be i n a s o l i d l i k e 
phase. A g a i n a l i n e a r response t o t h e r e d u c t i o n i n area i s found 
b u t w i t h a s t e e p e r g r a d i e n t t h a n i n t h e l i q u i d condensed phase. 

E v e n t u a l l y t h e monolayer can no l o n g e r be 
compressed and c o l l a p s e s . The curve a t e i s no l o n g e r l i n e a r b u t 
t h e response i s smooth s i m i l a r t o t h e r e g i o n o f s l i p i n a t h r e e 
d i m e n s i o n a l s t r u c t u r e . T h i s may i n d i c a t e t h a t t h e monolayer o f 
DPPA i s c r y s t a l l i n e i n n a t u r e , and t h a t t h e d i f f e r e n t domains are 
s l i p p i n g a g a i n s t one another i n t h e monolayer p l a n e . A f t e r t h i s 
p o i n t t h e c u r v e becomes uneven and t h e l a y e r i s v e r y compressible. 
T h i s suggests t h a t i n t h e r e g i o n e -> f t h e monolayer has f o l d e d up 
on i t s e l f and become a m u l t i l a y e r e d s t r u c t u r e . The monolayer 
c o u l d c o l l a p s e i n a d i s o r d e r e d manner o r i n a or d e r e d f a s h i o n t o 
become a b i l a y e r ^ ^ ( f i g u r e 5 ( c ) ) . Whatever t h e c o n d i t i o n o f t h e 
c o l l a p s e d s t a t e i t i s r e v e r s i b l e back t o a monolayer when t h e 
b a r r i e r s a r e expanded, as seen by t h e l a c k o f h y s t e r e s i s on 
re - c o m p r e s s i o n . T h i s o b s e r v a t i o n i s r e l e v a n t t o biomembrane 
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s t r u c t u r e s because i t shows t h a t t h e b i l a y e r / m u l t i l a y e r s t r u c t u r e 
a r e p r o b a b l y n o t formed due t o t h e a t t r a c t i o n o f t h e l i p i d c hains 
b u t r a t h e r t h e a t t r a c t i o n o f t h e head groups f o r water and t h e 
r e p u l s i o n o f t h e a l k y l c h a i n s by t h e aqueous environment. 

A l t h o u g h r e s u l t s f o r DPPA is o t h e r m s have been 
r e p o r t e d previously'°'^°*'^^^'^^^ o n l y Wood^^^ a t t e m p t s t o 
u n d e r s t a n d t h e shape o f t h e i s o t h e r m . S t u d i e s have, however, been 
c a r r i e d o u t f o r s i m i l a r molecules. Most n o t a b l y by Mohwald e t 
^^109,125-127 ^ j ^ ^ have s t u d i e d DMPA m a i n l y by f l u o r e s c e n c e ; and by 

129 • 
von T s c h a r n e r and McConnell who have s t u d i e d DPPC, by 

92 

f l u o r e s c e n c e ; M i t c h e l l and Dluhy f o l l o w e d t h e phase changes o f 
DPPC, DMPC and DSPC by FTIR a t t h e a i r / w a t e r i n t e r f a c e . These 
s t u d i e s have shown t h a t f o r p h o s p h o l i p i d s t h e phase changes are 
n o t as d i s t i n c t as t h e is o t h e r m s would i m p l y . I n p a r t i c u l a r t h a t 
t h e phase change from l i q u i d expanded t o l i q u i d condensed^^' 
phases i s n o t d i s t i n c t as a m i x t u r e o f t h e two phases seen. 
Mohwald^^^ has shown t h a t DMPA forms domains o f t h e two d i f f e r e n t 
phases, i n t h e p r o g r e s s i o n from l i q u i d expanded t o l i q u i d 
condensed phases. 

DPPA i s v e r y s t a b l e when h e l d a t a s u r f a c e pressure 
o f 30 mN m ^, w i t h v e r y l i t t l e movement o f t h e monolayer. The 
s m a l l amount o f adj u s t m e n t made t o m a i n t a i n t h e p r e s s u r e c o u l d be 
due t o t h e coalescence o f c r y s t a l l i n e domains. T h i s was chosen as 
a p r e s s u r e s u i t a b l e f o r t h e d e p o s i t i o n o f DPPA onto s u b s t r a t e s . 

To ordered multi layers 

c K i l 

To d i s o r d e r 

Figure 5(c) : The collapse of a monolayer at the air water interface. 
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(B) S u r f a c e P o t e n t i a l 

The maximum v a l u e o f 228 ± 11 mV f o r t h e s u r f a c e 
p o t e n t i a l (AV) d u r i n g t h e i n i t i a l compression corresponds c l o s e l y 
t o r e s u l t s o f o t h e r r e s e a r c h e r s . T a y l o r e t al^°* o b t a i n e d a v a l u e 
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o f 242 ± 20 mV f o r AV o f DPPA i n t h e condensed phase, and Wood 
r e c o r d e d a maximum v a l u e o f 22 0 mV. 

Papahadjopoulos^^° found t h a t t h e f i r s t pK o f PA 
i s below pH 3.5 and t h e second i s above pH 6.5. T h e r e f o r e , a t pH 
5.6 DPPA has a charge o f minus one. The c o n s i d e r a t i o n o f t h e 
s u r f a c e p o t e n t i a l d a t a t h e r e f o r e s h o u l d , a c c o r d i n g t o t h e 
l i t e r a t u r e - Davies and Rideal^*°, Gaines^°^ and O l i v e i r a e t 
^^^104,141^ t a k e t h e double l a y e r p o t e n t i a l i n t o account. T h i s 
w ould i m p l y t h e a p p l i c a t i o n o f eq u a t i o n s 4 ( v i i ) and 4 ( i x ) . P l o t 
5-4 shows t h e v a r i a t i o n o f t h e double l a y e r p o t e n t i a l w i t h t i m e as 
c a l c u l a t e d f r o m t h e area per molecule (shown i n p l o t 5-3). I t can 
be seen t h a t t h e area and f o l l o w a s i m i l a r p a t t e r n . I . e . as 

o 

t h e area p e r mol e c u l e i n c r e a s e s t h e double l a y e r p o t e n t i a l 
i n c r e a s e s . The e f f e c t o f such a p o t e n t i a l on t h e p e r p e n d i c u l a r 
d i p o l e moment i s shown i n p l o t 5-5 ( d o t t e d l i n e ) . 

However, i t must be suggested t h a t e q u a t i o n 4 ( i x ) 
i s n o t s u i t a b l e f o r t h e measurement made. T h i s e q u a t i o n 
c a l c u l a t e s t h e excess charge a t l i q u i d i n t e r f a c e g i v e n t h a t i t i s 
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t o u c h i n g an e v e n l y charged s u r f a c e which i s i m p e n e t r a b l e . I t 
i s a l s o assumed t h a t t h e c o u n t e r i o n s behave as p o i n t charges. 
Given t h a t t h e c o u n t e r i o n s are hydrogen i o n s t h e l a t t e r i s a f a i r 
a s s umption. However, t h e monolayer c o n s i s t s o f charges a s s o c i a t e d 
w i t h each headgroup t h e r e f o r e t h e charge e x i s t s as p o i n t sources 
r a t h e r t h a n an even d i s t r i b u t i o n . A l s o , t h e r e i s a s t r o n g 
p r o b a b i l i t y t h a t t h e hydrogen i o n s do p e n e t r a t e i n t o t h e headgroup 
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r e g i o n o f t h e m o l e c u l e . Mohwald has shown by X-ray 
r e f l e c t i v i t y t h a t p h o s p h o l i p i d monolayer headgroups a r e w i t h i n t h e 
w a t e r . T h e r e f o r e a s m a l l c o u n t e r i o n such as hydrogen w i l l 
d e f i n i t e l y p e n e t r a t e t h e charged l a y e r . T h e r e f o r e , t h e f i r s t two 
assumptions i n Gouy's c a l c u l a t i o n do no t a p p l y t o a l i p i d 
monolayer. However, t h e r e i s a g r e a t e r d i s p a r i t y which must be 
p o i n t e d o u t . Gouy's e q u a t i o n c a l c u l a t e s t h e double l a y e r 
p o t e n t i a l due t o a s u r f a c e excess o f i o n s a l r e a d y p r e s e n t i n t h e 158 



subphase. I t does n o t cover a s i t u a t i o n where each charge i n t h e 
monolayer has i t s own co u n t e r i o n . Thus, a l t h o u g h t h e r e i s 
n o t h i n g i n t r i n s i c a l l y wrong w i t h Gouy's e q u a t i o n , i t s 
application^"^'^"*'^*" t o a charged monolayer would seem t o be 
su s p e c t as al m o s t none o f Gouy's assumptions a p p l y . 

Now c o n s i d e r t h e n a t u r e o f t h e experiment which was 
un d e r t a k e n ( s e c t i o n 4.2.2). The p o t e n t i a l d i f f e r e n c e was measured 
between two e l e c t r o d e s , one above t h e s u r f a c e o f t h e t r o u g h and 
t h e o t h e r a l a r g e d i s t a n c e away (~70cm h o r i z o n t a l l y ) and -10 cm 
below t h e w a t e r s u r f a c e . Even i f a double l a y e r p o t e n t i a l , as 
proposed by Gouy, does e x i s t f o r a charged monolayer i t would n o t 
be measured as p a r t o f t h e p o t e n t i a l d i f f e r e n c e because o f t h e 
d e p t h and n a t u r e o f t h e s i l v e r / s i l v e r c h l o r i d e e l e c t r o d e . T h i s 
a r i s e s f r o m t h e f a c t t h a t t h e r e may be an excess o f i o n s due t o 
t h e subphase, a t t h e i n t e r f a c e , b u t t h i s w i l l be c o u n t e r a c t e d by a 
l a y e r o f o p p o s i t e l y charged p a r t i c l e s and so on u n t i l t h e e f f e c t 
o f t h e charged monolayer i s d i s s i p a t e d . As t h e subphase must be 
e l e c t r i c a l l y n e u t r a l ( n e g l e c t i n g t h e e f f e c t o f t h e c o u n t e r i o n s o f 
t h e l i p i d ) t h e n a t t h e d i s t a n c e o f t h e second e l e c t r o d e t h e r e w i l l 
be no i o n imbalance and t h u s no p o t e n t i a l d i f f e r e n c e due a double 
l a y e r w i l l be d e t e c t e d . T h e r e f o r e what i s measured i n t h e s u r f a c e 
p o t e n t i a l e x p e r i m e n t i s t h e change i n p o t e n t i a l from pure water 
due o n l y t o t h e l i p i d and i t s c o u n t e r i o n . The o n l y way t o make a 
measurement whic h would i n c l u d e a c o n t r i b u t i o n from a double l a y e r 
p o t e n t i a l would be f o r t h e second e l e c t r o d e t o be a f l a t p l a t e 
p l a c e d w i t h i n nanometers o f t h e i n t e r f a c e b e f o r e t h e e f f e c t due t o 
t h e monolayer c o u l d d i s s i p a t e . 

The f a c t t h a t a double l a y e r p o t e n t i a l i s n o t 
measured i s r e f l e c t e d i n p l o t 5-5 where t h e d i p o l e moment c l o s e l y 
f o l l o w s t h e shape o f t h e APM. T h i s i s due t o t h e m a g n i f i c a t i o n o f 
t h e i n c o r r e c t a p p l i c a t i o n o f e q u a t i o n 4 ( i x ) by m u l t i p l i c a t i o n by 
t h e APM. T h i s i s even more e v i d e n t when a c o r r e c t i o n f o r iji i s 
a p p l i e d t o t h e d i p o l e moment o f DOPA and t h e m i x t u r e s o f DPPA w i t h 
DOPA and a l a m e t h i c i n ( n o t shown). Almost a l l r e c o r d e d s t r u c t u r e 
o f t h e d i p o l e moment curves i s l o s t due t o t h e c o r r e c t i o n f o r a 
p o t e n t i a l w h i c h has n o t been measured. 

The above c o n s i d e r a t i o n s do n o t e x p l a i n t h e 
d i f f e r e n c e i n measured s u r f a c e p o t e n t i a l between monolayers formed 
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f r o m l i p i d s w i t h uncharged, charged, and z w i t t e r i o n i c headgroups. 
S u r f a c e p o t e n t i a l d a t a f o r p h o s p h o l i p i d s i s r e c o r d e d by O l i v e i r a 
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e t a l . They found v a l u e s f o r s u r f a c e p o t e n t i a l s f o r DPPA o f 
440 and 242 ± 10 mV a t pH's o f 2 and 5.6 r e s p e c t i v e l y and f o r DPPC 
o f 544 ± 20mV a t pH 5.6. They a t t r i b u t e d t h e d i f f e r e n c e between 
charged and uncharged DPPA t o t h e presence o f a double l a y e r 
p o t e n t i a l b u t f o l l o w i n g t h e arguments used b e f o r e t h i s c o u l d n o t 
have been measured. Again t h e n a t u r e o f t h e measurements must be 
c o n s i d e r e d . AV i s t h e d i f f e r e n c e i n e l e c t r i c a l p o t e n t i a l energy 
between t h e subphase and t h e subphase w i t h t h e monolayer. Thus 
e f f e c t i v e l y t h e p o t e n t i a l d i f f e r e n c e between t h e bottom o f t h e 
charge due t o t h e monolayer and t h e t o p i s measured ( f i g u r e 5 ( d ) ) . 
Even tho u g h t h e m e t h y l group o n l y c a r r i e s a f r a c t i o n o f a charge 
i t s w e i g h t i n g i n t h e measurement o f AV i s l a r g e because o f t h e 
d i s p a r i t y i n t h e d i e l e c t r i c c o n s t a n t between t h e hydrocarbon c h a i n 
(2-5)̂ °'*'̂ *° and w a t e r (-80) I f t h e monolayer c a r r i e s no 
charge t h e n t h e p o t e n t i a l w i l l be measured from t h e headgroup t o 
t h e end o f t h e t a i l . However, i f t h e monolayer i f n e g a t i v e l y 
charged t h e n t h e s t a r t i n g p o i n t f o r measuring t h e p o t e n t i a l w i l l 
be t h e p o s i t i v e charge o f t h e c o u n t e r i o n . T h e r e f o r e , t h e 
p o t e n t i a l d i f f e r e n c e w i l l be between t h a t charge and t h e charge 
a s s o c i a t e d w i t h t h e t a i l o f t h e l i p i d . The e f f e c t o f t h i s on t h e 
measured p o t e n t i a l i s shown i n f i g u r e 5 ( d ) - ( i i ) . Now a z w i t t e r i o n 
c o u l d be a l i g n e d so t h a t t h e measured p o t e n t i a l s t a r t s from a 
n e g a t i v e v a l u e , p o s i t i v e o r zero ( f i g u r e 5 ( d ) - ( i i i ) ) . The c r y s t a l 
s t r u c t u r e o f DMPC c r y s t a l s ^ * would suggest a m o l e c u l a r shape as 
seen i n f i g u r e 5 ( d ) - ( i i i ) - ( 2 ) , b u t t h e s t r u c t u r e o f t h e molecules 
w i l l d i f f e r on t h e s u r f a c e o f water. X-ray and n e u t r o n 
r e f l e c t i v i t y measurements on DPPC a t t h e a i r water i n t e r f a c e have 
been u n d e r t a k e n by Vaknin e t a l ^ ^ * . They concluded t h a t t h e 
headgroup was n o t p a r a l l e l t o t h e i n t e r f a c e b u t went deeper i n t h e 
subphase. T h e i r d a t a d i d n o t show an o r i e n t a t i o n o f t h e group 
w h i c h c o u l d s t i l l be i n any o f t h e t h r e e p o s s i b i l i t i e s shown. 
There i s t h e r e f o r e no s u p p o r t i n g evidence f o r t h e f o l l o w i n g b u t i t 
c o u l d be suggested t h a t i f DPPC were o r i e n t a t e d such t h a t e i t h e r 
p a t t e r n s (1) o r (3) were f o l l o w e d t h e n t h e l a r g e i n c r e a s e i n AV 
compared t o a charged monolayer c o u l d be e x p l a i n e d . 

160 



-350 
Plot 5-4 : The double loyer potential [ f j for o fully ioniseci monolayer of DPPA. 

400 

-450 

"ime (mins 

Plot 5-5 : The potential and dipole moment for DPPA with 
11. I • I f I I 1 1 1 1 1 1' 

3r 

C 3 
C J 5 

750 

300 

00 

550 

700 450 H 
Dotentia 

350 400 

- S i 

"ime [mins] 

161 



For an a n a l y s i s o f t h e s u r f a c e p o t e n t i a l d ata t h e 
o r i g i n a l p l o t 5-3 must be u t i l i s e d . The q u a n t i t a t i v e v a l u e s are 
p r o b a b l y n o t t h e a c t u a l d i p o l e moments a s s o c i a t e d w i t h each 
m o l e c u l e because t h e r e l a t i v e p e r m i t t i v i t y o f t h e monolayer w i l l 
a l m o s t c e r t a i n l y n o t be equal t o one^°^, as assumed i n s e c t i o n 
4.2. However, t h e q u a l i t a t i v e n a t u r e o f t h e t h e s u r f a c e p o t e n t i a l 
p l o t s may be d i s c u s s e d i n terms o f r e l a t i v e changes o f t h e 
p o t e n t i a l and t h e d i p o l e moments. 

The d o t t e d l i n e i n t h e lower h a l f o f p l o t 5-3 
( d i p o l e moment) r i s e s s t e e p l y as soon as t h e b a r r i e r s o f t h e 
t r o u g h b e g i n t o move. T h i s i s p r o b a b l y due t o t h e a l k y l chains 
s t r a i g h t e n i n g g r a d u a l l y and t h e r e f o r e i n c r e a s i n g t h e d i s t a n c e 
between t h e charges o f t h e d i p o l e . As t o why t h e i n c r e a s e i n 
d i p o l e moment occ u r s as soon as t h e b a r r i e r s move b u t w e l l b e f o r e 
t h e d e t e c t e d r i s e i n s u r f a c e p r e s s u r e i t i s o n l y p o s s i b l e t o 
s p e c u l a t e . I t i s p o s s i b l e t h a t what i s b e i n g d e t e c t e d i s t h e t h e 
a l i g n m e n t o f t h e a l k y l c h a i n s o n l y when i n c o n t a c t w i t h o t h e r DPPA 
mo l e c u l e s . Thus, i n s t e a d o f measuring t h e slow i n c r e a s e i n angle 
o f t h e c h a i n s f r o m t h e subphase f o r a l l t h e molecules ( f i g u r e 
5 ( e ) - ( i ) ) , what may be b e i n g measured i s t h e a g g r e g a t i o n o f t h e 
DPPA mo l e c u l e s ( f i g u r e 5 ( e ) - ( i i ) ) . T h i s would e x p l a i n why t h e 
d i p o l e moment b e g i n s t o r i s e as soon as t h e b a r r i e r s move because 
t h e movement i s c a u s i n g t h e molecules t o meet and c l u s t e r . I t i s 
a l s o c o n s i s t e n t w i t h Mohwald a t al's^^^'^^^ r e s e a r c h where 
c r y s t a l l i t e s o f d i f f e r e n t phases o f DMPA were found. I t i s 
d i f f i c u l t t o co n c e i v e t h a t t h e l i f t i n g o f i n d i v i d u a l molecules 
would o c c u r as soon as t h e b a r r i e r s moved and so l o n g b e f o r e t h e r e 
i s a p r e s s u r e response. 

As soon a s u r f a c e p r e s s u r e i s d e t e c t e d t h e d i p o l e 
moment b e g i n s t o f a l l . There are t h r e e p o s s i b l e reasons f o r t h e 
f a l l : (a) There c o u l d be a l o s s o f m a t e r i a l from t h e s u r f a c e ; 
(b) The d i s t a n c e between t h e charges o f t h e d i p o l e c o u l d decrease; 
(c) The magnitude o f t h e charges c o u l d f a l l . I n t h e case o f DPPA 
t h e f i r s t o f t h e s e p o s s i b i l i t i e s can be d i s c o u n t e d as any l o s s o f 
m a t e r i a l would be d e t e c t e d by t h e s u r f a c e p r e s s u r e measurement. 
I t seems u n l i k e l y t h a t a t t h e onset o f p r e s s u r e t h e d i p o l e l e n g t h 
s h o u l d b e g i n t o s h r i n k as t h e o n l y methods f o r such a change would 
be t h e f o r m a t i o n o f gauche bonds o r a t i l t i n g o f t h e molecule 
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towards t h e wa t e r o r a decrease i n t h e d i s t a n c e between t h e 
c o u n t e r i o n and t h e headgroup. The f i r s t would n o t occur because 
DPPA i s above i t s phase t r a n s i t i o n t e m p e r a t u r e and i t has been 
shown by M i t c h e l l and D l u h y b y t h e use o f FTIR a t t h e a i r - w a t e r 
i n t e r f a c e t h a t p h o s p h o l i p i d s above t h e i r t r a n s i t i o n t e m p e r a t u r e 
r e t a i n t h e a l l t r a n s a l k y l c h a i n s t r u c t u r e t h r o u g h o u t a 
compression. The second p o s s i b i l i t y , t h a t t h e ch a i n s a r e t i l t i n g 
does n o t occur as i n t h i s case t h e APM would i n c r e a s e as t h e 
p r e s s u r e r o s e and n o t decrease as found i n t h e rr-A i s o t h e r m ( p l o t 
5-2) . The t h i r d s u g g e s t i o n t h a t t h e co u n t e r i o n moves c l o s e r t o 
t h e DPPA mo l e c u l e i s a p o s s i b l e e x p l a n a t i o n o f a change i n d i p o l e 
l e n g t h . T h i s c o u l d come about t h r o u g h a r e - o r i e n t a t i o n o f t h e 
p h o s p h a t i d i c a c i d group o r because t h e i n c r e a s e i n charge d e n s i t y 
o f t h e monolayer i s drawing t h e hydrogen i o n s c l o s e r . However t h e 
t h i r d method o f decrease t h e d i p o l e moment (c) s t i l l has n o t been 
c o n s i d e r e d . T h i s c o u l d be caused by one o f two f a c t o r s . E i t h e r 
t h e i n d u c e d d i p o l e i n t h e end o f t h e a l k y l c h a i n decreases o r t h e 
number o f i o n i s e d molecules o f DPPA decreases. The former c o u l d 
occur i n o r d e r t o decrease t h e r e p u l s i o n between t h e d i p o l e 
moments on d i f f e r e n t a l k y l c h a i n s which a r e now b e i n g pushed 
t o g e t h e r . The l a t t e r c o u l d occur i f t h e l o c a l c o n c e n t r a t i o n o f 
hydrogen i o n s a t t h e s u r f a c e o f t h e subphase decreased t h e pH t o 
below t h a t o f d i s s o c i a t i o n f o r DPPA. However, t h i s would a c t u a l l y 
• • 104 

i n c r e a s e t h e measured d i p o l e moment as shown by O l i v e i r a e t a l 
At t h e end o f t h i s d i s c u s s i o n two p o s s i b i l i t i e s f o r 

t h e decrease i n t h e d i p o l e moment o f DPPA as t h e p r e s s u r e 
i n c r e a s e s . These a r e t h a t e i t h e r t h e c o u n t e r i o n i s c l o s e r t o t h e 
headgroup o r t h e e n f o r c e d c l o s e p r o x i m i t y o f o t h e r a l k y l groups i s 
d e c r e a s i n g t h e s i z e o f t h e induced charge o f t h e end o f t h e c h a i n . 
From t h e d a t a i t i s n o t p o s s i b l e t o s t a t e which o f the s e i s 
o c c u r r i n g , o r whether some o t h e r f a c t o r i s i n v o l v e . Indeed t h e r e 
may be s e v e r a l processes i n v o l v e d i n t h e decrease. Whatever t h e 
rea s o n f o r t h e decrease i n t h e d i p o l e moment i t i s d e f i n i t e l y 
dependent on t h e p r e s s u r e and r e v e r s i b l e . As soon as t h e area 
i n c r e a s e s t h e d i p o l e moment i n c r e a s e s . The i n c r e a s e o f t h e d i p o l e 
moment c o n t i n u e s beyond t h e p o i n t o f p r e s s u r e d e t e c t i o n ( a t 9 
m i n u t e s ) . I t i s p o s s i b l e t h a t t h e monolayer has broken up i n t o 
s m a l l p i e c e s w h i c h a r e s t i l l t i g h t l y packed and s l o w l y t h e s e 
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aggregates r e l a x . The d e c l i n e i n the dipole moment i s much slower 
than the r i s e . Again t h i s could be due to a slow break-up of 
sm a l l aggregates. There i s a jump i n the dipole moment at ~15 
minutes. T h i s c o i n c i d e s with the b a r r i e r s of the trough stopping. 
I t i s p o s s i b l e t h a t t h i s caused a wave i n the trough which could 
have i n t e r f e r e d with e i t h e r the d i s p e r s i o n of the aggregates or 
the measurement of the su r f a c e p o t e n t i a l . 

A f t e r e i g h t minutes a t the f u l l expansion of the 
b a r r i e r s the d i p o l e moment becomes steady. However, the value i s 
s t i l l higher t h a t the o r i g i n a l recorded. T h i s could be because 
the molecules simply have not had enough time to r e l a x to the 
o r i g i n a l s t a t e or t h a t the process i s not completely r e v e r s i b l e . 
T h i s would e x p l a i n why pre-conditioning ( s e c t i o n 4.3.2) may 
i n c r e a s e the c r y s t a l l i n i t y of the monolayer because the s t a r t i n g 
p o i n t f o r the o r i e n t a t i o n of the molecules on a second compression 
i s d i f f e r e n t from the o r i g i n a l one. Indeed the dipole moment for 
the molecules f o r the re-compression, a t the point of det e c t i o n of 
p r e s s u r e , i s higher than on the i n i t i a l compression. T h i s was 
re - p r o d u c i b l e . I t i s could be due to the a l k y l chains being 
a l i g n e d a t a higher angle to the subphase than on the previous 
compression or to the number of molecules per aggregate being 
l a r g e r e a r l i e r on the o r i g i n a l compression. 

When the pressure of the monolayer was held a t 3 0 
mN m~̂  (31 minutes) the su r f a c e p o t e n t i a l remained constant but 
the d i p o l e moment decreased s l i g h t l y as the molecules packed 
c l o s e r together. 

164 



di­ et-
d- d + d+ 

O - ^ 
^_ d+ d- d + 

AV 

AV 

• 
• 

tAV 
AV 

(i) An uncharged 
monolayer 

(ii) A negatively 
charged 
monolayer 

(1) (2) (3) 

(HI) A zwitterionic monolayer 

distance from start of dipole 

Figure 5(d) : The effect of different arrangements of charge, at tfie tieadgroup, on the 
magnitude of the surface potential. The dotted lines represent potential difference due to the 
headgroup and the solid lines the effective potential difference due to the hydrocarbon chains. 
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(C) The e f f e c t of add i t i o n of Calcium to the subphase 

When calcium i s added to the subphase there 
appears, from the data found (t a b l e 5 ( i i i ) ) , to be an expansion of 
the monolayer compared to DPPA over water ( t a b l e 5 ( i i ) ) . However, 
t h i s c o n f l i c t s with the data recorded by other r e s e a r c h e r s . 
Howarth e t al^'* found a value of 43 per molecule f o r the CPA of 
DPPA over calcium a c e t a t e ; Hasmonay e t al^^ ^ recorded a value of 
38 per molecule over calcium c h l o r i d e ; Swart and Froggatt^^^ 
have a l s o found t h a t there i s very l i t t l e change i n the areas per 
molecule f o r DPPA over a calcium containing s u b s t r a t e . These 
f i n d i n g s concur with those of Gorwyn and Barnes^^^ who report the 
c o n t r a c t i o n of monolayers of DPPC and DMPE i n the expanded l i q u i d 
phase i n the presence of UÔ  . Mowald and Losche^^^see the 
condensation of DMPA on add i t i o n of calcium and Papahadjopoulos^^° 
a l s o c i t e s a condensation of negatively charged phospholipids with 
c a l c i u m c o n t a i n i n g sub-phases. 

With a l l of t h i s evidence from the l i t e r a t u r e i t i s 
c e r t a i n t h a t the areas values recorded i n t a b l e 5 ( i i i ) are i n 
e r r o r . The most probable reason f o r t h i s was t h a t the 
co n c e n t r a t i o n of the s o l u t i o n was greater than 1 mg/ml. On 
c o n s u l t a t i o n of records i t appears t h a t i t i s p o s s i b l e t h a t the 
DPPA s o l u t i o n may have been used to prepare monolayers f o r 
d e p o s i t i o n p r i o r to recording the isotherms. Although stored 
below 0 °C and s e a l e d to prevent evaporation i t i s p o s s i b l e that, 
during the process of removing s o l u t i o n to deposit the monolayers, 
some of the chloroform evaporated. As the main purpose of the 
isotherms was to determine a s u i t a b l e pressure f o r deposition the 
experiments were not repeated. 
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5 . 3 : M O N O L A Y E R S T U D I E S O F D O P A A T T H E A I R / W A T E R I N T E R F A C E 

5.3.1 R e s u l t s of monolayer s t u d i e s of L-a-DOPA (sodium s a l t ) 

(A) Fromherz trough 

mNm'^ Area per molecule 
Isotherm 
number 

Starting 
apm 

Collapse 
pressure 

Initial 
pick-up 

Close 
packed 

at 10 
mNm'^ 

at 25 
mNm"^ 

4 6 1 2 0 4 2 100 77 .8 7 0 . 8 51.1 
4 7 n n n 8 7 . 8 7 7 . 8 5 6 . 6 

4 8 n 4 3 n 8 7 . 4 7 8 . 7 58.1 

Average 8 4 
± 6 

7 6 
± 4 

5 5 
± 4 

Table 5(iv) Results for L -a -DOPA on a Fromherz trough 

H y s t e r e s i s : The monolayer was compressed to pressures 
of 10, 25, and 40 mN m ^ c o n s e c u t i v e l y . A f t e r each compression 
the b a r r i e r was re-expanded and the monolayer allowed to r e l a x . 
The r e s u l t s can be seen i n p l o t 5-6. 

S t a b i l i t y : A monolayer of DOPA was maintained, v i a the 
feed back c i r c u i t r y on the Fromherz trough, a t a constant pressure 
of 25 mN m~\ I n order to maintain the s u r f a c e pressure a t 25 mN 
m~̂  the feedback mechanism had to decrease the trough area at an 
average r a t e of 230 per molecule per hour (11 cm^/min.). A 
d i f f e r e n t monolayer was held a t a s u r f a c e pressure of 27 mN m \ 
The r a t e of c o n t r a c t i o n was 218 per molecule per hour (9.5 
cm^/min). I n both cases the area of the trough had to be r a p i d l y 
decreased by the feedback mechanism i n order to maintain the 
chosen s u r f a c e p r e s s u r e . T h i s continued s t e a d i l y , a t the r a t e s 
given, u n t i l the trough area reached i t s minimum p o s s i b l e value. 
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65 Plot 5-6 : tij/steresis tor i-a-im at 71 u [fmhen tmiighj 
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(B) Joyce-Loebl trough : 

mNm"̂  Area per molecule 
Isotherm 
number 

Starting 
apm 

Collapse 
pressure 

Initial 
pick-up 

Close 
packed 

at 10 
mNm'̂  

at 25 
mNm'̂  

67 120 45 100 79.7 77.8 64.3 
68 n n n n n 64.8 
69 If n n 78.7 n 64.6 
90 n n n 79.2 76.3 60.5 

Average 79.3 
±0.5 

77.4 
±0.8 

6 3 . 6 
± 2 

Table 5(v) Results for L -a -DOPA on a J o y c e Loebl trough 

H y s t e r e s i s : Compression of the monolayer took place to 
an APM of 18 A ^ (beyond the c o l l a p s e p r e s s u r e ) . The b a r r i e r s were 
then expanded and re-compression took pl a c e . On expansion the 
shape of the isotherm l a r g e l y followed t h a t of compression but the 
v a l u e s f o r the APM were ~8 A ^ l e s s , f or a given pressure than on 
compression. On re-compression there was a decrease i n the APM at 
a given p r e s s u r e , from the o r i g i n a l compression, of 10 A^.This 
g r a d u a l l y decreased t o 5.5 A ^ a t higher p r e s s u r e s (-35 mN m~̂ ) . 
There was t h e r e f o r e a d i f f e r e n c e i n gradient between the TT-A 
isotherms of the two compressions. 

Surface p o t e n t i a l : P l o t 5-8 shows the s u r f a c e p o t e n t i a l 
data f o r DOPA. I n the f i r s t compression the s u r f a c e p o t e n t i a l 
reached a maximum of 228 mV then on expansion f e l l to a lower 
v a l u e than on deposition (60 mV c,f. 78 mV). On re-compression 
the maximum s u r f a c e p o t e n t i a l reached was 280 mV. 
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5.3.2 A n a l y s i s and d i s c u s s i o n of monolayer s t u d i e s of DOPA 

(A) TT-A isotherms : 

For both s t y l e s of trough L-o£-DOPA has a CPA which 
i s approximately twice t h a t of DPPA (-80 compared to -43 A ^ per 
molecule) As the phosphatidic a c i d group i s the same f o r both 
molecules, t h i s can only be due to the d i f f e r e n c e i n the 
hydrocarbon c h a i n s . Both chains i n DPPA are saturated, whereas 
the c h a i n s are both unsaturated i n DOPA. The alkene group i s 
half-way along the length of the DOPA chains and i s c i s i n 
c o n f i g u r a t i o n . The only other d i f f e r e n c e between the chains of 
DPPA and DOPA i s t h a t those of DOPA have a greate r number of 
carbons (17 cf, 15). Mohwald et a l ^ ^ ^ have studied the isotherms 
of DMPA (with a chain length of 13 carbons), and found i t s CPA to 
be -45 A ^ . Thus the chain length would appear not to a f f e c t the 
packing of the molecules to a large extent. I t must th e r e f o r e be 
the presence of the alkene group which i s a f f e c t i n g the monolayer 
c h a r a c t e r i s t i c s of DOPA. 

