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SOME STUDIES i n the INFRA-RgP BEQIOU 

of the SPECTRUM* 

S e c t i o n 1. 

INTRODUCTION* 

1. The f i r s t experimental evidence of the existence 
of r a d i a t i o n s beyond the red end of the v i s i b l e spectrum 
was obtained by Hersohel. He placed a thermometer i n t h a t 
region of the solar spectrum^ now c a l l e d the infra-^red, and 
obtained v a r i a t i o n s i n temperature. His son demonstrated 
the existence of emission bands i n the same region by the 
d i s c o n t i n u i t i e s i n evaporation&om a surface moistened w i t h 
alcohol* Later experimenters developed instruments of 
pr e c i s i o n f o r work i n t h i s region; as f o r instance, 
Langley*s bolometer; the radiometer of Orookes; the r a d i o * 
micrometer of Boys; and the combination of thermopile and 
galvanometer, developed by Pasohen and others. By the use 
of such instruments, they were able t o measure accurately 
the small amounts of energy which are usually foiind i n the 
region of the i n f r a - r e d . 

I I , A f t e r t h i s work i t became necessary t o f i n d 
methods f o r the establishment of wavelengths i n the i n f r a ­
red. This pioneer work was done most successfully by 
Paschen"^, Langley^, Reubens^, and Trowbridge^. They 
measured the indices of r e f r a c t i o n of quartz, f l u o r i t e , 
r o c k - s a l t and s y l v i n e . These materials had been foxind t o 
transmit i n f r a - r e d r a d i a t i o n s quite r e a d i l y , and were most 
su i t a b l e f o r use i n the manufacture of prisms f o r work i n 
the i n f r a - r e d * From the indices of r e f r a c t i o n of these 

mat e r i a l s i t was possible t o c a l i b r a t e the prism - d e v i a t i o n 



i n terms of wave-length, and so a method of measuring wave­
lengths i n the i n f r a - r e d was perfected. Prisms of quartz, 
f l u o r i t e , rock**salt and sylvine have since been i n general 
use f o r experimental i n v e s t i g a t i o n s i n the near i n f r a - r e d 
region, i . e . , up t o 23^w. 

I I I . With the advent of methods f o r the measurement 
of wave-lengths, i t soon became evident, from the r e s u l t s of 
various i n v e s t i g a t o r s , t h a t some r e l a t i o n s h i p e x i s t e d between 
the bands i n the i n f r a - r e d and the constituents of the 
molecule. The f o l l o w i n g examples i l l u s t r a t e t h i s p o i n t :-
Angstrom^ i n v e s t i g a t e d several organic l i q u i d s and found 
r e l a t i o n s h i p s e x i s t i n g between t h e i r bands and the ooourrence 

6 7 
of c e r t a i n organic r a d i c l e s . Again, AschEinass and Paschen 

8 
i n v e s t i g a t e d water vapour, and Hansohoff the e f f e c t of the 

9 
(OH)radicle. During the period 1905-1909,Ooblente published 
several accoiints of h i s researches and r e s u l t s on absorption, 
emission and r e f l e x i o n i n the i n f r a - r e d . His r e s u l t s con­
firmed the p o i n t of view t h a t c e r t a i n bands are associated 
w i t h various chemical groups, such as 0H2> OH, NHg etc. 

IV. With some of the e a r l i e r prism experiments, i t 
was found t h a t when wave-length was p l o t t e d against absorp­
t i o n , d e f i n i t e bands or peaks occurred i n c e r t a i n regions. 
Later work on prisms showed t h a t f o r the same region i n the 
infra-red,some prisms have more favourable dispersion than 
others. By choosing the appropriate prism the bands or 
peaks mentioned above were resolved at the higher dispersion 
i n t o groups of peaks; and l a t e r , by the use of g r a t i n g s , and 
the combination of prism and g r a t i n g , which a f f o r d f a r 
greater dispersion, i t was possible t o b r i n g out the f i n e 
s t r u c t u r e i n a band. 

I n the very near i n f r a - r e d region, i . e . , up t o 1.0^, 
some photographic work has been accomplished using s p e c i a l l y 
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s e n s i t i s e d p l a t e s . The r e s u l t s though i n t e r e s t i n g are 
somewhat l a c k i n g i n d e f i n i t i o n , and the i n f o r m a t i o n ob­
t a i n e d from them i s not of much help i n the e l u c i d a t i o n 
of the molecular s t r u c t u r e . 

V. Since the p u b l i c a t i o n of the r e s u l t s of Coblentz, 
a great deal of work has been c a r r i e d out by other i n v e s t i g a ­
t o r s , and several references t o t h e i r work are made i n t h i s 
t h e s i s . I t would be impnocUcolale, i n a t h e s i s of t h i s nature, 
t o give a f u l l h i s t o r i c a l account of a l l r e s u l t s obtained 
and the many l i n e s of a t t a c k used by previous i n v e s t i g a t o r s . 
Mention, however, i s now made of a paper published by S i r 
R. Robertson^^ and h i s c o l l a b o r a t o r s e n t i t l e d , " I n f r a - R e d 
Absorption Spectra of Ammonia, Phosphene, and Arsine." I n 
t h i s paper S i r R. Robertson gives a d e s c r i p t i o n of the 
necessary precautions which must be taken t o ensure accurate 
r e s u l t s ; and he stresses the d i f f i c u l t i e s which are 
encountered i f these precautions are not taken. The pre­
cautions are ;- the necessity f o r ensuring a constant 
source of r a d i a t i o n , the need f o r t a k i n g s t r i c t account of 
the temperature of the prism - since i t s r e f r a c t i v e index 
changes w i t h temperature - securing a h i g h l y s e n s i t i v e 
thermopile and galvanometer, and the frequent c a l i b r a t i o n 
of the assembled instrument against standard l i n e s i n the 
spectrum. 

V I . Drude"^^ has attempted t o give a t h e o r e t i c a l 
i n t e r p r e t a t i o n t o the formation of absorption bands i n the 
i n f r a - r e d . By working on the d i s p e r s i o n formula of various 
c r y s t a l s , and the conception of v i b r a t i n g charged p a r t i c l e s , 
he has shown t h a t when a band occurs i n the u l t r a v i o l e t there 
must be a corresponding one i n the i n f r a - r e d . I t i s known 
t h a t the bands i n the u l t r a - v i o l e t are due t o e l e c t r o n s , and 
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from Drude*s work one can say th a t the p a r t i c l e s concerned 
i n the i n f r a - r e d must be e i t h e r atoms or molecules. The 
r e s u l t s of modern work point t o the f a c t t h a t band spectra 
i n the i n f r a - r e d a r i s e from atoms and molecules - the 
bands r e f l e c t t r a n s i t i o n s i n the o s c i l l a t i o n s of the atoms 
of a molecule, and t r a n s i t i o n s i n the r o t a t i o n of the mole­
cule i t s e l f . 

V l l . Several types of bands are foimd i n the i n f r a ­
red, but the types are most e a s i l y i d e n t i f i e d In the oases of 
gases. Solids and l i q u i d s are found t o be less sharply 
defined than those f o r gases which renders t h e i r i d e n t i f i c a ­
t i o n f a r more d i f f i c u l t . I n s o l i d s and l i q u i d s the n u c l e i 
of the molecules are more constrained and therefore t h e i r 
v i b r a t i o n s do not seem so or d e r l y . Again, i n the case of 
the absorption bands f o r gases the i n t e r p r e t a t i o n of the 
meaning of the bands i s much less d i f f i c u l t . For gases 
there are three types of bands :-

(a) O s c i l l a t i o n Bands; 
(b) Rotation Bands; 
(o) O s c i l l a t i o n — Rotation Bands. 

We w i l l consider them i n t h i s order. 
I n the early work i n the i n f r a - r e d region, bands were 

found as maxima of emission or absorption. These bands 
were i n the form of smooth peaks w i t h a w e l l - d e f i n e d maximum, 
and the results showed that several of such bands are simple 
harmonics of some fundamental frequency. The most probable 
explanation of these harmonic bands i s th a t the r a d i a t i o n 
f a l l s on the molecules whose n u c l e i are v i b r a t i n g t o and 
from each other, and the r a d i a t i o n i s absorbed i n quanta 
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depending upon the frequency of the v i b r a t i o n s . The n u c l e i 
are, comparatively speaking, quite close t o each other, and 
t h i s causes t h e i r v i b r a t i o n s t o be c o n t r o l l e d by a force 
which does not s t r i c t l y obey an inverse square law, and the 
v i b r a t i o n s are therefore anharmonic, cons i s t i n g of funda­
mentals and harmonics representing one, two or three quanta. 
Absorption of r a d i a t i o n according t o t h i s scheme gives r i s e 
t o the so-called O s c i l l a t i o n Bands* Such bands are usual­
l y found i n the near i n f r a - r e d region. 

I n a d d i t i o n t o O s c i l l a t i o n Bands we can have the 
Rotation Bands. These have been given a t h e o r e t i c a l ex-
planat i o n by S o o ^ r f i e l d . He considered the case of a 
diatomic molecule of moment of i n e r t i a I r o t a t i n g about an 
axis perpendicular t o the l i n e j o i n i n g the atoms, w i t h an 
angular v e l o c i t y W. He quantized the moment of momentum, 
so that each quantum jump represents a change i n the moment 
of momentum. I f the moment of momentum be taken as a whole 
m u l t i p l e of n̂- j then = ̂  . The K i n e t i c energy i s 
given by E - ^tid . 

Following the ideas and work of Bohr :-

and by the sel e c t i o n p r i n c i p l e m can change by e i t h e r -1 or 0 

The spacing d i f f e r e n c e i s therefore liij^^i which i s i n 
accordance w i t h f a c t s . 

Pure r o t a t i o n bands f o r gases have been observed i n 
the f a r i n f r a - r e d suad towards the end of the near i n f r a - r e d , 
i . e . , above 22.0 

I n a d d i t i o n t o the O s c i l l a t i o n and Rotation Bands, i t 
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has been found t h a t i n the near i n f r a - r e d region, some of 
the bands show a f i n e s t r u c t u r e . £• V. Bahr, i n 1913, was 
probably one of the f i r s t i n v e s t i g a t o r s t o demonstrate t h e i r 
f i n e s t r u c t u r e . His r e s u l t s showed the r e s o l u t i o n of a band 
of hydrochloric acid gas i n t o a series of small bands, which 
were ascribed to the r o t a t i o n of the molecule. Such bands 
are now c a l l e d " O s c i l l a t i o n Rotation Bands." 

They have been t h e o r e t i c a l l y explained as fo l l o w s 
Both o s c i l l a t i o n and r o t a t i o n are quantized i n an o s c i l l a t i o n 
r o t a t i o n band. The quantiim c o n d i t i o n i s :-

provided there i s only one moment of i n e r t i a . 
I t can be shewn that t h i s formula i n d i c a t e s a funda­

mental w i t h exact harmonics, and each band would have three 
" r o t a t i o n " branches, those towards the higher and lower 
wave-lengths, the r o t a t i o n f r i n g e s being h/4Tr^I apart, and 
the t h i r d , which may be absent ( i f m • o ) , or removed from 
the centre by an amount equal t o the constant term h/B^'^I . 
The foregoing treatment only applies when there i s one moment 
of i n e r t i a , but even so i t does not quite explain a l l the 
known f a c t s . One f a c t which has emerged from the r e s u l t s 
published by many i n v e s t i g a t o r s i s The centres of the 

12 
bands are not i n harmonic r a t i o . Kratzer has suggested 
t h a t the nuclear v i b r a t i o n s are not of s u f f i c i e n t magnitude 
f o r the n u c l e i t o be removed outside each others sphere of 
inf l u e n c e . The law of force governing the v i b r a t i o n s w i l l 
not be s t r i c t l y an Inverse square law, and he has deduced 
t h a t the v i b r a t i o n s w i l l t herefore be anharmonio. This 
d e v i a t i o n from the t r u e harmonic i s therefore due t o the com­
pounding of r o t a t i o n and transverse v i b r a t i o n s . 
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The t h e o r e t i c a l i n t e r p r e t a t i o n of the bands found 
i n the case of l i q u i d s and so l i d s i s not so easy but a 
l i t t l e work on t h i s subject has been done by Kratzer. 

V I I I . I t i s of i n t e r e s t t o record i n t h i s b r i e f 
i n t r o d u c t i o n t h a t no bands have ever been found f o r the 
gases Hydrogen, Oxygen, Chlorine, Bromine and f o r Iodine 
i n the i n f r a - r e d . The atoms i n these molecules are sup­
posed t o be absolutely i d e n t i c a l , and i t i s assumed that 
there i s no e l e c t r i c moment between them nor deformation, 
and consequently no absorption due t o them i s found i n the 
i n f r a - r e d . 

IX. I n the f o l l o w i n g pages an account i s given of 
some work c a r r i e d out i n order t o set up a Spectrometer 
arrangement f o r the accurate analysis of i n f r a - r e d absorp­
t i o n bands of s o l i d s , l i q u i d s and gases. A f a i r account 
of the work must be divided i n f i v e sections :-

(a) I n t r o d u c t i o n and general d e s c r i p t i o n of 
apparatus; 

(b) I n v e s t i g a t i o n of possible e r r o r s i n the 
spectrometer, and the study of s o l i d s ; 

(c) Observations on gases; 
(d) Study of Liquids; 
(e) Conclusions and bibliography. 