There i s a d i f f e r e n c e between the CPA's measured on 
the two d i f f e r e n t types of trough. The CPA measured on the 
Fromherz trough i s 5 A ^ l a r g e r than t h a t found on the Joyce-Loebl 
trough, however the e r r o r i n the measurements taken on the 
Fromherz trough i s ± 6 A ^ so t h i s d i f f e r e n c e may not be 
s i g n i f i c a n t . The biggest d i f f e r e n c e between the two troughs i s 
the shape of the isotherms ( p l o t 5-7). The isotherm measured on 
the Joyce-Loebl trough has a steeper gradient and a t 45 mN m ^ the 
c o m p r e s s i b i l i t y of the monolayer i n c r e a s e s g r e a t l y , i n d i c a t i n g a 
c o l l a p s e of the monolayer. The isotherms recorded on the Fromherz 
trough e x h i b i t a point of i n f l e c t i o n a t -42 mN m~̂  and then the 
o r i g i n a l g r a d i e n t i s recovered. There are probably s e v e r a l 
f a c t o r s i n f l u e n c i n g these d i f f e r e n c e s . The f i r s t of which i s the 
l a r g e v a r i a t i o n i n the r a t e of compression between the two troughs 
- 1.8 cm^ s~^ f o r the Joyce-Loebl trough and 0.5 cm^ s~^ f o r the 
Fromherz trough. The slower compression r a t e would allow more 
time f o r the monolayer to respond to the e x t e r n a l pressure, 
perhaps causing the shallower gradient on the isotherms recorded 
on the Fromherz trough. The second f a c t o r i s t h a t the d i s s i m i l a r 
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shapes of the enclosed areas during compression exert d i f f e r e n t 
s t r e s s e s on the monolayer. T h i s a f f e c t s the manner i n which the 
monolayer flows and p o s s i b l y the packing of the molecules. The 
t h i r d f a c t o r c o n t r i b u t i n g to the d i f f e r i n g isotherms, i s the 
s u r f a c e area a v a i l a b l e f o r the monolayer. On the Joyce-Loebl 
trough t h i s i s c o n t r o l l e d s o l e l y by the movement of the b a r r i e r s . 
For the Fromherz trough ( f i g u r e 4 ( c ) ) the meniscus s i t s above the 
trough, and as the monolayer i s compressed, the r a d i u s of the 
meniscus curvature a t the water/PTFE i n t e r f a c e can i n c r e a s e . I n 
the case of DPPA t h i s i n c r e a s e was v i s i b l e to the naked eye. On 
one o c c a s i o n the curvature of the meniscus increased beyond the 
po i n t of s t a b i l i t y , f o r one of the mixtures of DPPA/DOPA, such 
t h a t the water overflowed, t a b l e 5 ( v i i ) . Thus, although i n t e n s i v e 
s t u d i e s of the d i f f e r e n c e s between the two trough types were not 
undertaken i t should be noted t h a t not only were there numerical 
d i f f e r e n c e s i n the isotherms but the behaviour of the monolayer 
i t s e l f depends on the manner i n which the isotherm was c o l l e c t e d . 
The d i f f e r e n c e s i n the shapes of isotherms recorded on various 
types of Langmuir trough i s l a r g e l y due to the f a c t t h a t isotherms 
are recorded i n non i d e a l conditions. 

For both types of trough the isotherms of DOPA show 
a slow r i s e i n s u r f a c e pressure and d i s t i n c t phase changes are not 
seen. I . e, the monolayer remains i n a f l u i d s t a t e throughout the 
compression. DOPA i s above i t s l i p i d phase t r a n s i t i o n temperature 
(see Chapter 3) a t 19 °C. The evidence f o r t h i s i s contained i n 
s e c t i o n 6.9 of t h i s t h e s i s . There appears to be no data on for 
DOPA p r e v i o u s l y published to v e r i f y t h i s but there i s data, mainly 
from d i f f e r e n t i a l scanning calorimetry, f o r the phase t r a n s i t i o n 
temperatures of a v a r i e t y of other phospholipids^'^. Some of the 
a v a i l a b l e data i s given i n t a b l e 5 ( v i ) . 

I t can be seen from t a b l e 5 ( v i ) t h a t the 
unsaturated molecules have a much lower phase t r a n s i t i o n 
temperature than the satu r a t e d l i p i d s . There appears to be -70 °C 
d i f f e r e n c e between s i m i l a r phospholipids with unsaturated and 
s a t u r a t e d c h a i n s of comparable length. The r e s u l t f o r DPPA i s 67 
°C thus the l i p i d phase t r a n s i t i o n f o r DOPA would be expected at ~ 
0 °C. T h i s e x t r a p o l a t i o n and the FTIR data ( P l o t 6-30) show t h a t 
DOPA i s above i t s phase t r a n s i t i o n temperature. 
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Therefore, not only are the c i s double bonds i n 
each c h a i n preventing the alkene chains from forming orderly 
c r y s t a l l i n e s o l i d phases but a l s o the chains w i l l have gauche 
conformers a t d i f f e r e n t p o s i t i o n s along the chain, i n c r e a s i n g the 
molecules f l u i d i t y but decreasing the p o s s i b i l i t y of reg u l a r 
c r y s t a l l i n e s t r u c t u r e s . Indeed, t h i s f l u i d l i k e behaviour of DOPA 
was why i t was chosen to be mixed with DPPA to t r y and produce a 
monolayer which would allow the mixing of alamethicin with the 
l i p i d s and a i d the deposition of alamethicin mixtures (chapter 7 ) . 

Monolayers of DOPA e x h i b i t l a r g e h y s t e r e s i s , on 
re-compression, on both s t y l e s of Langmuir trough ( p l o t 5-6). 
There are two main p o s s i b l e c o n t r i b u t i n g f a c t o r s . The f i r s t i s 
the l o s s of m a t e r i a l from the surf a c e l a y e r i n t o e i t h e r the bulk 
phase or by the formation of a m u l t i l a y e r system. The second i s 
t h a t compression and expansion anneal the monolayer and allow 
c l o s e r packing of the molecules on re-compression. From the 
isotherm data alone i t i s not p o s s i b l e to d i s t i n g u i s h between 
these two p o s s i b i l i t i e s . The s t a b i l i t y t e s t s c a r r i e d out (s e c t i o n 
5.3.1) support the f i r s t case, of absorption of DOPA in t o the bulk 
medium. I f a l l of the m a t e r i a l i s s t i l l on the su r f a c e as a 
monolayer, a t the s m a l l e s t p o s s i b l e area of the Fromherz trough, 
each molecule would have an APM of 8 A ^ . Which given the s i z e of 
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space f i l l i n g models of s i n g l e alkane chains (-20 A ) would 
seem to be impossible. Thus, there must be fewer molecules on the 
s u r f a c e than c a l c u l a t e d . These disappearing molecules have two 
d i r e c t i o n s i n to go - e i t h e r on top of the DOPA which i s a t the 
water i n t e r f a c e ; or in t o the bulk water. So having eliminated the 
p o s s i b i l i t y t h a t annealing i s p r i m a r i l y r e s p o n s i b l e f o r the 
h y s t e r e s i s , the most l i k e l y explanation, for the i n s t a b i l i t y , i s 
the the l o s s of m a t e r i a l from the su r f a c e of the water. 

173 



Lipid Lipid phase 
transition 
temperature (°C) 

Chain 
configuration 
snl/sn2 

Reference 

DSPC 55 18:0/18:0 2 
DMPC 24 14:0/14:0 2 
DPPC 41 16:0/16:0 2 
DPPE 63 I I 1 
DPPS 55 I I 1 
DPPG 41 I I 1 
DPPA 67 I t 1 
DOPC -20 18:1CA'/18:1CA9 2 
dipalmitoleic PC -36 16:lcA'/16:lcA' 2 
Egg PC <0 unsaturated 93 

Table 5(vi) Phase transition temperatures of different phospholipids. 
The chain configuration is given such that the first number is the number of 
carbons in the acyl chains, A denotes the position of any double bonds. 

(B) Surface p o t e n t i a l data for DOPA 

Unli k e DPPA (plot 5-3) there i s no i n c r e a s e i n 
d i p o l e moment u n t i l the pressure begins to r i s e . Indeed i n i t i a l l y 
t h e r e i s a f a l l i n the dipole moment. When a pressure r i s e i s 
detected the dip o l e moment begins to i n c r e a s e , probably due to the 
angle of the a l k y l chains to the subphase i n c r e a s i n g . T h i s r i s e 
i s soon counteracted by a s i m i l a r process to those discussed i n 
s e c t i o n 5.2.3.B and the t o t a l dipole moment begins to f a l l . 

The d i s c u s s i o n of the re-compression of the 
monolayer i s complicated by the f a c t t h a t the h y s t e r e s i s of DOPA 
c l e a r l y shows t h a t m a t e r i a l has been l o s t from the monolayer. 
Thus, the APM used to c a l c u l a t e the dipole moment i s too low. 
There do appear to be s e v e r a l spikes i n both the p o t e n t i a l and the 
d i p o l e moment curves. As t h i s i s the only data recorded for DOPA 
i t i s impossible to say i f these are re-producible. They could be 
due t o patches of DOPA passing under the el e c t r o d e which are 
t h i c k e r than a monolayer. 

Even though there i s very l i t t l e data and not 
q u a l i t a t i v e , i t i s c l e a r t h a t the behaviour of DOPA molecules i s 
very d i f f e r e n t to those of DPPA. 
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5.4 : MONOLAYER STUDIES OF MIXTURES OF DPPA AND DOPA 

5.4.1 : R e s u l t s f o r mixtures of DL-a-DPPA and DOPA 

(A) Fromherz trough : 

mNm'^ Area per molecule A^ 
Mole 
ratio 

Mole 
fraction 

Isotherm 
number 

Starting 
apm 

Collapse 
pressure 

Close 
packed 

at 10 
mNm'^ 

at 25 
mNm'^ 

at 50 
mNm'^ 

3:1 0 . 7 5 5 7 120 6 0 4 7 . 0 4 7 . 0 4 0 . 8 3 4 . 3 3:1 0 . 7 5 
5 8 ti 62 46.1 4 6 . 6 40.1 3 3 . 8 

3:1 0 . 7 5 

Average 46.6 
± 0 . 6 

46.8 
± 0 . 3 

40.5 
± 0 . 5 

34.1 
± 0 . 3 

4:1 0 . 8 0 5 5 120 52 4 4 . 6 4 4 . 2 3 8 . 8 33.1 4:1 0 . 8 0 
5 6 n 5 6 4 5 . 6 4 5 . 4 3 9 . 8 3 3 . 6 

4:1 0 . 8 0 

Average 45.1 
± 0 . 7 

44.8 
± 0 . 8 

39.4 
± 0 . 6 

33.4 
± 0 . 4 

5:1 0 . 8 3 5 3 1 2 0 55 4 6 . 8 4 5 . 8 4 0 . 8 3 4 . 8 5:1 0 . 8 3 
5 4 n 4 2 . 5 * 4 5 . 6 4 4 . 6 3 9 . 4 

5:1 0 . 8 3 

Average 46.2 
± 0 . 8 

45.2 
± 0 . 8 

40.1 
± 1 . 0 

34.8 

9:1 0 . 9 0 51 1 2 0 55 4 4 . 4 4 3 . 9 3 8 . 9 3 3 . 4 9:1 0 . 9 0 
5 2 57 4 6 . 8 4 5 . 9 4 0 . 6 34.1 

9:1 0 . 9 0 

Average 45.6 
± 1 . 7 

44.9 
± 1 . 4 

39.8 
± 1 . 2 

33.8 
± 0 . 5 

Table 5{vii) Resul ts for mixtures of DPPA and DOPA on a Fromherz trough 
mole ratios are for DPPA:DOPA and mole fractions for DPPA 

* The monolayer w a s so rigid that the meniscus broke and the 
monolayer escaped from the trough. 

A l l of the r a t i o s which follow, i n t h i s s e c t i o n , 
5.4, a r e mole r a t i o s of DPPA:DOPA. None of the above isotherms 
e x h i b i t e d a po i n t of i n f l e c t i o n except the 3:1 r a t i o where i t 
occurred a t 52 mN m~̂ . The d i s t i n c t phase changes seen for DPPA 
were more gradual. There was a continuous change i n the gradient 
u n t i l -15 mN m~̂  where the isotherms showed a constant gradient i n 
the s o l i d region. 
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H y s t e r e s i s : A h y s t e r e s i s t e s t on the 4:1 mixture was 
undertaken. No change occurred on compression and expansion to 10 
mN m~̂ . On re-compression to 25 mN m~̂  the o r i g i n a l curve was 
followed. On expansion the pressure dropped f a s t e r than before, 
r e t u r n i n g to zero a t 52 A ^ compared with the i n i t i a l value of 56 
A . However on re-compression to 40 mN m the o r i g i n a l isotherm 
was t r a c e d . On r e l a x a t i o n a f a s t e r descent was again found. On 
the f i n a l compression the o r i g i n a l curve was again followed. 

S t a b i l i t y : A monolayer of 4:1 DPPA:DOPA was maintained, 
v i a the feed back c i r c u i t r y on the Fromherz trough, a t a constant 
p r e s s u r e of 30 mN m .̂ I n order to maintain the s u r f a c e pressure 
a t 30 mN m~̂  the feedback mechanism had to decrease the trough 
a r e a a t an average r a t e of 2.7 A ^ per molecule per hour (0.17 
cm^/min.). A d i f f e r e n t monolayer was held a t a s u r f a c e pressure 
of 35 mN m~̂ . The r a t e of c o n t r a c t i o n was 2.4 A ^ per molecule per 
hour (0.23 cm^/min). 

Plot 5-9: Isotherms for D-L-a-DPPA and L-a-DOPA mixtures 
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(B) Joyce-Loebl trough : 

For mole f r a c t i o n s of DPPA above 0.5 a point of 
-1 i n f l e c t i o n was seen a t -45 mN m * with the main c o l l a p s e pressure 

For mole f r a c t i o n s below 0.5 there was only the 
-1 

a t -55 mN m 
c o l l a p s e p r e s s u r e a t -43 mN m 

mNm'^ Area per molecule 
Mole 
ratio 

Mole 
fraction 

Isotherm 
number 

Starting 
apm 

Collapse 
pressure 

Close 
packed 

at 10 
mNm"^ 

at 25 
mNm"^ 

1:3 0 . 2 4 9 3 120 4 4 7 2 . 5 7 3 . 0 5 1 . 4 1:3 0 . 2 4 
9 4 n 4 5 7 1 . 5 7 1 . 5 5 1 . 8 

1:3 0 . 2 4 

Average 72.0 
± 0 . 7 

72.3 
± 1 . 1 

51.6 
± 0 . 3 

1:5 0 . 1 6 7 9 5 120 44 7 3 . 9 7 3 . 4 58.1 1:5 0 . 1 6 7 
9 6 n 4 5 n 7 3 . 9 58.1 

1:5 0 . 1 6 7 

Average 73.9 
± 0 . 0 

73.7 
± 0 . 4 

58.1 
± 0 . 0 

1:9 0 . 1 0 8 9 120 41 81.1 7 7 . 2 6 1 . 0 1:9 0 . 1 0 
92 n 4 3 7 8 . 2 7 5 . 9 5 9 . 5 

1:9 0 . 1 0 

91 n 41 7 4 . 9 7 1 . 0 5 5 . 4 

1:9 0 . 1 0 

Average 78.1 
± 3 . 1 

74.7 
± 3 . 3 

58.6 
± 2 . 9 

1:15 0 . 0 6 3 9 7 120 4 3 . 5 7 9 . 4 7 7 . 8 6 3 . 4 1:15 0 . 0 6 3 
9 8 n 4 1 . 5 8 1 . 4 7 9 . 2 6 2 . 4 

1:15 0 . 0 6 3 

Average 80.4 
± 1 . 4 

78.5 
± 1 . 0 

62.9 
± 0 . 7 

1:20 0 . 0 4 8 9 9 120 4 4 7 8 . 2 7 7 . 3 6 2 . 6 1:20 0 . 0 4 8 
1 0 0 4 3 8 3 . 0 8 1 . 6 6 4 . 8 

1:20 0 . 0 4 8 

Average 80.6 
± 3 . 4 

79.5 
± 3 . 0 

63.7 
± 1 . 6 

Table 5(viii) Resul ts for mixtures of DPPA in DOPA on a Joyce-Loebi trough 
mole ratios are for DPPA:DOPA and mole fractions for DPPA 
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Pressure mNm'' Area per molecule A"̂  

Mole 
ratio 

Mole 
free 

Iso. 
No. 

Start 
apm 

Inflect, 
point 

Final 
collapse 

Close 
packed 

at 10 at 25 
mNm'^ 

at 50 

1:1 0 .5 7 0 120 4 4 ~ 6 5 . 8 6 3 . 4 5 3 . 3 — 1:1 0 .5 
71 1 0 0 55 6 7 . 6 6 7 . 2 5 6 . 4 19 .2 

1:1 0 .5 

7 2 n 4 2 58 6 8 . 4 6 6 . 8 5 6 . 2 18 .6 

1:1 0 .5 

A v e . 6 7 . 3 
± 1 . 3 

65.8 
± 2 . 1 

5 5 . 3 
± 1 . 7 

18 .9 
± 0 . 4 

4:1 0 . 8 101 8 0 4 0 5 0 5 5 . 0 5 3 . 4 4 5 . 6 2 6 . 9 4:1 0 . 8 
102 n 4 4 54 53.1 5 2 . 2 4 5 . 4 3 1 . 0 

4:1 0 . 8 

A v e . 54.1 
± 1 . 3 

52.8 
± 0 . 8 

4 5 . 5 
± 0 . 1 

29 
± 3 

6:1 0 . 8 6 7 3 1 0 0 4 7 5 6 4 8 . 0 4 8 . 0 4 2 . 6 3 1 . 0 6:1 0 . 8 6 
74 8 0 n 5 5 5 0 . 4 5 0 . 4 4 5 . 3 3 3 . 6 

6:1 0 . 8 6 

7 5 n 4 6 54 .5 4 9 . 9 4 9 . 9 4 4 . 8 3 2 . 6 

6:1 0 . 8 6 

A v e . 4 9 . 4 
± 1 . 3 

4 9 . 4 
± 1 . 3 

4 4 . 2 
± 1 . 4 

3 2 . 4 
± 1 . 3 

10:1 0.91 7 6 8 0 4 6 54 4 7 . 5 4 7 . 0 4 2 . 9 3 4 . 2 10:1 0.91 
7 7 n 4 8 57 4 9 . 0 4 9 . 3 4 5 . 0 3 7 . 4 

10:1 0.91 

8 4 n 4 5 n 4 4 . 2 4 3 . 8 4 0 . 3 3 2 . 6 

10:1 0.91 

A v e . 4 6 . 9 
± 2 . 5 

4 6 . 7 
± 2 . 8 

4 2 . 7 
± 2 . 4 

3 4 . 7 
± 2 . 4 

15:1 0 . 9 4 81 8 0 4 6 54 4 7 . 7 4 7 . 5 4 3 . 8 3 7 . 2 15:1 0 . 9 4 
8 2 n 4 5 n 4 9 . 0 4 9 . 3 4 5 . 6 3 8 . 7 

15:1 0 . 9 4 

8 3 1 2 0 4 6 5 5 . 5 50 .3 50.1 4 6 . 7 4 0 . 7 

15:1 0 . 9 4 

A v e . 4 9 . 0 
± 1 . 3 

4 9 . 0 
± 1 . 3 

4 5 . 4 
± 1 . 5 

3 8 . 9 
± 1 . 8 

20:1 0 . 9 5 7 8 8 0 4 9 57 4 7 . 7 4 7 . 7 4 4 . 2 3 8 . 9 20:1 0 . 9 5 
7 9 n 4 5 55 4 8 . 0 4 8 . 0 4 4 . 6 3 9 . 2 

20:1 0 . 9 5 

A v e . 4 7 . 9 
± 0 . 2 

4 7 . 9 
± 0 . 2 

4 4 . 4 
± 0 . 3 

39.1 
± 0 . 2 

Table 5(ix) Results for nnixtures of DOPA in DPPA on a Joyce-Loebl trough 
mole ratios are for DPPAiDOPA and mole fractions for DPPA 
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H y s t e r e s i s : H y s t e r e s i s t e s t s were c a r r i e d out on the 
10:1 and 4:1 mole r a t i o s . The monolayer of a 4:1 r a t i o was taken 
over the f i n a l (-53 mN m ^) c o l l a p s e pressure to an APM of 3 0 A^ 
the b a r r i e r s were then expanded and the monolayer was 
re-compressed. On expansion the pressure dropped very r a p i d l y at 
f i r s t , then a t 3 5 mN m~̂  the gradient mimicked the o r i g i n a l 
compression but with APMs 12 A^ l e s s than the o r i g i n a l isotherm. 
A d i s t i n c t g radient change was seen a t 15 mN m .̂ On 
re-compression i n i t i a l l y the APM was 11 A l e s s than the o r i g i n a l 
curve, f o r e q u i v a l e n t p r e s s u r e s , but the gradient of the new 
isotherm was steeper. J u s t before the point of i n f l e c t i o n , a t -45 
mN m~̂ , the area d i f f e r e n c e between the two isotherms had f a l l e n to 
3 A ^ . A f t e r t h i s the curves became even c l o s e r , the d i f f e r e n c e 
f e l l to 0.5 A ^ per molecule. The point of i n f l e c t i o n i t s e l f was 
shallo w e r than t h a t of the o r i g i n a l isotherm. The f i n a l c o l l a p s e 
p r e s s u r e was 57 mN m~̂  compared to 55.5 mN m~̂  on the i n i t i a l 
compression. The 10:1 mixture was compressed to 15, 35 and 51 
mN m ^ c o n s e c u t i v e l y and was expanded a f t e r each compression. The 
f i r s t two p r e s s u r e s were beneath the pressure of the point of 
i n f l e c t i o n , whereas the t h i r d was between the point of i n f l e c t i o n 
and the f i n a l c o l l a p s e pressure. No h y s t e r e s i s was seen for 
compression of the f i r s t two c y c l e s . However, on re-compression, 
a f t e r the compression to 51 mN m~̂  (over the point of i n f l e c t i o n , 
t h e r e was a d i f f e r e n c e of 2 A^ between the isotherm and the 
o r i g i n a l . A f t e r the point of i n f l e c t i o n there was no d i s c e r n i b l e 
d i f f e r e n c e between the two curves. For a l l of the expansions the 
pr e s s u r e dropped f a s t e r than i t had r i s e n , p a r t i c u l a r l y a f t e r the 
compression to 51 mN m~\ 

Surface p o t e n t i a l : P l o t 5-11 shows the surf a c e 
p o t e n t i a l c h a r a c t e r i s t i c for a 4:1 mixture of DPPA:DOPA. The 
i n i t i a l s u r f a c e p o t e n t i a l was 33 mV t h i s rose to a maximum of 285 
mV on compression. On expansion the surf a c e p o t e n t i a l f e l l to -5 
mV. On re-compression a new maximum of 330 mV was reached. 
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Plot 5-10: Isotherms for DL-a-DPPA end L-a-DOPA mixtures on a Joyce-Loebl trough 
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Plot 5-11A 
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Surface pressure and area vs. time for 4:1 DPPA:DOPA 
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5.4.2 A n a l y s i s and d i s c u s s i o n o f monolayer s t u d i e s 
o f m i x t u r e s o f DL-a-DPPA and L-a-DOPA : 

(A) D i s c u s s i o n o f i s o t h e r m data 

There a r e a g a i n l a r g e d i f f e r e n c e s n o t o n l y i n t h e 
APMs r e c o r d e d ( t a b l e s 5 ( v i i ) & 5 ( v i i i ) ) b u t a l s o i n t h e shape o f 
i s o t h e r m s observed on Fromherz and Joyce-Loebl t r o u g h s . P l o t 5-9 
shows t h e i s o t h e r m s o f a 4:1 m i x t u r e o f DPPArDOPA re c o r d e d on bot h 
t r o u g h s . The d i f f e r e n c e s found are t y p i c a l o f those f o r o t h e r 
s i m i l a r m i x t u r e s . The APMs measured on t h e Fromherz t r o u g h are 
a l l l o w e r t h a n t h o s e measured on t h e Joyce-Loebl t r o u g h . T h i s i s 
p r o b a b l y due t o t h e e x t r a area a v a i l a b l e t o t h e monolayer on t h e 
c u r v i n g meniscus o f t h e Fromherz t r o u g h , o r t o leakage o f t h e 
m a t e r i a l . For t h e s t u d y o f m i x t u r e s t h e shape d i f f e r e n c e i s more 
d i s c o n c e r t i n g as t h e two isotherms i n p l o t 5-9 l e a d t o c o m p l e t e l y 
d i f f e r e n t c o n c l u s i o n s c o n c e r n i n g t h e m i s c i b i l i t y o f DPPA and 
L-a-DOPA (see s e c t i o n 4.1.2.B). On t h e Fromherz t r o u g h t h e r e i s 
o n l y one c o l l a p s e p r e s s u r e a t -60 mN m~\ t h u s c h a r a c t e r i s t i c o f a 
m i s c i b l e m i x t u r e . On t h e Joyce-Loebl t r o u g h t h e r e a re c l e a r l y two 
i n f l e c t i o n p o i n t s one a t ~44 mN m ^ and t h e o t h e r a t -54 mN m ̂ , 
t h e same p r e s s u r e s as t h e c o l l a p s e p r e s s u r e s o f DOPA ( t a b l e 5 ( v ) ) 
and DPPA ( t a b l e 5 ( i i ) ) r e s p e c t i v e l y . I.e. t h e monolayer i s 
e x h i b i t i n g two c o l l a p s e s , each c h a r a c t e r i s t i c o f t h e i s o l a t e d 
s e p a r a t e components. Given t h e p o s s i b i l i t y t h a t t h e meniscus on 
t h e Fromherz t r o u g h may change shape and t h e monolayer f l o w due t o 
compression i s more even ( a p a r t from i n t h e s i d e arms) on a 
Joyce-Loebl s t y l e t r o u g h . There i s a l s o a h i g h e r p o s s i b i l i t y f o r 
t h e leakage o f t h e monolayer due t o t h e r a i s e d b a r r i e r on t h e 

1 4 5 

Fromherz t r o u g h . T h e r e f o r e , t h e data from t h e Joyce-Loebl 
t r o u g h appears more t r u s t w o r t h y . P l o t 5-12 shows t h e measured APM 
a t 25 mN m~̂  f o r a v a r i e t y o f mole f r a c t i o n s o f DPPA (on a 
Joy c e - L o e b l t r o u g h ) . The s o l i d l i n e i s t h e t h e o r e t i c a l v a l u e 
c a l c u l a t e d u s i n g e q u a t i o n 4 ( i i i ) ( s e c t i o n 4.1.2.B). T h i s i s 
c a l c u l a t e d f r o m t h e e x p e r i m e n t a l v a l u e s f o r t h e APMs o f pure DPPA 
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and DOPA a t 25 iiiN m ^. L i n e a r f i t s t o t h e data have been made and 
ar e i l l u s t r a t e d . However, i t was decided t h a t i t would be 
a p p r o p r i a t e t o c o n s i d e r t h e p l o t i n two s e c t i o n s : DPPA i n DOPA; 
and DOPA i n DPPA. W h i l s t t h e r e i s a need f o r f u r t h e r c o n f i r m i n g 
d a t a , t h e r e does appear t o be a d i f f e r e n c e i n t h e m i x i n g between 
mole f r a c t i o n s o f DPPA above and below 0.5. 

Where DOPA i s mixed i n t o DPPA t h e r e appears t o be a 
s l i g h t p o s i t i v e d e v i a t i o n from t h e expected v a l u e s . T h i s i s 
p r o b a b l y due t o a s m a l l amount o f m i x i n g o c c u r r i n g between t h e 
DPPA and DOPA such t h a t t h e DOPA d i s r u p t s t h e c r y s t a l l i n e 
s t r u c t u r e o f DPPA. However, g i v e n t h e shape o f t h e iso t h e r m s 
( p l o t 5-10 : t h e s o l i d l i n e ) t h e m i x t u r e s appears t o be l a r g e l y 
i m m i s c i b l e . I t i s p o s s i b l e t h a t i t may be i s l a n d s o f DOPA which 
a r e d i s r u p t i n g t h e o v e r a l l p a c k i n g o f t h e DPPA molecules. 

A t mole f r a c t i o n s o f DPPA below 0.5 t h e r e i s a 
n e g a t i v e d e v i a t i o n from i d e a l m i x i n g , i n d i c a t i n g a c o n t r a c t i o n o f 
t h e monolayer compared t o t h e expected v a l u e s f o r t h e APM. T h i s 
w ould a g a i n i n d i c a t e some m i s c i b i l i t y between t h e molecules b u t 
now t h e a d d i t i o n o f DPPA t o DOPA a i d s t h e f o r m a t i o n o f a more 
c l o s e l y packed s t r u c t u r e . P l o t 5-10 ( d o t t e d l i n e ) shows t h e 
t y p i c a l i s o t h e r m o f such a m i x t u r e . The l a c k o f a second c o l l a p s e 
i s n o t s i g n i f i c a n t due t o t h e f a c t t h a t a l l o f t h e is o t h e r m s were 
r e c o r d e d such t h a t t h e i n i t i a l APM was 120 A^. Thus, on maximum 
compression t h e APM f o r DPPA alone never reaches t h e c l o s e packed 
s t r u c t u r e , l e t a l o n e t h e c o l l a p s e p o i n t . E.g. f o r t h e 1:3 m i x t u r e 
t h e f i n a l APM, a t f u l l compression, f o r a l l o f t h e molecules i s 
-20 . I f t h e area a v a i l a b l e i s j u s t f i l l e d by t h e DPPA p r e s e n t 
t h i s w ould g i v e an APM o f -80 comparing t h i s t o t h e APM a t 
c o l l a p s e f o r DPPA (-37 A^) i t i s obvious t h a t t h e c o l l a p s e 
p r e s s u r e f o r DPPA w i l l n o t be reached under t h e e x p e r i m e n t a l 
c o n d i t i o n s . I n o r d e r t o see t h e two c o l l a p s e p r e s s u r e s much l e s s 
m a t e r i a l would have t o be d e p o s i t e d on t h e s u r f a c e . U n f o r t u n a t e l y 
such an ex p e r i m e n t was n o t performed. The f a c t t h a t t h e c o l l a p s e 
p r e s s u r e s ( t a b l e 5 ( v i i i ) ) found are v e r y c l o s e t o t h a t o f pure 
DOPA ( t a b l e 5 ( v ) ) would i n d i c a t e i m m i s c i b i l i t y . 
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P l o t 5-13 shows t h e APM a t 50 mN m~̂  f o r t h e same 
i s o t h e r m s . T h i s p r e s s u r e i s above t h e p o i n t o f i n f l e c t i o n b u t 
below t h e f i n a l c o l l a p s e p r e s s u r e . No da t a was a v a i l a b l e f o r mole 
f r a c t i o n s o f DPPA below 0.5 as t h e p r e s s u r e does n o t reach 50 mN 
m ^. S i m i l a r l y i t i s n o t p o s s i b l e t o c a l c u l a t e t h e expected APM 
because t h e s u r f a c e p r e s s u r e o f DOPA does n o t reach 50 mN m~\ 
The s o l i d l i n e i n p l o t 5-13 i s a l i n e a r f i t t o t h e e x p e r i m e n t a l 
d a t a . The f i r s t p o i n t t o note i s t h a t i t s s l o p e i s i n t h e 
o p p o s i t e d i r e c t i o n t o t h e expected. As t h e mole f r a c t i o n o f t h e 
component w i t h t h e l a r g e s t APM (DOPA), a t lower p r e s s u r e s , i s 
decreased t h e t o t a l APM i s i n c r e a s i n g . The shape o f t h e isotherms 
suggests t h a t DOPA and DPPA are l a r g e l y i m m i s c i b l e and t h a t t h e 
DOPA i s l a n d s had c o l l a p s e d . T h e r e f o r e , a c a l c u l a t i o n was made t o 
see whether t h e p r e s s u r e response b e i n g d e t e c t e d , a t 50 mN m ^ was 
fr o m a monolayer composed s o l e l y o f DPPA. 

The amount o f DPPA i n t h e o r i g i n a l l a y e r d e p o s i t e d was 
fou n d . Then t h e area o f t h e t r o u g h was d i v i d e d by t h e number of 
DPPA mo l e c u l e s t o g i v e an APM t h a t r e l a t e d s o l e l y t o DPPA. The 
r e s u l t s o f t h e s e c a l c u l a t i o n s a re shown i n p l o t 5-13 as a X's. 
The d o t t e d l i n e i s a l i n e a r f i t t o t h e c a l c u l a t e d d a t a . The 
e q u a t i o n f o r t h e f i t i s Y = 5.5X + 34.3 and t h e average v a l u e i s 
39 ± 2 A°? Pure DPPA a t 50 mN m~̂  has an APM o f 37 ± 2 per 
mo l e c u l e ( t a b l e 5 ( i i ) ) . Thus, t h e c a l c u l a t e d APM, f o r DPPA bei n g 
t h e o n l y component on t h e s u r f a c e a t 50 mN m~̂ , i s s l i g h t l y h i g h e r 
t h a n t h e APM f o r pure DPPA a t t h i s p r e s s u r e . However, t h e f i t i s 
f a i r l y c l o s e . The s l i g h t i n c r e a s e i n t h e c a l c u l a t e d APM c o u l d be 
due t o a number o f f a c t o r s : a l l o f t h e DOPA mig h t n o t have been 
e j e c t e d f r o m t h e monolayer; t h e e j e c t e d DOPA may be a f f e c t i n g t h e 
b e h a v i o u r o f t h e DPPA monolayer; o r t h e presence o f DOPA i n t h e 
monolayer below 44 mN m~̂  may have caused t h e f o r m a t i o n o f 
i r r e g u l a r i t i e s i n t h e c r y s t a l l i n e s t r u c t u r e o f DPPA. The l a s t o f 
t h e s e f a c t o r s i s q u i t e a s t r o n g p o s s i b i l i t y as Mohwald^^^ has 
fo u n d , by f l u o r e s c e n c e , t h a t i n t h e l i q u i d s t a t e t h e r e i s a s t r o n g 
v a r i a t i o n i n t h e p a t t e r n o f c r y s t a l growth between d i f f e r e n t 
l i p i d s . A l t h o u g h he has y e t t o p u b l i s h d a t a on m i x t u r e s i t would 
be a f a i r assumption t h a t m i x t u r e s e x h i b i t f u r t h e r d i f f e r e n c e s i n 
c r y s t a l s t r u c t u r e d u r i n g t h e growth stage. Thus, t h e f i n a l c l o s e 
packed s t r u c t u r e would a l s o d i f f e r . 
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The h y s t e r e s i s c h a r a c t e r i s t i c s o f t h e m i x t u r e s seem 
f o l l o w t h o s e o f t h e pure monolayers. There i s v e r y l i t t l e 
h y s t e r e s i s below t h e c o l l a p s e p r e s s u r e o f DOPA. However, i f t h e 
monolayer i s compressed beyond t h i s p o i n t h y s t e r e s i s i s seen f o r 
p r e s s u r e s below t h e p o i n t o f i n f l e c t i o n b u t l a r g e l y d i sappears 
a f t e r t h i s p o i n t . The magnitude o f t h e APM d i f f e r e n c e between 
i s o t h e r m s b e f o r e and a f t e r compression i n c r e a s e s w i t h t h e amount 
o f DOPA. T h e r e f o r e t h e monolayers o f mixed DPPA and DOPA seem t o 
have c h a r a c t e r i s t i c s which are s i m i l a r t o t h e pure monolayers b u t 
combined i n t o one i s o t h e r m . Thus i t must be concluded t h a t t h e 
m i x t u r e s a r e l a r g e l y i m m i s c i b l e w i t h s eparate domains o f DPPA and 
DOPA. 

(B) D i s c u s s i o n o f s u r f a c e p o t e n t i a l d ata 

I t was hoped t h a t e q u a t i o n 4 ( i v ) c o u l d be a p p l i e d 
t o t h e s u r f a c e p o t e n t i a l d ata o f t h e m i x t u r e . However, as bot h 
DPPA and DOPA have t h e same maximum v a l u e t h i s would seem t o be an 
i r r e l e v a n t c a l c u l a t i o n . I t i s v e r y d i f f i c u l t t o even e s t i m a t e 
whether t h e d i p o l e moments o f t h e m i x t u r e are t h e r e s u l t o f adding 
t h e i n d i v i d u a l components because DPPA and DOPA have such a 
d i f f e r e n t c h a r a c t e r i s t i c s dependent on t h e p r e s s u r e r a t h e r t h a n 
t h e APM. An i n i t i a l r i s e o f 200 mD f o r t h e d i p o l e moment i s seen 
f o r t h e m i x t u r e . T h i s i s compared t o 245 mD seen i n pure DPPA. 
T h i s compares v e r y f a v o u r a b l y w i t h t h e f a c t t h a t o n l y 4 p a r t s i n 5 
o f t h e mo l e c u l e s i n t h e monolayer are DPPA. A f t e r 5 minutes t h e 
p r e s s u r e s t a r t s t o r i s e so t h e r e w i l l be a competing i n f l u e n c e o f 
t h e i n c r e a s e i n d i p o l e moment o f t h e DOPA and t h e f a l l o f DPPA so 
q u a l i t a t i v e comparison becomes d i f f i c u l t . The d i p o l e moment seems 
t o be a m i x t u r e o f t h e pure components r a t h e r t h a n a m i s c i b l e 
m i x t u r e . 
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5.5 : MONOLAYER STUDIES OF ALAMETHICIN 

5.5.1 R e s u l t s o f monolaver s t u d i e s o f a l a m e t h i c i n 

mNm'̂  Area per molecule A2 
Isotherm Starting Collapse Close at 10 at 25 
number apm pressure packed mNm'̂  mNm'̂  

6 500 32 329 320 308 
7 n 29 346 334 316 

11 n 31.5 348 334 316 
Average 341 329 313 

+ 10 ±8 ±5 

Table 5(x) Results for Alamethicin on a Joyce Loebl trough 

W i t h an APM o f 500 a t t h e s t a r t t h e r e was an 
i n i t i a l s u r f a c e p r e s s u r e p r e s e n t o f - 0.5 mN m .̂ Once t h e 
p r e s s u r e began t o r i s e t h e r e were no f u r t h e r changes i n t h e 
g r a d i e n t u n t i l -31 mN m~̂  where t h e curve t u r n e d b u t t h e g r a d i e n t 
was c o n s t a n t n o t uneven as i n a normal c o l l a p s e . T h i s can be seen 
i n p l o t 5-14. 

H y s t e r e s i s : Two t e s t s were performed. I n t h e f i r s t t h e 
monolayer was compressed t o 10 mN m~̂  , expanded, re-compressed t o 
32.5 mN m~̂ , re-expanded t h e n re-compressed. On expansion i n both 
cases t h e p r e s s u r e dropped f a s t e r t h a n i t had r i s e n b u t a f t e r t h e 
i n i t i a l d rop f o l l o w e d t h e g r a d i e n t o f t h e f i r s t c u r v e . On 
re - c o m p r e s s i o n t o 32.5 mN m ^ t h e g r a d i e n t was as f o r t h e 
o r i g i n a l c u r v e b u t t h e APM was 4 Â  g r e a t e r f o r e q u i v a l e n t 
p r e s s u r e s . On re-compression f o r t h e t h i r d t i m e t h e o r i g i n a l 
c u r v e was f o l l o w e d . The r e s u l t s o f t h e second t e s t a re shown i n 
p l o t 5-14. 

S t a b i l i t y : A monolayer o f a l a m e t h i c i n was m a i n t a i n e d , 
v i a t h e f e e d back c i r c u i t r y on t h e Fromherz t r o u g h , a t a c o n s t a n t 
p r e s s u r e o f 23 mN m~\ I n o r d e r t o m a i n t a i n t h e s u r f a c e p r e s s u r e 
a t 23 mN m~̂  t h e feedback mechanism had t o decrease t h e t r o u g h 
a r e a a t an average r a t e o f 50 A^ per molecule per hour (0.6 
cm^/min.) . 
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S u r f a c e p o t e n t i a l : On s p r e a d i n g t h e a l a m e t h i c i n a 
s u r f a c e p o t e n t i a l o f 330 mV was re c o r d e d ( p l o t 5-15). On 
compression t h e p o t e n t i a l reached 510 mV. On expansion t h e 
s u r f a c e p o t e n t i a l f e l l t o 250 mV, lower t h a n t h e o r i g i n a l v a l u e 
On r e - c o m p r e s s i o n t h e p o t e n t i a l rose t o 545 mV. 

N H - C - C O 

f ^ 3 <fH3 ^ CH3 ^ 
CH3 C O - N H - C - C O C O - N H - C - C O - N H - C - C O - N H - C - C O - N H - C - C O -

(ih CH Ah ^•^3 - -3 - 3 3 - -a 
Acetyl aminoiso- L-Proline Aib L-Alanine Aib Ala 
[pho] butyric acid (pro) (pho] (Ala) [pho] [pho] [pho] 

(Alb) [pho] [pho] 

C H C H C H , 
H ^ 3 H y " 3 H H I 3 

- N H - C - C O - N H - C - C O - N H - C - C O - N H - C - C O - N H - C - C O - N H - C - C O - N H - C - C O -

k ^H(CH3) L ^ ^ H , CH3 3 
C O (CH3)_ 

L-Glutamine 
(Gin) [phll] 

Alb L-Vallne Aib Glycine ^ ^'z Aib 
[pho] (Val) [pho] [pho] (Gly) [pho] Leucine '"^"^ 

(Leu) [pho] 

^H3 

\ j ^ ^ _ ^ C O - N H - < j : - C O - N H - C - C O - N H - C - C ( 

C H i n . CH(CH3) 3 
Pro Val Aib Aib 
[pho] [pho] [pho] [pho] 

H H H 
H - C - C O - N H - - C - G O - - N H - C - G H j O H 

C H j C H j C H , 
CHg C H , 
G O G H C O 

L-Glutamic NH, Phenylaniol 
acid (Glu) Gin (Phol) 
[negative] [phil] [pho/phil] 

Figure 5(f) : The primary structure of tfie major and minor components 
of alametliicin'.^^ Tfie square bracl<ets note ttie general tiydropfiobic 
[pho] and hydrophilic [phil] nature of the amino acid groups]^"^ 
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Plot 5-15A: Surfoce pressure and area vs. time for Alamethicin 
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Plot 5-15B Perpendicular dipole moment ond surface potential vs time 
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5.5.2 R e s u l t s and d i s c u s s i o n f o r a l a m e t h i c i n 

(A) S u r f a c e Pressure measurements 

The v a l u e o f 341 ± 10 per molecule f o r t h e CPA 
o f A l a m e t h i c i n i s i n agreement w i t h t h e v a l u e o f 33 0 A^ per 
m o l e c u l e f o u n d by Gordon and Haydon . T h i s l a r g e s i z e i n d i c a t e s 
t h a t e i t h e r a l a m e t h i c i n i s denatured on t h e water i n t e r f a c e o r i s 
l y i n g such t h a t t h e h e l i x e s are p a r a l l e l t o t h e i n t e r f a c e . The 
f i r s t p o s s i b i l i t y i s u n l i k e l y as i t i s easy t o achieve 
r e p r o d u c i b i l i t y i n r e - r e c o r d i n g t h e i s o t h e r m s and t h e d ata 
r e c o r d e d i n t h i s s t u d y agrees c l o s e l y w i t h o t h e r s t u d i e s . I f t h e 
p e p t i d e were d e n a t u r e d l a r g e f l u c t u a t i o n s i n r e s u l t s would be 
e x p e c t e d . 

The r e c o r d e d area per molecule corresponds c l o s e l y 
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t o d i mensions found by X-ray c r y s t a l l o g r a p h y . Fox and Richards 
r e p o r t t h a t c r y s t a l s o f a l a m e t h i c i n were formed w i t h space group 
P2^, a = 33.33, b = 29.62 c = 23.20 A, /3 = 120.4°, w i t h t h r e e 
a l a m e t h i c i n m o l e c u les per asymmetric u n i t . T h i s g i v e s an average 
i n d i v i d u a l m o l e c u l a r dimension o f 33.3 X 9.87 X 23.20 A. W i t h t h e 
d i m e n s i o n o f 33.33 A as t h e l e n g t h o f t h e h e l i x . The h e l i x e s were 
f o u n d t o be p r e d o m i n a n t l y a - h e l i c a l , a p a r t from t h e C-terminus 
where t h e l a s t c o u p l e o f r e s i d u e s were 3̂ ^ t u r n s * . Assuming t h a t 
a l a m e t h i c i n r e t a i n s t h i s c o n f o r m a t i o n a t t h e a i r - w a t e r i n t e r f a c e 
t h e n i f t h e m olecules were o r i e n t a t e d w i t h t h e i r h e l i c a l a x i s 
p e r p e n d i c u l a r t o t h e i n t e r f a c e t h e CPA would o n l y be 229 Â  per 
m o l e c u l e ( f i g u r e 5 ( g ) - ( i i ) ) . I f however t h e h e l i x e s a r e p a r a l l e l 
t o t h e i n t e r f a c e w i t h t h e s m a l l e r c r o s s - s e c t i o n a l l e n g t h t o u c h i n g 
t h e s u r f a c e t h e n t h i s would g i v e a CPA o f 33 0 A^ per molecule, 
c o r r e s p o n d i n g c l o s e l y w i t h t h e areas found. A c c o r d i n g t o t h e 
c r y s t a l s t r u c t u r e t h e h y d r o p h i l i c groups o f a l a m e t h i c i n a l l p o i n t 
i n t h e same d i r e c t i o n o f f t h e c e n t r a l h e l i c a l c o r e and t h i s would 
t a l l y w i t h t h e r e s u l t s found on t h e t r o u g h . 
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F i g u r e 5 ( f ) shows t h e p r i m a r y s t r u c t u r e o f 
a l a m e t h i c i n . The r e s i d u e s are marked as t o whether t h e y are 
c o n s i d e r e d t o be h y d r o p h i l i c , hydrophobic o r charged i n g e n e r a l 
n a t u r e . D e s p i t e t h e predominance o f hydrophobic r e s i d u e s Gordon 
and Haydon concluded, from t h e i r s t u d i e s o f a l a m e t h i c i n a t t h e 
a i r / w a t e r i n t e r f a c e and t h e i n t e r f a c e between g l y c e r o l monoleate 
i n n-decane / sodium c h l o r i d e s o l u t i o n (where t h e y found an APM o f 
530 A^) , t h a t t h e dominant i n t e r a c t i o n o f a l a m e t h i c i n a t t h e 
i n t e r f a c e s was h y d r o p h i l i c . T h i s a g a i n f i t s w i t h t h e molecule 
b e i n g t h e same, o r a v e r y s i m i l a r c o n f o r m a t i o n t o t h a t determined 
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by X-ray c r y s t a l l o g r a p h y . H a l l e t a l c i t e t h a t a l a m e t h i c i n 
i s a l s o f o u n d i n a p r e d o m i n a n t l y a - h e l i c a l form i n non-polar 
s o l v e n t s . I t would t h e r e f o r e be l o g i c a l t o assume t h a t i t had 
adopted a p r e d o m i n a n t l y a - h e l i c a l c o n f o r m a t i o n , as found i n t h e 
X-ray work, i n t h e c h l o r o f o r m and remained so a t t h e a i r - w a t e r 
i n t e r f a c e . 

The monolayer o f a l a m e t h i c i n e x h i b i t e d l i t t l e 
h y s t e r e s i s below t h e c o l l a p s e p r e s s u r e . However, once t h e 
p r e s s u r e had exceeded t h e c o l l a p s e p r e s s u r e a l a r g e h y s t e r e s i s was 
seen (>9oA^ per molecule) There are t h e a f o r e mentioned p o s s i b l e 
reasons o f l o s s o f m a t e r i a l i n t o t h e subphase o r i n c o m p l e t e 
s e p a r a t i o n f r o m a m u l t i l a y e r s t r u c t u r e back t o a monolayer t o 
e x p l a i n t h e h y s t e r e s i s . However, two o t h e r p o s s i b i l i t i e s must 
a l s o now be c o n s i d e r e d , t h e p e p t i d e s c o u l d e i t h e r have adopted a 
d i f f e r e n t c o n f o r m a t i o n o r i t may now be o r i e n t a t e d such t h a t t h e 
h e l i x e s a r e p e r p e n d i c u l a r t o t h e i n t e r f a c e . The l a r g e h y s t e r e s i s 
f o u n d i s p o s s i b l y connected w i t h t h e f a c t t h a t i n o r d e r t o 
m a i n t a i n t h e monolayer a t 23 mN m ^ t h e c o n t r a c t i o n o f t h e t r o u g h 
was l a r g e (50 A^ per molecule per h o u r ) . I.e. t h e monolayer of 
a l a m e t h i c i n was n o t v e r y s t a b l e a t 23 mN m~̂  

(i) Parallel to the interface (H) Perpendicular to the interface 

Figure 5(g) : Two possible orientations of tlie helixes of alamethicin on water. 
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(B) S u r f a c e p o t e n t i a l d ata 

One o f t h e main reasons f o r u n d e r t a k i n g t h e s u r f a c e 
p o t e n t i a l measurements was t o determine whether t h e change i n 
g r a d i e n t a t 30 mN m~\ f o r a l a m e t h i c i n , was due t o a c o l l a p s e o f 
t h e monolayer o r t o changes i n e i t h e r c o n f o r m a t i o n o r o r i e n t a t i o n 
o f t h e h e l i x e s t o t h e a i r water i n t e r f a c e . 

I n i t i a l l y , b e f o r e a p r e s s u r e r i s e i s seen t h e 
d i p o l e moment o f a l a m e t h i c i n i s c o n s t a n t b u t an o r d e r o f magnitude 
g r e a t e r t h a n f o r t h e l i p i d s . A f a l l i n t h e d i p o l e moment i s 
r e c o r d e d as t h e s u r f a c e p r e s s u r e begins t o r i s e . T h i s c o u l d again 
be due t o t h e r e d u c t i o n o f induced d i p o l e s i n t h e molecules. The 
f a l l i n a p p a r e n t d i p o l e moment c o n t i n u e s u n t i l t h e b a r r i e r s a re 
expanded. A t t h e p o i n t where t h e s u r f a c e p r e s s u r e f e l l back t o 
ze r o t h e d i p o l e moment evened o u t w i t h o n l y a r i p p l e where t h e 
b a r r i e r s stopped and s t a r t e d a g a i n . However t h e new v a l u e f o r t h e 
maximum d i p o l e moment was a p p a r e n t l y 3600 mD compared t o 4900 mD 
fo u n d b e f o r e compression began. Now assuming t h a t t h e a l a m e t h i c i n 
remains i n t h e same c o n f o r m a t i o n t h e n t h e e x p l a n a t i o n f o r t h e f a l l 
i n d i p o l e moment c o u l d be t h a t t h e h e l i x e s a r e now p e r p e n d i c u l a r 
t o t h e i n t e r f a c e so t h a t a l a m e t h i c i n occupies a much s m a l l e r area 
on t h e t r o u g h . The area per molecule t h a t t h i s new o r i e n t a t i o n 
w ould have, based on t h e work by Fox and Richards^^^, would be o f 
t h e o r d e r o f 230 A^. T h e r e f o r e t h e minimum area shown i n p l o t 
5-14 o f 100 A^ would n o t f i t w i t h t h e h y p o t h e s i s t h a t t h e 
a l a m e t h i c i n i s r e - o r i e n t a t i n g w i t h i t s h e l i x e s p e r p e n d i c u l a r t o 
t h e i n t e r f a c e . Nor would i t seem reasonable t h a t a r e - o r i e n t a t i o n 
w ould change t h e d i p o l e moment b u t n o t t h e shape o f t h e rr-A 
i s o t h e r m . 
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The b e s t h y p o t h e s i s which f i t s a l l o f t h e data i s 
t h a t some o f t h e a l a m e t h i c i n i s e j e c t e d from t h e monolayer i n t o 
t h e subphase and t h a t t h i s i s a c o n t i n u o u s process above 3 0 mN 
m ^.Also t h a t some o f t h e a l a m e t h i c i n never r e - e n t e r s t h e 
monolayer b u t i s l o s t t o t h e b u l k phase. T h i s would e x p l a i n t h e 
smooth n a t u r e o f t h e TT-A i s o t h e r m above 30 mN m~̂  and t h e 
h y s t e r e s i s o f t h e i s o t h e r m (as t h e APM s c a l e i s no l o n g e r 
r e l e v a n t ) . The sharp decrease i n t h e d i p o l e moment, as t h e 
p r e s s u r e r i s e s , would now n o t be a r e a l e f f e c t b u t an e r r o r due t o 
t h e APM n o t d e c r e a s i n g b u t r e m a i n i n g f a i r l y c o n s t a n t . The 
decrease i n t h e d i p o l e moment a t f u l l expansion o f t h e b a r r i e r s , 
compared t o t h e o r i g i n a l v a l u e , would a l s o be due t o t h e f a c t t h a t 
t h e a c t u a l APM i s p r o b a b l y -80 A^ h i g h e r ( t a k e n from t h e 
h y s t e r e s i s graph) t h a n t h a t used t o c a l c u l a t e t h e d i p o l e moment. 

Now above i t was assumed t h a t t h e a l a m e t h i c i n d i d 
n o t change i t ' s c o n f o r m a t i o n . From t h i s assumption i t was 
p o s s i b l e t o f i n d a h y p o t h e s i s which f i t t e d a l l o f t h e d a t a . The 
o n l y e v i d e n c e t o s u p p o r t t h e assumption i s t h a t t h e shape o f t h e 
i s o t h e r m does n o t change on re-compression b u t t h e APM has. A 
c o n f o r m a t i o n a l change would a f f e c t t h e i n t e r m o l e c u l a r i n t e r a c t i o n s 
o f a l a m e t h i c i n and t h e r e f o r e t h e shape o f t h e i s o t h e r m . I f t h e r e 
was a c o n f o r m a t i o n a l change caused by p r e s s u r e i t would be v e r y 
u n l i k e l y t h a t t h e p e p t i d e c o u l d r e l a x back t o i t s o r i g i n a l 
c o n f o r m a t i o n and i f i t d i d t h i s would n o t e x p l a i n t h e h y s t e r e s i s 
seen i n t h e TT-A i s o t h e r m . T h e r e f o r e i t i s f a i r t o accept, as a 
w o r k i n g h y p o t h e s i s , t h a t t h e monolayer c o l l a p s e s i n a u s u a l manner 
w i t h t h e permanent l o s s o f some m a t e r i a l i n t o t h e subphase. 
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5.6 : MONOLAYER STUDIES OF MIXTURES OF DPPA AND ALAHETHICIN 

5.6.1 R e s u l t s f o r DL-a DPPA and a l a m e t h i c i n m i x t u r e s 

A l l o f t h e r a t i o s mentioned i n t h i s s e c t i o n (5.6) 
a r e f o r DPPA:alamethicin mole r a t i o s . A l l o f t h e m i x t u r e s 
examined showed a p o i n t o f i n f l e c t i o n a t ~32 mN m~\ For t h e 
h i g h e r c o n c e n t r a t i o n o f a l a m e t h i c i n t h i s became a p l a t e a u , w i t h a 
f u r t h e r r i s e i n p r e s s u r e a t a s m a l l e r APM. T h i s APM was 25 A ^ f o r 
t h e 1:1 m i x t u r e and around 45 A ^ f o r most o t h e r m i x t u r e s . T h i s i s 
shown i n p l o t 5-16. For t h e lower c o n c e n t r a t i o n s o f a l a m e t h i c i n 
t h e d i s t i n c t g r a d i e n t change a t 15 mN m~̂  was seen b u t f o r h i g h e r 
c o n c e n t r a t i o n a more g r a d u a l g r a d i e n t change was observed. 

H y s t e r e s i s : F i v e d i f f e r e n t h y s t e r e s i s t e s t s were 
c a r r i e d o u t on t h e f o l l o w i n g mole r a t i o s (DPPA : a l a m e t h i c i n ) 5:1, 
10:1, 2 0 :1, 27:1, 50:1. I f compression t o o k p l a c e t o an pr e s s u r e 
l e s s t h a n t h e p o i n t o f i n f l e c t i o n t h e n on re-compression no 
h y s t e r e s i s o c c u r r e d . I f t h e p o i n t o f i n f l e c t i o n was passed t h e n 
on r e - c o m p r e s s i o n t h e APM, f o r a g i v e n p r e s s u r e , was l e s s t h a n t h e 
o r i g i n a l u n t i l t h e p o i n t o f i n f l e c t i o n was reached where t h e 
cu r v e s c o i n c i d e d a g a i n (see p l o t 5-16). When t h e c o l l a p s e 
p r e s s u r e was exceeded, b e f o r e expansion, t h e n on re-compression 
t h e a l t e r a t i o n i n t h e area was i n i t i a l l y l a r g e r t h a n i f t h e p o i n t 
o f i n f l e c t i o n o n l y has been surpassed, (see t a b l e 5 ( x i ) ) b u t again 
above t h e p o i n t o f i n f l e c t i o n t h e curves c o i n c i d e d . 

initial 
compression 

pressure 
mNm'^ 

Difference on re­
in area compression 

Isotherm 
number 

Mole 
ratio 

Starting 
apm 

initial 
compression 

pressure 
mNm'^ 

below 32 
mNm'^ 

above 32 
mNm"^ 

105 5:1 120 20 0 --105 5:1 
n 45 4.2 0 

32 10:1 n 7.5 0.6 --32 10:1 
n 20 0.3 --

109 20:1 n 51.5* 3.6 0.4 
124 27:1 n 57* 6.1 0.4 
116 50:1 n 25 0.5 --116 50:1 

45 1.6 0.3 
116 50:1 

n 52.5* 2.0 0.3 

Table 5(xi) Results for hysteresis of DPPA/Alamethicin mixtures. 
•Above the collapse pressure 
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6b 
Plot 5-16.: Hi/steresis of 30:1 DPPA: Alomethicin, Jo/ce-Loebl [rough 
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Pressure mNm"^ Area per molecule A'̂  
Mole 
ratio 

Mole 
frac 

Iso. 
No. 

Start 
apm 

Inflect, 
point 

Final 
collapse 

Close 
packed 

at 10 
mNm"^ 

at 25 at 50 
mNm"^ 

1:1 0.5 33 320 — 34 147.0 144.5 138.1 --1:1 0.5 
34 200 — 27 146.2 142.2 134.1 --

1:1 0.5 

35 n — n 149.8 145.0 136.3 --

1:1 0.5 

Ave. 148 ±2 144±2 136±2 
5:1 0.83 37 152 27.5 49.5 89.8 87.7 83.2 --5:1 0.83 

38 n 30.5 53.0 90.1 88.0 83.7 37.0 
5:1 0.83 

Ave. 90.0 
± 0 . 2 

87.9 
± 0 . 2 

83.5 
± 0 . 4 

5:1 0.83 104 150 34.0 56.5 69.6 67.8 64.2 38.4 5:1 0.83 
105 33.5 57.5 70.2 67.8 64.2 38.7 

5:1 0.83 

Ave. 69.9 
± 0 . 4 

67.8 64.2 38.6 
± 0 . 2 

10:1 0.91 30 161 31.0 50.0 79.2 75.6 68.9 --10:1 0.91 
31 n 30.0 53.0 81.1 77.9 70.8 41.8 

10:1 0.91 

32 I f 33.0 — 79.2 75.9 69.8 --

10:1 0.91 

Ave. 79.8 ± 1 76.5 ± 1 69.8 ± 1 
15:1 0.94 106 120 33.0 55.5 51.4 50.4 48.1 37.0 15:1 0.94 

107 n 31.0 53.0 54.7 54.2 51.4 40.3 
15:1 0.94 

119 n 33.0 56.0 57.1 56.6 53.8 42.7 

15:1 0.94 

120 n 32.0 53.0 51.4 50.4 48.1 37.0 

15:1 0.94 

Ave. 54±3 53±3 50±3 39 ± 3 
20:1 0.95 108 100 32.5 54.5 52.2 51.2 48.6 40.0 20:1 0.95 

116 n n n 52.4 51.4 48.8 39.2 
20:1 0.95 

109 n 30.0 50.0 54.8 54.0 50.8 40.4 

20:1 0.95 

Ave. 53.1 ± 1 52.2 ± 1 49.4 ± 1 39.9 ± 1 
24:1 0.96 24 106 33.0 54.0 52.7 51.8 49.1 37.9 24:1 0.96 

26 n 36.0 55.0 51.3 49.9 47.4 36.4 
24:1 0.96 

29 t i 33.5 52.0 52.9 52.7 50.3 38.3 

24:1 0.96 

28 n 35.0 55.0 52.5 52.0 49.5 37.2 

24:1 0.96 

Ave. 52.1 ± 1 51.6±1 49.5 ± 1 37.0±2 
27:1 0.965 13 179 35.0 55.0 73.0 71.6 68.7 57.3 27:1 0.965 

14 107 34.0 54.0 65.5 64.6 61.8 49.2 
27:1 0.965 

15 I f 33.0 n 66.3 65.3 62.5 44.1 

27:1 0.965 

Ave. 68±4 67 ± 4 64±4 50±7 
29:1 0.966 21 108 32.5 53 50.3 48.6 44.4 36.1 29:1 0.966 

22 n n 53 57.2 54.3 50.7 44.9 
29:1 0.966 

23 30 48 56.3 52.7 49.9 --

29:1 0.966 

Ave. 55 ± 4 52±3 48±3 41 ± 6 
50:1 0.980 110 80 32.5 53.5 45.4 45.1 42.4 37.1 50:1 0.980 

111 n n 54 49.0 49.0 46.2 43.8 
50:1 0.980 

116 n 31 53 44.2 44.2 41.3 36.8 

50:1 0.980 

Ave. 46 ± 3 46 ± 3 43 ± 3 39±4 
100 
:1 

0.990 112 80 30 50 48.3 48.2 45.8 41.0 100 
:1 

0.990 
113 n n 49 45.6 53.4 42.6 --

100 
:1 

0.990 

118 n n 50 45.8 n 42.9 38.7 

100 
:1 

0.990 

Ave. 47±2 52±3 48±2 40±2 

200 
:1 

0.995 114 80 30 52.5 47.5 47.4 44.6 41.3 200 
:1 

0.995 
115 n n 50.5 48.0 47.9 45.2 n 

200 
:1 

0.995 

Ave. 47.8 
± 0 . 4 

47.7 
± 0 . 4 

44.9 
± 0 . 4 

41.3 
± 0 

Table 5(xii) Results for 
mole ratios 

mixtures of Alamethicin in DPPA on a Joyce-Loebl trough 
are for DPPA:Alamethicin and mole fractions for DPPA. 
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s t a b i l i t y : A monolayer o f 27:1 DPPA:alamethicin was 
m a i n t a i n e d , v i a t h e f e e d back c i r c u i t r y on t h e Joyce-Loebl t r o u g h , 
a t a c o n s t a n t p r e s s u r e o f 23 mN m ^. I n o r d e r t o m a i n t a i n t h e 
s u r f a c e p r e s s u r e a t 23 mN m~̂  t h e feedback mechanism had t o 
decrease t h e t r o u g h area a t an average r a t e o f 1.1 per molecule 
p e r hour (0.22 cm^/min.). 

S u r f a c e p o t e n t i a l : P l o t 5-17 shows t h e s u r f a c e 
p o t e n t i a l f o r a 30:1 m i x t u r e o f DPPA:alamethicin. The i n i t i a l 
p o t e n t i a l on d e p o s i t i n g t h e monolayer was 40 mV. On compression 
t h i s r o s e t o 290 mV. T h i s began t o d e c l i n e as t h e monolayer 
s u r f a c e p r e s s u r e reached t h e p o i n t o f i n f l e c t i o n . The p o t e n t i a l 
t h e n f e l l t o 245 mV a t t h e p o i n t o f t h e second c o l l a p s e p r e s s u r e . 
On e x p a n s i o n t h e s u r f a c e p o t e n t i a l r e t u r n e d t o t h e o r i g i n a l v a l u e 
o f 40 mV. As t h e monolayer was re-compressed t h e s u r f a c e 
p o t e n t i a l r o s e t o 300 mV a t t h e p o i n t o f i n f l e c t i o n i n t h e 
p r e s s u r e c u r v e . T h i s t h e n f e l l t o 280 mV a t t h e p o i n t o f t h e 
second c o l l a p s e p r e s s u r e . 
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piot5-i7A: Surface pressure and area vs. time for 30:1 DPPA:Alamethicin 
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5.6.2 A n a l y s i s and d i s c u s s i o n f o r monolayer s t u d i e s 
o f m i x t u r e s o f DPPA and A l a m e t h i c i n 

The i s o t h e r m s f o r m i x t u r e s o f a l a m e t h i c i n i n DPPA show 
c h a r a c t e r i s t i c s o f an i m m i s c i b l e m i x t u r e . There i s an i n i t i a l 
c o l l a p s e p r e s s u r e a t 30-33 mN m~̂  and a f i n a l c o l l a p s e p r e s s u r e a t 
50-55 mN m~̂  f o r a l l o f t h e m i x t u r e s s t u d i e d except t h e 1:1 r a t i o . 
As n o t enough DPPA was p r e s e n t f o r t h e c o l l a p s e p r e s s u r e t o be 
reached a t t h e minimum area o f t h e t r o u g h f o r a 1:1 r a t i o . The 
two c o l l a p s e p r e s s u r e s are r e p r e s e n t a t i v e o f t h e presence o f two 
components whic h a r e immiscible^^*. 

P l o t 5-18 shows t h e e x p e r i m e n t a l data f o r t h e APM 
o f d i f f e r e n t mole f r a c t i o n s o f DPPA a t 25 mN m 1 The s o l i d l i n e 
shows t h e expected v a l u e s , c a l c u l a t e d from e q u a t i o n 4 ( i i i ) , f o r 
e i t h e r a c o m p l e t e l y m i s c i b l e o r c o m p l e t e l y i m m i s c i b l e m i x t u r e . To 
a l a r g e e x t e n t t h e e x p e r i m e n t a l data l i e s on t h e c a l c u l a t e d l i n e . 
There i s one p o i n t which may l i e o f f t h e l i n e due t o i n c o r r e c t 
s o l u t i o n making ( a t mole f r a c t i o n 0.83), e s p e c i a l l y s i n c e t h e r e 
was a r e p e a t e x p e r i m e n t performed which l a y on t h e l i n e . The 
p o i n t a t 0.5 mole f r a c t i o n may o r may n o t be c o r r e c t as i t i s t h e 
o n l y one r e c o r d e d a t a mole f r a c t i o n lower t h a n 0.8. 

P l o t 5-19 shows t h e e x p e r i m e n t a l d a t a f o r t h e APM's 
a t 50 mN m~\ As f o r p l o t 5-13, t h e s l o p e o f a l i n e f i t t e d t o t h e 
d a t a i n c r e a s e s as t h e amount o f t h e component w i t h t h e l a r g e s t 
area decreases. Again a c a l c u l a t i o n f o r t h e APM f o r DPPA as t h e 
o n l y component i n t h e monolayer was performed ( p l o t 5-20). I t can 
be seen t h a t t o a l a r g e e x t e n t these c a l c u l a t e d v a l u e s a r e v e r y 
c l o s e t o t h a t o f pure DPPA. 

By c o m b i n a t i o n o f p l o t s 5-16&18 i t can be seen t h a t 
a t mole f r a c t i o n s o f DPPA g r e a t e r t h a n 0.8 t h e m i x t u r e s a re 
l a r g e l y i m m i s c i b l e . A t t h e c o l l a p s e p r e s s u r e o f a l a m e t h i c i n i t i s 
e j e c t e d f r o m t h e monolayer, as shown i n p l o t 5-20. 

The d a t a a l s o i n d i c a t e s t h a t a l a m e t h i c i n i s being 
l o s t i n t o t h e subphase, i f i t s c o l l a p s e p r e s s u r e i s exceeded. No 
h y s t e r e s i s i s seen f o r re-compression a f t e r r e a c h i n g a p r e s s u r e 
below 30 mN m~̂ . As soon as t h i s i s exceeded ( p l o t 5-16) a l a r g e 
h y s t e r e s i s i s seen below t h e c o l l a p s e p r e s s u r e o f a l a m e t h i c i n b u t 
none above i t . 
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The l o s s o f a l a m e t h i c i n i s a l s o seen i n t h e s u r f a c e 
p o t e n t i a l d a t a ( p l o t 5-17) as t h e r e i s a sudden f a l l i n t h e 
p o t e n t i a l a t e x a c t l y t h e same p o i n t i n t i m e as t h e c o l l a p s e 
p r e s s u r e o f a l a m e t h i c i n i s reached. The l o s s o f a l a m e t h i c i n i s 
a l s o seen by t h e decrease i n t h i s f a l l on t h e second compression. 
The d i p o l e moment da t a i s r e a l l y o f no use i n t h e assessment o f 
m i s c i b i l i t y , due t o t h e u n r e l i a b i l i t y o f t h e APM as m a t e r i a l i s 
e j e c t e d f r o m t h e monolayer. 

Plot 5-18. Area per molecule at 25 mN m ^ vs. mole fraction DPPA 
for various mixtures of Aamethicin and DPPA 
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Plot 5-19; Area per molecule at 50 mNm ^ vs. mole fraction 
IPPA for various mixtures of DPPA and Alamethicin. 
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Plot 5-20j:Calculated area per molecule at 50 mNm vs. mole 
fraction OPPA for various mixtures of DPPA and Alamethicin. 
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5.6.3 A m i x t u r e o f DL-a-DPPA/DOPA/Alamethicin 

Only one i s o t h e r m was r u n on t h i s c o m b i n a t i o n i n a 
r a t i o o f 24:6:1 DPPA:DOPA:Alamethicin on a Fromherz t r o u g h . The 
area was s t a b l e a t 28 mN m~̂  w i t h a d r i f t o f - 1 per molecule per 
hour (0.11 cm^ per m i n ) . 

There i s l i t t l e which can be s a i d o f one i s o t h e r m 
t a k e n on t h e Fromherz t r o u g h f o r a s i n g l e m i x t u r e o f a complex 
system. I t i s o n l y r e a l l y o f use f o r choosing a s u i t a b l e 
d e p o s i t i o n p r e s s u r e . I t d i d seem t o be a v e r y s t a b l e m i x t u r e and 
s u i t a b l e f o r d e p o s i t i o n a t a s u r f a c e p r e s s u r e o f 3 0 mN m -1 
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5.7 SUMMARY OF MONOLAYER STUDIES 

D P P A i s o t h e r m s were r e - p r o d u c i b l e and t h e d a t a 
c o r r e l a t e d w e l l w i t h l i t e r a t u r e v a l u e s . D P P A has w e l l d e f i n e d 
r e g i o n s i n t h e tt-A i s o t h e r m which correspond t o t h e e q u i v a l e n t 
phases i n a t h r e e d i m e n s i o n a l system. When h e l d a t a s u r f a c e 
p r e s s u r e o f 30 mN m ^ i t i s s t a b l e . There i s a s t r o n g p o s s i b i l i t y 
t h a t i t i s c r y s t a l l i n e i n t h e s o l i d phase o f i t s response t o 
p r e s s u r e . 