X. The chapter dealing w i t h the apparatus gives a 
f u l l d e s c r i p t i o n of the spectrometer arrangement; the 
sources of i n f r a - r e d r a d i a t i o n ; the thermopile and r e ­
cording apparatus. The types of absorption c e l l used f o r 
gases and f o r l i q u i d s are also amply described; and the 
apparatus used f o r preparing pure n i t r i c oxide has been 
diagrammatioally represented. 

XI* A complete study was made of the possible 

e r r o r s i n the c a l i b r a t i o n of the spectrometer, a d e t a i l e d 
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account being given i n Chapter 11. The c a l i b r a t i o n and 
e r r o r s were checked experimentally, and the differences 
between the cal c u l a t e d and observed c a l i b r a t i o n s are 
i l l u s t r a t e d by means of graphs. The c a l i b r a t i o n was 
checked against well-known absorption bands of c a l c i t e , 
the fxmdamental band of n i t r i c oxide at 5.30/^, and the 
emission l i n e at 1.014^ of the mercury vapour lamp. The 
e f f e c t of prism temperature v a r i a t i o n s on the c a l i b r a t i o n 
of the rock-salt prism soon became appeirent, and the e r r o r s 
due t o t h i s were calculated and corrections applied t o £L11 
observations. 

X I I . With the apparatus described, a f u l l i n v e s t i g ­
a t i o n of the absorption bands due t o carbon dioxide at 
d i f f e r e n t pressures was made; also the whole absorption 
spectrum i n the i n f r a - r e d of N i t r i c Oxide. Previous 
workers had only been successful i n showing the existence 
of the fundamental at 5.30^; during the work about t o be 
described the presence of a f i r s t harmonic at 2.68/^ was 
recorded, but no absorption band was found corresponding 
t o the second harmonic. 

X I I I . An i n v e s t i g a t i o n was made of the absorption 
due t o an aqueous s o l u t i o n of carbon dioxide. Ho marked 
absorption by t h i s mixture, other than t h a t due t o water, 
was foiind i n the near i n f r a - r e d region; and i t was im­
pr a c t i c a b l e t o carry out an i n v e s t i g a t i o n at higher wave­
lengths, owing t o the great opacity of even t h i n f i l m s of 
water i n t h i s region. A complete experimental study of 
the absorption due t o e t h y l a lcohol, water, and an aqueous 
s o l u t i o n of potassium permanganate was made. The r e s u l t s 
d i f f e r i n many ways from those of previous workers, and 

the di f f e r e n c e s are given. 
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A band due t o potassium permanganate has been observed i n 
the region near 5.60yu., 

XIV. A bibliography i s supplied together w i t h an 
appendix g i v i n g a number of references t o previous work i n 
the i n f r a - r e d region of the spectrum. 

S e c t i o n I I 

APPARATUS. 

I . The apparatus was arranged i n two d i f f e r e n t ways. 
The f i r s t arrangement, which was used f o r the greater part 

13 
of the work^was based on the work done by Bailey and Angus 
by t h e i r monochromatic method. I n t h i s arrangement a very 
intense beam of almost pure monochromatic r a d i a t i o n 
traverses the specimen under i n v e s t i g a t i o n . The r a d i a t i o n 
from a source N, r i c h i n i n f r a - r e d rays, i s focussed on t o 
the s l i t 8 of the spectrometer by means of concave m i r r o r s . 
The converging beam so formed i s collimated by the spectro­
meter m i r r o r , passes through the rock s a l t prism, P, i s 
r e f l e c t e d at the Wadsworth Mirror Ŵ ^ t o another concave 
mirror,and i s then brought t o a focus on the e x i t s l i t Sg 
of the spectrometer. From t h i s s l i t an almost pure mono­
chromatic beam of r a d i a t i o n emerges; by means of a second 
system of mirrors t h i s beam i s made t o traverse a space 

i n which may be placed the specimen under i n v e s t i g a t i o n ; 

f i n a l l y , i t i s focussed on the thermopile mounted i n a speci a l 

a i r - t i g h t container, T. This system of m i r r o r s enables 

the rays t o be reversed and the d i s t o r t i o n of the f i n a l 

image due t o spheric a l a b e r r a t i o n i s g r e a t l y reduced. The 

er r o r s introduced by r e f l e c t i o n at the f i r s t two m i r r o r s 
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are reversed at the second p a i r of mirrors and almost com­
pl e t e compensation r e s u l t s . The thermopile i s connected 
i n series w i t h a "Super Paschen Galvanometer" by means of 
ordinary t w i n l i g h t i n g f l e x f i x e d inside a length of glass 
tubing. No disturbance i n the galvanometer readings were 
noticed when t h i s system of leads was i n operation. The 
galvanometer i s mounted on top of a b r i c k p i l l a r sunk w e l l 
i n t o the f l o o r of the b u i l d i n g . This method of supporting 
the galvanometer was foimd most r e l i a o l e , the galvanometer 
"Zero spot" on the recording scede showing only very minute 
disturbances; the galvanometer was employed normally at 
a s e n s i t i v i t y of lO"""^^ amps per mm. d e f l e c t i o n , at a scale 
distance of one metre. 

I I . The spectrometer used was a large-scale model 
" I n f r a Red Spectrometer" f i t t e d w i t h a rock-salt prism and 
Wadffworth M i r r o r device^; a s p e c i a l l y c a l i b r a t e d wave­
length drum was also f i t t e d . The thermopile was removed 
from i t s housings immediately behind the e x i t s l i t Sg and 
placed i n the special container at T. 

I I I . Later an experimental arrangement No. 2 was 
used; i t was based on the o r i g i n a l method of Bailey and 
Angus^''- From F i g . 2 i t w i l l be seen t h a t the spectro­
meter p o s i t i o n has been a l t e r e d ; the r a d i a t i o n from the 
source N was passed through the observation c e l l t o the 
entrance s l i t of the spectrometer by means of m i r r o r s , and 
a f t e r passing through the spectrometer i t f e l l iminediately 
on the thermopile placed i n a holder (No. 2} behind the 
e x i t s l i t Sg* I n t h i s arrangement there were fewer 
m i r r o r s than f o r arrangement No.l, and therefore the 
t o t a l loss of energy was g r e a t l y reduced. This gain 
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was noticed i n the increased galvanometer deflections fo r 

arrangement No. 2. Where th i s arrangement was f u l l y 

tested, the results obtained confirmed those previously 

derived by method 1. 

IV. The whole apparatus, wi th the exception of the 

galveuiometer, was set up on a stout table; plywood cases, 

l ined with asbestos, were Ouilt round the Nernst filament, 

the spectrometer, the observation cel ls and thermopile. 

The positions of these covers are marked out with dotted 

l ines on the diagram of the apparatus (Figs. 1 and 2 ) . 

The openings in the cases, through which the radiations 

passed from one section to another, were as small as 

possible to eliminate any stray radiation; a small pulley 

and belt arrangement was f ixed up f o r rotating the wave­

length drum and prism table, the drum graduations being 

read by means of a telescope. Through the top of the 

spectrometer case a thermometer was f ixed , so that the 

prism temperature could be measured at intervals during 

the experiments. By means of two small heating lamps, 

the temperature of the cases was maintained s l igh t ly higher 

than that of the room, in order to prevent any deposit of 

water forming on the surfaces of the rock-salt prism and 

end plates of the observation ce l l s . A small shutter 

arrangement was placed i n the opening i n f ron t of the 

collimator s l i t of the spectrometer. By raising or lower­

ing th i s shutter the radiation could be cut o f f from the 

thermopile when desired. 

V. A l l the focussing mirrors external to the 

spectrometer were of the silver-on-glass type, and were 

mounted on heavy lead cones f i t t e d with adjusting devices. 

They were so chosen that the image of the filament just 
covered the entrance s l i t of the spectrometer, and the 
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collimator mirror was f u l l y covered with radiation. Under 

these conditions the maximum amount of energy f e l l on the 

exi t s l i t of the spectrometer. Chromium-plated brass 

mirrors were t r i ed , hut these proved most unsatisfactory. 

V I . Two sources of Infra-red radiation were t r i e d : 

(a) Nernst filaments supplied by A. Hilger, 
L td . ; 

(b) Globar elements made from fused baxs 
of carborundum. 

The Nernst filaments were found to be very 

satisfactory; they were operated from the D. 0. supply of 

150 volts and had a current consumption of approximately 

0.5 amps. The main laboratory batteries were used fo r 

th i s supply, and the majority of the work had to be done 

af ter a l l the other users of the battery had l e f t the 

building. Even so, sl ight f luctuations i n the filament 

current were noticed during a series of observations, so 

the potentiometer device (P), mentioned by Sir R. Robertson*^^, 

was ins ta l led,& a very f ine control over the filament current 

being thus ensured. A diagram of th i s potentiometer 

device i s given i n Fig. 11. The Nernst filament was mounted 

on a lead cone f i t t e d wi th adjustment devices a l l f u l l y 

described by Sir R. Robertson i n his paper. The periods 

during which the filaments were operated were measured, the 

average l i f e of a filament according to these observations 

being about 200 hours. In general, however, the filaments 

were replaced before these l a t t e r stages were reached, as 

i t proved very d i f f i c u l t to control the filament current 

during the f i n a l period. The Globar elements gave a f a i r 

emission up to 10.0/x, but they required a very high 

current, of the order of 10.0 amps, and the heat given o f f 
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by them caused the temperature of the room to vary con­

siderably. The Nernst filaments were more economical, 

had none of these disadvantages, and were much more con­

venient to operate. 

V I I . (a) The energy passing through the systems 

1 and 3 f inat l ly f e l l on the thermopile; the disturbances 

noticed by many previous workers in th i s region (R. Robert-
1 c 13 13 eon ; Bailey ; Taylor ; and others) and shewn to be 

due to air currents, proved very troublesome. An a i r - t ight 

container f o r the thermopile was designed and constructed, 

and when used i n method 1, a very steady galvanometer zero 

reading was obtained* Later, another holder was designed 

fo r use i n method 2 and diagrams i l l u s t r a t i n g the two 

holders are given i n Figs. 3 and 5. 

(b) Ho. 1 holder, which was made f i r s t , con­

sisted of a hollow cy l indr ica l brass chamber closed at one 

end by a welded-on brass cap; two windows were f i t t e d i n 

the sides of the chamber at opposite ends of a diameter. 

A rock-salt window was f ixed in at R, and at W was a th in 

glass observation window. At the centre of another c i r ­

cular brass plate, clamped on to cover the other end of the 

container, the thermopile T was f i xed so that when the con­

tainer was completely sealed up, the thermopile centre 

came di rec t ly i n l ine wi th the centres of R and W. The 

thermopile was placed in such a position with respect to R, 

that the ef fec t ive "aperture" was equal to the \perture" of 

the spectrometer. A side tube (not shown in the diagrams) 

was also f i t t e d , and through th is the vessel could be 

evacuated; f o r most work, however, a pressure equal to 

atmospheric was maintained inside the case. The container 



17. 

was f ixed by an ebonite rod to an adjustable metal 

carriage; by means of th i s carriage the position of the 

thermopile could be altered at w i l l . To ensure further 

freedom from galvanometer "zero d r i f t " , the thermopile 

container was completely surrounded with asbestos and 

cotton wool lagging together with highly polished metal 

shields. 

(c) Holder No. 2 was designed to be of much 

smaller dimensions. I t had a lower thermal capacity than 

No. 1 and was arranged so that i t could be f ixed to the 

spectrometer immediately behind the thermopile s l i t , i n 

place of the open type container provided by the makers 

of the spectrometer. The holder was used i n th i s manner 

in the experimental arrangement No. 2. A diagram of the 

holder (not drawn to scale) i s shown in Fig. 5. The rock-

salt window R was waxed i n posit ion and a glass observa­

t ion window was situated at W. A projection was l e f t on 

the brass container and threaded as shown, so that the 

eyepiece and "screw on" brass cover, o r ig ina l ly supplied 

by the makers fo r the old type of container, could be 

screwed into posi t ion. The thermopile was slipped into 

posit ion, and the container sealed o f f by a rubber washer 

and brass plate arrangement. A l i t t l e vacuum wax was 

applied to parts where leaks appeared. Better thermal 

shielding was possible with th i s type of holder, the de­

crease i n galvanometer zero d r i f t being very noticeable. 

V I I I . For the work on gases two types of absorption 

c e l l were used : -

(a) Brass tubes f i t t e d with side tubes 
f o r evacuation purposes; 

(b) " A l l glass" tubes, also f i t t e d wi th 
glass 4i[ide tubes. 
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(a) Fig. 7 shows the brass tubes; they were 
as 

modelled on the same lines/given by Sir R. Robertson in 

his paper. They were 40.2 cms. long, outer diameter 3.2cms. 

and made of brass; the ends of the tubes were ground 

para l le l to each other, and rock-salt end plates of 3.5 cms. 

diameter, thickness 0-5 cms., were f i t t e d . A l i t t l e 

vacuum grease was smeared over the brass surface which came 

into contact with the rock-salt plate, and the end plates 

were kept i n posit ion by means of "screwed on" end-caps. 

Where leaks developed near the plates, a l i t t l e shellac 

varnish was painted over and i n a l l cases th is overcame 

the trouble. The tubes were connected to each other, and 

a common connection to the gas apparatus was made through 

a very long f l e x i b l e glass tube. 