The s u r f a c e p o t e n t i a l d ata suggests t h a t D P P A 

responds t o t h e movement o f t h e b a r r i e r s i n a d e t e c t a b l e manner, 
p r o b a b l y due t h e a l i g n m e n t o f t h e a l k y l c h a i n s a t a h i g h angle 
t o t h e i n t e r f a c e . T h i s e f f e c t i s n o t c o m p l e t e l y d i s s i p a t e d on 
a l l o w i n g t h e monolayer t o r e l a x and may form t h e b a s i s o f evidence 
t h a t t h e use o f p r e - c o n d i t i o n i n g does anneal t h e monolayer. 

The i s o t h e r m s o f DOPA monolayers do n o t e x h i b i t 
d i s t i n c t phase changes. The monolayer remain i n a s t a t e which i s 
analogous t o a f l u i d i n t h r e e dimensions. I t i s n o t s t a b l e when 
h e l d a t s u r f a c e p r e s s u r e s o f e i t h e r 25 o r 27 mN m ̂ . 

M i x t u r e s o f DPPA i n DOPA e x h i b i t a n e g a t i v e 
d e v i a t i o n f r o m i d e a l m i x i n g . T h i s i n d i c a t e s t h a t DPPA i s m i s c i b l e 
i n DOPA t o some e x t e n t b u t n o t i d e a l l y so,and a i d s t h e f o r m a t i o n 
o f c l o s e r packed s t r u c t u r e s . However, m i x t u r e s o f DOPA i n DPPA 
show o n l y a s m a l l p o s i t i v e d e v i a t i o n from i d e a l i t y . The isotherms 
o f such m i x t u r e s show two c o l l a p s e p r e s s u r e s , one a t t h a t found 
f o r p u r e DOPA and t h e o t h e r a t t h a t o f DPPA. DOPA appears t o be 
e j e c t e d f r o m t h e monolayer a t i t s c o l l a p s e p r e s s u r e . The 
c o n c l u s i o n reached i s t h a t DOPA i s i m m i s c i b l e i n DPPA. A t a 
s u r f a c e p r e s s u r e o f 30 mN m ^ a 4:1 m i x t u r e o f DPPA:DOPA was found 
t o be s t a b l e enough f o r d e p o s i t i o n . 
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A l a m e t h i c i n i s p r o b a b l y i n t h e same c o n f o r m a t i o n on 
t h e LB t r o u g h ( p r e - d o m i n a n t l y a - h e l i c a l ) as i n s o l u t i o n and i n 
c r y s t a l f o r m . I f i t i s i n t h i s c o n f o r m a t i o n t h e n i t r e s t s on t h e 
s u r f a c e o f t h e wa t e r w i t h t h e a x i s o f i t s h e l i x e s p a r a l l e l t o t h e 
i n t e r f a c e . I t was concluded, from t h e i s o t h e r m and s u r f a c e 
p o t e n t i a l d a t a , t h a t i f i t s c o l l a p s e p r e s s u r e i s exceeded t h e n 
some o f t h e m a t e r i a l i s l o s t from t h e monolayer i n t o t h e b u l k 
medium. An a l a m e t h i c i n monolayer h e l d a t 2 3 mN m ^ was n o t 
c o m p l e t e l y s t a b l e b u t would a l l o w d e p o s i t i o n t o proceed i f 
r e q u i r e d . 

From i s o t h e r m data i t was concluded t h a t m i x t u r e s 
o f a l a m e t h i c i n i n DPPA are i m m i s c i b l e . Both h y s t e r e s i s o f t h e ir-A 
i s o t h e r m and t h e s u r f a c e p o t e n t i a l showed t h a t a t t h e c o l l a p s e 
p r e s s u r e o f a l a m e t h i c i n i t i s e j e c t e d from t h e mixed monolayer and 
some o f i t i s permanently l o s t i n t o t h e b u l k medium. A t a s u r f a c e 
p r e s s u r e o f 23mN m~̂  a 27:1 m i x t u r e o f DPPA:alamethicin i s v e r y 
s t a b l e . 
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CHAPTER 6 

RESULTS AND DISCUSSION OF DEPOSITION AND FTIR OF LIPIDS 

6.1 : INTRODUCTION TO THE DEPOSITION AND FTIR OF DPPA 

B e f o r e examining t h e FTIR s p e c t r a o f DL-a-DPPA 
(DPPA) as L a n g m u i r - B l o d g e t t f i l m s i t i s u s e f u l t o c o n s i d e r t h e 
s p e c t r a o f DPPA i n s o l u t i o n and as f i l m s c a s t from s o l u t i o n . 
These w i l l g i v e a range o f background s p e c t r a f o r t h e l i p i d f o r 
each o f t h e FTIR t e c h n i q u e s t o be employed a f t e r LB d e p o s i t i o n . 

I t would have been p r e f e r a b l e i f t h e s e background 
s p e c t r a c o u l d have a r i s e n by d e p o s i t i o n from d i f f e r e n t s o l v e n t s , 
t o see whether t h e s o l v e n t a f f e c t e d t h e o r i e n t a t i o n and 
c o n f o r m a t i o n o f t h e molecules. A p a r t from c h l o r o f o r m DPPA was 
fou n d t o have a low s o l u b i l i t y i n t h e s o l v e n t s t e s t e d . These 
i n c l u d e d a c e tone, carbon t e t r a c h l o r i d e and i s o - p r o p y l a l c o h o l . 

There a r e a v a r i e t y o f FTIR t e c h n i q u e s i n v o l v e d i n 
t h e r e c o r d i n g o f t h e s p e c t r a f o r t h i s c h a p t e r (see c h a p t e r 4 f o r 
d e t a i l s on t h e a c q u i s i t i o n o f t h e s p e c t r a and t h e t e c h n i q u e s ) and 
many d i f f e r e n t samples. T h e r e f o r e , t h e data w i l l be p r e s e n t e d i n 
s e c t i o n s w h i c h correspond t o t h e sample p r e p a r a t i o n r a t h e r t h a n 
t h e r e g i o n s o f t h e s p e c t r a which were used i n c h a p t e r 3. W i t h i n 
each s e c t i o n t h e b o t h t h e FTIR s p e c t r a and t h e LB d e p o s i t i o n 
r e s u l t s and a n a l y s i s w i l l be pres e n t e d . 
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6.2 : FTIR TRANSMISSION SPECTRA OF A VARIETY OF NON-LB DPPA SAMPLES 

6.2.1 R e s u l t s 

P l o t s 6-1 & 6-2 are b o t h FTIR t r a n s m i s s i o n s p e c t r a 
o f DPPA d e p o s i t e d from c h l o r o f o r m onto c a l c i u m f l u o r i d e p l a t e s . 
The s p e c t r a were o b t a i n e d as d e s c r i b e d i n s e c t i o n 2.5.2. P l o t s 
6-lA & 6-2A a r e enlargements o f t h e c a r b o n y l r e g i o n s o f t h e 
s p e c t r a . The c o n v e n t i o n i s as f o r s i m i l a r s p e c t r a shown i n 
c h a p t e r 3. The s o l i d l i n e s a re t h e composites o f t h e peaks f i t t e d 
t o t h e e x p e r i m e n t a l d a t a . The o r i g i n a l s p e c t r a a re shown as s h o r t 
d o t t e d l i n e s and t h e o t h e r peaks shown are t h e component peaks 
used t o produce t h e f i t t e d c u r v e . I n t h e r i g h t hand c o r n e r o f 
each p l o t i s a de c o n v o l u t e d spectrum o f t h e r e g i o n u s i n g t h e 
p r o c e d u r e s g i v e n i n s e c t i o n 3.2.2.C. Table 6 ( i ) g i v e s t h e 
wavenumbers and w i d t h s o f t h e peaks f i t t e d t o each o f t h e c a r b o n y l 
bands i n t h i s s e c t i o n . 

P l o t s 6-3 A&B show t h e change i n t h e FTIR spectrum 
o f a f i l m o f DPPA c a s t from c h l o r o f o r m as t h e te m p e r a t u r e changes. 
P l o t s 6-3 C&D show t h e same s p e c t r a b u t i n more d e t a i l . The s o l i d 
l i n e i n each o f the s e p l o t s i s t h e spectrum o f t h e sample o b t a i n e d 
a t 20 °C, t h e dashed l i n e i s t h e spectrum t a k e n a t 69 °C and t h e 
d o t t e d l i n e i s t h e spectrum o f t h e same sample a t 32 °C a f t e r t h e 
t e m p e r a t u r e r i s e t o 69 °C 

A powder FTIR spectrum o f DPPA was o b t a i n e d ( p l o t 
6-5) . The sample was prep a r e d by compressing DPPA c r y s t a l s , as 
o b t a i n e d f r o m Sigma UK, between two c a l c i u m f l u o r i d e p l a t e s and 
t h e n removing one o f t h e p l a t e s t o a v o i d i n t e r f e r e n c e f r i n g e s 
b e i n g r e c o r d e d i n t h e spectrum. 
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Plot6-l c a s t f i l m of DPPA on a Ca F a p l a t a 
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Plot6- lA: Cur^vB f i t : for' c a r b o n y l r e g i o n of p l o t 6 - l 
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Plot 6-2A: C u r v e f i t f o r c a r b o n y l r e g i o n of p l o t 6 - 2 

0 . 0 1 4 H 

O . 0 1 2 H 

b 0.010 -1 
a 
o 
r 
b 
a 
n 
c 0.006H 
e 

o.ooaH 

0.004H 

0 . 0 0 2 H 

0 . oooH 
i s o o 

O.OlB 

0.010 

o . o o s 

Oscon. 
w-22.7 
k-1.2 

1800 1700 laoo 

1750 1700 1650 
Wavenumber (cm-1) 

1600 1550 

209 



o .son 

O . 25-
A 
b 
s 
o 
n 
b 
a 
n 
c o . 15-e 

O . 2 0 H 

O . 10-

O . 05H 

Plot 6-3A 
^ ^ 9 1 7 
O 
in 
(D 

C a s t f i l m of DPPA on CaF2 : Temp. - 20"C 

3000 

CO 
m 
• r t 

(0 

2500 2000 
Wavenumber (cm-l) 

1500 1000 

Plot6-3B: Same s a m p l e of c a s t DPPA : Temp. - 69 °C 
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Plot 6-3C : DPPA c a s t fpom c h l o p o f o p m f o l l o w e d w i t h tempepatupe 
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Plot6-3D: DPPA c a s t fpom c h l o p o f o p m f o l l o w e d w i t h tempepatupe 

O . 09H 

1500 
1 

1400 1300 1200 1100 
Wavenumbep (cm-l) 

1 
1000 900 

211 



2924 -r 

2923 -

2922 -
1 2921 -

1 2920 -
as § 2919-

2918-

2917-

2916-
Temperature [ C 

212 



Plot 6-5: Powder s p e c t r u m of DPPA by t r a n a m i e s i o n 
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Plot 6-5A: C u r v e f i t f o r c a n b o n y l of DPPA powder s p e c t r u m 
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6.2.2 A n a l y s i s and d i s c u s s i o n of r e s u l t s obtained v i a 
FTIR tr a n s m i s s i o n spectroscopy ( p l o t s 6- 1 to 6) 

(A) 3000 - 2800 cin~^ : The CH s t r e t c h i n g v i b r a t i o n s . 

The wavenumbers of the CH s t r e t c h i n g v i b r a t i o n s 
(2917 and 2850 cm~^ f o r the antisymmetric and symmetric s t r e t c h i n g 
v i b r a t i o n s r e s p e c t i v e l y ) f o r both the c a s t f i l m s a t ambient 
temperatures, and the powder spect r a ( p l o t s 6-1,2,3 &5) i n d i c a t e 
t h a t DPPA i s below i t s phase t r a n s i t i o n temperature (see s e c t i o n 
3.2.4). T h i s i s c o n s i s t e n t with the value of 67 "c reported by 
L i a o and Prestegrad^'*^ f o r the phase t r a n s i t i o n temperature of 
DPPA v e s i c l e s a t pH 6.5. Since DPPA i s w e l l below i t s phase 
t r a n s i t i o n temperature a t room temperature then the a l k y l chains 
must be i n an a l l t r a n s configuration. 

I n chloroform the wavenumbers of the two peaks 
i n c r e a s e t o 2928.5 and 2856.5 cm~^ r e s p e c t i v e l y . An experiment 
was t r i e d to see i f i n c r e a s i n g the temperature l e d to n inc r e a s e 
i n these wavenumbers. Unfortunately the chloroform evaporated at 
about 40 °C and the spectrum was unchanged. 

P l o t s 6-3&4 show the e f f e c t of r a i s i n g the 
temperature, of a f i l m c a s t from chloroform, above the phase 
t r a n s i t i o n . Above the phase t r a n s i t i o n temperature ( p l o t s 6-3 
B&C) the wavenumbers of the two CH s t r e t c h i n g modes i n c r e a s e to 
2924 and 2854 cm~^ The f u l l width a t h a l f height (FWHH) a l s o 
i n c r e a s e s a t higher temperatures. E.g. f o r v (CH ) the FWHH 
i n c r e a s e s from 22 cm~^ a t 20 °C to 32.5 cm~^ a t 69 °C. Whereas 
the height of the same peaks decreases from 0.25 to 0.19 
absorption u n i t s . E i t h e r the in c r e a s e i n wavenumber or width of 
the peaks can be used to follow the phase t r a n s i t i o n . 
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P l o t 6-4 shows the v a r i a t i o n of the wavenumber of 
the V (CH ) peak with temperature f o r the f i l m of DPPA c a s t from 
chloroform. The p l o t shows the c h a r a c t e r i s t i c r i s e f o r a l i p i d ^ ^ 
of 4 cm ^ a t the phase t r a n s i t i o n temperature, t h i s change i s 
r e v e r s i b l e . However, t h i s occurs between 55 and 60 °C which i s 
below the phase t r a n s i t i o n temperature given f o r DPPA ve s i c l e s ^ * ^ . 
T h i s d iscrepancy could be due to the d i f f e r e n c e i n nature of the 
two samples. I t i s p o s s i b l e t h a t when molecules of DPPA are 
c o n s t r a i n e d as v e s i c l e s t h a t more energy i s required f o r the 
formation of gauche conformers. Another explanation may be that 
the temperature measured, i n the r e s u l t s given here, does not 
correspond to the temperature of the DPPA which i s w i t h i n the 
beam. Figu r e 2(g) shows the equipment arrangement f o r t h i s 
experiment. The IR beam passes through the centre of the c e l l 
shown but the temperature i s measured a t the outside of the c e l l . 
As the temperature of the phase t r a n s i t i o n was much higher than 
room temperature, i t i s p o s s i b l e that there was a temperature 
g r a d i e n t between the probe and the pa r t of the c e l l where the IR 
beam passed through. As the o b j e c t i v e of t h i s experiment was to 
observe the FTIR spectrum of DPPA above i t s phase t r a n s i t i o n i t 
was f e l t t h a t i t was not necessary to redesign the equipment to 
ensure t h a t the measured and sample temperatures were i d e n t i c a l . 

I n p l o t 6-5 the peak due to the antisymmetric 
s t r e t c h i n g mode of the methylene groups i s asymmetric ( i n s e t p l o t 
6-5, dashed l i n e i s the F.D. with w=13.8 and k=1.8). There i s 
d e f i n i t e l y a l a r g e peak present, centred a t ~2927 cm ^ and 
p o s s i b l y a second peak which i s seen as a shoulder on the lower 
wavenumber s i d e of the v (CH ) peak. These peaks may be present 

AS 2 
i n the c a s t f i l m s p e c t r a (plot 6-3c) but are not as intense. The 
l a r g e peak a t 2927 cm~^ a r i s e s from a Fermi resonance between the 
V (CH ) v i b r a t i o n and the f i r s t overtone of the S(CH ) mode 

3' ^ 3' 

(Swalen e t al^"*^) . The d i r e c t i o n of t h i s t r a n s i t i o n moment i s 
p a r a l l e l to the C-CH bond. The shoulder on the v (CH ) peak i s 
due t o another Fermi resonance. T h i s i s an i n t e r a c t i o n between 
the ^^(CH^) mode and the f i r s t overtone of the CH^ s c i s s o r i n g 
mode. The d i r e c t i o n of t h i s t r a n s i t i o n moment i s p a r a l l e l to the 
H-C-H plane. 
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Description Plot no. No peaks 
fitted 

wavenumber 
(cm-') 

F W H H 
(cm-') 

absorption 
amplitude 

integrated 
intensity 

(cm-') 

% 
Lorentzian 

cast from 
chloroform 

6-la 3 1738 
1703 
1685 

25 
27 
20 

0.0126 
0.0098 
0.0060 

0.381 
0.324 
0.159 

70 
70 
70 

cast from 
chloroform 

6-2a 3 1740 
1719 
1659 

20 
40 
70 

0.0118 
0.0078 
0.0020 

0.283 
0.358 
0.190 

50 
50 
100 

" at 20 °C 6-3a 3 1738 
1710 
1636 

25 
62 

100 

0.070 
0.040 
0.009 

1.97 
2.66 
0.67 

50 
50 
100 

" at 69 °C 6-3b 3 1743 
1715 
1636 

27 
45 
100 

0.070 
0.040 
0.004 

2.10 
2.10 
0.53 

50 
50 
100 

as a 
powder 

6-5a 4 1741 
1710 
1689 
1647 

27 
35 
35 
95 

0.052 
0.030 
0.019 
0.009 

1.63 
1.29 
0.78 
1.15 

50 
50 
50 
100 

chloroform 
solution 

6-6a 2 1738 
1715 

30 
30 

0.0055 
0.0029 

0.223 
0.118 

100 
100 

Table 6(i) : Data for the peaks fitted to the band arising from the 
carbonyl stretching mode for FTIR spectra of DPPA 

Band oositionin wavenumbers (cm-') 
Cast film 
plot6-l 

Cast film 
plot6-2 

Cast film at 
69 °C (6-3b) 

As a powder 
plot6-5 

In chloroform 
solution (6-6) 

1467.0 1466.5 1464.0 1466.0 1463.0 

1410.4 1414.0 1417.5 1412.0 1408.0 

1377.5 1378.5 1375.5 1384.5 

1345.5 1344.5 1350.5 

1326.5 1329.5 1328.5 

-1305 1308.5 1301.0 

1296.0 1285.5 1290.0 1280.5 

1267.5 1266.0 1267.0 

1246.0 1244.5 sh ~ 1240 1245.0 

1223.0 1222.0 1223.0 

1205.5 1199.0 1198.5 

1170.5 1168.0 1173.0 1167.5 
1140.5 

1102.0 1113.0 1111.5 1112.5 
1092.0 

1061.0 1063.5 1061.5 
1023.0 1025.0 

Table 6(ii) : Peak positions for transmission spectra of 
DPPA in the region 1500-900 cm'^ 
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(B) 1800 - 1600 cm~̂  : The carbonyl s t r e t c h i n g modes 

P l o t s 6-1&2 are both transmission s p e c t r a of f i l m s 
of DPPA which have been c a s t from chloroform. Whilst the spectra 
i n the region d i s c u s s e d above (3000-2800 cm~^) are 
i n d i s t i n g u i s h a b l e there are p l a i n l y d i f f e r e n c e s i n the s t r u c t u r e 
of the band due to the carbonyl s t r e t c h i n g v i b r a t i o n . The 
s t r u c t u r e of t h i s band as seen i n p l o t 6-1 was the obtained for 
almost a l l of the f i l m s c a s t (see p l o t s 6- 13&8). Indeed spectra 
f o r c a s t f i l m s which were s i m i l a r to p l o t 6-2 were recorded only 
tw i c e - i n the example shown and a l s o on the day of the 
temperature study ( p l o t s 6-3). No d i f f e r e n c e between the 
pr e p a r a t i o n of the samples could be discerned. 

The spectrum of the c r y s t a l l i n e DPPA (p l o t 6-5) 
shows a s t r u c t u r e which i s c l o s e s t to th a t of c a s t f i l m 6-1. 
Whereas, i n the spectrum of DPPA recorded i n chloroform 
s o l u t i o n the band due to the carbonyl s t r e t c h i n g v i b r a t i o n i s 
c l o s e r i n form to t h a t seen i n p l o t s 6-2&3. 

The f i t t i n g of a simulated curves to the 
experimental data was undertaken to a i d i n t e r p r e t a t i o n . For most 
of the s p e c t r a i t was necessary to add a small peak i n t o the 
si m u l a t i o n s a t -1650 cm~\ t h i s i s due to the bending mode of OH 
i n water. Even a f t e r evacuation i t was not p o s s i b l e to remove a l l 
of the water. The only s p e c t r a where small c o r r e c t i o n s for water 
were not re q u i r e d were the f i r s t c a s t f i l m ( p l o t 6-lA) and the 
chloroform s o l u t i o n ( p l o t 6-6A). The f a c t t h a t there was very 
l i t t l e water i n the c a s t f i l m 6-1 i s probably not r e l e v a n t to the 
carbonyl band s t r u c t u r e as other c a s t f i l m s with s i m i l a r shaped 
carbonyl bands ( p l o t s 6- 8A£el3A) did have water present. The 
noi s e on p l o t 6-lA i s p o s s i b l y obscuring a small peak due to the 
bending mode of OH i n water. 

Three s y n t h e t i c peaks were required to obtained a 
s a t i s f a c t o r y f i t to both the carbonyl bands of the c a s t f i l m 6-1 
and the powder s p e c t r a . Two peaks are enough for the simulation 
of the carbonyl bands of the c a s t f i l m s 6-2&3 and the s o l u t i o n of 
DPPA i n chloroform ( p l o t 6-6A). 
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The two peak s t r u c t u r e seen f o r the carbonyl 
s t r e t c h i n g v i b r a t i o n f o r DPPA i n c a s t f i l m s 6-2&3 and i n 
chloroform can be c o r r e l a t e d with the a n a l y s i s i n chapter 3 
( s e c t i o n 3.2.4.B). The peaks at ~1740 and ~1717 cm ^ correspond to 
those found a t ~1740 cm ^ and ~1728 cm ^ f o r egg l e c i t h i n i n 
chapter 3. The assignment given i n chapter 3 was t h a t the higher 
wavenumber (1744-1727 cm~^) peak was due to a t r a n s conformation 
of the e s t e r group. The peak with the lower wavenumber (1728-1716 
cm~^) was assigned to a gauche conformation about the e s t e r group 
(see f i g u r e 3 ( j ) ) which i s p o s s i b l y solvated. 

The three peak s t r u c t u r e seen i n the carbonyl band 
f o r DPPA as a c r y s t a l l i n e powder and most commonly found i n f i l m s 
c a s t from chloroform i s not so e a s i l y explained. The c l o s e s t to 
t h i s p a t t e r n of peaks fo r a phospholipid i s found i n the 
l i t e r a t u r e i s i n a paper by Mushayakarara e t a l ^ * ^ . They examined 
the Raman spectrum of DPPC dihydrate, the c r y s t a l s t r u c t u r e of 

149 

which has been determined by Pearson and Pascher A b i l a y e r 
packing arrangement was found with two DPPC molecules per 
asymmetric u n i t (A & B) i n the c r y s t a l s t r u c t u r e . Mushayakarara 
e t al^"*^ reported t h a t three peaks were present i n the region 
1800-1650 cm ^ i n the afore mentioned spectrum. The wavenumber 
displacement of these were 1743, 1730 & 1716 cm~^. The assignment 
they made was t h a t the peak a 1743 cm ^ was due to the carbonyl 
s t r e t c h i n g v i b r a t i o n on the sn-1 chain of molecule A. T h i s e s t e r 
group i s i n a t r a n s conformation and i s deepest i n t o the 
hydrophobic region of the b i l a y e r of a l l the four p o s s i b l e 
carbonyls on molecules A&B. The peak a t 1716 cm ^ was assigned as 
a r i s i n g from the s t r e t c h i n g v i b r a t i o n of the carbonyl s i t u a t e d on 
the sn-2 c h a i n of molecule B. T h i s i s the carbonyl which i s 
c l o s e s t to the phosphate groups i n the c r y s t a l s t r u c t u r e . The 
e s t e r group a s s o c i a t e d with t h i s carbonyl i s i n a gauche 
c o n f i g u r a t i o n . The peak a t 1730 cm~̂  was assigned as an overlap 
of peaks a r i s i n g from the s t r e t c h i n g modes of the carbonyls 
s i t u a t e d on the sn-1 chain of molecule B ( t r a n s a t the e s t e r 
group) and the sn-2 chain of molecule A (gauche a t the e s t e r 
group). The environment of both these two carbonyls, due to the 
proximity of the hydrocarbon chains and the phophatidyl choline 
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-1 
group, was s i m i l a r and intermediate between the other two 
car b o n y l s . T h i s assignment was made because the peak a t 17 3 0 cm 
was broader than the other two and of intermediate wavenumber 

99 

displacement. I n a paper Mushayakarara and Levin published 
l a t e r t h a t year they had examined a range of l i p i d s and found that 
only c r y s t a l l i n e 1 ,3-dipalmitoylglycerol (DPG) gave r i s e to a 
broad peak a t l e s s than 1720 cm~\ They assigned t h i s peak (at 
1708 cm ^) as the s t r e t c h i n g v i b r a t i o n of a carbonyl which was 
hydrogen bonded to a hydroxy1 group. 

From the above d i s c u s s i o n i t i s l i k e l y t h a t the 
s t r u c t u r e of the carbonyl s t r e t c h i n g v i b r a t i o n band seen i n p l o t s 
6- 1A,5A, 8A&13A a r i s e s from the inequivalence of carbonyl groups 
w i t h i n a c r y s t a l l i n e s t r u c t u r e . The low value for the wavenumber 
of the s m a l l e s t peak (1689-1674 cm~^) f o r a l l of these i s h i g h l y 
i n d i c a t i v e of strong hydrogen bonding. T h i s could e i t h e r be to 
water or to the P-OH groups of another molecule. I f i t were to 
the POH groups then a change i n the spectrum i n the region 1040 -
910 cm ^ of the s p e c t r a (where there should be strong absorption 
due t o the PO s t r e t c h i n g v i b r a t i o n i n POH - see t a b l e 3 ( i ) ) would 
be expected. There appears to be no s i g n i f i c a n t changes i n t h i s 
r e g i o n between the spectrum of powdered DPPA (pl o t 6-5) and DPPA 
i n chloroform ( p l o t 6-6). For the two c a s t f i l m s ( p l o t s 6-1&2) 
the region around 1000 cm~^ has a low s i g n a l to noise r a t i o and i t 
r e a l l y i s not p o s s i b l e to draw any conclusions from these s p e c t r a . 
The c r y s t a l s t r u c t u r e s which are known for phospholipids (e.g. 
DPPC and DMPE) have b i l a y e r structures^* with c l e a r l y defined 
p o s i t i o n s f o r the headgroups and the a c y l chains which would not 
allow hydrogen bonding between them. From the above 
c o n s i d e r a t i o n s i t i s l i k e l y t h a t the peak a t -1685 cm ^ i s due to 
a s t r e t c h i n g v i b r a t i o n of a hydrogen bonded carbonyl, probably to 
water. 

Without the c r y s t a l s t r u c t u r e of DPPA i t i s very 
d i f f i c u l t to make f u r t h e r assignments. I t r e a l l y i s only p o s s i b l e 
t o s p e c u l a t e on the nature of the environment of the peaks. Based 
on the f i n d i n g s of Blume e t al^'^^^^and L e v i n e t al'̂ '̂ °̂ *̂ *̂  i t 
would seem l i k e l y t h a t the peak a t 1743-1738 cm i s due to the 
v i b r a t i o n of a carbonyl attached to an e s t e r group i n the tra n s 
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conformation and t h e r e f o r e c l o s e r to the a l k y l c hain of the 
neighbouring c h a i n s . The peaks found a t 1719 - 1710 cm ^ would 
a r i s e from the v i b r a t i o n of a carbonyl attached to an e s t e r i n the 
gauche conformation. The extremely low value f o r the wavenumber 

99 

of t h i s peak compared to l i t e r a t u r e values (see above) for other 
phospholipids i s probably due to the incre a s e d e l e c t r o n e g a t i v i t y 
of the phosphatidic a c i d group compared to phosphatidylcholine and 
phosphatidylethanolamine. The peak a t -1685 cm~^ could a l s o be 
due t o a gauche conformation a t the e s t e r group but one which i s 
hydrogen bonded. 

There i s an i n c r e a s e of 5 cm ^ i n the p o s i t i o n of 
each of the two carbonyl peaks found f o r sample 6-3 on r a i s i n g the 
temperature from 20 to 69 "c. This i s due to the i n t e r n a l 
environment of the carbonyl changing^^°. There i s one f u r t h e r 
p o s s i b i l i t y which should be considered f o r the assignment of the 
peak cent r e d a t 1685 cm~^. T h i s i s t h a t i t a r i s e s from a 
v i b r a t i o n of the POH group. Colthup^^^ re p o r t s t h a t i n phosphinic 
a c i d s (with one OH group) a broad band appears a t 1700-1630 cm~\ 
However, he s t a t e s t h a t t h i s band i s not g e n e r a l l y present i n 
phosphonic a c i d s where there are two OH groups. Daasch and 
Smith^^^ r e p o r t the IR s p e c t r a of a v a r i e t y of phosphinic a c i d s . 
The peak a t 1700-1630 cm~^ has a FWHH of a t l e a s t 100 cm~\ I t 
t h e r e f o r e seems u n l i k e l y t h a t the peak centred a t 1685 cm ^ i s due 
to a POH v i b r a t i o n . 
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cm 

(C) The s p e c t r a l region 1500 - 900 cm ̂  

The f i r s t peak i n t h i s region i s centred a t -1467 
( t a b l e 6 ( i i ) ) f o r the c a s t f i l m s and powder sp e c t r a of DPPA. 

T h i s a r i s e s from the s c i s s o r i n g mode of the CH^ groups. 
Assignments have been made^^ for the r e l a t i o n s h i p between the 
p o s i t i o n of t h i s peak and the packing of phospholipids i n aqueous 
a s s e m b l i e s . The wavenumber found i s i n d i c a t i v e of a hexagonal 
c r y s t a l s t r u c t u r e reported by Fookson and Wallach^^^. T h i s i s 
confirmed by the p o s i t i o n of the peak due to the CH rocking mode 
which i s a t 721 cm~^ (not shown). The c r y s t a l s t r u c t u r e i s 
d e f i n i t e l y not orthorhombic as t h i s would produce a double peak a t 
1472 and 1463 cm ^ f o r the CH s c i s s o r i n g mode^^. Th i s i s due to 

2 
the f a c t t h a t i n an orthorhombic c r y s t a l s t r u c t u r e the hydrocarbon 
c h a i n s of two adjacent molecules are at 90° to each other^*. 

There are no detectable d i f f e r e n c e s i n the peaks 
due to the CH^ s c i s s o r i n g v i b r a t i o n between the two c a s t f i l m 
samples 6-1 and 6-2 or the powder spectrum. Therefore, i t i s 
l i k e l y t h a t i f the d i f f e r e n c e s i n the band due to the s t r e t c h i n g 
v i b r a t i o n of the carbonyl group are due to a d i f f e r e n t c r y s t a l 
s t r u c t u r e t h a t the environment of the hydrocarbon chains remains 
constant. 

The asymmetric s t r u c t u r e of the band centred a t 
1467 cm ^ i s l a r g e l y due to the presence of a smaller peak a t 
-1450 cm~^. T h i s a r i s e s from the antisymmetric bending mode of 
the methyl groups. 

The peak which i s centred a t -1412 cm~^ for DPPA 
has been assigned as the s c i s s o r i n g mode of CH^ which i s attached 
t o an oxygen atom. There are three such groups i n a molecule of 
DPPA, two attached to the e s t e r linkages and the other attached to 
the phosphatidic a c i d . The i n t e n s i t y per group of t h i s peak i s 
enhanced, r e l a t i v e to the CH^ s c i s s o r i n g peak f o r the a l k y l 
c h a i n s , by the proximity of the CO and PO groups^^^. 
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The peak seen i n the sp e c t r a a t 1375 - 1384 cm~^ 
a r i s e s from the symmetric bending v i b r a t i o n of the methyl groups 
(known as the umbrella mode). Whilst no f u r t h e r a n a l y s i s of t h i s 
peak w i l l take p l a c e i t s assignment i s important f o r i d e n t i f y i n g 
the s t a r t i n g p oint of the progression bands from 1350 - 1180 cm~\ 
The assignment f o r t h i s group of peaks i s t h a t they are due to 
wagging modes of CH^ on a l k y l chains i n the a l l t r a n s 
c o n f i g u r a t i o n . The r e l a t i v e i n t e n s i t y of these peaks i n 
hydrocarbon s p e c t r a i s enhanced by the presence of e l e c t r o ­
n egative groups such as esters^^'^^. Meiklejohn e t a l ^ ^ ^ studied 
a s e r i e s of f a t t y a c i d s with chain lengths varying from 3 to 3 6 
carbons. They found t h a t the number of peaks i n the progression 
was h a l f the number of carbons i n the chain. I f the hydrocarbon 
ch a i n s had an odd number of carbons then the number of peaks i n 
the p r o g r e s s i o n s e r i e s was equal to h a l f of (the number of carbons 
i n the ch a i n p l u s one). There was no change i n the p o s i t i o n s or 
numbers of peaks i n the progression s e r i e s on going from the f a t t y 
a c i d t o a soap, except t h a t they were e a s i e r to i d e n t i f y s i n c e a 
peak due to the COH group (1307 cm~^) was no longer present. 
D i f f e r e n t soaps of the same a c i d produced a progression s e r i e s 
w i th the same number of peaks i n the same p o s i t i o n s . For a soap 
with a p a l m i t i c chain (C ) there were found to be eight peaks i n 
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the p r o g r e s s i o n s e r i e s . The p o s i t i o n s of these peaks were 
1348, 1330, 1308, 1283, 1257, 1233, 1210, and 1186 cm"\ 

The assignment of the peaks to a progression s e r i e s 
i n the s p e c t r a of DPPA i s complicated by the presence of bands due 
to the s t r e t c h i n g modes of the P=0 and C-O-C groups. As the 
pr o g r e s s i o n s e r i e s i s only detected i n the FTIR s p e c t r a of DPPA 
below i t s t r a n s i t i o n temperature p l o t 6-3D can be used to a i d the 
proce s s of assignment. From the spectrum a t 69 °C (above the 
phase t r a n s i t i o n temperature) i t can be c l e a r l y seen t h a t there 
are two peaks which are not due to the progression s e r i e s but are 
i n the same region. There i s a peak a t 117 3 cm~̂  due to the 
antisymmetric s t r e t c h i n g v i b r a t i o n of the C-O-C group^^ and a 
l a r g e shoulder to t h i s peak a t -1240 cm~^ which a r i s e s from a P=0 
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s t r e t c h i n g mode of the phosphate (Thomas and Chittenden ) . The 
p o s i t i o n of t h i s shoulder i s c o n s i s t e n t with the the r e l a t i o n s h i p 
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d e r i v e d by Tannenbaum e t a l ^ ^ ^ for the s h i f t i n wavelength, due to 
the e l e c t r o n e g a t i v i t y of the su b s t i t u e n t groups, of the peak due 
to the phosphoryl s t r e t c h i n g mode. 

X{H) = 39.96 - Zx Eqn. 6 ( i ) 
""57995 

Where : = wavelength i n nm of phosphoryl absorption 
Zx = the sum of the phosphoryl absorption s h i f t 

constants of the s u b s t i t u e n t s . 

The s h i f t constants f o r OH and OR are 2.3 and 3.0 r e s p e c t i v e l y . 
On s u b s t i t u t i n g these values i n t o equation 6 ( i ) the wavelength of 
the P=0 absorption i s 8.10 um (1235 cm~^ i n wavenumbers) . 

Now the p o s i t i o n s of the bands, due to P=0 and COC 
absorptions, i n the s p e c t r a taken a t ambient temperature would be 
expected t o be -4 cm ^ lower than those found i n the heated 
sample. W h i l s t the same shape and r e l a t i v e i n t e n s i t i e s of these 
peaks may d i f f e r a t lower temperatures, i t would seem appropriate 
to assume t h a t the sharp peak seen a t 1168 cm"^ i n p l o t s 6-1,2&5 
i s a l s o due to the COC s t r e t c h i n g v i b r a t i o n and i s not p a r t of the 

90 

p r o g r e s s i o n s e r i e s as assumed by Lukes e t a l . Now i t i s l i k e l y 
t h a t the peak a r i s i n g from the v(P=0) mode a t -1240 i s narrower 
below the phase t r a n s i t i o n temperature than above i t . Thus i t i s 
p o s s i b l e t h a t the peak seen a t -1245 cm~^ i n the powder and c a s t 
f i l m s p e c t r a i s due to t h i s v i b r a t i o n . However, i n i t i a l l y i t w i l l 
be assumed t h a t the peak due to P=0 absorption remains a shoulder 
on the peak centred a t 1168 cm"\ I f the spectrum of DPPA powder 
i s considered, t h e r e are eight peaks between those a t 1376 cm ̂  
and 1167 cm~\ T h i s f i t s with the expected number from Meiklejohn 
e t a l ' s f i n d i n g s ^ " . The p o s i t i o n s of the peaks are not i d e n t i c a l 
but h i s experiments were based on soaps and f a t t y a c i d s not 
phospholipids. The assignment of the peak a t 1168 cm ^ to a COC 
s t r e t c h i n g v i b r a t i o n e x p l a i n s the discrepancy reported by Lukes at 

90 < 

a l where nine peaks were assigned to the progression s e r i e s . 
The gradual r i s e i n peak height of the progression s e r i e s from 
0.012to 0.035 i s due to the P=0 absorption a t -1245 cm ^ which i s 
probably broad as assumed. 
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I t i s not p o s s i b l e to observe a l l of the peaks i n 
the p r o g r e s s i o n s e r i e s f o r the c a s t f i l m s p e c t r a . Although the 
s i g n a l l e v e l s i n p l o t s 6 - 1,2,&5 are s i m i l a r , the s i g n a l to noise 
r a t i o i n the s p e c t r a l region 1350 - 1280 cm~^ i s much lower for 
the s p e c t r a of the c a s t f i l m s . This i s probably due to the use of 
a t i r e d and worn out detector on the FTIR instrument f o r the 
rec o r d i n g of the s p e c t r a i n p l o t s 6- 1&2 which had been replaced 
by the time p l o t 6-5 was recorded. 

At l e a s t the l a s t f i v e of the CH^ wagging 
pr o g r e s s i o n s e r i e s are c l e a r l y v i s i b l e i n the spectrum of the f i l m 
of DPPA c a s t from chloroform shown i n p l o t 6-3A. When the sample 
i s heated to beyond the phase t r a n s i t i o n temperature of DPPA the 
pro g r e s s i o n s e r i e s i s no longer present ( p l o t s 6-3B&D). This i s 
to be expected as the progression s e r i e s i s only seen f o r a l k y l 
c h a i n s i n the a l l t r a n s configuration. As the temperature f a l l s 
back below the phase t r a n s i t i o n temperature the progression s e r i e s 
re-appears i n the spectrum. I t i s perhaps s u r p r i s i n g t h a t on 
c o o l i n g the a l l t r a n s configuration i s regained. A p o s s i b l e 
e x p l a n a t i o n f o r t h i s i s the r e - c r y s t a l l i s a t i o n of the DPPA at 
lower temperatures. T h i s occurs i n l i p i d d i s p e r s i o n s over a 
longer p e r i o d of time (days) . However, Cevc and Marsh^* note that 
a r e d u c t i o n i n the water content of a sample i n c r e a s e s the r a t e of 
r e - o r g a n i s a t i o n of the l i p i d s . At 10 % water they c i t e t h a t 
diauroylphosphatidylethanolamine r e - c r y s t a l l i s e s i n minutes. Thus 
the recovery of the a l l t r a n s configuration on cooling of the DPPA 
sample with a very small amount of water i s not so s u r p r i s i n g . 

The s i g n a l to noise r a t i o seen i n the spectrum of 
DPPA i n chloroform i s poor i n the region i n question. However 
t h e r e may a l s o be the s t a r t of the progression s e r i e s ( t a b l e 
6 ( i i ) ) before the strong absorption by the solvent obscures the 
sample spectrum. 

Peaks i n the s p e c t r a l region below 1150 cm ^ are 
extremely d i f f i c u l t to assign^^^. The band found a t -1112 cm ̂ i s 
probably due to a symmetric s t r e t c h of the POH and P=0 bonds i n 
the headgroup. The strong band seen a t -1062 cm~^ must be due to 
the symmetric s t r e t c h of the COC li n k a g e ^ ^ The band a t -1023 
cm ^ i s l i k e l y to a r i s e from predominantly a s t r e t c h i n g v i b r a t i o n 
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of the POC linkage^^^. However, there may be a co n t r i b u t i o n from 
the s t r e t c h i n g mode of PO i n POH*̂ .̂ 

I n the study of the e f f e c t of temperature on the 
FTIR spectrum of a f i l m of DPPA c a s t from chloroform most of the 
peaks i n the spectrum l a r g e l y regain t h e i r o r i g i n a l shape and 
p o s i t i o n when the sample i s cooled ( p l o t s 6-3C&D). The exception 
to t h i s i s the band centred a t 1023 cm"^. This i s e i t h e r l e s s 
i n t e n s e or broader a f t e r the sample has been heated. I t i s 
d i f f i c u l t to understand t h i s behaviour e s p e c i a l l y as there i s 
probably more than one v i b r a t i o n a l mode c o n t r i b u t i n g to the band. 
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6.3 : LANGMUIR-BLODGETT DEPOSITION OF DPPA OVER WATER 

6.3.1 R e s u l t s 

I t has been reported by Hasmonay e t a l ^ ^ \ Matuoka 
e t al^^° and Pet t y e t al^'* t h a t i t i s p o s s i b l e to deposit high 
numbers of monolayers DPPA (80 l a y e r s ) v i a Y-type LB deposition 
over a subphase containing calcium s a l t s . However, due to e f f e c t s 
to be reported i n s e c t i o n 6.7 of t h i s t h e s i s attempts were made to 
dep o s i t DPPA with a subphase of pure water. 

A s u r f a c e pressure of 30 mN m ^ was chosen f o r the 
de p o s i t i o n . T h i s was based on the unpublished f i n d i n g s of Swart 
and Froggatt^^^ who had pr e v i o u s l y made attempts to deposit DPPA 
with some su c c e s s (to 5 l a y e r s ) . 

The Langmuir-Blodgett deposition was found to be 
Y-type over water. A l l of the s u b s t r a t e s , as prepared i n s e c t i o n 
4.3.2.B, were h y d r o p h i l i c . I t was found t h a t there were large 
problems a s s o c i a t e d with the deposition of DPPA onto the 
m e t a l l i s e d g l a s s s l i d e s to th i c k n e s s e s beyond 4 monolayers and 
onto the s i l i c o n micro ATR c r y s t a l s to more than 2 l a y e r s . 

For the m e t a l l i s e d g l a s s s l i d e s out of 25 samples 
deposited only 7 had deposition r a t i o s g r e a t e r than 0.9 f o r a l l 
c y c l e s through the monolayer a t the ai r - w a t e r (a/w) i n t e r f a c e . 
The inward s t r o k e s of each c y c l e tended to give depositio n r a t i o s 
of -1. However, on the upward stroke deposition r a t i o s v a r i e d 
from 1 down to -0.9. A negative deposition r a t i o means t h a t 
m a t e r i a l was t r a n s f e r r e d from the su b s t r a t e to the monolayer a t 
the a i r water i n t e r f a c e . Of the 7 samples with deposition r a t i o s 
g r e a t e r than 0.9 f o r a l l c y c l e s 3 had 9 l a y e r s i n t o t a l , 3 had 7, 
the l a s t had 55 l a y e r s . The sample whose spectrum i s given i n 
p l o t 6-9 arose from 28 c y c l e s through a a monolayer of DPPA a t the 
a/w i n t e r f a c e . I n order to do t h i s the monolayer had to be 
r e p l e n i s h e d s e v e r a l times with e x t r a DPPA and then allowed to 
s t a b i l i s e again before deposition proceeded. The technique f o r 
d e p o s i t i o n had been modified i n order to get t h i s sample. The 
speed of de p o s i t i o n was slowed from 5 mm/min to 1.5 mm/min. 

227 



For deposition onto the micro ATR s i l i c o n a s i m i l a r 
problem was encountered but there was a tendency f o r the 
incomplete t r a n s f e r of the monolayer to occur a f t e r the f i r s t 
monolayer was deposited. I . e . as the c r y s t a l was passed down 
through the a/w i n t e r f a c e f o r the second time e i t h e r a f r a c t i o n of 
a monolayer of DPPA was t r a n s f e r r e d onto i t or o c c a s i o n a l l y 
m a t e r i a l was t r a n s f e r r e d from the c r y s t a l to the a/w i n t e r f a c e . 
Out of 22 samples only 9 had deposition r a t i o s of 1 ± 0.5 for more 
than two l a y e r s . The number of monolayers deposited onto these 
nine samples were 3 (four o f ) , 5 (two o f ) , 9, 19, 25. The l a s t 
two were f a b r i c a t e d using the slower deposition speed. 
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6.3.2 D i s c u s s i o n of the r e s u l t s for deposition of DPPA 

Slowing the speed, of deposition, d r a s t i c a l l y 
i n c r e a s e d the number of l a y e r s which could be deposited. However 
t h i s was not a f a i l s a f e technique. I t merely increased the 
chances of s u c c e s s from 1 i n 3 to 4 to 1 i n 2 of achieving samples 
w i t h d e p o s i t i o n r a t i o s c l o s e to 1 for a l l l a y e r s . I n f a c t , the 
t h r e e samples with high numbers of l a y e r s (55 on the g l a s s s l i d e 
and 19&25 on the micro ATR c r y s t a l ) were a l l deposited w i t h i n days 
of one another. I t does seem p o s s i b l e based on the l a c k of 
s u c c e s s most of the time t h a t e i t h e r there was a contamination of 
the trough by ions which aided deposition or the DPPA used formed 
monolayers a t the a/w i n t e r f a c e which were e a s i e r to deposit. 

90 
Lukes e t a l have a l s o succeeded i n the deposition of DPPA over 
pure water. As s t a t e d p r e v i o u s l y we have been working together 
and one of the s p e c t r a presented i n t h i s paper was recorded by the 
author of t h i s t h e s i s . As both the work recorded i n t h i s t h e s i s 
and i n r e f e r e n c e 90 was c a r r i e d out using the same LB trough the 
p o s s i b i l i t y of contamination can not be r u l e d out. I f there i s 
contamination then i t does not have strong mid-IR a c t i v e modes as 
nothing obvious i s seen i n the spectra recorded. Hasmonay et 
a l ^ ^ ^ s t a t e t h a t i f EDTA (which complexes calcium) i s added to the 
subphase t h a t i t was impossible to t r a n s f e r l a y e r s . Thus i t i s a 
strong p o s s i b i l i t y t h a t the good depositions are aided by ions i n 
the subphase. The second p o s s i b i l i t y t h a t the monolayers of DPPA 
a t the a/w i n t e r f a c e were simply b e t t e r s u i t e d to deposition could 
be due to a d i f f e r e n t packing s t r u c t u r e of the l i p i d . I t i s 
p o s s i b l e t h a t DPPA deposits b e t t e r over calcium s a l t s because a 
d i f f e r e n t c r y s t a l s t r u c t u r e i s produced at the a/w i n t e r f a c e . 

The slower deposition speed probably aided 
d e p o s i t i o n by a l l o w i n g a l l of the water to d r a i n from the sample 
before r e - e n t r y i n t o the sub-phase. I t was observed t h a t i f the 
experimenter was impatient and t r i e d to s t a r t the next c y c l e 
before the s l i d e was completely dry (or only dry v i s u a l l y ) then 
poor d e p o s i t i o n r e s u l t e d . I n general a t l e a s t h a l f an hour was 
r e q u i r e d f o r the sample to d r a i n . 
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6.4 : FTIR RAIRS SPECTRA OF DPPA SAMPLES PREPARED 
BY CASTING AND LANGMUIR-BLODGETT DEPOSITION. 

6.4.1 R e s u l t s of FTIR RAIRS measurements on DPPA 

P l o t 6-7 i s a graph of the peak height of the peak 
due to the v (CH ) v i b r a t i o n versus the number of l a y e r s 

as^ 2' 
deposited onto RAIRS s l i d e s by Langmuir-Blodgett dipping. The 
lower p o i n t s are not a l l a t 7 or 9 l a y e r s because some of the 
samples had e x t r a l a y e r s added by Langmuir-Shaeffer (LS) 
de p o s i t i o n . The r e s u l t s for these are reported i n s e c t i o n 6.6&7. 

P l o t 6-8 i s the RAIRS spectrum of a f i l m of DPPA 
c a s t from chloroform onto a gold coated g l a s s s l i d e . P l o t 6-9 i s 
the RAIRS spectrum of 55 monolayers of DPPA deposited by Y-type LB 
d e p o s i t i o n . T h i s p l o t i s r e p r e s e n t a t i v e of a l l of the RAIRS 
s p e c t r a of DPPA samples prepared by LB and LS deposition. The 
s i g n a l t o n o i s e r a t i o f o r t h i s spectrum i s 150:1 f o r most of the 
spectrum compared to -15:1 f o r 10 monolayers of DPPA (pl o t 6-19A), 
which i s why only the spectrum i n p l o t 6-9 w i l l be examined i n 
t h i s s e c t i o n . 

P l o t s 6-8A&9A are enlargements of the s p e c t r a l 
r e g i o n 1800 - 1550 cm~^ f o r the c a s t f i l m and LB sample 
r e s p e c t i v e l y . The bands seen i n t h i s region have had s y n t h e t i c 
peaks f i t t e d to them. The numerical values f o r the parameters of 
the f i t t e d peaks are i n t a b l e 6 ( i i i ) . 

P l o t s 6-10A&B are enlargements of other s p e c t r a l 
r e g i o n s of the s p e c t r a i n p l o t s 6-8&9. The wavenumber s c a l e i s 
c o r r e c t f o r both s p e c t r a , but absorption s c a l e s are only v a l i d for 
the spectrum of the LB sample. The absorptions of a l l points i n 
the spectrum of the c a s t f i l m have been m u l t i p l i e d by a f a c t o r 
( d i f f e r e n t f o r the two p l o t s ) . So t h a t the maximum and minimum 
absorptions f o r the c a s t f i l m spectrum, i n each p l o t , are the same 
as those of the spectrum of the sample with 55 l a y e r s deposited by 
LB dipping. 
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Plot 6-7 

Gragh of intensit)^ of the antisymmetric CH2 stretch vs the number of layers of DPPA via RAIRS 
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p l Q t 6 - 8 : RAIRS Of DPPA c a s t from c h l o r o f o r m 
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Plot6-8A: C u r v e f i t f o r c a n b o n y l band of c a s t DPPA by RAIRS 
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Plot6-10A: CH s t r e t c h i n g r e g i o n f o r PAIRS ( n o r m a l i s e d ) 
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Plot6-ll PAIRS : unpolanlaed and 90" p o l a r i s a t i o n 
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6.4.2 A n a l y s i s and d i s c u s s i o n of RAIRS r e s u l t s . 

P l o t 6-7 shows a good c o r r e l a t i o n of the height of 
the V (CH^) peak and the deposition r a t i o s . Within experimental 
e r r o r the f i t t e d l i n e passes through the o r i g i n . 

(A) 3000-2800 cm"^ 

P l o t 6-lOA shows the spectrum of t h i s region for 
both the c a s t f i l m and LB sample with 55 monolayers. The spectrum 
of the LB f i l m i n t h i s region i s very s i m i l a r to t h a t seen for the 
powder spectrum i n p l o t 6-5. The Fermi resonances d i s c u s s e d i n 
s e c t i o n 6.2.2.A are a l s o prominent i n the RAIRS spectrum. 

The p o s i t i o n s of the peaks due to the CH 
s t r e t c h i n g v i b r a t i o n s (see p l o t 6-lOA) are i n d i c a t i v e of a l k y l 
c h a i n s which are below t h e i r phase t r a n s i t i o n temperature. 

The four main peaks due to CH s t r e t c h i n g v i b r a t i o n s 
i n the RAIRS s p e c t r a have d i f f e r e n t r e l a t i v e i n t e n s i t i e s compared 
to t r a n s m i s s i o n s p e c t r a of a c a s t f i l m s ( p l o t s 6-1&2). For both 
samples ( p l o t 6-lOA) the peaks a t 2691 and 2874 cm~^, due to the 
antisymmetric and symmetric methyl s t r e t c h i n g v i b r a t i o n s 
r e s p e c t i v e l y , are much more intense i n the RAIRS spectrum compared 
to the peaks a r i s i n g from s t r e t c h i n g modes of the CH^ groups. The 
r a t i o of the peak height of the v (CH-) peak to the v> (CH ) peak 
has been c a l c u l a t e d . T h i s r a t i o i s 0.15 f o r the transmission 
s p e c t r a of the c a s t f i l m s ( p l o t s 6-1&2); 0.51 f o r the spectrum of 
c r y s t a l l i n e DPPA ( p l o t 6-5); 0.50 f o r the RAIRS spectrum of a c a s t 
f i l m ( p l o t 6-lOA); and 0.81 f o r the RAIRS spectrum of the LB f i l m 
of DPPA ( p l o t 6-lOA). 
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I t i s p o s s i b l e t h a t the d i f f e r e n c e i n the v (CH ) 
S -3 

t o V (CH ) peak height r a t i o (PHR) between the c a s t f i l m v i a 
t r a n s m i s s i o n and v i a the RAIRS technique i s s o l e l y due to 
d i f f e r e n t r e l a t i v e absorption / r e f l e c t i v i t y c o e f f i c i e n t s of the 
two v i b r a t i o n s i n the two techniques. However, the f u r t h e r 
i n c r e a s e i n t h i s r a t i o f o r the RAIRS spectrum of the LB f i l m i s 
due t o the a l k y l chains being aligned with t h e i r a x i s c l o s e to the 
per p e n d i c u l a r to the su b s t r a t e . T h i s a r i s e s from the f a c t t h a t 
RAIRS w i l l only couple t r a n s i t i o n d i p o l e s which are perpendicular 
t o the s u r f a c e . Figure 6(a) i l l u s t r a t e s the d i r e c t i o n of the IR 
v i b r a t i o n a l d i p o l e s f o r the symmetric s t r e t c h e s of the methylene 
and methyl groups^^. As shown (above and below) the hydrocarbon 
c h a i n s of DPPA are i n an a l l t r a n s c o n f i g u r a t i o n . The t r a n s i t i o n 
d i p o l e moment of the methyl symmetric s t r e t c h i n g v i b r a t i o n a t an 
angle of -35° to the a x i s of the a l k y l chains, whereas the 
t r a n s i t i o n d i p o l e due to the methylene symmetric s t r e t c h i n g mode 
i s p e r p e n d i c u l a r to the a x i s of the chains ( f i g u r e 6 ( a ) ) . 
Therefore, i n a RAIRS spectrum where the a l k y l chains were a l l 
completely perpendicular to the su b s t r a t e the peak due to the 
^^(CH^) v i b r a t i o n would be have an extremely low i n t e n s i t y as the 
t r a n s i t i o n d i p o l e moment of the v i b r a t i o n would be p a r a l l e l to the 
s u b s t r a t e . The v (CE ) v i b r a t i o n would however, be st r o n g l y 
coupled i n such a s i t u a t i o n . Thus, although the peak due to 
i'^(CH^) i s r e l a t i v e l y much stronger i n the RAIRS spectrum of the 
LB f i l m compared to the c a s t f i l m the chains are not completely 
p e r p e n d i c u l a r to the s u b s t r a t e because the v (CH ) v i b r a t i o n i s 
s t i l l being coupled. 

Chain axis 

Figure 6(a) : Showing approximate vibrational 
dipole moment directions for the symmetric 
stretches of the methyl and methylene groups. 
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(B) 1800 -1600 cm~^ 

As observed i n s e c t i o n 6.2 the c a s t f i l m spectrum 
( p l o t 6-8A) has a s i m i l a r s t r u c t u r e for the band due to the 
carbonyl s t r e t c h i n g v i b r a t i o n to the tran s m i s s i o n spectrum of c a s t 
f i l m 6-1. The RAIRS spectrum fo r t h i s region, f o r the sample with 
55 monolayers of DPPA deposition by LB dipping ( p l o t 6-9A), has a 
s i m i l a r s t r u c t u r e to t h a t observed for the tran s m i s s i o n s p e c t r a of 
c a s t f i l m s 6-2 and 6-3. The general shape of the carbonyl band 
was the same as t h a t seen i n p l o t 6-8a f o r a l l RAIRS s p e c t r a of LB 
samples. Unfortunately the S/N r a t i o (see p l o t 6-19A) f o r the 
r e s t of the samples was to low to f i t a s y n t h e t i c peak. The 
i n t e n s i t i e s of the s y n t h e t i c peaks f i t t e d to the c a s t f i l m RAIRS 
spectrum ( p l o t 8A) are very s i m i l a r to those of the c a s t f i l m v i a 
t r a n s m i s s i o n ( p l o t 6-lA) For the LB f i l m the i n t e n s i t y r a t i o s of 
the f i t t e d peaks d i f f e r from those seen f o r the tr a n s m i s s i o n 
s p e c t r a of the c a s t f i l m s . For the LB sample ( p l o t 6-9A) the peak 
f i t t e d a t a p o s i t i o n of 1718.5 cm ^ i s very broad and may c o n s i s t 
of two peaks. Unfortunately there r e a l l y i s not enough data to 
know how t o s p l i t the peak up. Attempts were made to f i n d a f i t 
where four peaks were used to f i n d a good s y n t h e t i c spectrum for 
t h i s sample ( p l o t 6-9A) but the shape was always u n s u i t a b l e on 
comparison with the experimental data. 

The i n c r e a s e i n i n t e n s i t y , r e l a t i v e to the peak a t 
1735 cm~S of the bands a t 1701 and 1719 cm~^ ( p l o t s 6-8A and 
6-9A) i s an i n d i c a t i o n t h a t the a c y l chains are l a r g e l y 
p e r p e n d i c u l a r to the s u b s t r a t e . The t r a n s i t i o n d i p o l e moment of 
the C=0 s t r e t c h i n g mode i s p a r a l l e l to the the C=0 bond. Figure 
3 ( i ) shows t h a t a t r a n s conformation about the e s t e r linkage w i l l 
r e s u l t i n a C=0 group which i s perpendicular to the chain a x i s . A 
gauche conformation about the e s t e r linkage leads to a carbonyl 
group which i s a t an angle to the chains such t h a t i f the 
t r a n s i t i o n d i p o l e moment of i t s s t r e t c h i n g v i b r a t i o n were to be 
r e s o l v e d with r e s p e c t to the a x i s of the hydrocarbon chains there 
would be both p a r a l l e l and perpendicular components. Therefore i f 
a RAIRS spectrum was taken of a sample whose chains were 
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Description Plot no. No peaks 
fitted 

wavenumber 
(cm"') 

FWHH 
(cm-') 

absorption 
amplitude 

integrated 
intensity 

(cm"') 

% 
Lorentzian 

cast from 
chloroform 

6-8a 4 1736 
1705 
1681 
1645 

26 
29 
25 
60 

0.0183 
0.0164 
0.0045 
0.0028 

0.567 
0.572 
0.135 
0.238 

50 
50 
50 
100 

cast from 
chloroform 

not 
shown 

4 1735 
1701 
1674 
1645 

20 
26.5 
27 
97 

0.0090 
0.0127 
0.0040 
0.0030 

0.207 
0.382 
0.147 
0.367 

50 
50 
50 
100 

55 L B 
layers 

6-9a 3 1740 
1718.5 
1660 

21 
45 
80 

0.0175 
0.0260 
0.0079 

0.403 
1.364 
0.119 

50 
50 
100 

Table 6(iii) : Data for the peaks fitted to the band arising from the 
carbonyl stretching mode for RAIRS spectra of DPPA 

wavenumbers (cm"') 
Cast film 
plot6-8 

55 LB layers 
plot6-9 

1461 1462.0 
sh.i 1419 

1378 1380.5 
1347.0 1346.0 
1330.5 1330.5 
1310.0 1313.5 
1288.0 1288.0 
1266.0 1267.5 
1246.0 1246.0 
1222.0 1224.5 
1201.5 1200.0 
1182.0 1181.0 

1113.5 
1100 1101.5 
1075.5 1074.5 
1010 997.5 

Table 6(iv) : Peak positions for RAIRS spectra of 
DPPA in the region 1500-900 cm'^ 
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completely perpendicular to the subs t r a t e the peak a r i s i n g from 
the t r a n s conformation would have n e g l i g i b l e i n t e n s i t y whereas 
t h a t a r i s i n g from the gauche conformer would give r i s e to a peak 
due to the component of the C=0 v i b r a t i o n a l t r a n s i t i o n dipole 
moment which i s r e s o l v e d perpendicular to the su b s t r a t e i . e . 
p a r a l l e l to the chains. However what i s observed i s an in c r e a s e 
i n the r e l a t i v e i n t e n s i t y of the peaks due to the gauche conformer. 
Again i n d i c a t i n g t h a t the chains are or i e n t a t e d c l o s e to the 
per p e n d i c u l a r to the surf a c e but not e x a c t l y so. 

(C) 1500-900 cm"^ 

The peak a r i s i n g from the methyl umbrella mode 
(-1380 cm~^) i s r e l a t i v e l y more intense i n the RAIRS spectrum of 
the LB f i l m compared to e i t h e r the transmission s p e c t r a or the 
RAIRS spectrum of c a s t f i l m s . The t r a n s i t i o n dipole moment of 
t h i s mode i s p a r a l l e l to the C-C bond. Thus as i t was a strong 
band i n the RAIRS spectrum i t again points to the f a c t t h a t the 
a l k y l c h a i n s are al i g n e d c l o s e to the v e r t i c a l of the su b s t r a t e . 

For both the c a s t f i l m and the LB sample the RAIRS 
s p e c t r a show very i n t e n s e CH^ wagging progression peaks. There 
a r e c l e a r l y e i g h t peaks from 1346 - 1200 cm which can be 
a t t r i b u t e d to the CH^ wagging progression s e r i e s . T h i s s e r i e s of 
peaks and the peak due to the COG antisymmetric v i b r a t i o n have the 
g r e a t e s t peak heights i n both the RAIRS s p e c t r a . The a n a l y s i s of 
t h i s groups of peaks i s complicated by the underlying peaks due to 
the COG and P=0 v i b r a t i o n s . The d i r e c t i o n of the t r a n s i t i o n dipole 

88 
moment i n the of the GĤ  wagging mode i s p a r a l l e l to the chains 
so t h i s could be the s o l e cause of the i n c r e a s e i n r e l a t i v e 
i n t e n s i t y . However, the t r a n s i t i o n dipole due to the symmetric 
COG s t r e t c h i n g v i b r a t i o n has a t r a n s i t i o n d ipole moment -
pe r p e n d i c u l a r to the G=0 bond. Thus, for e i t h e r gauche or t r a n s 
conformations a t the e s t e r linkage ( f i g u r e 3 ( i ) ) there w i l l be a 

240 



component of the GOG s t r e t c h i n g v i b r a t i o n p a r a l l e l to the 
hydrocarbon chain a x i s . T h i s would again lead to a strong peak i n 
the RAIRS s p e c t r a f o r chains which are almost perpendicular to the 
i n t e r f a c e . 

The peak a t 997 cm ^ which i s probably due to an 
s t r e t c h i n g v i b r a t i o n of the PO bond i n the POG linkage^^^ seems to 
be enhanced i n the RAIRS spectrum of the LB f i l m compared to t h a t 
of the c a s t f i l m ( p l o t 6-lOB). Now the t r a n s i t i o n dipole 
a s s o c i a t e d with t h i s v i b r a t i o n i s l i k e l y to be c l o s e i n d i r e c t i o n 
the the PO(-G) bond. Therefore i t seems l i k e l y t h a t t h i s linkage 
i s o r i e n t a t e d i n the LB f i l m with i t s t r a n s i t i o n dipole l a r g e l y 
p e r p e n d i c u l a r to the s u b s t r a t e , i . e . the POG linkage i s probably 
l a r g e l y perpendicular to the s u b s t r a t e for the LB f i l m . 

(D) P o l a r i s a t i o n of the IR r a d i a t i o n 

P l o t 6-11 supports the f i n d i n g s of Song e t a l " " * . 
I t shows t h a t not only i s there an i n c r e a s e i n the S/N r a t i o on 
the attachment of a p o l a r i s e r to the RAIRS equipment but a l s o an 
i n c r e a s e i n the i n t e n s i t y of a l l of the sample peaks w i t h i n the 
spectrum. 

6.4.3 Summary of the f i n d i n g s f o r the RAIRS s p e c t r a 

I t i s apparent t h a t i n the LB f i l m the a l k y l chains 
a r e o r i e n t a t e d such t h a t on average t h e i r axes are l a r g e l y 
p e r p e n d i c u l a r to the s u b s t r a t e but not at e x a c t l y 90° to i t . 
There i s probably a l s o information i n the s p e c t r a concerning the 
o r i e n t a t i o n of the headgroup. Unfortunately t h i s i s l a r g e l y 
obscured by the progression s e r i e s r e s u l t i n g from GĤ  wagging 
modes. As i n p l o t 6-3D heating the sample might have been a 
u s e f u l technique. The dichroism of the RAIRS spectrum of a c a s t 
f i l m compared to the t r a n s m i s s i o n s p e c t r a i n d i c a t e s t h a t the 
molecules i n the c a s t f i l m are not completely randomly or i e n t a t e d . 
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6.5 : FTIR MICRO-ATR SPECTRA OF DPPA SAMPLES PREPARED BY 
CASTING AND LANGMUIR-BLODGETT DEPOSITION 

6.5.1 ATR r e s u l t s f o r DPPA 

P l o t 6-12 shows the peak heights of both the 
I ' (CH ) and v (CH ) peaks i n micro ATR sp e c t r a versus the number 
as 2 s 2 

of l a y e r s deposited v i a the LB technique. The sample with 25 LB 
l a y e r s i s not shown as i t was deposited on a longer ATR c r y s t a l (& 
t h e r e f o r e more r e f l e c t i o n s would r e s u l t ) . 

P l o t 6-13 i s the micro ATR spectrum of a f i l m c a s t 
from chloroform onto one si d e of a micro ATR c r y s t a l . The 
negati v e peak a t ~1100 cm ^ i s due to an absorption by the s i l i c o n 
c r y s t a l . P l o t 6-13A shows the s y n t h e t i c peaks f i t t e d to the 
experimental data f o r the s p e c t r a l region 1800-1600 cm~^. P l o t s 
6-15A&B a r e l i n e a r l y p o l a r i s e d s p e c t r a of the same sample. A 
diagram showing d e f i n i t i o n s of the p o l a r i s a t i o n d i r e c t i o n s can be 
found i n chapter 4 ( f i g u r e 4 ( r ) ) . 

P l o t 6-14 i s the micro ATR spectrum of 19 
monolayers deposited v i a LB deposition. P l o t 6-14A i s the 
s p e c t r a l region 1800-1600 cm~^ showing the s y n t h e t i c band f i t t e d 
to the data. P l o t s 6-16A&B are l i n e a r l y p o l a r i s e d s p e c t r a for the 
same sample. 
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Plot 6-12 

Graph of CH,stretch iwimi^ versus the number of lasers for DPPA on a micro ATR crystol 
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ATH Of c a s t f i l m of DPPA 
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Plot 6-13A C u r v e f i t f o r c a n b o n y l on p l o t 6 - 1 3 ( c a s t ATR) 
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Plot 6-15A •. P o l a r i s a t i o n of t h e c a s t f i l m 
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Plot6-16A: P o l a r i s a t i o n of 19 LB layers of DPPA 
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Plot6-16B: P o l a r i s a t i o n of 19 LB layers of DPPA 
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6.5.2 A n a l y s i s and d i s c u s s i o n of ATR r e s u l t s 

There i s a l i n e a r r e l a t i o n s h i p between the peak 
h e i g h t s of the bands due to CH^ s t r e t c h i n g modes ( p l o t 6 - l 2 ) . The 
p o i n t s due to one, three and f i v e l a y e r s are average values. The 
e r r o r on these i s shown i n p l o t 6-20. 

The ATR spectrum of the c a s t f i l m ( p l o t 6-13) i s 
s i m i l a r to the t r a n s m i s s i o n spectrum seen i n p l o t 6-1. Please 
r e f e r to s e c t i o n 6.2.2 f o r a d e t a i l e d a n a l y s i s of the spectrum. 
The shape of the carbonyl peaks are very s i m i l a r f o r the ATR and 
t r a n s m i s s i o n s p e c t r a of the c a s t f i l m s ( p l o t 6-lA & p l o t 6-13A). 
The main d i f f e r e n c e i s t h a t the peaks i n the region 1350 - 1000 

-1 seem to enhanced compared to the same peaks i n the cm 
t r a n s m i s s i o n spectrum. A s i m i l a r e f f e c t i s seen i n the 
t r a n s m i s s i o n spectrum of DPPA c r y s t a l s ( p l o t 6-5). The reasons 
f o r t h i s enhancement are not known but i t may be p o s s i b l e t h a t i t 
i s due to coupling between the P=0 s t r e t c h i n g v i b r a t i o n s of two 
molecules i n c l o s e proximity, because of a p a r t i c u l a r c r y s t a l 
s t r u c t u r e . 

The shape and r e l a t i v e i n t e n s i t i e s of a l l of the 
peaks i n the ATR spectrum of DPPA deposited v i a LB dipping (plot 
6-14) a r e v i r t u a l l y i d e n t i c a l to t h a t seen i n the t r a n s m i s s i o n 
spectrum of the c a s t f i l m s 6-2 & 6-3. 

The evidence suggests that the s t r u c t u r e of DPPA 
molecules an LB f i l m i s s i m i l a r to t h a t of the type of f i l m c a s t 
from chloroform which was the l e a s t frequently found for the 
technique of d e p o s i t i o n used. At present i t i s d i f f i c u l t to 
propose the s t r u c t u r e of the molecules i n e i t h e r of the types of 
c a s t f i l m s observed. X-ray d i f f r a c t i o n measurements on a t l e a s t 
the c r y s t a l l i n e sample would a i d t h i s a n a l y s i s . 