(b) The glass observation tubes were made from 

specially selected tubing. They were 20.0 cms. long and 

their ends were ground para l le l to each other, the rock-

salt end-plates were f ixed wi th a small smear of grease to 

the ends of the tubes; an outer covering of vacutim wax was 

placed round the edges of the plates and the corresponding 

ends of the tubes. This method gave a very satisfactory 

vacuum-tight seal. The rock-salt end plates were 3.50 cms. 

i n diameter and 0«5 cms. th ick . 

IX. Two observation tubes were used and were mounted 

on a rotat ing carriage, so that either of the two tubes 

could be placed i n the path of the radiation. One tube 

was f i l l e d wi th the gas under investigation at a known 

pressure; the other was evacuated and used as a standard 

fo r comparison. Fig . 7 shows the type of carriage used. 

At f i r s t , great d i f f i c u l t y was experienced i n obtaining 
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exact compensation between the two tubes when both were 

evacuated. The precautions outlined by Sir R. 

Robertson^^ were observed, but before complete compensa­

t ion could be obtained, the carriatge had to be re-con­

structed and modified, so that either of the tubes could 

be easily displaced relat ive to the other; the supports 

fo r the tubes had also to be strengthened, as i t was found 

that these were s l igh t ly displaced when the carriage was 

rotated. A br ie f description of the modified carriage 

i l l u s t r a t ed i n Fig. 7 i s given below 

Two circular end plates of brass were machined 

and bolted together by three long stout steel rods. Two 

strong V-shaped rests were bolted i n corresponding 

positions on each end-plate; the observation tubes rested 

i n these, and leve l l ing screws Ŝ^ were f ixed i n the sides 

of the Vs, i n order to give the required t i l t i n g adjustment 

to the tubes. A four th steel bar was f ixed between the 

centres of the two brass end-plates, to act as an €ucle f o r 

the carriage. A support, f i t t e d with two bearings to 

correspond wi th the ends of the axle, was arranged; also 

two f ixed brass axms, to serve as stops, were screwed to 

one of the brass end-plates. On one side of the support 

was a brass bfiur f i t t e d wi th two adjustable screws to 

register against the stops mentioned previously. A small 

spring arrangement was also attached to the support, to 

keep the rocking portion of the carriage f ixed when set i n 

any one posi t ion. When the carriage was properly adjusted 

the tubes could be brought i n turn to one common posi t ion, 

and complete compensation was found between the two tubes. 

X. For work on solids, a metal slider arrangement 

was devised whereby the specimen could be placed " in" or 
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"out" of the path of the radiation. For the "out" posi­

t i on , where nothing but absorption by the atmosphere i s 

taking place, an adjustable stop was provided so that the 

two galvanometer deflections could be arranged to be of 

the same order f o r the " in" and "out" positions i f 

necessary. This arrangement, which increases the accuracy 

of the experimental method, was only used fo r regions of 

very intense absorption. 
17 

X I . A c e l l f o r observation work on l iquids was 

designed and constructed; i t i s shown i n deta i l i n Fig. 9. 

I t was turned out from specially selected steel rod,& the 

outside of the rod was threaded and f i t t e d wi th two brass 

"screw-on" caps. The centre of the rod, with the excep­

t ion of a narrow flange, 1 mm. thick, was hollowed out as 

shown; the surfaces of the flange were ground para l le l to 

each other, and a hole d r i l l e d through the flange in one 

part fo r the purpose of f i l l i n g the c e l l . Two f l u o r i t e 

windows 3.50 cms. diameter, and of 0.5 cms. thickness, were 

used as windows fo r the c e l l , a rubber washer and brass 

plunger being placed i n between the f l u o r i t e plate and the 

corresponding "screw-on" cap. With th is arrangement there 

was an extremely small leakage from the c e l l due to evapor­

ation. The c e l l was f i x e d to a metal slider device where­

by i t could be moved i n and out of the path of the radiat ion. 

This sl ider device was f i t t e d with an adjustable stop fo r 

work in regions of very intense absorption. 

X I I . A diagram of the apparatus used for the prepara­

t ion of pure N i t r i c oxide gas i s given in Fig. 13. The gas 

was prepared by dropping a solution of ac id i f i ed ferrous 

sulphate from a funnel on to sodium ni t ra te solution con­

tained i n a generating f l a sk . From there i t passed either 



to a trap (T) , where a sample could be collected and tested, 

or to a set of bubblers (W) containing an aqueous solution 

of potassium hydroxide fo r removal of acid fumes; from 

there i t passed through the phosphorous pentoxide drying 

bulbs ?i, Pg, P 3 , to a reservoir (R) where i t was collected 

over mercury. The gas could be pumped over from the 

reservoir to the observation tube through the long f l ex ib l e 

glass tube already described. The pressure of the gas i n 

the observation tube was measured by means of a Bourdon^^ 

type of gauge f i t t e d wi th a manometer arrangement. The 

whole apparatus could be evacuated by a Toepler pump and 

Hyvac pump. The Toepler pump was also used fo r recovering 

samples of gas f o r analysis from the observation tube. 

The bourdon type of gauge was primarily f i t t e d fo r measur­

ing the pressure of mixtures of n i t r i c oxide and oxygen, 

since these mixtures attack mercury. I t was used fo r 

measuring a l l the pressures recorded i n the experiments 

described i n the fol lowing chapters. 

The carbon dioxide used in the experiments was pre­

pared by heating pure sodium bicarbonate wi th hydrochloric 

acid; the gas was passed through concentrated sulphuric 

acid to remove a l l traces of water, and was then collected 

and stored in the mercury reservoir R u n t i l required. 



C H A P T E R I I . 

THE SPECTROMETER: ERRORS and THEIR ELIMINATION. 



22, 

S e c t i o n I . 

I . This chapter deals exclusively with the spectro­

meter and the errors which may arise during jts use; an 

account i s given of a l l the possible errors, and the methods 

of correcting them. 

I I . The instrument used in these experiments was a 

large-scale Infra-Red Spectrometer supplied by Messrs. A. 

Hilger Ltd. I t was furnished with a rock-salt prism of 

60° angle, and a wave-length drixm f o r the prism table, c a l i ­

brated to read d i rec t ly i n wave-lengths. The spectrometer 

was housed i n a large plywood case f i t t e d with the thermometer 

and heating lamp previously described (Chapter I , Sec. I I , 

Para* IV)• The temperature of the case was taken at in te r ­

vals during the course of an experiment, and, as no observa­

tions were recorded u n t i l the temperature became reasonably 

steady, i t was assumed that the temperature of the prism 

was equal to that of the a i r surrounding i t . 

I I I . The wave-length drum was recalibrated by a 

method similax to that described by Sir R. Robertson. A 

small plane mirror was set up ve r t i ca l ly at the centre of 

the prism table, an accurate steel scale being placed 

para l le l to i t at a known distance away. An illuminated 

s l i t placed i n l ine wi th the scale was so arranged that the 

l i gh t from i t was reflected at the mirror and formed an 

image of the s l i t on the scale. Zero was taken as the 

posit ion of the image of the s l i t on the scale, when the 

«wave-length drum" was set at the sodium wave-length 
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graduation mark. The posit ion of the image of the slit on the scale 

was read o f f when these conditions were f u l f i l l e d . The 

wave-length drum was given a sl ight rotat ion and set against 

some def in i te wave-length graduation mark; the position of 

the image of the s l i t on the scale was again read o f f . Such 

observations were repeated for several positions in the 

working range of the wave-length drum. (About 10 pe r^ , -

see Column 1 of Table 1) . The readings are given in Table 1; 

three representative sets, of the many observations made, have 

been given i n the Table* 

From a knowledge of the distance separating the scale 

from the mirror^ the angle of rotation of the prism table 

corresponding to a rotat ion of the "wave-length" drum from 

one def ini te wave-length setting to another, could be deter­

mined. 

Let us suppose that the distance between the scale and 

the mirror i s equal to D; and the distance traversed by the 

image of the s l i t on the scale when the wave-length drum i s 

rotated from one wave-length setting to another hefd, then 

the angle through which the mirror and the prism table are 

turned when the wave-length drum i s rotated, i s given by the 

re la t ion : -

In Table 1, Column 1, the values of the "wave-length drtim" 

settings axe given; and in colxamn 11 are given the values 

of the tangent of twice the angle of rotation of the prism 

table, caused by a rotat ion of the "wave-length drum** from 

the sodium wave-length graduation mark to the corresponding 

wave-length mark, A . In colximns I I I and IV are the 

duplicate values obtained wi th the scale and mirror separated 
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by s l igh t ly d i f ferent distances. These distances are 

given i n brackets at the head of each column. Thus, the 

values of tan 2oc given i n column 11, correspond to a 

distance between the scale and mirror of 493.S cms., column 

111 shows experimental values of tan 2(X f o r a distance 

463.0 cms., and i n coliimn 17, values corresponding to a 

distance of 483.1 cms- are given. There i s very close 

agreement between the three sets of values: the greatest 

difference between the maximum and minimum values of oc fo r 

the three d i f fe ren t settings Deing 5 seconds of arc. 

Coliimn V contains the mean value of tan So; , and i n column 

VI i s given the number of the observation. 

IV. Now the spectrometer i s so constructed that the 

rotat ion which must be given to the prism table or wave­

length drxim, fo r the radiation entering the thermopile 

s l i t to be changed from wave-length to Ag, i s given by : -

- = \ -

where i s the minimum deviation fo r radiation of wave­

length A-L passing through the prism. Dg i s the minimum 

deviation fo r a radiation of wave-length Ag under the same 

conditions. A value f o r the semi-deviation of a ray of 

sodium l i g h t passing through a rock-salt prism of 60*̂  angle 

and set i n the minimum deviation position was assumed. 

This value i s 20° 32» 52.4". From the relationship given 

above, the value of the semi-deviation f o r radiation of any 

other wave-length i s easily calculated. 

The value of oC f o r a series of wave-lengths i s given 

i n column I l a of Table I , and the value of the semi-deviation 

fo r the same series of wave-lengths calculated by the above 

rela t ion are given i n Table I , column I l l a . These values 

of semi-deviation are called the "observed" values. A 

large-scale graph of these "observed" values plotted against 
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00 00 00 OO 00 -sJ -si -si -si - J -si -sJ -sJ -sJ -si a^ 
•P U4 ro o 00 U l UJ K) o 00 

1-3 

O 
O 

c+ 
Pi 

U l 00 Ul 

p r 
O 

ro 
Ul 
oo 

U l 
U l 

U l 
ro 

p - p - P- P̂  
U J O 

UJ 
oo 

UJ UJ lO 
00 

ro 

U l UJ ro U l UJ lO U i UJ P̂  -p- U l U l 
Co -si oo -A, U l cr\ p - U I o fO 00 vo 

ro CO U4 U l o UJ o _k o o -sJ UJ cr\ -sJ ro 

ro ro ro lO ro o o o o o 
-si U l -1^ ro -sJ P- UJ o *sO -si U l UJ 

U l 
U) CD 
• • 
-1^ to 

U l 

U l 

ro p-
KO 00 
• • 
0^ O 

p- P-
-sj 
O 

-k U l (O ro U l ro oo ro ro o • • • • • • « m 
o o U l UJ —k U4 oo 0^ 

03 

lO ro 
00 

U4 
o 

UJ UJ 
U J 

UJ 
U l 

UJ UJ 
00 

U4 P:- 4^ 
ro 

P-
UJ 

-P-
U l CO 

00 
O 

U l UJ 
UJ UJ • • 
O 00 

p-
UJ 0^ 
• • 
ru \D 

TO ro * 
00 

P:-
P̂  

-0 Ui » • 
U l i r -

UJ 
P̂  

ro U l UJ U l lU p-o ro UJ UJ fO U l 
a • • • • • • 

UJ ON 00 

g 05 
^ UJ 

00 
lO 

CO 00 
o 

-sJ 
so 00 -si 

-sJ 
-si 
ON 

- s i 
U l 

-s i -sJ 
UJ 

-sJ 
ro 

-si -s i 
o 

ON ON 
00 < 

05 



D 

X3 

CT. 

03 

IV) 
o 00 rv> 

o o o o o o o 
• • * • • • • • o CO |N0 o 

o o o o O o o o o \o \o c» 
» ^ o CO ô  —^ a^ 
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3 2 . 

wave-length i s given on the c a l i b r a t i o n curves chart. F i g . 47 
V. The t h e o r e t i c a l values of the semi-deviation f o r 

d i f f e r e n t wave-lengths were c a l c u l a t e d from the values of 
the r e f r a c t i v e index (i?) of rock s a l t , given by Paschen-^®. 

According t o Paschen, these values were determined at 
d i f f e r e n t temperatures (also given i n his paper), and were 
corrected t o a standard temperature, 18^C., assuming th a t 
the temperature c o e f f i c i e n t of change of r e f r a c t i v e index 
was constant f o r a l l wave-lengths, and equal t o that f o r 
the sodium l i n e s . The values of the corrected r e f r a c t i v e 
indices, and the temperatures at which the uncorrected 
values were experimentally determined, are reproduced i n 
the c a l i b r a t i o n chart ( F i g . 46), columns 1, 2 and 3. 

The c o e f f i c i e n t of change of r e f r a c t i v e index w i t h 
temperature c("?/iO has been determined f o r several wave-lengths 

1 9 

i n the i n f r a - r e d by Schaefer and Matossi , and t h e i r values 
show th a t ^^f^ v a r i e s w i t h wave-length; such values are r e ­
produced i n column 4 of the c a l i b r a t i o n t a b l e , and are 
p l o t t e d against wave-length on the " c a l i b r a t i o n curves" 
chart; intermediate values of were read o f f from t h i s 
graph, and whea included i n the c a l i b r a t i o n chart they are 
marked w i t h an a s t e r i s k * . These values of^"^^ must be used 
f o r an accurate c o r r e c t i o n of Paschen*a o r i g i n a l f i g u r e s f o r 
the r e f r a c t i v e index, and, moreover, the corrections f o r 
temperature o r i g i n a l l y applied by Paschen must f i r s t of a l l 
be removed. 

Si r R. Robertson i n h i s paper, has corrected Paschen's 
values assuming Paschen himself made no co r r e c t i o n s . His 
method has been repeated and the r e s u l t s are given i n 
column 5 of the chart; column 6 gives the values taken 
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d i r e c t l y from S i r R, RolDertson's paper, and i t w i l l be 
seen t h a t general agreement e x i s t s "between the two sets 
of values. 

Paschen's values of y have been recorrected, a f t e r 
f i r s t removing Paschen*s own c o r r e c t i o n s , and such values 
are given i n column 7, These values were p l o t t e d against 
wave-length on a large scale graph (Fig. 48), and values 
of given by S i r R. Robertson were also p l o t t e d alongside 
f o r comparison; values of f o r intermediate wave-lengths 
were read o f f from the graph, and are distinguished from 
others i n the tables by an a s t e r i s k . 

The standard temperature to which the r e f r a c t i v e 
index was corrected was 18°C, 

Now :- where A = angle of prism 
„ 5ra Cft-̂ P)/z " D = d e v i a t i o n of a ray 

s*"̂  ̂ ln when prism i s set 
i n minimum deviation 
p o s i t i o n . 

Since and A are known, the value of f o r any value of 
can be determined. This c a l c u l a t i o n of ^ 2 ""^^ c a r r i e d out 
f o r a l l the values of given i n column 7 of the c a l i b r a ­
t i o n t a b l e s ; a graph has been drawn to show the r e l a t i o n ­
ship between these t h e o r e t i c a l values of the semi-deviation 
and corresponding wave-lengths; t h i s i s given i n F i g , 47, 
This curve i s found to i n t e r c e p t the "observed" semi-
d e v i a t i o n wave-length curve i n many places. There i s , i n 
short, a discrepancy between the observed and ca l c u l a t e d 
semi-deviations f o r almost a l l wave-lengths. These a r i s e 
from s l i g h t e r r o r s i n c u t t i n g the threads of the screw 
which propels the wave-length drum and r o t a t e s the prism 
t a b l e . These d i f f e r e n c e s between the values of the 
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semi-deviation cause e r r o r s t o occur i n the readings given 
by the spectrometer. The makers of the instrument, i n a 
l e a f l e t issued w i t h the spectrometer, claim an accuracy i n 
the c a l i b r a t i o n which would allow f o r an e r r o r of .03^ at 
4.71^. Methods and c o r r e c t i o n charts have been devised 
whereby t h i s e r r o r can be almost wholly eliminated. 

To obtain the above c o r r e c t i o n i n terms of wave­
length, i t i s necessary to m u l t i p l y the e r r o r i n semi-
de v i a t i o n by the slope of the curve showing the r e l a t i o n be­
tween "observed semi-deviation" and "wave-length drum 
reading" '^^) f o r the p a r t i c u l a r wave-length under con­
s i d e r a t i o n . The c o r r e c t i o n has been evaluated f o r a range 
of wave-lengths i n the i n f r a - r e d , and a curve was p l o t t e d 
showing the v a r i a t i o n s of t h i s c o r r e c t i o n w i t h wave-length 
drum reading. The curve i s p e r i o d i c i n character, and each 
complete undulation of the curve corresponds to one r o t a t i o n 
of the wave-length drum. The values f o r the c o r r e c t i o n at 
d i f f e r e n t wave-length drum readings are given i n colximn 20 
of the c a l i b r a t i o n t a b l e s . This e r r o r may be c l a s s i f i e d as 
Error No. 1. 

V I . Errors Due t o Changes i n Prism Temperature. 

The e f f e c t of v a r i a t i o n s i n prism temperature on the 
c a l i b r a t i o n of an i n f r a - r e d spectrometer f i t t e d w i t h a rock-
s a l t prism, was f i r s t p ointed out by S i r R. Robertson"*-^; the 

13 
e f f e c t was l a t e r discussed by Bailey and Angus , and since 
the present work was completed, a f u r t h e r account appeared 
by P» 0. Cross^^. Some of h i s conclusions are reproduced i n 
the c a l i b r a t i o n t a b l e s f o r the purposes of comparison. The 

e f f e c t has been summarised and d i v i d e d i n t o two main sections^ 

(a) 
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The "eemi-deviation wave-length" curve f o r radiations passing 
through a r o c k - s a l t prism set i n the minimum de v i a t i o n 
p o s i t i o n i s of the form shown i n the f i g u r e . For prism 
temperature 0,, ( h e r e a f t e r known as the standard temperature 
= 18°C) the curve i s of the form AB; when the temperature i s 
raised t o Qz, the r e f r a c t i v e index of the rock s a l t varies 
i n such a manner th a t the curve assumes the form CD. The 
"datura" l i n e used w i t h the present type of spectrometer i s 
the wave-length of the sodium l i n e s at 0.5893^, equivalent 
t o a semi-deviation equal t o OX i n the f i g u r e . The Wadsworth 
m i r r o r attachment i s so adjusted t h a t when the wave-length 
drum i s reading the sodium wave-length ( ^^/o.), and the 
c o l l i m a t o r s l i t i s i l l u m i n a t e d w i t h sodium l i g h t , an image 
of the sodium l i n e s appears on the e x i t s l i t of the spectro­
meter, i . e . , the adjustment i s such that the rays of sodium 
l i g h t have su f f e r e d a semi-deviation equal to OX, and j u s t 
reach the e x i t s l i t of the spectrometer, provided the prism 
temperature i s 6/ . Moreover, the instrument i s so con­
structed t h a t f o r a r a d i a t i o n of wave-length t o be 
deviated and f a l l on the e x i t s l i t of the spectrometer, a 
r o t a t i o n equal t o (X-X^ ) must be given t o the prism table 
£uid wave-length drum; and the c a l i b r a t i o n i s such th a t the 
wave-length drum should read i n t h i s new p o s i t i o n . 

I f the prism temperature were rais e d t o 6z t and the 
Wadsworth m i r r o r again adjusted, the prism t a b l e r o t a t i o n 
would be between Y and Y,. I t can be shown t h a t : 
OX - OX, ^ OY - OY, f o r a l l wave-lengths i n the near 
i n f r a - r e d , provided (0^,-9* ) does not exceed 4 degrees 
centigrade. ( E r r o r 1.5 x 10*"^ rads. per degree). Hence, i f 
the Wadsworth m i r r o r i s c o r r e c t l y re-set at a temperature 
Oj?.by means of the sodium l i n e s , the wave-length of the 
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r a d i a t i o n f a l l i n g on the thermopile s l i t of the spectro­
meter w i l l be \ when the wave-length drum s e t t i n g reads i ^ , , 
provided ( ©z.- ©,) does not exceed 4 degrees centigrade. 

I n general, however, i t i s not always possible t o have 
the prism temperature so close t o the standard temperature 
when the Wadsworth m i r r o r i s being set; the co r r e c t i o n must 
therefore be f u l l y evaluated and applied whenever experiment­
a l conditions d i f f e r from the i d e a l ones o u t l i n e d above. 
The f u l l c o r r e c t i o n f o r one degree dif f e r e n c e i n tempera­
ture of the prism i s cal c u l a t e d as f o l l o w s : 

£ = semi-deviation of a ray passing through 
the prism at minimum d e v i a t i o n . 

Now (J = .̂̂ -Cft-̂ Dj/g. ̂  and ^ ^Si^. ^^Z (1) 

Moreover, ^ ^ dn ^ -L ^ . ̂  (2) 

which r e l a t i o n enables the change i n semi-deviation of a 
ray w i t h change of prism temperature t o be calculated. 

Again, since the spectrometer i s so constructed, t h a t 
i n order t o change the r a d i a t i o n t r a n s m i t t e d by the thermo­
p i l e s l i t from wave-length A,^^to A, , the prism table must 
be ro t a t e d through an angle equal t o the diff e r e n c e between 
the semi-deviations f o r r a d i a t i o n s of wave-length 7\n^ and • 

Thus, r o t a t i o n required t o change from 7su<x. 
t o at e,°C = (OX-OX, ) 
and r o t a t i o n r e q u ired t o change from ^ua 
t o ,̂ at e°C = (OY-OY/ ) 
Correction f o r r o t a t i o n of prism t a b l e t o be 
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a p p l i e d f o r temperature change (O^-OJ = /\q 
= ( O X - O X , ) - ( O Y - O Y , ) = ( O X - O Y ) - ( O X , - O Y , ) 

= (ox-(ox- . ^ ) ] (O Y - { O Y-. ( i P ^ ^ O ) ) 

The term given i n (3) gives the r o t a t i o n c o r r e c t i o n f a c t o r 
f o r a change i n prism temperature; s i m i l a r c o r r e c t i n g 
f a c t o r s may be evaluated f o r other pairs of wave-lengths. 

From the r e l a t i o n s h i p ( 2 ) , the values of ^ f o r various 
wave-lengths i n the i n f r a - r e d region have been evaluated, and 
such values are given i n column 12 of the c a l i b r a t i o n t a b l e ; 
f o r comparison, i n column 13 are corresponding f i g u r e s taken 
from the Paper by P. 0. Cross. From a knowledge of the 
value of g., the c o r r e c t i o n f a c t o r per degree, i[(M\,:(M%!) 
has been c a l c u l a t e d f o r the same series of wave-lengths, and 
these values are given i n column 14 of the c a l i b r a t i o n t a b l e s . 
I t w i l l be seen t h a t f o r the shorter wave-lengths up t o 8-0̂ 0, 
the e r r o r i n v o lved per degree centigrade i s very small 
indeed; f o r higher wave-lengths the c o r r e c t i o n becomes 
quite appreciable. 

The absolute wave-length c o r r e c t i n g f a c t o r (^) i s ob-
tained by m u l t i p l y i n g the above f a c t o r b y ^ ^ ^ , t h i s being 
derived from the slope of the "observed semi-deviation wave­
length" curve. 

f o r : %\ya^jMar^^^^^*l 

Column 17 i n the c a l i b r a t i o n t ables gives a series of values 
f o r t h i s f a c t o r f o r d i f f e r e n t wave-lengths. I n the region 
from 1.0^- 8.0^, a change of temperature of 20 degrees c e n t i ­
grade only causes an e r r o r of 0.005^. 

For experimental observations i n these regions, where 
the d i s p e r s i o n of rock s a l t i s anaU, t h i s e r r o r may be 
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neglected. A graph of the r e s u l t s p l o t t e d against wave­
length i s given w i t h the c a l i b r a t i o n curves, Fi g . 47, and is 
c a l l e d "Wave-length temperature c o r r e c t i o n " curve. A 
b e t t e r term would probably be "Rotation temperature correction." 

(b) E r r o r due t o observations being taken at a 
d i f f e r e n t prism temperature from t h a t at 
which the Wadsworth m i r r o r i s set. 

This e r r o r , also due t o f l u c t u a t i o n s i n prism tempera­
t u r e , i s an a d d i t i o n a l one t o t h a t f u l l y described i n 
section ( a ) . Suppose the Wadsworth m i r r o r i s c o r r e c t l y ad­
justed at prism temperature Ot , so th a t when the wave-length 
drtim i s set at Ajvî , r a d i a t i o n of wave-length ^NO^Ib f a l l i n g 
on the thermopile s l i t of the spectrometer. I f the prism 
temperature i s r a i s e d t o 9̂  the r a d i a t i o n f a l l i n g on the 
thermopile s l i t w i l l be '̂/v̂ oWhen the wave-length drum s e t t i n g 

i s ^{^dl and s i m i l a r l y , a 
difference w i l l be noticed 
at other wave-lengths: f o r 
a dr\im s e t t i n g of , the 
wave-length t r a n s m i t t e d by 
the thermopile s l i t w i l l 
be . 
Thus, from a consideration 
of the f i g u r e , i t w i l l be 
seen t h a t the e r r o r at ^iv^. 

W i n be: AX- ft'. = = if^)^e = •iCSX..-C"^k.''^ ' 

and s i m i l a r l y f o r other wave-lengths. 
The e r r o r has been evaluated f o r a series of wave­

lengths i n the i n f r a - r e d , and the r e s u l t s are given i n column 
22 of the c a l i b r a t i o n t a b l e s . I t w i l l be seen t h a t the e r r o r 
reaches a maximum value i n the region between 2.0/c- 3.0^, 

i | SEMI- DeviATioN 
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where the dispersion of rock s a l t i s small. A graph of 
these r e s u l t s has been drawn w i t h the c a l i b r a t i o n curves, 
and i s c a l l e d " C a l i b r a t i o n temperature c o r r e c t i o n . " 

The e r r o r s due t o prism temperature f l u c t u a t i o n s may 
therefore be summed up as f o l l o w s : -
(a) "Wave-length temperature c o r r e c t i o n " or "Rotation 

temperature c o r r e c t i o n " which becomes very noticeable 
beyond 8.0/x . 

(b) " C a l i b r a t i o n temperature c o r r e c t i o n "̂  due t o the 
Wadsworth m i r r o r being set at d i f f e r e n t temperature 
from t h a t at which the f i n a l observations are taken. 
This e r r o r has i t s greatest e f f e c t i n the near i n f r a ­
red regions. 