Table 6(v) shows t h a t there i s a narrowing of some 
of the bands due to CH v i b r a t i o n s as the number of deposited 
monolayer i s i n c r e a s e d (reported i n reference 115). The narrowing 
( s m a l l e r FWHH) of the peaks due to CH s t r e t c h i n g v i b r a t i o n s i s 
r e a l . The numbers quoted are taken from s i n g l e s p e c t r a but spectra 
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have been o v e r l a i d on the computer screen and i t has been observed 
t h a t ^(CH ) peaks i n s p e c t r a of m u l t i l a y e r s are always narrower 
than those of monolayers. However, the d i f f e r e n c e i s very small 
(of the order of 0.5 - 1 cm ^) and about the order of the e r r o r i n 
measuring the peak width. More s i g n i f i c a n t , perhaps i s the 
decrease i n the width of the band a r i s i n g from the CH^ s c i s s o r i n g 
mode, as the number of l a y e r s i s increased. T h i s i n d i c a t e s that 
the number of d i f f e r e n t environments f o r the hydrocarbon chains 
d e c r e a s e s as the number of monolayers i n c r e a s e s . I t i s p o s s i b l e 
t h a t the i n i t i a l monolayer, attached to the s i l i c o n has a 
d i f f e r e n t packing arrangement to the subsequent monolayers. Or 
t h a t the a l k y l chains of monolayers w i t h i n the LB s t r u c t u r e have 
l e s s freedom of motion than the outer monolayer. Obviously a l l of 
the samples have an outer monolayer but i t s r e l a t i v e c o n t r i b u t i o n 
to the IR s p e c t r a deceases as the number of monolayers i n c r e a s e s . 
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Vibration u„(CH,) (cm-') u i C H , ) (cm-') 5,(CH,) (cm-') Vibration 
position FWHH position FWHH position FWHH 

Cast film 2918.0 19.6 2850.2 12.5 1467.5 16.4 
1 LB layer 2918.7 20.2 2850.7 12.8 1468.2 20.3 
5 LB layers 2917.7 18.7 2850.5 12.3 1466.9 13.5 

19 LB layers 2917.9 19.1 2850.2 12.5 1468.2 11.0 

Table 6(v) : Peak positions and widths for selected CH vibrations 

Description Plot no. No peaks wavenumber FWHH absorption integrated % Description 
fitted (cm-') (cm-') amplitude intensity Lorentzian (cm-') 

(cm"') 
cast from 6-13a 4 1743 21 0.400 9.30 50 
chloroform 1703 30 0.345 11.80 50 

1685 20 0.113 2.51 50 
1649 62 0.045 2.75 100 

19 LB 6-14a 3 1740 21 0.205 4.55 50 
layers 1717 60 0.119 8.08 50 layers 

1655 80 0.026 2.90 100 

Table 6(vi) : Data for the peaks fitted to the band arising from the 
carbonyl stretching mode for ATR spectra of DPPA 

wavenmnbers (cm-') 
Cast film 
plot6-8 

19 LB layers 
plot6-9 

1467.5 1468.0 
1431.5 
1412.0 1417.5 
1378.0 1377.5 
1347.5 1340.0 
1330.0 1328.5 
1311.0 noisy 
1292.0 1288.0 
1268.0 1266.5 
1244.5 1244.5 
1222.5 1222.0 
1200.0 1198.5 
1170.0 1172.0 

Table 6(vii) : Peak positions for ATR spectra of 
DPPA in the region 1500-900 cm'^ 
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6.5.3 P o l a r i s e d microATR of DPPA f i l m s 

(A) Background 

Figure 4 ( r ) i l l u s t r a t e s the r e l a t i o n s h i p between 
the l i n e a r p o l a r i s a t i o n s used and the micro ATR c r y s t a l and a s e t 
of orthogonal axes. Mirabella^^ and H a r r i c k ^ " have w r i t t e n 
reviews covering the background and uses of p o l a r i s e d ATR. I n 
r e f e r e n c e 115 we used an order parameter (Takenaka e t al^^) , t h i s 
d i d not y i e l d any u s e f u l r e s u l t s . 

The approach used now u t i l i s e s the computer program 
designed and w r i t t e n by Dr.Y.P Song to c a l c u l a t e the e l e c t r i c 
f i e l d d e n s i t y i n each of the three d i r e c t i o n s x,y&z f o r a t h i n 
f i l m . The c a l c u l a t i o n s f o r t h i s program are derived from 
Maxwell's equations . P l o t s 6-17A&B show the r e s u l t s of t h i s 
program f o r t h i c k n e s s e s of 1 monolayer and 19 monolayers DPPA at 
2917 cm"\ 

Table 6 ( v i i i ) shows the inte g r a t e d i n t e n s i t i e s of 
the e l e c t r i c f i e l d over the whole f i l m t h i c k n e s s f o r one 
r e f l e c t i o n , u sing the afore mentioned program. The th i c k n e s s e s of 
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the f i l m are from rec e n t unpublished work by Lukes e t a l where 
low angle X-ray measurements have been made on LB f i l m s of DPPA. 
A d-spacing of 51.2 ± 0.3 A was found f o r an LB f i l m of DPPA on 
s i l i c o n ^ ^ ^ . T h i s i s the repeat u n i t which i n Y-type deposition 
w i l l be a b i l a y e r of l i p i d . The th i c k n e s s of the c a s t f i l m was 
based on the f a c t t h a t approximately the same absorption i n t e n s i t y 
was observed i n the sp e c t r a of 19 LB l a y e r s and the c a s t f i l m . 
Thus, i f the absorption by the f i l m i s p roportional to the amount 
of m a t e r i a l i n both cases then the c a s t f i l m must be twice as 
t h i c k as the 19 l a y e r s (as the 19 LB l a y e r s are on both s i d e s of 
the c r y s t a l but the c a s t f i l m i s only on one s i d e of the micro ATR 
c r y s t a l . As t h i s was only an estimate of the f i l m t h i c k n e s s the 
e l e c t r i c f i e l d c a l c u l a t i o n was a l s o performed f o r a f i l m twice as 
t h i c k again. The complex par t of the r e f r a c t i v e index (k) was 
taken as zero. The v a l i d i t y of t h i s approximation f o r a t h i n f i l m 
i s d i s c u s s e d i n Mirabella^^. For the c a l c u l a t i o n on the t h i c k e s t 
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f i l m k=0.1 was t r i e d as an a l t e r n a t i v e ( t a b l e 6 ( v i i i ) ) . I t can be 
seen t h a t t h i s changes the e l e c t r i c f i e l d d e n s i t i e s only s l i g h t l y 
and the r a t i o s to be considered below are very c l o s e to the those 
used when k was taken to be zero. The r e f r a c t i v e indexes of the 
m a t e r i a l s used as given i n Sagiv and Mooz^^°- 3.42 f o r the s i l i c o n 
s u b s t r a t e , 1.5 f o r the DPPA f i l m s , 1 for a i r . 

Consider the d e f i n i t i o n of the orthogonal axes i n 
f i g u r e 4 ( r ) . I f p o l a r i s e d l i g h t i s used the perpendicular (90° or 
TE)) p o l a r i s a t i o n r a d i a t i o n w i l l couple with t r a n s i t i o n dipoles 
a l i g n e d i n the y d i r e c t i o n and the p a r a l l e l (0° or TE) 
p o l a r i s a t i o n w i l l couple t r a n s i t i o n d i p o l e s i n both the x and z 
d i r e c t i o n s ' ^ . Now H a l l e r and Rice^^^ proposed t h a t i f a v i b r a t i o n 
i s considered whose t r a n s i t i o n dipole o r i e n t a t i o n with resp e c t to 
the r e s t of the molecule i s known then i t i s p o s s i b l e to use 
p o l a r i s e d ATR to obtain a q u a l i t a t i v e notion of the average 
o r i e n t a t i o n of the molecules with r e s p e c t to the s u b s t r a t e . I f 
the a l k y l c h a i n s of the molecules were o r i e n t a t e d perpendicular to 
the s u b s t r a t e then the t r a n s i t i o n dipole moment of the symmetric 
CH^ s t r e t c h i n g v i b r a t i o n would be p a r a l l e l to the s u b s t r a t e . I n 
t h i s case the z component of the p a r a l l e l (0°) p o l a r i s e d l i g h t 
would not couple with the t r a n s i t i o n dipole, and the d i c h r o i c 
r a t i o of the peak i n t e n s i t i e s should be equal to t h a t of the 
e l e c t r i c f i e l d d e n s i t i e s i n the y and x d i r e c t i o n s . I f the 
molecules were randomly d i s t r i b u t e d with r e s p e c t to the subst r a t e 
then the d i c h r o i c r a t i o would be the same as t h a t of the y 
component of the e l e c t r i c f i e l d d e n s i t y with both the x and z 
components. 

P e r f e c t o r i e n t a t i o n : A, _ E^ Eqn 6 ( i i ) 
_y 
E^ 

X 

Random o r i e n t a t i o n : A, _ E^ Eqn 6 ( i i i ) 
y 

E^ + E^ 
X z 

Where : Aj^ = absorption by sample,perpendicular (TE) p o l a r i s a t i o n 
A = " p a r a l l e l (TM) p o l a r i s a t i o n 

II 
E^ = e l e c t r i c f i e l d i n the sample i n d i r e c t i o n d 

d 
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(B) R e s u l t s and a n a l y s i s of p o l a r i s e d micro ATR st u d i e s 

Table 6 ( v i i i ) contains the c a l c u l a t e d d i c h r o i c 
r a t i o s f o r the both random and p a r a l l e l o r i e n t a t i o n of the v^(CK^) 
s t r e t c h i n g t r a n s i t i o n d i p o l e s . The f i n a l column i n the t a b l e i s 
the experimental r a t i o of the v^(CE^) (centred a t 2850 cm~^) from 
s p e c t r a of the same sample p o l a r i s e d i n the two d i r e c t i o n s shown 
i n f i g u r e 4 ( p ) . Therefore i f t h i s r a t i o i s c l o s e to th a t a r i s i n g 
from equation 6 ( i i i ) then the molecules have a random o r i e n t a t i o n 
w i t h r e s p e c t to the s u b s t r a t e . I f the experimental r a t i o i s equal 
to the value obtained from equation 6 ( i i ) then the DPPA molecules 
are o r i e n t a t e d with the i'^(CH^) v i b r a t i o n a l t r a n s i t i o n dipole 
moment p a r a l l e l to the su b s t r a t e . I . e . with the a l k y l chains 
p e r p e n d i c u l a r t o the s u b s t r a t e . A l l the LB f i l m s show a d i c h r o i c 
r a t i o f o r the peak a t 2850 cm ^ which i s very c l o s e to the value 
expected from p e r f e c t p a r a l l e l o r i e n t a t i o n of the t r a n s i t i o n 
d i p o l e s with r e s p e c t to the su b s t r a t e . The c a s t f i l m on the other 
hand g i v e s a value f o r the d i c h r o i c r a t i o which i s i n d i c a t i v e of 
n e i t h e r random nor p e r f e c t alignment of the t r a n s i t i o n d i p o l e s . 

P l o t s 6-15B&16B show the p o l a r i s e d micro ATR 
s p e c t r a of the LB and c a s t f i l m s . Of most i n t e r e s t perhaps i s the 
dich r o i s m of the carbonyl peaks. Table 6 ( i x ) g i v e s the c a l c u l a t e d 
r a t i o s f o r the e l e c t r i c f i e l d d ensity a t 1740 cm~^ f o r the c a s t 
f i l m and the 19 la y e r e d LB f i l m . The experimental r a t i o s are a l s o 
given f o r the peaks a t -1740 & 1710 cm~\ The d i c h r o i c r a t i o for 
the peak a t 1740 cm~^ f o r the LB f i l m i s very c l o s e to th a t 
expected f o r a t r a n s i t i o n dipole o r i e n t a t e d p a r a l l e l to the 
s u b s t r a t e . T h i s peak has been assigned as being due to the 
s t r e t c h i n g mode from a carbonyl which i s attached to an e s t e r 
l i n k a g e i n the t r a n s conformation (see above). T h u s , i f the a l k y l 
c h a i n s are perpendicular to the surf a c e as proposed above the 
t r a n s i t i o n d i p o l e moment of t h i s v i b r a t i o n w i l l be p a r a l l e l to the 
s u b s t r a t e . T h i s confirms the data from the i'^(CH^) peak. The 
d i c h r o i c r a t i o a t 1720 cm~^ i s between the values f o r a random 
o r i e n t a t i o n and p a r a l l e l alignment of the t r a n s i t i o n dipole moment 
of the v i b r a t i o n . T h i s i s to be expected because t h i s peak has 
been assigned to the v i b r a t i o n of a carbonyl group attached to an 
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e s t e r l i n k a g e i n the gauche conformation. Therefore the 
t r a n s i t i o n d i p o l e moment of t h i s v i b r a t i o n has components i n 
d i r e c t i o n both perpendicular to the a l k y l chains and p a r a l l e l to 
them and w i l l t h e r e f o r e be coupled by both the x and z components 
of the 0° p o l a r i s e d l i g h t . The d i c h r o i c r a t i o s of the c a s t f i l m 
peaks a r e c l o s e to those expected f o r random o r i e n t a t i o n of the 
t r a n s i t i o n d i p o l e moments involved i n the v i b r a t i o n being coupled. 
The r a t i o f o r the peak a t 1740 i s greater than t h a t a t 1710 cm~\ 
Over t h i s s h o r t change i n wavenumbers the c a l c u l a t e d e l e c t r i c 
f i e l d r a t i o w i l l not have changed much. Thus i t i s p o s s i b l e t h a t 
t h e r e i s some alignment of t h i s t r a n s i t i o n d i p o l e . 

I n the region of the CH^ wagging progression 
(1350-1180 cm ^) the dichroism of the c a s t f i l m and LB f i l m are 
s i m i l a r ( p l o t s 6-15B&16B). I t i s very d i f f i c u l t to quantify the 
r a t i o s due to a low S/N r a t i o for the LB f i l m i n t h i s region. 
However, the t r a n s i t i o n d ipole moment of the CH^ wagging 
p r o g r e s s i o n i s l a r g e l y p a r a l l e l to the a l k y l chains, i . e 
pe r p e n d i c u l a r t o the su b s t r a t e i f the chains are perpendicular to 
the s u b s t r a t e . Now i n t h i s case the x component of the 0° 
p o l a r i s e d l i g h t w i l l not couple strongly with the t r a n s i t i o n 
d i p o l e moment nor w i l l the y component of the 90° r a d i a t i o n . Once 
again the presence of the peaks due to P=0 and COC v i b r a t i o n s 
complicates the a n a l y s i s , but the spectrum of the wagging 
p r o g r e s s i o n f o r the LB f i l m (plot 6-16B) i s a t the noise r a t i o of 
the 90° p o l a r i s e d l i g h t spectrum and i s weakly seen i n the 0° 
p o l a r i s e d spectrum. Again t h i s points to the a l k y l chains being 
o r i e n t a t e d l a r g e l y perpendicular to the su b s t r a t e 

Thus the p o l a r i s e d IR d i c h r o i c r a t i o s support the 
RAIRS f i n d i n g s t h a t the a l k y l chains of DPPA i n an LB f i l m are 
o r i e n t a t e d l a r g e l y perpendicular to the s u b s t r a t e . The d i c h r o i c 
r a t i o f o r the c a s t f i l m a l s o agrees with the conclusion made from 
the RAIRS s p e c t r a t h a t the o r i e n t a t i o n of the molecules i s not 
random. 
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Plot 6-17A : The calculated electric field for a 0.00256 jum film on silicon. 
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•17B : The calculated electric field for a 0.0486 pm film on silicon. 
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integrated electric field density 
No. 
layers 

Thickness 
(urn) 

2 
Ex 

2 2 
Ez (Ex'+E,^) Ex^ 

Expt. 
ratio 

1 0.00256 0.005035 0.005532 0.001245 0.88 1.10 1.06 

5 0.0128 0.02494 0.02698 0.006601 0.86 1.08 1.01 

19 0.0486 0.08852 0.09200 0.02973 0.78 1.04 1.09 

cast 0.1 0.1626 0.1640 0.07340 0.69 1.01 0.90 
H 0.2 0.2484 0.2532 0.1735 0.60 1.02 

"k=0.1 0.2 0.2373 0.2458 0.1615 0.61 1.04 

Table 6(viii) : The calculated electric fields and ratios thereoffor thin 
films at 2850 cm'^ with experimental ratios for polarised spectra. 

integrated electric field density 

No. wave- Thickness 2 2 2 V V Expt. 
layers number (urn) Ex Ez (E,2-HE,2) ^x ratio 

19 1740 0.0486 0.09146 0.09620 0.02724 O.S?2. 1.02 1.0 

19 1710 0.84 

cast 1740 0.1 0.1771 0.1809 0.06471 0.77 1.03 0.73 

cast 1710 0.63 

Table 6(ix) : The calculated electric fields and ratios thereof for thin 
films at 1740 cm'^ with experimental ratios for polarised spectra. 
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6.6 : HORIZONTAL (LANGMUIR-SHAEFFER) DEPOSITION 
OF DFPA ONTO SLIDES AND MICROATR CRYSTALS 

6.6.1 R e s u l t s 

The process of LS deposition i s described i n 
s e c t i o n 4.3.2.E. I t was found t h a t i f the s u r f a c e pressure 
feedback mechanism was a c t i v e during the whole of a h o r i z o n t a l 
c y c l e t h a t m a t e r i a l equivalent to two monolayers of DPPA was 
t r a n s f e r r e d onto the sample. This was t r u e whether the s u r f a c e of 
the s u b s t r a t e was h y d r o p h i l i c or was hydrophobic due to the 
presence of v e r t i c a l l y deposited monolayers. The samples were 
extremely wet on removal, a f t e r the h o r i z o n t a l deposition, and 
took a long time to dry, i n d i c a t i n g a h y d r o p h i l i c s u r f a c e . 

A v a r i a t i o n i n the technique was t r i e d i n order to 
t r a n s f e r a s i n g l e monolayer. This was to use the feedback c i r c u i t 
u n t i l the sample touched the water and then to switch i t o f f 
w h i l s t the sample was withdrawn. The c o n t r o l mechanism was 
switched back on a f t e r the sample had been removed and thus the 
d e p o s i t i o n r a t i o could be found. T h i s method achieved deposition 
r a t i o s v a r y i n g from 0.5 to 1.0 f o r the l a r g e r samples (the RAIRS 
s l i d e s ~8 cm^) . However, for the smaller samples (the micro ATR 
c r y s t a l ~3 cm^) i t was found t h a t t h i s s t i l l l e d to a deposition 
r a t i o of 2. 

A t h i r d v a r i a t i o n i n the technique was t r i e d f o r 
the s m a l l e r samples, the micro ATR c r y s t a l s . T h i s involved 
b r i n g i n g the sample i n t o contact with the monolayer w h i l s t the 
s u r f a c e p r e s s u r e c o n t r o l mechanism was switched on. The trough 
b a r r i e r s were then f u l l y expanded, allowing the monolayer to 
r e l a x . The s u b s t r a t e was then withdrawn from the s u r f a c e of the 
water. Using t h i s technique a l l information on the deposition 
r a t i o was l o s t , because i t was found t h a t on recompression the 
a r e a occupied by the monolayer had increased by orders of 
magnitude more than the s i z e of the c r y s t a l . T h i s i s because a 
compressed monolayer was only used for deposition a f t e r 
s t a b i l i s a t i o n f o r 1.5 hours and expanding the b a r r i e r s disturbed 
the c l o s e packing thus achieved. 
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Plot 6-18 

Grcpli of C: j^ontisym. stretch iotensitf versus the mmber of lowers for DPPA oo a micro ATR crista 
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6.6.2 D i s c u s s i o n of the LS deposition r e s u l t s 

The LS deposition of two l a y e r s during one c y c l e 
was r e c e n t l y reported by Virtanen e t al^^^ f o r s t e a r i c a c i d onto a 
hydrophobic s u b s t r a t e . They found t h a t the incremental t h i c k n e s s 
f o r each c y c l e was equal to the t h i c k n e s s of a b i l a y e r by LB 
d e p o s i t i o n . They were able to b u i l d up b i l a y e r s of m a t e r i a l i n a 
s i m i l a r f a s h i o n to the more usual LB deposition. Therefore i t i s 
probable t h a t b i l a y e r s of DPPA were deposited onto the hydrophobic 
s u r f a c e . Now f o r the h y d r o p h i l i c s u r f a c e of the cl e a n c r y s t a l 
m a t e r i a l e q u i v a l e n t to two monolayers was a l s o deposited. The 
c r y s t a l s a r e known to be h y d r o p h i l i c from t h e i r LB deposition 
c h a r a c t e r i s t i c s , so i t seems l i k e l y t h a t the DPPA w i l l o r i e n t a t e 
such t h a t i t s headgroup i s against t h i s s u r f a c e . The observation 
t h a t the c r y s t a l appeared wet a f t e r the deposition i n d i c a t e s that 
the s u r f a c e was s t i l l h y d r o p h i l i c . Therefore the most l i k e l y 
s t r u c t u r e f o r the DPPA i s as a b i o l o g i c a l b i l a y e r . A p o s s i b l e 
mechanism f o r the formation of such i s shown i n f i g u r e 6 ( b ) . 
Whether the s t r u c t u r e of the l a y e r s remained as a b i o l o g i c a l 
b i l a y e r a f t e r the evaporation of the water i s open to debate. I t 
i s known t h a t monolayers deposited v i a one type of LB deposition 

19 

can rearrange w i t h time to give d i f f e r e n t layered s t r u c t u r e s . 
Al s o t h a t monolayers can rearrange on passing through the a i r 
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water i n t e r f a c e . So i t i s p o s s i b l e t h a t although the LS 
d e p o s i t i o n deposited DPPA as a b i o l o g i c a l b i l a y e r t h a t by the time 
the FTIR spectrum was recorded t h i s s t r u c t u r e was no longer 
i n t a c t . 

P l o t 6-18 shows the ATR peak heights of the 
^^^(CH^) v i b r a t i o n versus the number of deposited l a y e r s f o r a 
v a r i e t y of v e r t i c a l l y and h o r i z o n t a l l y deposited l a y e r s . This 
confirms t h a t f o r a h y d r o p h i l i c s u b s t r a t e with two LS l a y e r s 
deposited i n one c y c l e the deposition r a t i o of ~2 l a y e r s was 
c o r r e c t . 

P l o t 6-18 seems to show t h a t when the t h i r d method 
of h o r i z o n t a l d e p o s i t i o n was used onto a micro ATR c r y s t a l with 
one LB monolayer t h a t the amount of m a t e r i a l on the sample was 
e q u i v a l e n t to one monolayer not two as hoped. T h i s does not 
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completely exclude the p o s s i b i l i t y t h a t a b i l a y e r was produced 
ylsecause the e r r o r can be seen t o be q u i t e large on the peak 
hei g h t s of the v (CH ) f o r v e r t i c a l l y deposited samples w i t h the 
same number of layers (E.g. the large number of samples w i t h only 
one monolayer show a v a r i a t i o n of 0.04 t o 0.07 absorption u n i t s ) . 
However, the FTIR spectra of three samples w i t h one LB layer and 
one LS l a y e r were recorded. A l l of these gave the same peak 
h e i g h t i n t e n s i t y as a monolayer and were i n the range 0.055 ± 0.01 
whereas the f i t t e d l i n e gives a value of 0.1 f o r the peak height 
of the ^^^(^^2^ a r i s i n g from a b i l a y e r . Another p o s s i b i l i t y may 
also be considered. This i s t h a t the r e f l e c t i v i t y c o e f f i c i e n t s of 
LS deposited l a y e r s d i f f e r from those of LB layers. As no 
d e p o s i t i o n r a t i o s could be recorded the more probable conclusion 
i s t h a t t h e r e i s only one monolayer of m a t e r i a l and not two. 

I 

_ . . compression by control mechanism 

Figure 6(b) : A mechanism for tlie deposition of a biological bilayer via horizontal dipping. 
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6.7 : FTIR SPECTRA OF BIOLOGICAL BILAYERS OF DPPA 

6.7.1 Via s p e c t r a l s u b t r a c t i o n 

The technique of s p e c t r a l s u b t r a c t i o n t o obtain the 
spectrum of a b i o l o g i c a l b i l a y e r i s described i n section 4.3.2.E 
and i s i l l u s t r a t e d i n f i g u r e 4(m). 

The technique was not very successful, mainly due 
t o the problems encountered w i t h v e r t i c a l d e p o s i t i o n described i n 
s e c t i o n 6.3. However, the one success i s shown i n p l o t s 6-19&20. 
P l o t 6-19 shows the smoothed RAIRS spectra of two samples. The 
spectra i l l u s t r a t e d as a s o l i d l i n e i s of a sample w i t h 9 LB 
la y e r s and then one LS layer. The deposition r a t i o of the LS 
la y e r was 1.1. The dashed l i n e i n , p l o t 6-19, shows the RAIRS 
spectrum of a sample w i t h 7 LB layers and one LS layer (deposition 
r a t i o 0.85). The r e a l spectra, unsmoothed are shown i n p l o t 
6-19A. There i s an extremely low S/N r a t i o (~2) f o r the sample 
w i t h 10 la y e r s i n the s p e c t r a l region where the bending mode of OH 
i n water vapour occurs. This looks l i k e a d i f f e r e n t i a t i o n of the 
water vapour spectrum and i s impossible t o remove by s p e c t r a l 
s u b t r a c t i o n . This i s caused by an unknown o p t i c a l e f f e c t i n the 
RAIRS equipment. The S/N r a t i o of the sample w i t h 8 layers i s 
much b e t t e r over the whole spectrum. 

P l o t 6-2 0 i s the smoothed spectrum which r e s u l t s 
from the s u b t r a c t i o n of the spectrum of the sample w i t h 8 layers 
from t h a t of the sample w i t h 10 layers. This should be the 
spectrum of a b i o l o g i c a l b i l a y e r ( f i g u r e 4(m)). Whilst t h i s may 
seem t o give a v a l i d spectrum the unsmoothed version ( p l o t 6-2OA) 
shows t h a t the S/N r a t i o i s so low t h a t i t i s d i f f i c u l t t o draw 
many p o s i t i v e conclusions from t h i s technique. The CĤ  wagging 
mode progression i s apparent. The r e l a t i v e i n t e n s i t i e s of a l l the 
peaks appear t o be the same as the o r i g i n a l spectra. 

There was also a doubt as t o whether the spectrum 
a r i s i n g from the s u b t r a c t i o n was indeed a b i o l o g i c a l b i l a y e r . I t 
could be argued t h a t the p a r t of the spectrum a r i s i n g form the 
f i r s t and l a s t l a y e r s cancel i n the s u b t r a c t i o n . Then the r e s t of 
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the spectra a r i s e from p a i r s of in v e r t e d b i l a y e r s . Thus the 
spectrum which r e s u l t s from the s u b t r a c t i o n of a spectrum of 8 
la y e r s from 10 r e s u l t s i n an in v e r t e d b i l a y e r ( f i g u r e 6 ( c ) ) . 

The technique of s p e c t r a l s u b t r a c t i o n was also used 
f o r micro ATR spectra of 5 and 3 layers. Again a low S/N r a t i o of 
the r e s u l t a n t spectra i n d i c a t e d t h a t t h i s technique was not very 
u s e f u l . 

o 
Q.-5 

I (0 

6 layers 

4 layers 

equals 

An inverted 
biological 
bilayer 

Figure 6(c) : The possibility that the subtraction strategy in fact 
gives the spectrum of an inverted biological bilayer Crosses 
indicate the layers which cancel on subtraction. 
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PIot6 - I9 : 10 and a UB l a y e r s by RAIRS (9 p o i n t smooth) 
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Plot 6-19A; Unamoothad v e n a i o n of p l o t 6 - a i 
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6.7.2 The ATR spectra of a b i o l o g i c a l b i l a y e r s obtained by 
the use of h o r i z o n t a l deposition techniques 

P l o t 6-21 shows the micro ATR FTIR spectrum of a 
monolayer of DPPA deposited by LB dipping. I t seems t o be s i m i l a r 
t o the spectrum of 19 LB layers ( p l o t 6-14). The band due t o the 
symmetric bending mode of the CĤ  groups i s very broad, t h i s has 
been discussed i n s e c t i o n 6.5.2. There i s no evidence of the 
peaks due t o the wagging mode of the CĤ  chains. Whether t h i s i s 
because the chains are no longer a l l trans or the peaks are too 
low i n i n t e n s i t y t o be detected d i f f i c u l t t o t e l l . However, the 
p o s i t i o n of the peaks due t o the CĤ  s t r e t c h i n g modes i n d i c a t e 
t h a t the molecules are below t h e i r phase t r a n s i t i o n temperature, 
thus the chains should be a l l trans i n conformation. 

P l o t 6-22 shows the spectrum obtained from a sample 
which had one monolayer deposited v i a LB dipping and the other v i a 
the t h i r d technique of LS deposition. As discussed i n section 6.6 
the i n t e n s i t i e s of the peaks are low r e l a t i v e t o those i n the 
monolayer spectrum ( p l o t s 6-18&6-21). The p o s i t i o n s of the peaks 
due t o t h e v (CH ) v i b r a t i o n s again i n d i c a t e an a l l t r a n s chain. 
The most i n t e r e s t i n g p o i n t about the spectrum i s t h a t the band due 
t o the carbonyl s t r e t c h i n g mode i s s i m i l a r t o those seen f o r cast 
f i l m s ( p l o t s 6-1,6-8 & 6-13). This same s t r u c t u r e i s also seen i n 
the spectrum of a sample where the second LS technique was 
u t i l i s e d t o produce the sample (deposition r a t i o 2.2) ( p l o t 6-23). 
Therefore, the technique of h o r i z o n t a l d e p o s i t i o n must be produce 
f i l m s w i t h a s t r u c t u r e closer t o the f i l m s cast from chloroform 
and the c r y s t a l l i n e powder r a t h e r than those prepared by LB 
d e p o s i t i o n . 
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Plot6 -21: A mornolayep of DPPA by ATH ( v a n l c a l d e p o a l t i o n ) 
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Plot6-22^." B l l a y e n of DPPA : One v e r ^ t l c a l and one h o r i z o n t a l l a y e r 

0 . 04-

A 
b 
3 
O 
n 
b 
a 
n 
c 
a 

O . 03-

0.02H 

o . o i H 

o . oo-f 

3000 2500 2000 1500 
Wavanumben (cm-1) 

266 

1000 



Plot 6-23: B l l a y e r of DPPA 
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6.7.3 The preparation of a b i o l o g i c a l b i l a y e r by LB deposition 
onto a micro ATR c r y s t a l . keeping the c r y s t a l underwater 

This technique f o r preparing a b i o l o g i c a l b i l a y e r 
of DPPA i s o u t l i n e d i n section 4.3.2.D. A t y p i c a l micro ATR 
spectrum of such a b i l a y e r , where the H 0 has been replaced by 
DO, i s shown i n p l o t 6-24. The HO was replaced by DO, p a r t l y 
2 2 2 

t o examine the peak a t ~1740 cm but mainly as a background 
experiment f o r l a t e r ones i n which peptides were u t i l i s e d . The 
change of s o l u t i o n was achieved without exposing the sample t o a i r 
by s l o w l y i n j e c t i n g D̂ O through the c e l l (shown i n f i g u r e 4 ( v ) ) . 
The spectrum ( p l o t 6-24) i s s i m i l a r t o t h a t of the monolayer, i . e . 
t y p i c a l of f i l m s deposited by the LB technique. 

P l o t 6-25 shows the s p e c t r a l region 1800-1300 cm~̂  
f o r t h i s sample. The small peak at 1740 cm ^ i n the black 
spectrum i s due t o the l i p i d . There w i l l also be a small peaks at 
~ 1470 and 1375 cm~^ from the l i p i d , the f i r s t about h a l f the 
i n t e n s i t y of the peak a t 1740 cm ^ and the second much smaller 
s t i l l . The two larg e peaks seen i n the spectra a t ~1650 and -1380 
cm~^ have been assigned as bending modes i n the molecules H O and 
HOD resp e c t i v e l y ^ ^ . The numbers on the spectra correspond t o time 
i n minutes since the Ĥ O was exchanged f o r D̂ O. A c o n t r o l 
experiment was performed where both c r y s t a l s w i t h a monolayer and 
the sample w i t h 19 monolayers, prepared by usual LB techniques, 
were placed i n the aqueous c e l l w i t h water which was then replaced 
w i t h DO. I n n e i t h e r case, nor f o r the same experiment w i t h clean 
micro ATR c r y s t a l s , was there any peak due t o Ĥ O or HOD, a f t e r 
the exchange, only those of D̂ O. Therefore i t was concluded t h a t 
the Ĥ O present i n the b i o l o g i c a l b i l a y e r must be trapped by the 
l i p i d , probably between the headgroups and the s i l i c o n c r y s t a l . 

P l o t 6-26 shows the decay i n the peak height of the 
band due t o the bending mode i n Ĥ O f o r two d i f f e r e n t experiments. 
There appears t o be more water i n the one sample than i n the 
other. There i s a gradual decrease i n the i n t e n s i t y of 
the 1650 cm~^ peak w i t h time. This has been i n t e r p r e t e d as the 
lo s s of Ĥ O from the sample. P l o t 6-27 shows the peak heights of 
the band a r i s i n g from the bending mode of HOD. These increase t o 
a maximum then decrease. 
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Plot 6-25: The e x c h a n g e of H20 f o r D20 I n a b i l a y a r of DPPA 
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^050 "̂̂ ^ Graph of intensity of the H2Q bending mode vs the time since exchonge of H20 for D20 
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Now obviously more experiments need t o be performed 
f o r c o n f i r m a t i o n of the r e s u l t s ( i n chapter 7 another s i m i l a r 
experiment i s described where the ol i g o - p e p t i d e gramicidin has 
been i n c o r p o r a t e d ) . However, some explanation of the r e s u l t s 
obtained must be made. I t i s proposed t h a t there was Ĥ O bound 
t i g h t l y t o the l i p i d . When the Ĥ O was replaced w i t h D̂ O t h i s was 
not displaced w i t h the r e s t of the Ĥ O. As time progressed the 
D̂ O d i f f u s e d through the b i l a y e r where the deuterium exchanged f o r 
the hydrogen on the bound water. This produced the increase i n 
the c o n c e n t r a t i o n of HOD. However, the i n t e n s i t y due t o the HOD 
bending mode s t a r t e d t o f a l l a f t e r one hour. The HOD must have 
been d i f f u s i n g through the b i l a y e r i n t o the bulk. The recorded 
i n t e n s i t y f a l l s because the HOD i s moved i n t o the bulk D̂ O where 
the e l e c t r i c f i e l d density w i l l decrease .̂ Thus, the k i n e t i c 
processes o c c u r r i n g are ( f i g u r e 6(d)) several f o l d . There i s 
d i f f u s i o n of D̂ O, HOD and probably Ĥ O both ways through the 
b i l a y e r , then there i s the deuteration process. Now deuteration 
of Ĥ O occurs on a very short time scale (-/is) . Therefore the 
r a t e l i m i t i n g step should be the d i f f u s i o n of the D̂ O t o where the 
H O i s . The r a t e s of d i f f u s i o n f o r a l l the i s o t o p i c forms of 
water should be about the same. 