T I I . S l i t Width of the Spectrometer. 

The r e s o l v i n g power of the spectroscope depends upon 
the range of wave-lengths included i n the thermopile s l i t , 
measured by the drum s e t t i n g on the spectrometer. To f i n d 
the "width," the c o l l i m a t i n g s l i t of the spectrometer was 
closed t o 2/1000" and i l l u m i n a t e d w i t h sodium l i g h t . The 
thermopile s l i t was then opened t o 10/1000", and the r o t a ­
t i o n of the prism t a b l e which was necessary t o cause the 
image of the c o l l i m a t o r s l i t t o traverse the width of the 
e x i t s l i t was measured. From the c a l i b r a t i o n curve, the 
difference i n wave-length corresponding t o t h i s r o t a t i o n of 
the prism t a b l e was evaluated f o r several p o s i t i o n s through­
out the spectrum. This gave the "equivalent width" of the 
thermopile s l i t . Such values were p l o t t e d on a graph t o 
show the r e l a t i o n between s l i t - w i d t h and wave-length drum 
reading. F i g . 47; the graph shewed a maximum value f o r the 
" s l i t w i d th" at about 2 . 8 f t , corresponding to the poi n t 
where the curvature of the "semi-deviation drum reading" 
graph changes sign. Column 18 i n the c a l i b r a t i o n t a b l e s 
gives these values of the " s l i t w i dth." 

For most work the thermopile s l i t and c o l l i m a t o r 
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s l i t were opened t o the same extent; occasionally, t o obtain 
a greater amount of energy f a l l i n g on the thermopile, the 
entrance s l i t was opened up - "but never wider than twice 
the w idth of the thermopile s l i t . 

V I I I . The remainder of t h i s chapter deals w i t h the 
experimental work c a r r i e d out t o check the c a l i b r a t i o n out­
l i n e d i n the previous paragraphs,a. also, the e f f e c t s of v a r i ­
ations i n prism temperature on t h i s c a l i b r a t i o n . 

IX. The f i r s t experimental check on the c a l i b r a ­
t i o n was th a t used by many previous i n v e s t i g a t o r s , namely, 
the use of the Emission l i n e i n the mercury arc spectrum at 
1.014^. The Wadsworth M i r r o r was adjusted u n t i l the 
maximum emission from the lamp coincided w i t h a "wave-length 
drum" s e t t i n g of 1.014^, as observed by means of the 
telescope attached to the spectrometer. One of the many 
curves obtained during the course of the work i s given i n 
Fig. 21, which shows the emission as observed when the Wadsworth 
mirror i s c o r r e c t l y adjusted; the corresponding experimental 
observations are given i n Table 11. I t should be noted that 
the e rrors due t o both of the temperature e f f e c t s , and t o the 
f a u l t y c u t t i n g of the "wave-length drum" screw, are a l l small 
i n the region near 1.014/x, so t h a t t h i s l i n e at 1.014/^ i s a 
most su i t a b l e one f o r c a l i b r a t i o n purposes. During the course 
of the work, the s e t t i n g of the Wadsworth Mirror was o f t e n 
checked by t h i s means, so tha t a l l values of wave-lengths 
given i n the f o l l o w i n g pages are determined r e l a t i v e to the 
mercury l i n e at 1.014/^. 
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TABLE I I . 

Observations on the Line i n the Mercury Arc Emission 
Spectrum at 1.0l4a • 
(A f t e r Wadsworth M i r r o r has been c a r e f u l l y adjusted) 

prism Temperature set at 27^0. S l i t s : 5/1000** Entrance. 
Wadsworth set at 27^0. 5/1000" E x i t . 

W. L. 
Drum 
Readg. 

Temp. 
Corr. 

Corr. 
W. L. 

Galvo• 
zero 
cms. 

Galvo. 
throw 
cms. 

Galvo. 
D e f l . 
cms. 

Mean 
De f l . 
cms. 

(A i n ^ ) 

.98 - .98 9.0 
8.9 

15.6 6.6 
6.7 

6.65 

.99 - .99 6.3 
6.5 

14.1 7.8 
7.6 

7.7 

1.00 - 1.00 3.1 
3.1 

12.2 9.1 
9.1 

9.1 

1.01 - 1.01 4.7 
4.6 

14.2 9.5 
9.6 

9.55 

1.02 - 1.02 8.5 
8.2 

17.2 8.7 
9.0 

8.8 

1.03 - 1.03 19.7 
19.5 

26.5 6.8 
7.0 

6.9 

1.04 - 1.04 22.2 
22.1 

28.7 6.5 
6.6 

6.55 

1.05 - 1.05 22.9 
22.8 

29.7 6.8 
6.9 

6.85 

Repeat Observations: 
.96 - .96 32.4 

32.8 
26.1 6.3 

6.7 
6.50 

1.01 - 1.01 20.0 
20 ..3 

10.4 9.6 
9.9 

9.7 

1.02 - 1.02 22.9 
23.4 

14.15 8.75 
9.25 

9.0 

1.03 1.03 25.7 
26.0 

18.8 6.9 
7.2 

7.1 

1.04 - 1.04 28.6 
28.8 

22.4 6.2 
6.4 

6.3 

1.05 - 1.05 31.0 
31.0 

24.1 6.9 
6.9 

6.9 



X. When the mercury arc lajaap was being used some 
tro u b l e was experienced due t o " f l i c k e r i n g " . This caused 
the energy emitted by the lamp t o be unsteady, and the 
f l i c k e r i n g also i n t e r f e r e d w i t h a true and steady d e f l e c t i o n 
being given by the gal variometer. To compensate f o r any 
errors which might a r i s e from t h i s , the absorption bands of 
c a l c i t e were also used as an experimental check on the s e t t i n g 
of the Wadsworth M i r r o r by the mercury arc lamp. 

XI . When i n v e s t i g a t i n g true absorption curves, the 
f o l l o w i n g method was used f o r the actual t a k i n g and record­
ing of observations. A good i l l u s t r a t i o n of the method i s 
probably given oy a consideration of the actual experimental 
i n v e s t i g a t i o n of the absorption bajids of o a l c i t e . Here, a 
c r y s t a l section cut perpendicular t o the opt i c axis and of 
thickness 0.5 cms., was used. The section was placed on the 
metal s l i d e r arrangement previously described (Chap. I , S e c . I I , 
para. X), and observations were recorded i n the f o l l o w i n g 
manner. The Nernst Filament was s t a r t e d , and kept running 
f o r about an hour x i n t i l the temperature conditions had be­
come reasonably steady. The wave-length drum was set at some 
pre-determined p o s i t i o n , and the s e t t i n g noted. The c r y s t a l 
s l i d e r was set up i n i t s appropriate p o s i t i o n P. (Figs. I & I I ) 
and the c r y s t a l s e c t i o n was placed i n the path of the r a d i a ­
t i o n ( P o s i t i o n A). The value of the galvonoraeter zero was 
measured and the shutter on the spectrometer case l i f t e d . 

This allowed the r a d i a t i o n s from the Nernst Filament t o pass 
through the spectrometer and c r y s t a l section ajid f a l l on the 
thermopile; a corresponding d e f l e c t i o n was produced i n the 
galvanometer and t h i s was measured. The f i n a l p o s i t i o n of 
the galvanometer spot was noted, the shutter lowered, and the 
galvanometer spot returned t o zero. This zero p o s i t i o n was 
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read o f f t o allow f o r any "zero d r i f t " . The mean value of 
the galvanometer zero was estimated, and the difference be­
tween t h i s f i g u r e and the greatest reading of the galvano­
meter gave the tr u e galvanometer d e f l e c t i o n corresponding t o 
the energy passing through the specimen. This mean galvano­
meter d e f l e c t i o n i s given i n the tables as "galvanometer 
d e f l e c t i o n A". The c r y s t a l section was removed from the 
path of the r a d i a t i o n , the shutter on the spectrometer case 
was l i f t e d , and the mean galvanometer d e f l e c t i o n was observed 
as before. This d e f l e c t i o n , corresponding t o the energy pass­
ing without absorption t o the thermopile, was c a l l e d 
"galvanometer d e f l e c t i o n B " . The diff e r e n c e between the two 
values i s a measure of the amount of energy absorbed by the 
c r y s t a l , and the r a t i o A / B gives the value of the transmission 
c o e f f i c i e n t of the m a t e r i a l f o r the r a d i a t i o n of the p a r t i c ­
u l a r wave-length xinder consideration- The wave-length drum 
was r o t a t e d s l i g h t l y t o some new p o s i t i o n , the wave-length 
graduation being noted, and the above procedure repeated. I n 
t h i s way a series of values f o r the transmission r a t i o ( A / B ) 

f o r r a d i a t i o n s of d i f f e r e n t wave-lengths was obtained. When 
the values of the transmission r a t i o A / B were p l o t t e d 
against the corrected values of wave-length drum readings on 
a graph, the transmission curves given i n the f o l l o w i n g pages 

were obtained. 
X I I . For the work on gases and l i q u i d s , the absorption 

c e l l s p reviously described (Chap. I,Sect. I , Paragraphs V I I I & 
XI) were used i n place of the c r y s t a l holder. As w i l l be 
understood from the next two chapters of t h i s paper, i t was 
possible t o obt a i n exact compensation between the two empty 
c e l l s used i n such cases. That i s , when the two c e l l s were 
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completely exhausted of e i t h e r gas or l i q u i d , each t r a n s ­
m i t t e d the same amount of energy t o the thermopile. (This 
e f f e c t w i l l be more f u l l y discussed i n Chapters I I I and I V ) . 
The ̂ galvanometer d e f l e c t i o n A " was then the value of the 
d e f l e c t i o n when the c e l l containing the gas or l i q u i d was 
i n the path of the r a d i a t i o n , and the "galvanometer d e f l e c t i o n 
B " was the d e f l e c t i o n obtained when the compensation c e l l 
was i n the path. The transmission r a t i o A/5 was calculated 
i n the same way as f o r s o l i d s . 

X I I I . A few representative r e s u l t s f o r the r a t i o A / B 

f o r d i f f e r e n t wave-lengths f o r a c r y s t a l of c a l c i t e are given 
i n Table I I I . Column I gives the values of the wave-length 
drum readings; Column I I , the values of the corrections t o be 
applied due t o the f a u l t y c u t t i n g of the wave-length drum 
screw, and Ooliimn I I I , the values of the wave-length readings 
so corrected. Column IV gives the mean values of the 
"galvanometer d e f l e c t i o n A", and Column V, the values of the 
"galvanometer d e f l e c t i o n B " , corresponding t o the p o s i t i o n 
when the c r y s t a l i s out of the path of the r a d i a t i o n . The 
transmission power A / B i s given i n Column V I . These values 
are p l o t t e d on a graph i n F i g . 14. Act u a l l y Section I , Table 
I I I , shows the values of the transmission r a t i o f o r various 
wave-lengths obtained w i t h one s e t t i n g of the Wadsworth M i r r o r 
on the spectrometer. The Wadsworth Mi r r o r was given a very 
s l i g h t re-adjustment and the corresponding values of the 
transmission r a t i o A /B at various wave-lengths are given i n 
Section I I , Table I I I . The values f o r another s e t t i n g of the 
Wadsworth M i r r o r are given i n Section I I I , Table I I I . I n 
the a c t u a l diagram of the absorption curves determined under 
these conditions ( F i g . 14), i t w i l l be seen t h a t the 
p o s i t i o n of maximum absorption given by the spectrometer 
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depends on the se t t ing of the Wadsworth Mi r ro r . Thus w i t h 

the f i r s t s e t t ing , Section I , the maximum absorption i s 

given at a wave-length of 3.89/u; the second se t t ing gives 

maximum absorption at 3.94/^; and the t h i r d at 3.90/^. Now 

the wave-lengths of some of the absorption bands of ca lc i t e 

are d e f i n i t e l y known, so by ad jus t ing the Wadsworth Mirror 

u n t i l the values of the wave-lengths f o r maximum absorption 

i n ca lc i te - as observed by the spectrometer* coincide w i t h 

these known pos i t ions , one i s assured that correct values of 

wave-length are being recorded by the spectrometer, provided 

the observations are made at the same prism temperature as 

that at which the Wadsworth Mirror i s set; or, when such 

conditions do not hold, provided that suitable corrections 

are applied to the wave-length observations to compensate 

tor any d i f ference A temperatures. Such compensation to be 

applied according to scheme out l ined ea r l i e r i n t h i s chapter. 

(Chap. I I , Sect. I , Para. V I b ) . The e f f ec t s produced by 

adjust ing the Wadsworth Mirror are quite appreciable, so that 

i t i s absolutely essent ial f o r t h i s adjustment to be carr ied 

out co r rec t ly . Moreover, i t i s very important to note the 

actual prism temperature at which the Wadsworth Mirror i s 

set, 80 that a l l fu tu re observations or wave-length drum set­

t ings may be corrected f o r changes i n temperature of the prism 

Of the three d i f f e r e n t settings described i n t h i s 

paragraph the correct one - corresponding to maximum 

absorption at 3.90 jJ- - was used f o r some of the work carr ied 

out on absorption bands of gases and l i q u i d s . The tempera­

ture of the prism when the Wadsworth Mirror received i t s 

f i n a l adjustment was c a r e f u l l y noted, and a l l fu tu re readings 

of wave-length obtained w i t h t h i s se t t ing were corrected to 

the standard temperature of 18^0. 
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T A B L E I I I . 

OBSERVATIONS on the ABSORPTION SMD3 of OALCITE i n the 
INFRA-RED. SHOWING THE EFFECT of ADJUSTMENT of the 
WADSWORTH MIRROR of the SPECTROMETER on the OBSERVED 
WAVE-LENGTH f o r MAXIMUM ABSORPTION. 

1 . Experimental Readings f o r Sett ing A* Temperature 20.0*^0. 

Entrance S l i t 5/1000" 
Exi t S l i t 5/1000" 

W. L. 
Drum 
Readg. 

W. L . 
Drum 
Error 

Oorr. 
W. L . 

Mean 
D e f l . 

A. 
cms. 

Mean 
D e f l . 

B. 
cms. 

A/B 

Trans. 

3.80 - .001 3.80 3.11 24.25 12.8 

3.84 -.002 3.838 2.43 23.58 10.3 

3.86 -.002 3.858 2.33 23.42 9.9 

3.88 -.003 3.877 2.23 23.13 9.6 

3.90 -.003 3.897 2.20 22.82 9.6 

3.92 - .004 3.916 2.38 22.53 10.5 

3.96 -.005 3.955 3.02 21.86 13.7 

H . Readings f o r Sett ing B Temperature 20.3^0. 
Entrance S l i t 5/1000" 
Exi t S l i t 5/1000" 

3.76 - 3.76 6.46 25.76 25.0 

3.80 - .001 3.80 5.06 25.10 20.1 

3.84 -.002 3.838 3.79 24.40 15.5 

3.86 -.002 3.858 3.14 24.17 12.9 

3.8S -.003 3.877 2.73 23.88 11.4 

3.90 -.003 3.897 2.45 23.44 10.4 

3.92 - .004 3.916 2.22 23.20 9.6 

3.94 - .004 3.936 2.13 22.85 9.3 

3.96 -.005 3.955 2.16 22.60 9.5 

(continued) 



TABLE I I I (continued). 

I I I . Readings f o r aettinp; 0. Temperature 20 .9°0 . 

Entrance S l i t 5/1000" 
Exit S l i t 5/1000" 

Drum 
Headg. 

mf^) 

W. L. 
Drum 
Error 

Oorr. 
W. L . 

Mean 
D e f l . 

A. 
cms. 

Mean 
D e f l . 

B. 
cms. 

A/B 
. 1^ 
Trans. 

3.77 - 3.77 5.53 25.72 21.5 

3.81 - .001 3.81 3.97 25.00 15.8 

3.85 -.002 3.848 2.77 24.25 11.4 

3.87 -.002 3.868 2.42 23.80 10.1 

3.89 -.003 3.887 2.24 23.50 9.5 

3.91 -.003 3*907 2.10 22.92 9 .1 

3,93 -.004 3.926 2.12 22.58 9.3 

3.95 - .004 3.946 2.25 22.32 10.0 

3.99 -.005 3.985 2.78 21.52 12.8 

4.03 -.006 4.024 3.51 20.37 17.2 

4.06 -.007 4.053 3.98 19.19 20.7 

XIV. Some s imi la r observations were made on the 

pos i t ion of i n f l e x i o n i n the emission curves of the Nernst 

Filament, and these are included here as a matter of i n t e r e s t . 

The observations and energy curves show the e f f e c t s produced 

when the Wadsworth Mir ror i s adjusted. The values of the 

galvanometer de f l ec t ions , corresponding to the energy passing 

through the spectrometer s l i t s from the Nernst Filament 

to the thermopile f o r d e f i n i t e sett ings of the spectrometer 

wave-length drum, are given i n Table IV, Column I V . I n f i g u r e 

XV, a graph i s given showing the energy emitted by the 
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Nernst Filament at d e f i n i t e wave-lengths. Curve A shows 

the emission curve f o r one se t t ing of the Wadsworth Mirror -

the actual values being given i n Table IV, Section I . This 

energy curve has minima at 6 . 2 5 ^ , 6.7/^, 7.?2yt^, 7.92yw. and 

1 1 . 9 2 ^ . The Wadsworth Mirror was readjusted s l i g h t l y and 

the emission curve was once more determined. The actual 

values f o r the emission are given i n Section I I Table IV 

and the corresponding emission curve i s given i n curve B, 

f i g . 15. This shows minima at 5 . 9 2 ^ , 6.41ya, 7.63yu, and 

11.8/x- The minimum at 6 .41 / t i s very s l i gh t indeed. A 

t h i r d se t t ing of the Wadsworth Mirror gave an emission curve 

w i t h minima at 6 . 0 3 ^ , 6 . 5 1 ^ , 7.76yU, and 1 1 . 9 ^ . This 

curve i s drawn as curve 0, f i g . 15. 

In general, therefore , when the Wadsworth Mirror i s 

given a s l i gh t adjustment, there appears to be a s h i f t i n 

the pos i t ion of the minima i n the emission curves of the 

Kernst Filament. Moreover, i t should be noticed,that on 

account of the higher dispersion of rock-sal t i n the fu r the r 

i n f r a - r e d , the e f f e c t of adjustment of the Wadsworth Mirror 

(measured i n terms of wave-length) on observed posi t ions of 

the minima i n that region i s not so great as on the minima 

occurring i n the very near i n f r a - r e d . Thus, an inspection 

of the curves i n F i g . XV shows that the adjustment required 

to produce quite a laxge s h i f t i n the pos i t i on of minima 

occurring i n the region of 5.0/UL - 6.0yu., has very l i t t l e 

e f f e c t on the minima occurring i n the region beyond 1 0 . 0 ^ . 

When the adjustments of the Wadsworth Mirror are being made, 

therefore, i t i s f a r be t te r to work on the minima occurring 
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i n the near i n f r a - r e d , where the dispersion of rock sal t i s 

small; f o r i t i s i n t h i s region that a small adjustment of 

the Wadsworth Mirror produces quite an appreciable s h i f t i n 

the posi t ions of the minima. This was one of the chief 

reasons why the absorption bands of ca lc i te at 3.45yw, and 

3 . 9 0 w e r e chosen f o r checking the Wadsworth Mirror se t t ing 

made by means of the emission l i n e at 1.014^ i n the mercury 

arc spectrum; and again, these bands are very sharp and 

pronounced, so that a correct se t t ing of the Wadsworth 

Mirror by t h e i r a id i s easi ly achieved. In a l l the work 

described i n the f o l l o w i n g pages, the Wadsworth Mirror was 

adjusted f i r s t of a l l by means of the mercury arc lamp, and 

t h i s se t t ing was given a check ( f u r t h e r ) against the absorp­

t i o n bands of c a l c i t e . I t was found that when the Wadsworth 

Mirror was cor rec t ly adjusted f o r the ca lc i t e bands between 

3 ^ - 4yu,, other well-known bands f e l l in to l i n e . 

The method of adjustment was therefore as fol lows : -

The Wadsworth Mirror adjustment device was set i n one 

pos i t ion and the pos i t i on of the emission l i n e i n the mercury 

arc spectmm determined. When t h i s pos i t ion d id not coincide 

w i t h 1.014^, the Wadsworth adjustment was reset and the 

emission curve again p l o t t e d . This procedure was repeated 

u n t i l the spectrometer gave the correct value. The same 

method was then applied to the absorption bands of ca lc i t e 

and the Wadsworth was given suitable adjustments u n t i l the 

spectrometer gave the correct values f o r the posi t ions of 

maximum absorption. The se t t ing and the prism temperature 

were both noted, also the f i lament current and voltage i n 

operation during the experiments. 
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T A B L E IV-

Effec t of adjustment of Wadsworth Mirror on the Observed 
Positions of I n f l e x i o n i n the Energy Spectrum (Emission) 
of a Nernst Filament. 

CASE A. 1st Posi t ion of Wadsworth. ^Denotes change of 
s e n s i t i v i t y of 
galvanometer. 

Entrance S l i t lO/lOOO") 
Ex i t S l i t 10/1000") Prism Temp. = 21.2*^C. (through­

out) 
Current f o r f i lament = 0.6 amps @ 87 v o l t s . 

W . L . 
Drum 
Readg. 
(X it)/^) 

W . L . 
Drum 
Error . 

Corr. 
W . L . 

Mean 
Read­
ings 
cms* 

W . L . 
Drum 
Readg. 

W . L . 
Drum 
Error . 

Corr. 
W . L . 

Meaji 
Read­
ings 
cms. 

5.285 + .004 5.289 31.35 6.2 + .021 6.221 6.95 

5.372 + .00? 5.379 29.8 6.30 + .018 6.318 7.6 

5.48 + .010 5.49 26.27 6.41 + .014 6.424 7.75 

5.60 + .013 5.613 22.9 6.50 + .011 6.511 7.95 

5.72 + .017 5.737 18.4 6.60 + .007 6.607 7.9 

5.85 + .020 5.87 13.70 6.7 + .004 6.704 7.62 

5.97 + .022 5.992 9.7 6.75 + .002 6.752 7.85 

6.10 + .022 6.122 7.0 6.86 -.0003 6.86 7.9 

6.96 * -.002 6.958 16.8 7.69 + .009 7.699 10.5 

7.04 -.003 7.037 16.65 7.71 + .010 7.72 9.5 

7.10 -.003 7.097 16.0 7.72 + .010 7.73 9.6 

7.20 - .001 7.199 15.45 7.75 +.0100 7.76 9.42 

7.30 + .001 7.301 14.4 7.80 +.0113 7.811 8.75 

7.4 + .003 7.403 13.65 7.85 +.0114 7.861 7.1 

7.5 + .005 7.505 13.27 7.9 +.0115 7.912 6.9 

7.6 + .008 7.608 11.9 7.95 +.0109 7.961 7.25 

7.64 + .008 7.648 11.35 8.0 +.0104 8.010 8.35 

7.68 + .008 7.688 10.5 8.05 +.0096 8.060 9.65 

(Continued) 
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TABLE IV (continued) 
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W. L. 
Drum 
Readg. 
Cx \^ f^) 

W. L . 
Drum 
Error . 
CK in / ^ ) 

Corr. 
W. L . 

Mean 
Read­
ings 
cms. 

W. L . 
Drum 
Readg. 

W. L. 
Drum 
Error . 

Oorr. 
W. L . 

Mean 
Read­
ings 
cms. 

8.10 +.0088 8.109 10.85 8.40 +.0060 8.406 12.45 

8.205 + .0070 8.212 11.85 8.50 +.0057 8.506 11.95 

8.30 +.0065 8.307 12.25 

9.9* +.0081 9.908 10.05 11.4 +.0089 11.409 9.30 

10.0 +.0076 10.008 10.15 11.50 +.0091 11.509 7.77 

10.1 +.0077 10.108 11.0 11.60 +.0084 11.608 6.42 

10.2 +.0083 10.208 12.70 11.7 +.0075 11.708 5.85 

10.30 +.0091 10.309 14.80 11.8 +.0064 11.806 5.25 

10.40 +.0100 10.410 16.95 11.9 +.0057 11.906 5.00 

10.5 +.0106 10.510 17.85 11.95 +.0053 11.955 5.00 

10.6 +.0109 10.611 17.95 12.0 +.0053 12.005 5.10 

10.7 +.0105 10.711 17.6 12.1 +.0054 12.105 5.65 

10.8 +.0100 10.810 17.05 12.2 +.0057 12.206 6.55 

10.9 +.0088 10.909 16.07 12.3 +.0061 12.306 7.55 

11.0 +.00V7 11.008 15.05 12.4 +.0066 12.407 8.95 

11.1 + .007 11.107 13.8 12.5 +.0072 12.507 9.35 

11.2 + .007 11.207 12.7 12.602 +.0074 12.609 9.95 

11.3 + .008 11.308 11.1 
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TABLE IV (continued). 

CASE B. 2nd Posi t ion of Wadsworth M i r r o r . 

S l i t s : Entrance 10/1000" 
Exi t 10/1000" 

Prism Temperature 20.a'^C. (throughout) 

Filament current 0.6 Amps. @ 89 Vol t s . 

W. L. 
Drum 
Readg. 

W. L . 
Drum 
Error 

Corr. 
W. L . 

Mean 
Readgs. 

cms. 

W. L. 
Dr\am 

Reacjg. 

W. L. 
Drum 
Error . 

Corr. 
W.L. 

Mean 
ReadgB 

cms-

5.2 + .001 5.201 21.35 5.9 + .021 5.921 6.0 

5.3 + .004 5.304 18.3 6.0 + .022 6.022 6.45 

5.4 + .008 5.408 15.3 6.1 + .022 6.122 7.0 

5.5 + .011 5.511 12.4 6.2 + .021 6.221 7.3 

5.6 + .013 5.613 8.5 6.3 + .018 6.318 6.8 

5.7 + .016 5.716 7.05 6.4 + .014 6.414 6.6 

5.8 + .018 5.818 6.25 6.5 + .011 6.511 6.8 

7.0* -.003 6.997 15.0 7.65 +.0081 7.658 7.0 

7.1 -.003 7.097 14.1 7.75 +.0105 7.751 8.0 

7.2 -.001 7.199 13.51 7.85 +.0114 7.861 9.6 

7.3 + .001 7.299 12.70 8.0 +.0104 8.010 12.0 

7.4 +.0032 7.403 11.25 8.1 +.0088 8.109 12.5 

7.5 +.0053 7.505 9.7 8.2 +.0073 8.207 12.3 

7.6 +.0075 7.608 7.0 8.3 +.0065 8.307 11.8 

10.75* +.0102 10.760 15.5 11.3 + .008 11.308 8.68 

10.8 +.0100 10.810 15.0 11.4 +.0089 11.409 7.25 

10.9 +.0088 10.909 14.2 11.5 +.0091 11.509 5.75 

11.0 +.0077 11.008 13.1 11.6 +.0084 11.608 4.81 

11.1 + .007 11.107 11.8 11.7 + .0075 11.708 4.31 

11.2 + .007 11.207 10.51 11.8 +.0064 11.806 4.0 

(continued) 
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TABLE lY (cont inued) 

CASE 0. 3rd Posi t ion of Wadsworth M i r r o r . 