The equations f o r a f i r s t order r a t e equations 
(Atkins^^^) were applied t o the data shown as -i-'s i n p l o t 6-26. 
The l a s t p o i n t was not used as i t was not c e r t a i n a t what time i n 
the n i g h t the i n t e n s i t y had f a l l e n t o t h i s r a t i o . A s t r a i g h t l i n e 
was seen f o r the p l o t of In(A /A ) vs time ( p l o t 6-26A). Where A 

t o t 
= absorbance (a the concentration) a t a time t (minutes) and A i s 
the absorbance a t t=0. The r a t e constant was found t o be 0.0082 
min .̂ This gives a h a l f l i f e of 85 minutes. 

The FWHH f o r the band due t o the bending mode of 
Ĥ O a t ~1645 cm~^ i s -85 cm~\ This i s greater than the width 
normally found f o r bulk water^^^, which i s 75 cm~^. 0.0 

0.6 
0.8 
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At t h i s stage i t i s very d i f f i c u l t t o draw 
conclusions on the r e s u l t s presented above. I t i s c e r t a i n t h a t 
whatever the processes occurring t h a t they are not equivalent t o 
the d i f f u s i o n of water from bulk l i q u i d t o bulk l i q u i d through a 
l i p i d b i l a y e r . This a r i s e s from the data of other researchers. 
Stein^ r e p o r t s t h a t the d i f f u s i v e p e r m e a b i l i t y of water through an 
a r t i f i c i a l l i p i d b i l a y e r i s between 1 and 11 X 10* cm s~\ There 
i s an equation which r e l a t e s the p e r m e a b i l i t y t o a h a l f l i f e f o r 
the d i f f u s i o n of the m a t e r i a l through a membrane. This i s the 
time taken f o r the concentration t o reach h a l f i t s e q u i l i b r i u m 
value. This i s given i n Stein^ as : 

t = 0.693*V/(PA) Eqn 6 ( i v ) 
/2 

Where t = the h a l f l i f e f o r the passage of a m a t e r i a l 
through a membrane 

P = the d i f f u s i v e p e r m e a b i l i t y 
A = the area of the membrane 
V = the volume of the c e l l i n t o which the m a t e r i a l 

i n t o which permeation i s occurring 
Now the area of the membrane i n the experiment described i n t h i s 
t h e s i s i s -1 cm^. Therefore, t a k i n g the minimum p e r m e a b i l i t y , t o 
estimate the maximum h a l f l i f e , the h a l f l i f e f o r the d i f f u s i o n of 
water would be V*10"* cm~^s. I n the the case of a t h i n f i l m of 
water trapped between a l i p i d and the surface, w i t h an area of 1 
cm^, the volume i s obviously going t o be very small, possibly of 
the order of lO'^ cm^. Therefore i t would be expected from t h i s 
t h a t the l a r g e amounts of D̂ O would d i f f u s e through the b i l a y e r i n 
a f r a c t i o n of a second. Therefore, e i t h e r the Ĥ O i s so t i g h t l y 
bound t h a t exchange does not occur, or more l i k e l y the d i f f u s i o n 
of D̂ O (and other water analogues) i s very slow through the 
b i l a y e r . Thus i n d i c a t i n g t h a t the b i l a y e r formed i s not 
completely analogous t o a b i l a y e r surrounded by aqueous media on 
both sides. 

The data obtained i n these two experiments i s very 
new and e x c i t i n g but f u r t h e r studies w i l l have t o be undertaken i n 
order t o understand the processes occurring. 
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6.8 : DEPOSITION OF DPPA OVER CALCIUM ACETATE 

P l o t 6-28 shows the ATR spectra of a monolayer 
(scaled by a f a c t o r of 9) and 9 LB layers of DPPA, both samples 
were deposited over a subphase containing calcium acetate. The 
spectra are i n general s i m i l a r t o t h a t of the 19 LB layers 
deposited over pure water ( p l o t 6-14). P l o t 6-28A shows the 
s p e c t r a l r e g i o n 3000-2800 cm ^ f o r both the sample of 9 layers 
deposited over calcium and the 19 layers over water (normalised 
spectra shown). I t can be seen t h a t the peak shapes and p o s i t i o n s 
are i n close agreement. Thus once again the DPPA i s below i t s 
phase t r a n s i t i o n temperature. 

The I'ggCCH^) wagging series of peaks i s very weak 
i n t he spectrum of the 9 layers deposited over calcium acetate 
( p l o t 6-28). On close examination of the region 1350-1180 cm~̂  i t 
i s p o s s i b l e t o see the f i r s t s i x peaks i n t h i s s e r i e s . 

P l o t 6-28B shows the s y n t h e t i c peaks f i t t e d t o 
bands i n the re g i o n 1800-1500 cm .̂ The parameters f o r the 
s y n t h e t i c peaks are given i n t a b l e 6 ( x ) . There i s an ext r a peak 
a t -1550 cm ,̂ compared t o p l o t 6-14A. This was reported i n 
reference 115. At the time t h a t paper was w r i t t e n i t was 
hypothesised t h a t t h i s peak could be due t o a bending mode of 
perturbed water. However t h i s now seems u n l i k e l y , because such a 
l a r g e s h i f t i n the p o s i t i o n of the bending mode of water has not 
been recorded before 162 

Description Plot no. No peaks wavenumber FWHH absorption integrated % Description 
fitted (cm-') (cm-') amplitude intensity Lorentzian (cm-') (cm-') 

(cm-') 

9 layers 6-28B 4 1739 25 0.103 1.94 50 
deposited 1710 34 0.037 2.93 50 
over Ca 1655 80 0.034 3.80 50 
acetate 1558 50 0.029 1.70 100 

Table 6(x) : The peaks fitted to the band arising from the carbonyl stretching mode of 
the ATR FTIR spectrum of DPPA deposited over calcium acetate 
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The peak i s however a t the same p o s i t i o n as an 
intense band i n the spectrum of calcium acetate s o l u t i o n ( p l o t 
6-29) (the r e s t of the spectrum i s not shown as the only other 
major peaks a l l a r i s e from the spectrum of water). The peak at 
1550 cm~^ i s not seen i n the spectrum of calcium c h l o r i d e 
s o l u t i o n , nor i n the spectrum of a DPPA mull w i t h calcium 
c h l o r i d e . Therefore, i t seems l i k e l y t h a t the peak a t 1550 cm~̂  
i n p l o t s 6-28&28B ar i s e s from acetate ions which are incorporated 
i n t o the LB f i l m on depos i t i o n . There i s one problem w i t h t h i s 
a n a l y s i s . That i s , t h a t there should also be a higher r e l a t i v e 
i n t e n s i t y of the peak centre a t 1412 cm ̂  i n the l i p i d spectrum 
due t o a c o n t r i b u t i o n from a peak a t a s i m i l a r wavenumber i n 
calcium acetate. This does not seem t o have occurred. 

To conclude, the ATR spectrum of DPPA deposited 
over calcium acetate i s s i m i l a r i n form t o t h a t obtained from DPPA 
deposited over water. The exception i s the occasional presence of 
a peak centred a t 1550 cm~^. This was observed i n the spectra of 
several samples, deposited on d i f f e r e n t days. However, i t does 
not occur on every occasion t h a t DPPA i s deposited over a subphase 
c o n t a i n i n g calcium acetate (Petty e t al''*) . There are three main 
p o s s i b i l i t i e s f o r the assignment of t h i s peak: (a) i t i s due t o a 
s t r e t c h i n g mode i n the carboxylate of the acetate anion; (b) i t i s 
due t o the presence of an i m p u r i t y i n the f i l m ; (c) i t i s due t o a 
v i b r a t i o n i n v o l v i n g the l i p i d . Without f u r t h e r studies i t i s 
d i f f i c u l t t o p o s i t i v e l y assign t h i s peak a t 1550 cm~\ 
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O. Plot 6-28: 9 layePB DPPA d i p p e d over c a l c i u m a c e t a t e (ATR) 
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Plot6-28B: g l a y a n a DPPA d i p p e d o v e r c a l c i u m a c a t a t a (ATR) 
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Plot 6-29: C a l c i u m a a l t a I n w a t a r by t r a n a m l a a l o n 
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6.9 : DOPA AND THE DEPOSITION OF A 4:1 DPPA:DOPA MIXTURE 

As monolayers o f DOPA, a t t h e A/W i n t e r f a c e , were 
n o t s t a b l e a t a c o n s t a n t p r e s s u r e ( s e c t i o n 5.3.2) i t was n o t 
p o s s i b l e t o use LB d e p o s i t i o n f o r pure DOPA. A 4:1 m i x t u r e o f 
DPPA: DOPA was s t a b l e enough a t a t a s u r f a c e p r e s s u r e o f 30 mN m~̂  
f o r LB d e p o s i t i o n t o be attempted. Only 9 samples were made. The 
d e p o s i t i o n was Y-type i n g e n e r a l . For t h e g l a s s s l i d e s t h e 
d e p o s i t i o n r a t i o was 1 f o r t h e f i r s t t h r e e l a y e r s ( f i r s t 2 c y c l e s ) 
b u t t h e d e p o s i t i o n r a t i o f o r t h e inward s t r o k e o f t h e t h i r d c y c l e 
showed l o s s o f m a t e r i a l from t h e s u b s t r a t e o n t o t h e A/W i n t e r f a c e . 
S i m i l a r l y f o r t h e m i c r o ATR c r y s t a l s t h e d e p o s i t i o n r a t i o was ~ 1 
f o r t h e f i r s t upward s t r o k e b u t on r e - e n t r y i n t o t h e water t h e r e 
was e i t h e r no f u r t h e r d e p o s i t i o n o r p a r t o f t h e f i r s t monolayer 
was l o s t . The FTIR s p e c t r a o f ATR samples were v e r y n o i s y b u t 
resembled t h o s e o f LB f i l m s o f DPPA. 

P l o t 6-30 shows t h e spectrum o f a c a s t f i l m o f DOPA 
by t r a n s m i s s i o n . I t can be seen t h a t a t 19 "c DOPA i s above i t s 
phase t r a n s i t i o n t e m p e r a t u r e . The evidence f o r t h i s i s t h e 
p o s i t i o n s o f t h e peaks due t o t h e CH^ s t r e t c h i n g v i b r a t i o n s a t 
2924 and 2853 cm . As s t a t e d b e f o r e t hese v a l u e s a r e i n d i c a t i v e 

28 

o f a l i p i d above i t s phase t r a n s i t i o n t e m p e r a t u r e . I t can a l s o 
be seen t h a t t h e r e a r e no peaks due t o t h e CH^ wagging modes 
between 1350-1180 cm~\ Only t h e peaks due t o s t r e t c h i n g 
v i b r a t i o n s o f t h e p h o s p h a t i d i c a c i d and t h e COG groups (1242 and 
1181 cm~^ r e s p e c t i v e l y ) a re p r e s e n t i n t h i s r e g i o n , as i n t h e 
he a t e d sample o f DPPA ( p l o t 6-3) . The peak a t 3 005 cm~^ which i s 
n o t p r e s e n t i n t h e s p e c t r a o f DPPA a r i s e s from t h e s t r e t c h i n g 
v i b r a t i o n o f CH groups a t t a c h e d t o t h e double bonds. 
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f i l m c a s t from c h l o p o f a r M T ^ _ J D ^ 
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6.10 SUMMARY OF THE DEPOSITION AND FTIR OF DPPA (& DOPA) 

At room te m p e r a t u r e DPPA, as b o t h a f i l m c a s t from 
c h l o r o f o r m and d e p o s i t i o n v i a LB d i p p i n g i s below i t s phase 
t r a n s i t i o n t e m p e r a t u r e . The evidence a r i s e s form b o t h t h e 
p o s i t i o n s o f t h e peaks due t o CH s t r e t c h i n g modes and t h e 
presence o f a s e r i e s o f e i g h t peaks between 1350-1170 cm which 
a r i s e f r o m t h e wagging mode o f CH^ i n a l k y l c h a i n s which are i n an 
a l l t r a n s c o n f o r m a t i o n . 

A t 69 °C a c a s t f i l m o f DPPA was above i t s l i p i d 
phase t r a n s i t i o n t e m p e r a t u r e . The p r o g r e s s i o n s e r i e s due t o t h e 
CH^ wagging v i b r a t i o n s was n o t observed a t t h i s t e m p e r a t u r e . The 
A s h i f t i n t h e p o s i t i o n s o f t h e peaks due t o v (CH ) and v (CH ) 
v i b r a t i o n s o f ~5 cm was observed a t -55 °C. T h i s may be t h e 
phase t r a n s i t i o n t e m p e r a t u r e o f DPPA as a c a s t f i l m b u t 
e x p e r i m e n t a l problems r a i s e doubts about t h i s . The phase 
t r a n s i t i o n was r e v e r s i b l e . As t h e sample was c o o l e d t o below 50 
°C t h e p o s i t i o n s o f t h e peaks due t o t h e CH s t r e t c h e s f e l l by 5 
cm~^. The peaks due t o t h e wagging modes o f t h e CH^ c h a i n s a l s o 
r e t u r n e d . 

There were two d i f f e r e n t t y p e s o f s p e c t r a seen f o r 
t h e c a s t f i l m s . The d i f f e r e n c e was i n t h e shape o f t h e band a t 
1740-1680 cm ^. One form was seen f o r t h e s p e c t r a o f most o f t h e 
c a s t f i l m s and a c r y s t a l l i n e sample ( t y p e 1, e.g. p l o t 6 - l A ) . The 
o t h e r was seen o n l y r a r e l y as a c a s t f i l m ( t y p e 2, e.g. p l o t 6-2A) 
and i n c h l o r o f o r m s o l u t i o n . The c o n c l u s i o n i s t h a t t h e d i f f e r e n t 
t y p e s o f s p e c t r a r e l a t e t o d i f f e r e n t c r y s t a l s t r u c t u r e s i n t h e 
f i l m s . X-ray d a t a i s needed f o r p o s i t i v e c o n f i r m a t i o n o f t h i s . 

I n t e r e s t i n g l y f i l m s o f DPPA d e p o s i t e d by 
L a n g m u i r - B l o d g e t t d i p p i n g always gave s p e c t r a s i m i l a r t o t y p e 2 
c a s t f i l m . Whereas h o r i z o n t a l d e p o s i t i o n (LS) gave r i s e t o 
s p e c t r a s i m i l a r t o t h a t o f t y p e 1 c a s t f i l m s . I t i s p o s s i b l e t h a t 
t h e d i f f e r e n c e s i n t h e s p e c t r a are due t o hydrogen bonding t o t h e 
c a r b o n y l groups o f t h e molecules i n samples which gave r i s e t o 
t y p e 1 s p e c t r a . 
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Both RAIRS and p o l a r i s e d ATR s p e c t r a o f LB f i l m s o f 
DPPA showed t h a t t h e a l k y l c h a i n s are o r i e n t a t e d w i t h t h e i r axes 
c l o s e t o t h e v e r t i c a l o f t o t h e s u b s t r a t e . There i s a l s o an 
i n d i c a t i o n t h a t t h e c a s t f i l m s o f DPPA may n o t have a random 
o r i e n t a t i o n o f t h e molecules, i . e . t h e r e i s a n a t u r a l a l i g n m e n t 
p r o c e s s o c c u r r i n g between t h e molecules. 

An i n t e r e s t i n g p o i n t on t h e p r e p a r a t i o n o f LB f i l m s 
i s t h a t t h e FTIR s p e c t r a showed t h a t water i s always p r e s e n t i n 
t h e f i l m s o f DPPA, even when made by LB d e p o s i t i o n and a l l o w e d t o 
d r a i n . T h i s w a t e r c o u l d n o t be removed by e v a c u a t i o n and must 
t h e r e f o r e be t i g h t l y bound t o t h e samples. 

A n o v e l t e c h n i q u e f o r t h e p r e p a r a t i o n o f an LB 
sample f o r t h e s t u d y o f t h e mi c r o ATR FTIR o f b i o l o g i c a l b i l a y e r s 
has been shown t o work ( s e c t i o n 6.7.3). Water t r a p p e d between t h e 
b i l a y e r and t h e s i l i c o n c r y s t a l , t o o k s e v e r a l hours t o d i f f u s e 
i n t o t h e b u l k l i q u i d . 

When LB d e p o s i t i o n o c c u r r e d over c a l c i u m a c e t a t e 
t h e r e was p o s s i b l y a t r a n s f e r o f a c e t a t e i o n s from t h e subphase 
i n t o t h e l i p i d monolayers and p r o b a b l y c a l c i u m i o n s as w e l l . 

DOPA was shown t o be above i t s phase t r a n s i t i o n 
t e m p e r a t u r e a t 19 °C. 
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CHAPTER 7 

RESULTS AND ANALYSIS OF THE DEPOSITION AND FTIR OF PEPTIDES 
AND MIXTURES OF PEPTIDES AND LIPIDS 

7.1 : INTRODUCTION TO LB AND FTIR STUDIES OF ALAMETHICIN 

The p r i m a r y s t r u c t u r e o f a l a m e t h i c i n i s g i v e n i n 
139 

f i g u r e 5 ( f ) , as de t e r m i n e d by R m e h a r t e t a l . The c r y s t a l 
s t r u c t u r e o f t h i s p e p t i d e was r e p o r t e d by Fox and Richards^^^. 
The c r y s t a l s t r u c t u r e was found t o c o n t a i n t h r e e a l a m e t h i c i n 
m o l e c u l e s per asymmetric u n i t , a l l i n a p r e - d o m i n a n t l y a - h e l i c a l 
c o n f o r m a t i o n w i t h a s h o r t (one o r two r e s i d u e s ) r e g i o n o f 3̂ ^ 
h e l i c a l c o n f o r m a t i o n a t t h e carbon t e r m i n a l . A l a m e t h i c i n has been 
r e p o r t e d t o have a s i m i l a r s t r u c t u r e i n methanol s o l u t i o n , as 
d e t e r m i n e d by NMR spect r o s c o p y by E s p o s i t o e t a l ^ ^ * . I t i s a 
n a t u r a l p e p t i d e produced by t h e fungus trichoderma viride^^^. 

A l a m e t h i c i n has been w i d e l y used as a model p e p t i d e 
f o r t h e i n v e s t i g a t i o n o f i o n t r a n s p o r t by v o l t a g e g a t i n g (e.g. 
Boheim & Kolb^^' Fox & Richards^^^; Brumfeld & M i l l e r ^ ^ ^ ; C a f i s o 
e t al^^"^; T a y l o r & de Levie^^^ and Stankowski e t al^^^) . I t i s 
known t h a t t h e molecules o f a l a m e t h i c i n aggregate i n a l i p i d 
b i l a y e r t o fo r m an i o n channel,^^''^^ when t h e r e i s an a p p l i e d 
p o t e n t i a l . However, t h e mechanism o f t h e pore f o r m a t i o n and t h e 
i n t e r a c t i o n between t h e a l a m e t h i c i n and t h e l i p i d b i l a y e r , 
p a r t i c u l a r l y i n t h e s t a t e where t h e r e i s no a p p l i e d p o t e n t i a l , has 
been t h e s u b j e c t o f s e v e r a l s t u d i e s and i s s t i l l b e i n g 
debated.^^'^''^^^'^^^•^'^""^''^ For a r e c e n t r e v i e w see Wooley and 
Wa l l a c e . 
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89 Huang and Wu propose t h a t t h e r e a re f o u r l i k e l y 
s t a t e s f o r t h e p o s i t i o n o f a l a m e t h i c i n molecules b e f o r e a v o l t a g e 
i s a p p l i e d , f o r a system where t h e r e i s a b i l a y e r o f l i p i d 
s u r r o u n d e d by an aqueous s o l u t i o n . These are t h a t t h e a l a m e t h i c i n 
c o u l d be d i s p e r s e d i n t h e s o l u t i o n , bound t o t h e s u r f a c e o f t h e 
b i l a y e r , f u l l y o r p a r t i a l l y absorbed i n t h e b i l a y e r . They found 
by use o f CD t h a t a phase diagram c o u l d be drawn. A t h i g h 
r e l a t i v e h u m i d i t y (> 92%) and h i g h c o n c e n t r a t i o n o f a l a m e t h i c i n 
( l i p i d : a l a m e t h i c i n r a t i o < 100 :1) t h e a l a m e t h i c i n was 
i n c o r p o r a t e d i n t o t h e b i l a y e r . A t lower h u m i d i t i e s and 
c o n c e n t r a t i o n o f a l a m e t h i c i n t h e p e p t i d e was found t o l i e on t h e 
s u r f a c e o f t h e l i p i d b i l a y e r . They a l s o r e p o r t e d t h a t a l a m e t h i c i n 
c o u l d move between t h e s e two s t a t e s as t h e c o n d i t i o n s changed. 
T h i s would e x p l a i n t h e c o n t r o v e r s y as t o whether a l a m e t h i c i n 
a f f e c t s t h e p o l a r headgroups^^^'^^^, t h e hydrocarbon chains^^°'^^^ 
o r both^^^'^^^ o f p h o s p h o l i p i d s . As t h e i n t e r a c t i o n o f t h e 
a l a m e t h i c i n w i t h t h e b i l a y e r would be h i g h l y dependent on t h e 
e x p e r i m e n t a l c o n d i t i o n s . 

T h i s work s e t o u t t o t r y and answer some o f these 
q u e s t i o n s . F i r s t l y , by making a b i l a y e r where a l a m e t h i c i n was 
known t o be i n c o r p o r a t e d by t h e d e p o s i t i o n o f mixed monolayers o f 
DPPA and a l a m e t h i c i n . Secondly by t a k i n g a b i l a y e r o f l i p i d and 
o b s e r v i n g t h e a b s o r p t i o n o f p e p t i d e i n t o o r onto i t . I n b o t h 
cases t h e systems were t o be examined v i a FTIR m i c r o ATR 
s p e c t r o s c o p y . I t was hoped t h a t n o t o n l y c o u l d changes i n t h e 
l i p i d s p e c t r a be m o n i t o r e d b u t a l s o those o f t h e p e p t i d e . 

B e f o r e p r o c e e d i n g w i t h t h e above r e f e r e n c e s p e c t r a 
o f a l a m e t h i c i n and DPPA/alamethicin c a s t f i l m s were r e c o r d e d . The 
m i x t u r e o f DPPA and a l a m e t h i c i n chosen was a -30:1 mole r a t i o . I n 
o r d e r t o l i e w i t h i n t h e r e g i o n o f t h e phase diagram, found by 

89 

Huang and Wu , where t h e a l a m e t h i c i n s h o u l d i n c o r p o r a t e i n t o t h e 
b i l a y e r a t h i g h h u m i d i t y . T h i s was a l s o a good r a t i o f o r FTIR 
s t u d i e s as i t gave a p e p t i d e spectrum which was o f t h e same ord e r 
o f i n t e n s i t y as t h e l i p i d spectrum o f t h e samples. 
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7.2 : FTIR SPECTRA OF FILMS OF ALAMETHICIN AND ALAMETHICIN/DPPA 
MIXTURES CAST FROM CHLOROFORM SOLUTION 

7.2.1 FTIR t r a n s m i s s i o n s p e c t r a 

P l o t 7-1 shows t h e t r a n s m i s s i o n spectrum o f a f i l m 
o f a l a m e t h i c i n c a s t from c h l o r o f o r m . The i n s e t i s t h e 
d e c o n v o l u t e d spectrum o f t h e peaks due t o t h e amide I and amide I I 
v i b r a t i o n s ( t a b l e 3 ( i ) ) . The peak p o s i t i o n s i n t h e deco n v o l u t e d 
spectrum a r e a t 1660, 1641, 1615 ( s h ) , 1543, 1531 and 1499 cm~\ 

These p o s i t i o n s and t h e r e l a t i v e i n t e n s i t i e s o f t h e 
peaks a r e v e r y s i m i l a r t o those r e p o r t e d by Chapman and Haris^'*^, 
f o r t h e s p e c t r a o f a l a m e t h i c i n i n b o t h methanol and aqueous DMPC 
d i s p e r s i o n . They found a broad band w i t h c l e a r component peaks a t 
~ 1663, 1640 and 1621 cm~^. The f i r s t o f which was most i n t e n s e , 
f o l l o w e d by t h e second and t h e t h i r d was a should e r t o t h e o t h e r 
two peaks. T h e i r c o n c l u s i o n s were t h a t , because t h e secondary 
s t r u c t u r e o f a l a m e t h i c i n i n methanol had been determined by 
E s p o s i t o e t a l ^ ^ * (see above) , t h e n these band p o s i t i o n s and 
r e l a t i v e i n t e n s i t i e s must be i n d i c a t i v e o f a p r e d o m i n a n t l y 
a - h e l i c a l c o n f o r m a t i o n w i t h a s m a l l amount o f 3 t u r n s . T h i s i s 

10 

c o n t r a r y t o t h e assignments made i n t a b l e 3 (v) f o r such a 
secondary s t r u c t u r e , b u t i t must be remembered t h a t a l a m e t h i c i n i s 
n o t a p r o t e i n b u t an o l i g o p e p t i d e . 

P l o t 7-2 shows t h e FTIR t r a n s m i s s i o n spectrum o f a 
f i l m o f 30:1 DPPA:alamethicin c a s t from c h l o r o f o r m . The peaks i n 
t h e spectrum due t o t h e l i p i d a re s i m i l a r i n shape and p o s i t i o n t o 
t h o s e i n t h e spectrum o f t h e c a s t f i l m shown i n p l o t s 6-2&3. The 
peaks due t o t h e amide I & I I v i b r a t i o n s o f t h e p e p t i d e a r e s i m i l a r 
t o t h o s e i n t h e pure a l a m e t h i c i n spectrum. However, t h e S/N l e v e l 
i s t o o low f o r d e c o n v o l u t i o n t e c h n i q u e s t o be u s e f u l . 

There are no d e t e c t a b l e d i f f e r e n c e s between t h e 
spectrum o f t h e mixed f i l m o f DPPA/alamethicin and t h e s p e c t r a o f 
t h e i n d i v i d u a l components. I t may be concluded t h a t i f t h e r e i s 
an i n t e r a c t i o n between t h e l i p i d and p e p t i d e t h a t i t e i t h e r has no 
e f f e c t on t h e c o n f o r m a t i o n o f t h e components or t h a t any changes 
a r e beyond t h e l i m i t s o f d e t e c t i o n o f t h e i n s t r u m e n t a t i o n . 

284 



p l o t 7 - l : C a s t a l a m e t h i c i n onto CaF2 v i a t r a n s m i s s i o n 
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7.2.2 FTIR PAIRS s p e c t r a 

P l o t s 7-3&4 show t h e PAIRS s p e c t r a o f a l a m e t h i c i n 
and 30:1 DPPA:alamethicin f i l m s c a s t from c h l o r o f o r m r e s p e c t i v e l y . 
The r e l a t i v e i n t e n s i t i e s o f a l l t h e peaks which a r e d i s c e r n i b l e i n 
t h e RAIRS spectrum o f a l a m e t h i c i n ( p l o t 7-3) a r e s i m i l a r t o those 
f o u n d i n t h e t r a n s m i s s i o n spectrum ( p l o t 7-1). T h i s i n d i c a t e s 
t h a t t h e r e was no p r e f e r e n t i a l o r i e n t a t i o n o f t h e v i b r a t i o n a l 
d i p o l e t r a n s i t i o n moments o f t h e p e p t i d e . 

The peak p o s i t i o n s i n t h e spectrum o f t h e mixed 
l i p i d / p e p t i d e f i l m which a r i s e from v i b r a t i o n s i n t h e l i p i d 
m o l e c u l e s a r e s i m i l a r t o those seen i n t h e RAIRS spectrum o f t h e 
l i p i d ( p l o t 6-8) . The e x c e p t i o n i s t h e peak a t 993 cm ^ i n p l o t 
7-4, t h e e q u i v a l e n t peak i n t h e l i p i d spectrum was a t 1011 cm~\ 
However, i t was f e l t t h a t t h i s was n o t s i g n i f i c a n t as i n another 
RAIRS spectrum o f pure l i p i d t h e e q u i v a l e n t peak was a t 996 cm~^ 
The r e l a t i v e i n t e n s i t i e s o f t h e two main peaks due t o c a r b o n y l 
v i b r a t i o n s appear t o be d i f f e r e n t from t h e spectrum o f t h e pure 
l i p i d . Once a g a i n t h i s i s a change which can occur s i m p l y by 
c a s t i n g a new f i l m o f DPPA on i t s own ( s e c t i o n 6.2). T h i s i s 
i l l u s t r a t e d by t h e d e t a i l s o f curves f i t t e d t o such band i n t h e 
RAIRS spectrum o f DPPA i n t a b l e 6 ( i i i ) , 

The RAIRS spectrum o f t h e mixed c a s t f i l m ( p l o t 
7-4) shows a r e l a t i v e enhancement o f t h e peaks i n t h e CH^ wagging 
p r o g r e s s i o n s e r i e s compared t o t h e e q u i v a l e n t t r a n s m i s s i o n 
spectrum ( p l o t 7-2). T h i s r e l a t i v e i n t e n s i t y o f t h e p r o g r e s s i o n 
s e r i e s and u n d e r l y i n g peaks, compared t o t h e o t h e r peaks i n t h e 
l i p i d spectrum, i s l e s s t h a n t h a t seen f o r pure DPPA ( p l o t 6-8). 
T h i s i n d i c a t e s t h a t t h e l i p i d a l k y l c h a i n s a r e n o t as w e l l 
o r i e n t a t e d , w i t h r e s p e c t t o t h e s u r f a c e , i n t h e mixed c a s t f i l m 
compared t o t h e c a s t f i l m o f pure DPPA. 
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The r e l a t i v e i n t e n s i t i e s o f t h e peaks a t -1679 and 
-1545 cm~^ ( p l o t 7-4), which are l a r g e l y due t o t h e amide I and I I 
v i b r a t i o n a l modes o f a l a m e t h i c i n , appear t o d i f f e r from those 
observed i n t h e spectrum o f pure a l a m e t h i c i n . I t was v e r y 
d i f f i c u l t t o t e l l whether t h i s i s a r e a l e f f e c t w i t h o u t curve 
f i t t i n g p r o c e d u r e s b e i n g a p p l i e d f o r t h e group o f peaks between 
1750-1650 cm~^. I t was decided t h a t t h e number o f peaks t o be 
f i t t e d (~7) would mean t h a t any curve f i t t i n g would be a b l e t o 
produce such a v a r i e t y o f s o l u t i o n s t h a t i t would n o t be v i a b l e . 
I f t h e change i n r e l a t i v e i n t e n s i t i e s o f t h e amide bands i s r e a l 
i t w ould be d i f f i c u l t t o see why such a change would occur as two 
amide v i b r a t i o n a l d i p o l e moments are l a r g e l y i n t h e same plan e . 
The amide I v i b r a t i o n i s p r i m a r i l y due t o t h e s t r e t c h o f t h e C=0 
groups (80%) and t h e amide I I peak i s due t o a m i x t u r e o f 
s t r e t c h i n g modes o f t h e N-H and C-N (60/40 %) bonds^^. The d i p o l e 
moment o f t h e amide I v i b r a t i o n w i l l t h e r e f o r e be l a r g e l y a l ong 
t h e a x i s o f t h e a - h e l i x That o f t h e amide I I v i b r a t i o n w i l l l i e 
i n a d i r e c t i o n between those o f t h e NH and CN bonds, t h u s i t w i l l 
v a r y f o r d i f f e r e n t amino a c i d s dependent on t h e i r p o s i t i o n i n t h e 
h e l i x . I f t h e apparent change i n r e l a t i v e i n t e n s i t y o f t h e two 
amide groups i s r e a l i t would i n d i c a t e t h a t t h e a l a m e t h i c i n has a 
p r e f e r e n t i a l o r i e n t a t i o n w i t h r e s p e c t t o t h e m e t a l l i s e d g l a s s 
s l i d e such t h a t t h e axes o f t h e h e l i x e s a re c l o s e r t o 
p e r p e n d i c u l a r t h a n p a r a l l e l t o t h e s u r f a c e . 
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p l o t 7 - 3 : RAIRS Of a l a m e t h i c i n c a s t f i l m 
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p l o t 7 - 4 : 30: 1 DPPA: a l a m e t h i c i n v i a RAIRS 
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7.2.3 FTIR m i c r o ATR s p e c t r a 

The m i c r o ATR s p e c t r a ( p l o t s 7-5&6) are v e r y s i m i l a r 
t o t h o s e o b t a i n e d v i a t r a n s m i s s i o n . The main d i f f e r e n c e l i e s i n 
an i n c r e a s e i n t h e o r d e r o f magnitude o f t h e a b s o r p t i o n v a l u e s . 
T h i s i s due t o t h e m u l t i p l e sampling o f t h e m a t e r i a l on t h e m i c r o 
ATR c r y s t a l . There i s a l s o an i n c r e a s e i n t h e S/N r a t i o which 
a l l o w e d t h e p o s s i b i l i t y o f curve f i t t i n g t o t h e amide I band o f 
a l a m e t h i c i n ( p l o t 7-5A). The f i t t e d peaks a g a i n match those found 

142 
by Chapman and H a n s 

I n t h e spectrum o f t h e mixed DPPA/alamethicin ( p l o t 
7-6) t h e r e a r e two peaks which are n o t apparent i n e i t h e r t h e DPPA 
no r t h e a l a m e t h i c i n s p e c t r a , c e n t r e d a t -3020 and 1215 cm~\ 
U n f o r t u n a t e l y t h e s e a r i s e from CH v i b r a t i o n a l modes o f CHCl^. 
Showing t h a t t h e r e has been inc o m p l e t e e v a p o r a t i o n o f t h e s o l v e n t . 
The peaks r e s u l t i n g from t h e l i p i d and p e p t i d e v i b r a t i o n s are once 
a g a i n s i m i l a r t o t h o s e o f t h e i n d i v i d u a l components ( p l o t s 7-5 & 
6-13). 

U n f o r t u n a t e l y no p o l a r i s e d s p e c t r a were o b t a i n e d 
f o r t h e s e c a s t f i l m s . 

plot7-5,^: C u r v e f i t f o r amide I band of a l a m e t h i c i n by ATR 
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p l Q t y - ^ : C a s t alamethici'n v i a m i c r o ATR 
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p l o t 7 - 6 : 30: 1 DPPA: a l a m e t h i c i n c a s t , v i a ATR 
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7.3 : LB DEPOSITION OF MIXED ALAMETHICIN AND LIPID MONOLAYERS 

7.3.1 ^ R e s u l t s f o r t h e LB d e p o s i t i o n o f a l a m e t h i c i n 
and m i x t u r e s t h e r e o f w i t h l i p i d s 

I t was o n l y p o s s i b l e t o d e p o s i t a s i n g l e l a y e r , by 
LB d e p o s i t i o n , from a monolayer o f pure a l a m e t h i c i n a t t h e 
a i r / w a t e r i n t e r f a c e a t a s u r f a c e p r e s s u r e o f 23 mN m~̂  . T h i s was 
due t o t h e f a c t t h a t a s i n g l e l a y e r was d e p o s i t e d on t h e f i r s t up­
s t r o k e b u t on r e - e n t r y t h r o u g h t h e monolayer o f a l a m e t h i c i n a t t h e 
A/W i n t e r f a c e t h e l a y e r p e e l e d o f f t h e s u b s t r a t e and ont o t h e A/W 
i n t e r f a c e . On re-emergence another l a y e r o f a l a m e t h i c i n was 
d e p o s i t e d b u t w i t h t h i s t y p e o f d e p o s i t i o n r e c o r d i t was obvious 
t h a t o n l y a s i n g l e monolayer o f a l a m e t h i c i n c o u l d be d e p o s i t e d . 