Entrance S l i t 10/1000" ) 
Exi t S l i t 10/1000" ) 

Prism Temperature 21.1°G. 

Filament Current 0.6 Amps, at 88.0 Vol t s . 

W. L. 
Drum 
Readg. 

W . L . 
Drum 
Error . 
(, \ in ) 

Qorr. 
W. L . 

Mean 
Readgs. 

cms. 

W . L . 
Driim 
Readg. 

W . L. 
Drum 
Error 

Corr. 
W . L. 

tX > ' n / U . ) 

Mean 
Readgs. 

5.3 .004 5.304 25.6 6.10 .022 6.122 9.01 
5.4 .008 5.408 22.61 6.2 .021 6.221 9.7 

5.5 .011 5.511 19.0 6.3 .018 6.318 9.4 

5.6 .013 5.613 16.41 6.4 .014 6.414 9.29 

5.75 .016 5.766 11.31 6.5 .011 6.511 9.25 

5.90 .021 5.921 9.2 6.6 .007 6.607 9.50 

6.00 .022 6.022 8.5 6.7 .004 6.704 10.20 

7.6 * .0075 7.608 12.61 8.0 .0104 8.010 16.65 

7.7 .009 7 7.710 10.8 8.1 .0088 8.109 17.0 

7.75 .0105 7.761 10.25 8.2 .0073 8.207 16.61 

7.80 .0113 7.811 11.01 8.3 .0065 8.307 15.50 

7.90 .0115 7.912 13.5 

10.6 * .0109 10.611 18.70 11.5 .0091 11.509 8.2 

10.7 .0105 10.710 18.20 11.6 .0084 11.608 7.0 

10.8 .010 10.810 17.8 11.7 .0075 11.708 6.51 

10.9 .0088 10.909 16.4 11.8 .0064 11.806 6.11 

11.0 .0077 11.008 15.41 11.9 .0057 11.906 6.01 

11.1 .007 11.107 14.1 12.0 .0053 12.005 6.25 

11.3 .007 11.207 13.0 12.1 .0054 12.105 7.1 

11.3 .008 11.308 11.30 12.2 .0057 12.206 8.1 

11.4 .0089 11.409 9.6 12.25 .0059 12.256 8.70 



51 

XV. The e f f e c t s of temperature on the ca l ib ra t ion of 

the spectrometer were now considered. Af te r the Wadsworth 

Mirror had been cor rec t ly adjusted, some experiments were 

t r i e d w i t h N i t r i c Oxide gas i n one of the gas absorption 

tubes, and i t soon became evident that the pos i t ion of 

maximum absorption, as given by the spectrometer, depended 

upon the prism temperature. We have seen how t h i s r e l a t i o n ­

ship oan be t heo re t i c a l l y explained (Chap. I I , Section I , 

Para. I I I ) . I t remained f o r us to demonstrate that t h i s 

theore t ica l treatment was t rue . Observations were made on 

the absorption bands of ca lc i t e w i t h the prism at d i f f e r e n t 

temperatures. In the case c i t e d i n t h i s paragraph the 

fo l lowing prism temperatures were used: 18.95°C, 19.8*^0, 

and 2C.1*^C, and the absorption bands of ca lc i t e between 3.0/^ 

and 4.0 yu. were under inves t iga t ion f o r the t e s t . The actual 

values f o r the transmission r a t i o are given i n Table V, 

Column V I I ; and the wave-length dnim readings i n Column I ; 

the wave-length drum error i n Column I I ; and the wave-length 

drum readings corrected to a standard temperature i n Column IV . 

Column V gives the galvanometer def lec t ion corresponding to 

the energy t ransmit ted by the c r y s t a l , and Column V I , the 

def lec t ion corresponding to the amount of energy passing to 

the thermopile without loss by absorption. I n F ig . XVI, a 

graph has been drawn f o r the three cases, showing the r e l a ­

t ionship between values of the transmission r a t i o and the 

actual corrected values of the wave-length drum set t ings . 

The three resul tant absorption curves d i f f e r considerably, 

but when correct ions are applied f o r differences i n prism 

temperature (so as to correct the wave-length drum readings 
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to one standard temperature, 18^C) the three curves coincide. 

This d e f i n i t e l y proves the e f f i c i e n c y of the correct ion 

factors which were deduced by the theore t ica l methods out­

l ined i n Chap. I I , Section I , Para. V I . Further tests were 

made to i l l u s t r a t e the e f f e c t s produced by var ia t ions i n 

prism temperature. 
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T A B L E V. 

Ef fec t of var ia t ions i n temperature of the Prism on 
the observed wave-lengths of maximum absorption f o r 
Calc i te . due to a change of the r e f r ac t ive index o f 
prism mater ia l . 
CASE 1 . Prism Temperature 18-95^0. 

Wadsworth set at 20.90^C. 
Entrance S l i t 
Exi t S l i t 

5/1000** 

W. L . 
Drum 
Readg. 

W. L . 
Drum 
Er ro r . 

Temp. 
Corr. 

Corr. 
W. L . 

Mean 
D e f l . 

A. 
cms. 

Mean 
D e f l . 
B. 

cms. 

A/B 
5̂  

3.80 -.0008 .0244 3.823 3.95 30.21 13.0 
3.84 -.0015 .0241 3.862 3.11 29.46 10.5 
3.88 -.0028 • 0238 3.901 2.65 28.72 9.2 

3.90 -.0034 .0236 3.921 2.64 28.40 9.2 

3.92 -.0039 .0235 3.940 2.75 27.91 9.8 

3.96 -.0049 .0234 3.978 3.41 26.85 12.7 

4.00 -.0059 .0232 4.017 4.33 25.5 16.9 

I I . 
Temperature of Prism 19 .8°0 . 
Wadsworth Mir ror set at 20.9*^0. 

Entrance S l i t 5/lOOC 
Exi t S l i t 5/lOOC 

3.86 -.0018 .0135 3.868 2.82 28.28 9.9 

3.88 -.0028 .0134 3.890 2.65 27.87 9.5 

3.90 -.0034 .0133 3.910 2.35 27,53 8.5 

3.92 -.0039 .0133 3.929 2.57 27.20 9.2 

3.94 -.0044 .0133 3.949 2.75 26.84 10.2 

4.00 -.0059 .0131 4.007 3.88 24.9 15.5 

3.80 -.0008 .0157 3.813 4.14 29.44 13.9 

3.84 -.0015 .0136 3.852 3.10 28.65 10.8 
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CASE I I I . Temperature of Prism 20.1^C. 
Wadsworth Mirror set at 20.9^0. 

Entrance S l i t 5/1000" 
Exi t S l i t 5/1000" 

W. L . 
Drum 
Readg. 

W. L. 
Drum 
Error . 
l^ m ^ ) 

Temp. 
Corr. 

Gorr. 
W. L. 

(A m ^ ) 

Mean 
D e f l . 

A. 
cms. 

Mean 
D e f l . 
B. 

cms. 

A/B 
% 

3.30 .0113 .0109 3.322 7.42 33.39 22.2 
3.32 .0108 .0109 3.342 6.81 32.83 20.7 

3.34 .0103 .0109 3.361 6.17 32.28 19.1 

3.36 .0098 .0109 3.381 5.80 31.92 18.1 

3.38 .0093 .0109 3.400 5.55 31.36 17.6 

3.40 .0089 .0108 3.420 5.51 31.21 17.6 

3.42 .0084 .0108 3.349 5.77 30.80 18.7 

3.44 .0079 .0107 3.349 6.20 30.70 20.1 

3.46 .0074 .0106 3.477 6.92 30.50 22.6 

3.50 .0064 .0105 3.516 8.16 29.98 27.2 

3.56 .0060 .0105 3.576 10.07 29.47 34.1 

3.60 .0041 .0104 3.614 10.56 28.75 36.7 

3.66 .0026 .0103 3.673 9.66 27.72 34.8 

3.70 .0017 .0102 3.712 8.20 26.85 30.5 

3.76 .0005 .0101 3.770 5.53 25.72 21.5 

3.80 -.0008 .0100 3.809 3.97 25.00 15.8 

3.84 -.0015 .0099 3.848 2.77 24.25 11.4 

3.86 -.0028 .0098 3.867 2.42 23.80 10.1 

3.88 -.0028 .0098 3.887 2.24 23.50 9.5 

3.90 -.0034 .0097 3.907 2.10 22.92 9.1 

3.92 -.0039 .0097 3.926 2.12 22.58 9.3 
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XVI. I n tables VI are some resul ts showing the e f f e c t s 

observed on the absorption band of ca lc i te at 4.60yU when 

the prism temperature of the rock-sal t prism was varied. 

F i g . 17 gives the corresponding absorption curves. Correc­

t ions (corresponding to the d i f ference between the prism 

temperature and the standard temperature of 18^C) were applied 

to the wave-length drum readings, and the corrected absorp­

t i o n curves were r e -p lo t t ed to show the re la t ionship between 

the transmission r a t i o and the true value of the wave-length 

set t ings. The corrected values a l l f a l l on the same absorp­

t i o n curve, once more demonstrating the accuracy of the 

reca l ib ra t ion and correct ing fac tors of the spectrometer. 

Actually the prism was kept at two d i f f e r e n t temperatures 

during the experiments: Case I , Prism Temperature 20.2^0., 

and Case I I , Prism Temperature 20.3^0. 

T A B L E V I . 

Two sets of Observations on the Absorption Band of Calcite 
Crystal at 4 . 6 ^ t showing discrepancies, and the corrections 
to be applied f o r differences i n temperature of the Prism. 

CASE I . Wadsworth Mirror set at 20 
Prism Temperature 20 

9^0. 
2^0. 

Entrance S l i t 5/1000" 
Exit S l i t 5/1000" 

W . L. 
Drum 
Readg. 

(X in 

W. L . 
Drum 
Error . 

Temp. 
Corr. 

Corr. 
W. L . 

Mean 
D e f l . 

A. 
cms. 

Mean 
D e f l . 

B. 
cms. 

4.46 
——-^f—*— 

- .0161 .007 4.451 7.75 15.97 48.5 

4.50 -.0163 .007 4.491 7.13 16.13 44.2 

4.54 -.0163 .007 4.531 6.53 16.03 40.7 

4.56 -.0163 .007 4.551 6.24 16.10 38-7 

4.58 -.0163 .007 4.571 6.07 16.10 37.7 

4.60 -.0163 .007 4.591 5.95 16.01 37.1 

4.64 - .0161 .007 4.631 6.26 15.93 39.2 

4.60 -.0163 .007 4.591 5.92 15.97 57.0 
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TABLE VI (continued). 

CASE I I . Wadsworth Mir ror set at 20.9^0. 
Prism Temperature 20.3^0. 
Entrance S l i t 5/1000" 
Exi t S l i t 5/1000" 

W. L. 
Drum 
Readg* 

W. L . 
Drum 
Er ror . 

(X (t̂  ^ ) 

Temp. 
Oorr. 

{h in jLA.) 

Corr. 
W. L . 

Mean 
D e f l . 

A. 
cms. 

Mean 
D e f l . 

B. 
cms. 

A/B 
% 

4.48 -.0162 .006 4.470 7.36 16.07 45.7 

4.52 -.0163 .006 4.510 6.7 16.15 41.4 

4.54 -.0163 .006 4.530 6.41 16.10 39.8 

4.56 -.0163 .006 4.550 6.15 16.04 38.3 

4.58 -.0163 .006 4.570 6.00 16.03 37.4 

4.60 -.0163 .006 4.590 5.93 16.03 36.99 

4.62 — .0162 .006 4.610 6.04 16.0 37.7 

4.64 - .0161 .006 4.630 6.23 15.93 39.1 

4.68 -.0158 .006 4.670 7.05 15.81 44.5 

4.70 -.0155 .006 4.690 7.42 15.72 47.2 

X V I I . More experimental resul ts on the absorption 

by ca lc i te i n the r e g i o n 3.0/U - 4 . 0 ^ , taken w i t h the 

prism at d i f f e r e n t temperatures, are given i n Table V I I . The 

prism temperatures were : - 20.4*^0., 20 .9°C- , 18.0^0., 17.5*^0., 

w i t h the Wadsworth Mirror set at 19.5^C. The corresponding 

absorption curves are drawn i n F i g . 18. The uncorrected 

curves are a l l d i f f e r e n t , but when the corrections are applied 

f o r prism temperature d i f fe rences , a l l the absorption curves 

f a l l on one common curve. These curves f u l l y i l l u s t r a t e the 

e f fec t s of app l i ca t ion of the temperature corrections to 

observed resu l t s of the wave-length drum se t t ings . Thus, f o r a 
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prism temperature of 20-4^0, the wave-length f o r maximum 

absorption ac tua l ly given by the uncorrected spectrometer 

readings was 3 . 9 4 ^ ; f o r a prism temperature of 20.9^0 the 

wave-length was 3 .92 /^; f o r a prism temperature of 

18.0°C, the value was 3.88yu; and f o r a temperature of 

1 7 . 5 ° 0 , the value was 3 . 8 6 / x . These discrepancies a l l 

disappeared when the corrections f o r temperature were 

applied, and the t rue wave-length f o r majcimum absorption 

was found to be 3 .90yW.. For Case IV, D, there i s an 

apparent discrepancy between the values of the transmission 

r a t i o A/B and the values of the same r a t i o i n cases I , I I 

and I I I . This d i f fe rence was due to the c rys ta l section 

becoming s l i g h t l y displaced from i t s true pos i t i on . I n 

i t s new pos i t i on (Case IV) i t was not accurately at r igh t 

angles to the path of the r ad i a t i on . This had the e f f e c t 

of a l t e r i n g the e f f e c t i v e thickness of the c rys t a l section. 