A 27:1 mole r a t i o m i x t u r e o f DPPA:alamethicin was 
chosen f o r t h e d e p o s i t i o n t r i a l s , a t a s u r f a c e p r e s s u r e o f 
23 mN m~̂  . M a i n l y because t h i s would g i v e an FTIR spectrum f o r 
w h i c h t h e peaks due t o t h e p e p t i d e amide I & I I v i b r a t i o n s would 
have S/N r a t i o s h i g h enough such t h a t t h e use o f d e c o n v o l u t i o n and 
c u r v e f i t t i n g t e c h n i q u e s would be p o s s i b l e . The d e p o s i t i o n 
c h a r a c t e r i s t i c s o f t h e 27:1 m i x t u r e were s i m i l a r over b o t h a water 
subphase and one c o n t a i n i n g c a l c i u m a c e t a t e . The m i x t u r e was 
fou n d t o d e p o s i t i n a Z-type p a t t e r n onto m i c r o ATR s i l i c o n 
c r y s t a l s , i . e . m a t e r i a l was o n l y d e p o s i t e d onto t h e s u b s t r a t e 
d u r i n g t h e upward s t r o k e o f a c y c l e . The e x c e p t i o n t o t h i s were 
two samples where l a y e r s o f pure DPPA had been p r e v i o u s l y 
d e p o s i t e d o n t o t h e s u b s t r a t e . I n these cases t h e f i r s t c y c l e i n t o 
t h r o u g h t h e mixed DPPA/alamethicin monolayer gave a y-type p a t t e r n 
o f d e p o s i t i o n ( i . e . two l a y e r s were d e p o s i t e d ) . A f t e r t h e s e two 
l a y e r s t h e d e p o s i t i o n c o n t i n u e d as z-type. 

Only t h r e e samples were made u s i n g t h e m i x t u r e o f 
24:6:1 DPPA:DOPA:alamethicin, w i t h D̂ O as t h e subphase, u s i n g t h e 
Fromherz t r o u g h . These were dipped a t a s u r f a c e p r e s s u r e o f 
28 mN m~̂ . The d e p o s i t i o n r a t i o s f o l l o w e d a p a t t e r n o f -1.6 on 
t h e upward s t r o k e , f o l l o w e d by 0.6 on t h e inward s t r o k e . 
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7.3.2 D i s c u s s i o n o f LB d e p o s i t i o n r e s u l t s 

A l a m e t h i c i n seems t o have acce n t u a t e d t h e r e s u l t s 
n o t e d f o r t h e d e p o s i t i o n o f pure DPPA, onto s i l i c o n c r y s t a l s 
( s e c t i o n 6.3.1), f o r i n c o m p l e t e monolayers t o be d e p o s i t e d on t h e 
downward s t r o k e o f each c y c l e . I n t h e case o f a 27:1 m i x t u r e o f 
DPPA:alamethicin t h e d e p o s i t i o n became c o m p l e t e l y z-type. The 
a d d i t i o n o f a c a l c i u m s a l t t o t h e subphase d i d n o t change t h e t y p e 
o f d e p o s i t i o n t o y - t y p e . 

A t a mole r a t i o o f 27:1 t h e area r a t i o o f t h e 
mo l e c u l e s on t h e t r o u g h , c a l c u l a t e d from t h e c l o s e packed areas 
g i v e n i n t a b l e s 5 ( i i ) and ( i x ) , would be 3.4 : 1 DPPA:alamethicin. 
Thus, i t i s n o t s u r p r i s i n g t h a t t h e m i x t u r e has a d i f f e r e n t 
d e p o s i t i o n c h a r a c t e r i s t i c s t o e i t h e r pure DPPA o r a l a m e t h i c i n . 
One o f t h e b i g g e s t unanswered q u e s t i o n s from t h i s work i s t h e 
s t r u c t u r e o f t h e d e p o s i t e d l a y e r s - do t h e y remain z-type, an 
un u s u a l c o n f i g u r a t i o n f o r l i p i d s ^ * ; o r do t h e monolayers r e a r r a n g e 
t o f o r m b i l a y e r s o f l i p i d w i t h t h e p e p t i d e e i t h e r i n c o r p o r a t e d or 
se g r e g a t e d f r o m t h e l i p i d . T h i s q u e s t i o n c o u l d be r e s o l v e d by low 
an g l e X-ray d i f f r a c t i o n s t u d i e s , which were beyond t h e scope o f 
t h i s p r o j e c t . 

The m i x t u r e o f l i p i d s (DPPA & DOPA) w i t h 
a l a m e t h i c i n seemed t o have odd d e p o s i t i o n c h a r a c t e r i s t i c s . T h i s 
c o u l d be due t o e x p e r i m e n t a l e r r o r i n t h e measurement o f t h e 
d e p o s i t i o n r a t i o . T h i s e r r o r was h i g h e r f o r t h e d e p o s i t i o n r a t i o s 
o n t o t h e s m a l l ATR c r y s t a l s f o r t h e Fromherz t r o u g h (± 0.2) 
compared t o t h e Joyce-Loebl s t y l e t r o u g h (± 0.05). Another 
p o s s i b l e e x p l a n a t i o n f o r t h e d e p o s i t i o n r a t i o o f 1.6 c o u l d be t h a t 
t h e removal o f t h e m a t e r i a l from t h e s u r f a c e a l l o w e d b e t t e r 
p a c k i n g between t h e t h r e e components o f t h e m i x t u r e on t h e s u r f a c e 
o f t h e w a t e r . A t h i r d p o s s i b i l i t y i s t h a t t h e d e p o s i t i o n r a t i o s 
measured r e p r e s e n t t h e t r u e v a l u e s and more t h a n one monolayer was 
d e p o s i t e d on t h e upward s t r o k e o f t h e c y c l e . T h i s c o u l d be a 
movement o f t h e l i p i d s t o form a b i l a y e r around t h e a l a m e t h i c i n 
w i t h t h e subsequent d e p o s i t i o n r a t i o o f 0.6 b e i n g t h e f i l i n g i n 
o f t h e spaces i n t h e b i l a y e r (see f i g u r e 7 ( a ) ) . Again X-ray 
s t u d i e s c o u l d have d i f f e r e n t i a t e d between these p o s s i b i l i t i e s . 
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(i) The structure wanted. 

mmmmii 

(ii) The most probable structure, based 
on deposition and monolayer data. 

(ii) A possibility if the alamethicin 
rearranges on or after LB deposition. 

Figure 7(a) : The structure of the LB films of mixed 
DPPA/Alamethicin as deposited. 

< ) i )ii )i >()<)< I I X X i " ' i i 

Figure 7(b) : The sandwich structure produced by 
exchanging the monolayer at the air/water interface. 
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7.4 ATR FTIR OF LB FILMS OF ALAMETHICIN WITH DFFA (& DOPA) 

7.4.1 Deposited from mixed monolayers of DPPA and alamethicin 

P l o t 7-7 shows the FTIR micro ATR spectrum of 2 LB 
l a y e r s of 27:1 DPPA:alamethicin deposited over pure water. As 
explained above t h i s mixture deposited i n a z-type manner and i s 
t h e r e f o r e the l i p i d was probably not i n a b i l a y e r conformation. 
The s p e c t r a l region 1800-1500 cm~̂  has a poor S/N r a t i o and i t i s 
impossible to draw any conclusions as to the s t a t e of alamethicin 
i n the sample. The peaks i n the spectrum due to v i b r a t i o n s of the 
l i p i d a r e s i m i l a r to those seen i n LB f i l m s of DPPA (pl o t 6-14), 
a p a r t from the peak a t 1240 cm ^. P l o t 7-9 shows the region 
1500-1140 cm~^ i n more d e t a i l . The s o l i d l i n e i s the LB f i l m of 
DPPA/alamethicin, the dotted l i n e i s spectrum f o r the same region 
f o r an LB f i l m of DPPA (pl o t 6-14). The wagging progression 
s e r i e s i s extremely weak, i f present, and the peak at 1240 cm ^ i s 
much more i n t e n s e than t h a t a t -1171 cm~^. The peak a t 1240 cm~̂  
i s due to a s t r e t c h i n g v i b r a t i o n of the P=0 group (see t a b l e 
3 ( i ) ) . The a l a m e t h i c i n must therefore be causing a change i n the 
i n t e r a c t i o n of the headgroups of the DPPA. Also noted on the 
examination of s e v e r a l s p e c t r a was the f a c t t h a t the expected 
peaks a t -1660 and 1540 cm ^ f o r the amide I & I I v i b r a t i o n s of the 
peptide were always much lower i n r e l a t i v e i n t e n s i t y to the 
carbonyl band compared to c a s t f i l m s p e c t r a of s i m i l a r mixtures 
( p l o t 7-6). I n f a c t i n some cases ( i n c l u d i n g the example shown 
p l o t 7-7) i t was pushing the l i m i t s of p l a u s i b i l i t y to claim the 
presence of any peaks a r i s i n g from v i b r a t i o n s of alamethicin 

P l o t 7-8 shows the spectrum of 4 l a y e r s of 27:1 
DPPA:alamethicin deposited z-type over a subphase of calcium 
a c e t a t e . The peaks due to the amide I & I I modes of alamethicin are 
s i m i l a r i n p o s i t i o n and r e l a t i v e i n t e n s i t y to those observed i n 
the spectrum of the c a s t f i l m (plot 7-6). However, i t must be 
pointed out t h a t peaks i n s i m i l a r p o s i t i o n s were a l s o seen i n the 
s p e c t r a of DPPA deposited over calcium a c e t a t e ( s e c t i o n 6.8). 
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The spectrum of the f i l m deposited over calcium 
a c e t a t e ( p l o t 7-9), i n the region 1500-1130 cm~\ i s s i m i l a r to 
t h a t of the LB f i l m of DPPA seen i n p l o t s 6-14&28. 

7.4.2 Other LB samples containing alamethicin 

P l o t 7-10 shows the spectrum of a sample where a 
sandwich s t r u c t u r e was produced. T h i s was achieved by changing 
the monolayer a t the A/W i n t e r f a c e between c y c l e s . The i n i t i a l 
monolayer was DPPA. A c y c l e was completed i n which a s i n g l e l a y e r 
was deposited. The monolayer a t the A/W i n t e r f a c e was then 
changed from DPPA t o alamet h i c i n . The micro ATR c r y s t a l was 
c y c l e d through t h i s monolayer. No m a t e r i a l was deposited i n the 
downward s t r o k e but a l a y e r of alamethicin was picked up on the 
upward s t r o k e ( z - t y p e ) . The monolayer was again replaced with 
DPPA t h i s time. The c r y s t a l was c y c l e d through t h i s , again z-type 
d e p o s i t i o n occurred. The deposited s t r u c t u r e of the f i l m on the 
ATR c r y s t a l i s shown i n f i g u r e 7 ( b ) , assuming no rearrangement. 

The aim of t h i s deposition s t r a t e g y was to achieve 
a l a y e r of a l a m e t h i c i n trapped i n a l i p i d b i l a y e r . I t was hoped 
t h a t the second c y c l e through a monolayer of DPPA would be y-type, 
i n order to give a b i o l o g i c a l b i l a y e r s t r u c t u r e . 

The spectrum i s s i m i l a r to t h a t of a composite of 
the c a s t f i l m s p e c t r a of alamethicin and DPPA ( p l o t s 7-5&6-14), 
a p a r t from the region between 1300-1100 cm~^ ( p l o t 7-lOA) where 
the peak a t 1242 cm~^ i s once again the most intense i n t h i s 
r e g i o n (as i n p l o t 7-7). 

P l o t 7-11 shows the spectrum of an LB f i l m formed 
from a mixture of 24:6:1 DPPA:DOPA:alamethicin a t the A/W 
i n t e r f a c e (as described i n s e c t i o n 7.3.1). The spectrum has no 
unusual f e a t u r e s when compared to the spectrum of the LB f i l m of 
DPPA ( p l o t 6-14) and the c a s t f i l m of alamethicin ( p l o t 7-5). 
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p l o t 7 - 7 : 2 l a y e r s of 27: 1 DPPA: a l a m e t h i c i n ( z - t y p B) . ATR 

O . 05 

O . 04 

a O . 03 

O . 02 

0 , 00 
3000 2500 2000 

Wavenumber (cm-1) 
1500 1000 

p l o t 7 - B : 4 l a y e r s of 27: l D P P A / a l a m e t h l c l n ( z - t y p e ) 
D e p o s i t e d o v e r c a l c i u m 

ATR 

O . 15H 

A 
b 
3 
O 
n O . 10-
b 
a 
n 
c 
e 

O . 05H 

a c e t a t e 
J 9 i a 

3000 2500 2000 
Wavanumber 

1500 1000 
(cm-1) 

296 



p l a t 7 - 9 : C o m p a r i s o n of ATR s p e c t r a i n t h e r e g i o n 1500-1150cm-
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p l o t 7 - 1 0 : LB s a n d w i c h s t r u c t u r e , d e p o s i t e d o v e r 020 
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7.4.3 D i s c u s s i o n of the r e s u l t s of FTIR s p e c t r a 
of LB f i l m s containing alamethicin 

So f a r as i t i s p o s s i b l e to t e l l from the spect r a 
obtained, a l a m e t h i c i n i s i n the same conformation when deposited 
as an LB f i l m as i n the c a s t f i l m s . Based on the a n a l y s i s of 
Chapman and Haris^'*^ t h i s i s a predominantly a - h e l i c a l , apart from 
some 3 t u r n s a t the C-terminus. 

10 

Assuming no rearrangement of the deposited f i l m 
s t r u c t u r e , p l o t 7-lOA shows the spectrum of alamethicin between 
two monolayers of DPPA ( f i g u r e 7 ( b ) ) . The s p e c t r a obtained f o r LB 
f i l m s deposited from mixed monolayers (e.g. p l o t 7-7) , a t the A/W 
i n t e r f a c e , are s i m i l a r to t h a t obtained from the sandwich 
s t r u c t u r e . Therefore, i t i s p o s s i b l e t h a t when deposited over 
water the s t r u c t u r e of the LB f i l m s i s not as i n f i g u r e 7(a) but 
c l o s e r to f i g u r e 7 ( b ) . I t i s c e r t a i n t h a t l e s s alamethicin i s i n 
the f i l m than would be expected from the i n i t i a l r a t i o of 
DPPA:alamethicin a t the A/W i n t e r f a c e . 

For the LB f i l m s of the mixture of DPPA/ 
a l a m e t h i c i n deposited over calcium and with DOPA the peaks i n the 
s p e c t r a due to DPPA c l o s e l y resemble those i n LB f i l m s of pure 
DPPA. I n these cases i t i s p o s s i b l e t h a t the alamethicin i s 
incorporated i n t o the l i p i d l a y e r s but i n an aggregated form as 
t h e r e a r e no d i s c e r n i b l e changes i n the l i p i d spectrum. The 
data i n s e c t i o n 5.5 showed t h a t alamethicin and DPPA were 
immiscible a t the A/W i n t e r f a c e . 

F u r t h e r a n a l y s i s of the r e s u l t s obtained with 
a l a m e t h i c i n would be sp e c u l a t i o n . X-ray d i f f r a c t i o n s t u d i e s are 
r e a l l y n e c e s s a r y t o f i n d the l a y e r s t r u c t u r e of the f i l m s 
deposited. 

An experiment was attempted whereby a s o l u t i o n 
c o n t a i n i n g a l a m e t h i c i n , i n D̂ O and methanol, was exchanged for the 
D̂ O surrounding the b i l a y e r of DPPA (described i n s e c t i o n 6.7.3). 
However, no c o n c l u s i v e r e s u l t s were recorded. 
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7.5 : DPPA BILAYERS WITH GRAMICIDIN INCORPORATED 

7.5.1 I n t r o d u c t i o n 

From the information above i t was obvious t h a t i t 
would not be p o s s i b l e to form a b i o l o g i c a l b i l a y e r s t r u c t u r e by 
the LB d e p o s i t i o n of a mixture of DPPA and alamethicin. Lukes e t 

90 « . . • . 

a l had succeeded i n depositing a mixture of gramicidin D and 
DPPA as a m u l t i l a y e r e d y-type f i l m FTIR ATR sp e c t r a from f i l m s of 
mixed DPPA and gramicidin are reported i n the above paper. 
Gramicidin i s an ion channel forming peptide. The channel i s 
formed by two molecules, one i n each h a l f of the b i l a y e r coming 
together, on top of one another to form a hole f o r the passage of 

. . 3,181 
c a t i o n s 

Two experiments were performed. I n the f i r s t a 
s i n g l e b i l a y e r of a 16:1 DPPA : gramicidin D mixture was deposited 
by the technique described i n s e c t i o n 4.3.2.D. Whereby a 
b i o l o g i c a l b i l a y e r s t r u c t u r e i s formed beneath the A/W i n t e r f a c e 
and was kept i n s o l u t i o n from t h a t moment u n t i l a l l the FTIR 
experiments were completed. I n the second experiment four LB 
l a y e r s were deposited and then the sample kept underwater, thus 
producing a double b i o l o g i c a l b i l a y e r s t r u c t u r e . For both of the 
samples the FTIR micro ATR sp e c t r a were recorded. The H 0 was 
exchanged f o r D̂ O to enable observation of the peaks due to the 
amide I v i b r a t i o n s . 
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7.5.2 R e s u l t s 

S i m i l a r r e s u l t s were obtained to those i n s e c t i o n 
6.7.3. A l a r g e peak assigned as the bending mode of Ĥ O gradually 
decreased i n i n t e n s i t y ( p l o t s 7-12&14). Whilst a smaller peak 
assigned as the bending mode of HOD showed an i n i t i a l i n c r e a s e and 
then a l a t e r decrease i n i n t e n s i t y ( p l o t s 7-13&14). These 
o b s e r v a t i o n s were t r u e f o r both the b i l a y e r and double b i l a y e r of 
m a t e r i a l . 

F i r s t order k i n e t i c equations were used to obtain a 
r a t e constant f o r the disappearance of Ĥ O (see s e c t i o n 6.7.3). 
P l o t 7-17 shows the graph of t h i s process. The r a t e constant was 
found to be 0.0196 min ^. From t h i s the h a l f l i f e of the decrease 
i n peak h e i g h t s of the band due to the bending modes of Ĥ O was 
found t o be 3 5 minutes, f o r the b i l a y e r of mixed gramicidin/DPPA. 
T h i s i s much s m a l l e r than t h a t found f o r a b i l a y e r of pure DPPA 
(-85 minutes). 

A f t e r most of the Ĥ O had become HOD, the spectrum 
of the deposited l a y e r s could be observed ( p l o t 7-15). T h i s 
spectrum has been smoothed and no a n a l y s i s would be p o s s i b l e on 
the o r i g i n a l spectrum. 

7.5.3 D i s c u s s i o n of the b i l a v e r s of mixed DPPA/aramicidin 

The r a t e of deuteration of H O appears to be f a s t e r 
through the mixed b i l a y e r of DPPA/gramicidin. Only f u r t h e r 
s t u d i e s w i l l show whether these d i f f e r e n c e s are indeed 
s i g n i f i c a n t . The i n c r e a s e i n t h i c k n e s s to a double b i l a y e r had no 
e f f e c t on the r a t e of l o s s of H O, but did i n c r e a s e the time for 
the HOD to d i s p e r s e i n t o the bulk D̂ O 
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^lot 7-12 Graph of intensitj/ of the H20 bending mode 
vs time since exchonqe of H2Q for D2Q for bilo/er 
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p l o t 7 - 1 4 : B i l a y e r of D P P A / g r a m i c i d i n a f t e r c h a n g i n g H20 f o r D20 
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p l o t 7 - 1 6 : C a s t 16: l O P P A / g r a m l c i d l n by t r a n s m i s s i o n 
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l̂ot 7-17: First order kinetic plot for disappeoronce of H2Q 
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7.6 SUMMARY OF THE DATA RELATING TO THE INCORPORATION 
OF PEPTIDES INTO LIPID FILMS 

As f a r as i t was p o s s i b l e to t e l l , with the S/N 
r a t i o s of the s p e c t r a recorded, FTIR s p e c t r a of c a s t f i l m s of 
a l a m e t h i c i n and DPPA / alamethicin mixed f i l m s supported the 
f i n d i n g s of Chapman e t a l ^ * ^ . 

A 27:1 mixture of DPPA : alamethicin was found to 
de p o s i t i n a Z-type manner v i a LB dipping onto a small s i l i c o n 
c r y s t a l . The a d d i t i o n of calcium a c e t a t e to the subphase did not 
change the LB de p o s i t i o n c h a r a c t e r i s t i c s of t h i s mixture. 

The samples of the 27:1 mixture deposited over a 
subphase c o n t a i n i n g calcium acetate gave micro ATR FTIR s p e c t r a 
t h a t resembled the c a s t f i l m s p e c t r a and appeared to be s o l e l y a 
composite of the i n d i v i d u a l s p e c t r a of alamethicin and DPPA. 

Samples deposited over a water subphase showed 
d i f f e r e n c e s i n t h e i r s p e c t r a i n the region 1350-1150 cm~^. 
S i m i l a r changes were observed i n the spectrum of a sample prepared 
such t h a t t h e r e was a monolayer of alamethicin sandwiched between 
two monolayers of DPPA. The conclusion reached was t h a t the 
changes i n the s p e c t r a are due to an i n t e r a c t i o n between 
a l a m e t h i c i n and the headgroups of the l i p i d s . P o s s i b l y caused by 
the presence of al a m e t h i c i n between the l a y e r s r a t h e r than 
incorporated i n t o them. 

A b i o l o g i c a l b i l a y e r s t r u c t u r e was s u c c e s s f u l l y 
made by LB de p o s i t i o n of a 16:1 mixture of DPPA:gramicidin. 
Experiments were performed with t h i s i n the aqueous micro-ATR 
c e l l . On replacement of the e x t e r n a l medium from Ĥ O to D̂ O, 
t i g h t l y bound H O was l e f t . The H O slowly became deuterated. 
The decrease i n the peak height of the band, due to the bending 
mode of Ĥ O, gave a h a l f l i v e of 35 minutes, based on f i r s t order 
k i n e t i c s , which was much f a s t e r than t h a t recorded f o r a b i l a y e r 
of pure DPPA ( s e c t i o n 6.7.3). No d e t a i l e d explanation of these 
r e s u l t s has y e t been found. 
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CHAPTER 8 

DIRECTION OF FUTURE WORK ARISING FROM THIS THESIS 

8.1 : OVERVIEW OF ACHIEVEMENTS IN THIS THESIS 

The i n i t i a l aim of producing a b i o l o g i c a l b i l a y e r 
of l i p i d w i th incorporated peptide was achieved. There were many 
i n t e r e s t i n g r e s u l t s recorded during the course of t h i s work which 
have been d i s c u s s e d i n depth i n chapters 3,5,6&7. However, i t 
seems t h a t the r e s u l t s are r e l a t e d to the type of preparation of 
the b i l a y e r s , r a t h e r than the f a c t t h a t a b i o l o g i c a l b i l a y e r had 
been formed. The r e l a t i o n s h i p between the s t r u c t u r e s f a b r i c a t e d 
and r e a l b i o l o g i c a l membranes i s very d i s t a n t , as biomembranes are 
a mixture of l i p i d s , most of which are d i f f e r e n t from the ones 
used i n t h i s work (see t a b l e l ( i ) ) . However the r e s e a r c h 
d e s c r i b e d i n t h i s t h e s i s i s v a l i d as fundamental work i n t o the 
i n t e r a c t i o n of l i p i d s (and peptides) under w e l l c h a r a c t e r i s e d 
c o n d i t i o n s . 

I n order to obtain a s t r u c t u r e which i s c l o s e r to a 
r e a l biomembrane, a mixture of l i p i d s with d i f f e r e n t membrane 
p r o t e i n s would have to be used. Of the two s t r u c t u r e s studied 
(chapter 3 & 6 ) , the v e s i c l e s were c l o s e s t i n form to r e a l 
biomembranes because of the presence of bulk aqueous media on both 
s i d e s of the membrane. Therefore to f u r t h e r the understanding of 
r e a l b i o l o g i c a l systems, v i a s y n t h e t i c membranes, t h i s i s the 
route which should be followed. 
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8.2 : THE DIRECTION OF POSSIBLE FUTURE WORK 

For the r e s e a r c h on v e s i c l e s (chapter 3) i t would 
seem t h a t a d i f f e r e n t method for the preparation of the v e s i c l e s 
would be the best route to take. I f i t was decided t h a t SUV's 
were to be s t u d i e d then probe s o n i c a t i o n would be the best 
technique t o use. I f the t h r u s t of the r e s e a r c h was s t i l l to make 
LUV's then the e x t r u s i o n methods for the f a b r i c a t i o n of LUV's 
would be most appropriate. To mimic a biomembrane more f u l l y , the 
use of mixtures of l i p i d s would a l s o be an appropriate l i n e of 
r e s e a r c h . Further e f f o r t s to incorporate a peptide or p r o t e i n 
should be undertaken. 

I n the monolayer s t u d i e s (chapter 5) at the a i r -
water i n t e r f a c e s e v e r a l i n t e r e s t i n g points arose which were not 
i n v e s t i g a t e d due to the lack of time. The f i r s t of these was the 
d i f f e r e n c e i n the c l o s e packed areas between the L-a-DPPA and 
DL-a-DPPA monolayers. A rigorous a p p r a i s a l as to whether t h i s was 
a r e a l r e s u l t and reproducible for the enantiomers of other l i p i d s 
could be undertaken. More mixtures of both DPPA/DOPA and 
DPPA/alamethicin should be i n v e s t i g a t e d to gain a b e t t e r 
understanding of the i n t e r a c t i o n s between the molecule. The 
widest avenue f o r fut u r e r e s e a r c h a r i s i n g from t h i s chapter i s 
t h a t a comprehensive study of the s u r f a c e p o t e n t i a l changes f o r 
the molecules studied should be undertaken. Also more importantly 
f u r t h e r r e s u l t s should be obtained i n order to i n v e s t i g a t e the 
d i f f e r e n c e s i n s u r f a c e p o t e n t i a l between charged, uncharged and 
z w i t t e r i o n i c l i p i d s . 
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From the r e s u l t s obtained f o r the deposition and 
FTIR of DPPA and DOPA (chapter 6 ) , the area i n which the most 
questions arose was the t r a n s p o r t of water through the LB l i p i d 
b i l a y e r s kept i n an aqueous medium. Further experiments are 
r e q u i r e d to confirm the r e s u l t s and to f i n d out whether s i m i l a r 
e f f e c t s occur with other l i p i d s . Another important area of future 
r e s e a r c h i s to i n v e s t i g a t e the d i f f e r e n c e s observed for the 
carbonyl s t r e t c h i n g band between the various c a s t f i l m s , 
Langmuir-Blodgett and Langmuir-Shaeffer deposited samples. These 
are p o s s i b l y due to d i f f e r e n t c r y s t a l s t r u c t u r e s . X-ray 
d i f f r a c t i o n s t u d i e s would help with the assignment of the peaks. 

The most i n t e r e s t i n g avenue of r e s e a r c h a r i s i n g 
from chapter 7 i s the t r a n s p o r t of water through the LB l a y e r s of 
DPPA/Gramicidin. Studies need to be undertaken to confirm the 
d i f f e r e n c e s between these r e s u l t s and those seen f o r a pure l i p i d 
i n chapter 6. Other mixtures of l i p i d s and peptides should a l s o 
be i n v e s t i g a t e d using the technique developed. Absorption of 
p e p t i d e s / p r o t e i n s from s o l u t i o n i n t o the l a y e r s formed under water 
should be undertaken to f i n d out whether spontaneous incorporation 
w i l l occur. The e f f e c t s of applied p o t e n t i a l on the f i l m s of ion 
channel forming peptides should a l s o be studied. 
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Conferences Attended, and Papers Presented : 

Molecular Electronics, Durham, 1990. 

Polymer Surfaces and interfaces II, Durham 1991. 

4th European Conference on 'Spectroscopy of Biological Membranes', 
York, 1991. Poster presented entitled, 'FTIR and NMR Spectroscopic 
tudies on Model Biological Membranes'. 

5th International Conference on Langmuir-Blodgett Fihns, Paris, 1991. 
Poster presented entitled, 'FTIR Spectroscopy on Model Biological 
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European Conference on Organised Thin Fihns, Bangor, 1992 

Paper published : 
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Dr. W.D. Cooper', Shell Research 
Colloid science: theory and practice 

»92 

muary 22 

muary 29 

Dr. K.D.M. Harris^, St. .\ndrews University 
Understanding the properties of solid inclusion compounds 

Dr. A. Holmes''", Cambridge University 
Cycloaddition reactions in the service of the synthesis of piperidine and 
indolizidine natural products 
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L^IVERSir/ OF DURHAM 

Boara of Studies i n Chemistry 

COLLCOUIA. LECTURES .̂ND SEMINARS GrvTN BY INVITZD SPEAKERS 
LST .AUGUST 1990 TO 3IST JULY 1991 

ALDER. Dr. 3.J. (Lawrence Livermore Labs., C a l i f o r n i a ) 
Hydrogen i n a i l i t s Glory 

-BELL', P r o f . T . (SUNY, Stoney Brook, U.S.A.) 
Functional Molecular A r c h i t e c t u r e and Molecular 
Recognition 

BOCHMANN', Dr. M. ( U n i v e r s i t y of East Anglia) 
Synthesis, Reactions and C a t a l y t i c A c t i v i t y of 
Cat i o n i c Titanium A l k y l s 

BRIMBLE. Dr. .M.A.-(Massey U n i v e r s i t y , New Zealand) 
Synth e t i c Studies Towards the A n t i b i o t i c 
Griseusin-A 

BROOKHART. Prof. M.S. ( U n i v e r s i t y of N. Carolina) 
O l e f i n Polymerizations. Oligomerizations and 
Dimerizations Using E l e c t r o p h i l i c Late T r a n s i t i o n 
Metal Catalysts 

BROWN. Dr. J. (Oxford U n i v e r s i t y ) 
Can Chemistry Provide Catalysts Superior to Enzymes? 

15th January, 1991 

I 4 t h .N'overaber, 1990 

24th October, 1990 

29th July, 1991 

20th June, 1991 

28th February, 1991 

BUSHBY^, Dr. R. (Leeds U n i v e r s i t y ) 
B i r a d i c a l s and Organic Magnets 

COWLEY. Prof. A.H. ( U n i v e r s i t y of Texas) 
New Grganomecallic Routes to E l e c t r o n i c M a t e r i a l s 

CROUT. Prof. D. (Warwick U n i v e r s i t y ) 
Enzymes i n Organic Synthesis 

6th February, 1991 

13th December, 1990 

29th November, 1990 

DOBSON*, Dr. CM. (Oxford U n i v e r s i t y ) 
NMR Studies of Dynamics i n Molecular Crystals 

GERRARD^, Dr. D. ( B r i t i s h Petroleum) 
Raman Spectroscopy f o r I n d u s t r i a l Analysis 

ffUDLICXY. Prof. T. ( V i r g i n i a Polytechnic I n s t i t u t e ) 
B i o c a t a l y s i s and Symmetry Based Approaches to the 
E f f i c i e n t Synthesis of Complex Natu r a l Products 

JACKSON^, Dr. R. (Newcastle U n i v e r s i t y ) 
New Synthetic Methods: ci-Amino Acids and Small 
Rings 

KOCOVSKY*. Dr. P. (Uppsala U n i v e r s i t y ) 
Stereo-Controlled Reactions Mediated by T r a n s i t i o n 

6th March, 1991 

7th November. 1990 

25th A p r i l , 1991 

31st October, 1990 

6th November, 1990 
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UNIVERSITY OF DURHAM 

Board of Studies in Chemistry 

CQLLOOUIA. L E C T U R E S .̂ .ND SEMINARS FROM INVITED SPEAKERS 

1991 - 1992 (.August 1 - July 31) 

1991 

Dctober 17 

Dctober 31 

:>Jovember 6 

""November 7 

November 13 

November 20 

November 28 

December 4 

December 5 

December 11 

Dr. J . A. Saithouse. University of Manchester 
Son et Lumiere - a demonstration lecture 

Dr. R. Keeiey, Metropolitan Police Forensic Science 
Modem forensic science 

Prof. B .F .G. Johnson', Edinburgh University 
Cluster-surface analogies 

Dr. A.R. Butler, St. .Andrews University 
Traditional Chinese herbal drugs: a different way of treating disease 

Prof. D. Gani^, St. .Andrews University 
The chemistry of PLP-dependent enzymes 

Dr. R. More G'Ferrail', University College, Dublin 
Some acid-izatalysed rearrangements in organic chemistry 

Prof. LM. Ward, IRC in Polymer Science, University of Leeds 
The SCI lecture: the science and technology of orientated polymers 

Prof. R. Grigg^, Leeds University 
Palladium-catalysed cyclisation and ion-capture processes 

Prof. A.L. Smith, ex Unilever 
Soap, detergents and black puddings 

Dr. W.D. Cooper", Shell Research 
Colloid science: theory and practice 

992 

anuary 22 

anuarv 29 

Dr. K.D.M. Harris', St. .Andrews University 
Understanding the properties of solid inclusion compounds 

Dr. .A. Holmes\ Cambridge University 
Cycloaddition reactions m the service of the synthesis of piperidine and 
indoiizidine natural products 
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January 30 

February 12 

February 13 

February 19 

February 20 

February 25 

Dr. M Ancerson. Sittingbourne Research Centre, Shell Research 
Recent Advances in the Safe and Selective Chemical Control of Insect 
Pests 

Prof. D.E. Fentcn', Sheffield University 
Poiynuciear complexes of molecular clefts as models for copper biosites 

Dr. J . Saunasrs, Glaxo Group Research Limited 
Molecular Modelling in Drug Discovery 

Prof. E . J . Thomas', .Manchester University 
•Applications of organostannanes to orgamc synthesis 

Prof. E.\'02ei. Umversity of Cologne 
The Musgrhe Lecizre Porphyrins: Molecules of Interdisciplinary 
Interest 

Prof. J .F. Xixon. University of Sussex 
The Tilder. Liciure Phospnaalkynes: new building blocks in inorgamc 
and organometallic chemistry 

•"ebruary 26 

.larch 5 

larch 11 

larch 12 

[arch 18 

on! 7 

.av 13 

Prof. }iI.L. Hitchman', Strathclyde University 
Chemical vapour deposition 

Dr. N.C. Billingham. University of Sussex 
Degradabie Plastics - Myth or Magic? 

Dr. S.E. Thomas'. Imperial College 
Recent advances m organoiron chemistry 

Dr. R..A. Hann. ICI Imagedata 
Electronic Photography - .An Image of the Future 

Dr. H. ]\Iask:il'. Xev/castle University 
Concerted or stepwise fragmentation in a deamination-type reaction 

Prof. D..M. Knight. Philosophy Department. University of Durham 
Interpreting e.\penments: the beginning of electrochemistry 

Dr. J - C Gehret. Ciba Geigy, Basel 
Some aspects of industrial agrochemical research 

[n\Tted specially for the postgraauate training programme. 
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