I t should be not iced that the corrected wave-length f o r 

maximum absorption was the same f o r Case IV as f o r Cases 

I , I I and I I I . 



' T A B L E V I I . 

Further observations to show the eff e c t of 
ohanp:e of Temperature of the Prism on the 
Apparent Wave-length for majcimum Absorption 
in C a l c i t e . 

I . CASE A. Wadsworth Mirror set at 19.5*^0. 
Prism Temperature 20.4'-*C. 
Entrance S l i t lO/lOOO". 
E x i t S l i t 10/1000". 

W. L. 
Drum 
Readg. 
(A "1 

W. L. 
Drum 
E r r o r . 

Temp. 
Corr. 

(A 

Corr. 
W. L. 

Mean 
Defl. 
A. 

cms. 

Mean 
Defl. 
B . 

cms. 

A/B 

3.70 .0017 .0114 3.691 6.46 26.02 24.8 

3.75 .0005 .0114 3.739 5.52 25.15 21.9 

3.80 -.0008 .0112 3.788 4.57 24.17 18.9 

3.85 -.0015 .0110 3.837 3.82 23.28 16.4 

3.90 -.0034 .0109 3.886 3.33 22.16 15.0 

3.95 -.0046 .0108 3.934 3.16 21.01 15.0 

4.00 -.0059 .0107 3.983 3.38 19.37 17.4 

4.05 -.0070 .0106 4.032 3.76 17.82 21.0 

4.10 -.0084 .0105 4.081 4.30 16.22 26.5 

Wadsworth Mirror set at 19.5^0. 
Prism Temperature 20.9^0. 

I I . CASE B. 
Entrance S l i t lo/lOOO". 
E x i t S l i t 10/1000". 

3.25 .0126 .0193 3.243 11.56 33.96 34.3 

3.30 .0113 .0192 3.292 10.0 32.95 30.3 

3.35 .0100 .0190 3.341 8.64 31.74 27.2 

3.40 .0089 .0189 3.390 7.84 30.55 25.6 

3.45 .0080 .0187 3.439 7.50 29.65 25.2 

3.50 .0064 .0185 3.487 7.55 28.77 26.2 

3.55 .0052 .0184 3.536 7.74 28.10 27.5 

3.60 .0041 .0182 3 . 5 8 5 7.67 27.35 28.0 

3.65 .0028 .0180 3.635 7.34 26.67 27.5 



TABLE 711 (cont inued) 

I I . Case B (ctd.) 

W. L. 
Drum 
Readg. 
(K in /^) 

W. L. 
Drum 
E r r o r . 

Temp. 
Oorr. 

Oorr. 
W. L . 

(A m ym-J 

Mean 
Defl. 
A. 

cms. 

Mean 
Defl. 
B. 
cms. 

A/B 

3,70 .0017 .0178 3.684 6.54 25.75 25.3 

3.75 .0005 .0177 3.732 5.60 25.04 22.3 

3.80 .0008 .0175 3.781 4.57 24.35 18.8 

3.85 .0020 .0172 3.830 3.83 23.27 16.4 

3.90 .0034 .0169 3.880 3.22 22.28 14.4 

3.95 • 0045 .0168 3.929 3.04 21.02 14.4 

4.00 .0059 .0166 3.976 3.20 19.68 16.2 

4.05 .0070 .0165 4.026 3.55 17.71 20.0 

I I I . CASE G. 

Wadsworth Mirror set at 19.5*^0. 
Prism Temperature 18.0*^0. 

Entrance S l i t lO/lOOO". 
E x i t S l i t 10/1000". 

3.75 .0005 .0188 3.768 4.68 23.82 19.6 

3.80 -.0008 .0187 3.817 3.98 23.05 17.2 

3.85 -.0020 .0184 3.866 3.28 22.14 14.8 

3.90 -.0034 .0181 3.915 3.07 20.38 15.0 

3.95 -.0045 .0180 3.964 3.17 19.08 16.6 

4.00 -.0059 .0178 4.012 3.50 17.54 19.9 
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IV. CASE D. 

TABLE V I I (continued) 

Wadsworth set at 19.5°C 
Prisra Temperature 17.5 C. 
Entrance S l i t lO/lOOO" 
E x i t S l i t 10/1000" 

W. L. 
Drum 
Readg. 

W. h. 
Drum 
E r r o r . 

Temp. 
Corr. 

Gorr-
W. L. 

Mean 
Defl. 
A. 

cms. 

Mean 
Defl. 
B. 

cms. 

A/B 
% 

3.25 • 0126 .0274 3.290 9.34 30.49 30.6 

3.30 .0113 .0274 3.338 8.4 29.52 28.4 

3.35 .0100 .0272 3.387 7.53 27.59 27.2 

3.40 .0089 .0270 3.436 7.39 27.03 27.3 

3.45 .0080 .0267 3.485 7.36 26.39 27.8 

3.50 .0064 .0264 3.532 7.35 25.47 28.8 

3.55 .0052 .0262 3.581 7.19 24.86 28.9 

3.60 .0041 .0260 3.630 6.67 24.26 27.4 

3.65 .0028 .0257 3.679 5.92 23.22 25.4 

3.70 .0017 .0254 3.727 5.10 22.59 22.5 

3.75 .0005 .0252 3.775 4.28 21.94 19.5 

3.80 -.0008 .0250 3.824 3.56 21.11 16.8 

3.85 -.0020 .0246 3.873 3.17 20.40 15.5 

3.90 -.0034 .0242 3.921 3.06 19.32 15.8 

3.95 -.0045 .0240 3.970 3.26 18.18 17.9 

4.00 -.0059 .0238 4.018 3.62 16.80 21.5 

4.05 -.007 .0236 4.067 4.08 15.44 26.4 

4.10 -.0084 .0234 4.115 4.66 14.38 32.4 

4.15 -.0095 .0232 4.164 5.25 13.55 38.7 
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X V I I . I n Table V I I I , some values are given for the 
transmission r a t i o obtained f o r a gas observation tube, 
f i l l e d with n i t r i c oxide gas, compared with an evacuated gas 
observation tube. The prism temperature was kept constant 
throughout the experiments. I t w i l l be seen that the wave­
length for maximum absorption was the saine for both 
experimental determinations. This reveals that the read­
ings given by the spectrometer depend on the prism tempera-
txire, and once more the need for taking accurate measure­
ments of the prism temperature must be stressed. The 
corresponding absorption curves are drawn i n figure 19. 
They show that maximum absorption occurs at 5.28/^. 

T A B L E V I I I . 

Observations on the Absorption Band of N i t r i c Oxide 
at 5.28 M- showing readings are consistent when 
temperature of Prism i s kept constant^ 

Monochromatic Method. 
PAQir T. Wadsworth Mirror set @ 20.8^0. Entrance S l i t lO/lOOO" 

^' Prism Temperature 20-7^0. E x i t S l i t 10/1000" 20-7^C. E x i t S l i t 

W. L. 
Drum 
Readg* 
(A fn \ 

W. L. 
Drum 
E r r o r . 

Temp. 
Oorr. 

Corr. 
W. L. 

Mean 
Defl. 
A. 

cms. 

Mean 
Defl. 
B. 

cms. 

A/B 

"f "• ' • 

5.002 -.005 4.997 6.2 16.42 37.8 

5.02 -.0047 - 5-015 5.8 16-2 55.8 

5.04 -.0039 - 5.036 5.2 16.1 32.2 

5.06 -.0030 - 5.057 4.67 16.02 29.1 

5.08 -.0022 - 5.078 4.07 15.75 25.84 

5.10 -.0012 - 5.099 3.55 15.62 22.70 

5.12 -.0007 - 5.119 2.98 15.53 19.20 

5.142 -.0002 - 5.142 2.50 15.30 16.33 

5.16 .0003 - 5.16 2.10 15.12 13.88 

(continued) 



TABLE V I I I (continued ) 

CASE I (ctd.) 

65, 

W. L. 
Drxim 
Readg. 
(K en 

W. L. 
Drum 
E r r o r . 

[K 110 /~̂ ) 

Temp. 
Oorr, 

Oorr. 
W. L. 

Mean 
Defl. 
A. 

cms. 

Mean 
Defl. 
B. 
cms. 

A/B 

5.18 .0008 - 5.181 1.70 14.9 11.40 
5.20 .0012 - 5.201 1.42 14.77 9.61 
5.22 .0018 - 5.222 1.12 14.55 7.69 
5.24 .0024 - 5.242 .95 14.35 6.62 

5.262 .0030 - 5.265 .90 14.05 6.40 

5.28 • 0036 - 5.284 .79 13.95 5.66 

5.30 .0044 - 5.304 .81 13.72 5.90 

5.321 .0050 - 5.326 .79 13.46 5.86 

5.34 .0057 - 5.346 .92 13.25 6.94 

CASE I I . The above observations were repeated \mder 
i d e n t i c a l conditions. 

5.0 -.0055 - 4.995 6.30 16.47 38.2 

5.02 -.0047 - 5.015 5.75 16.32 35.2 

5.04 -.0039 - 5.036 5.30 16.20 32.7 

5.06 -.0030 - 5.057 4.72 16.03 29.4 

5.08 -.0022 - 5-078 4.12 15.86 25.97 

5.104 -.0012 - 5.103 3.42 15.65 21.8 

5.120 -.0007 - 5.119 3.11 15.57 19.9 

5.141 -.0002 - 5.141 2.54 15.47 16.41 

5.16 .0003 - 5.160 2.06 15.26 13.49 

5.181 .0008 - 5.182 1.72 15.11 11.30 

5.20 .0012 - 5.201 1.40 14.88 9.40 

5.22 .0018 - 5.222 1.20 14.66 8.18 

5.24 .0024 - 5.242 .97 14.45 6.71 

(continued) 
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TABLE V I I I (continued) 
Case I I (ctd.) 

W. L. 
Drum 
Readg. 
(A y-̂ ) 

W. L. 
Drum 
E r r o r 

in 

Temp. 
Oorr. 

(X m ^ ) 

Corr. 
W. L. 

in 1^) 

Mean 
Defl. 
A. 

cms. 

Mean 
Defl. 
B . 

cms. 

A/B 
% 

5.26 .0030 — 5.263 .92 14.32 6.42 
5.28 .0036 - 5.284 .85 14.12 6.01 
5.30 .0044 - 5.304 .80 13.82 5.80 
5.32 .0050 - 5.325 .88 13.62 6.46 
5.34 .0057 - 5.346 .91 13.43 6.77 
5.36 .0064 - 5.366 1.03 13.21 7.79 

5.40 .0080 - 5.408 1.32 12.71 10.40 

XIX. F i n a l l y , i n Table IX are some further observations 

on the absorption by c a l c i t e i n the region 3.0y*^- 4.0yu , 

measured with the prism at d i f f e r e n t temperatures. Four 

cases are given, the temperatures being: 21.3^C; 20.3*^C; 

20.1^0; and 19.2°C, the Wadsworth Mirror being set at 22.9°G. 

When the four uncorrected curves were plotted ( F i g . 20) 

serious discrepancies were noticed. The corrections f or 

differences in/temperature were applied to readings of the 

wave-length drum, and the corrected values were plotted 

against the corresponding values of the transmission r a t i o , 

A/B. I t w i l l be seen that the corrected values a l l f a l l on 

the same smooth curve. These corrected curves are plotted 

i n the same diagram as the uncorrected ones ( F i g . 20), and the 

ef f e c t i v e n e s s of the temperature corrections i s c l e a r l y 

demonstrated. 

The conditions for t h i s set of experiments are s l i g h t l y 

d i f f e r e n t from those quoted i n Chap. I I , Sect. I , Para XV, and 

Para X V I I . I n the l a t t e r cases, the prism temperatures were 



a l l d i f f e r e n t , but the Wadsworth Mirror was set at 20.9^0 

and 19.5°0 r e s p e c t i v e l y , instead of 22.9^0 as i n the case 

given above. The same correction p r i n c i p l e applies, 

however, and when the corrections f o r differences i n pxism 

temperature are applied they are quite e f f e c t i v e . The 

temperature c o r r e c t i o n s are therefore independent of the 

temperature at which the Wadsworth Mirror i s s e t . Again, 

i n Para. XV and Para XVII, the apparatus was set up as i n 

F i g . I I , whereas i n the case of the r e s u l t s described i n 

t h i s paragraph, the apparatus was used as i n F i g . I , i . e . , 

as a monochromator. The temperature corrections are 

therefore a function of the spectrometer only, for they 

are independent of the p o s i t i o n occupied by the spectro­

meter in the general arrangement of the apparatus. 

T A B L E I X . 

An independent set of observations to show the 
e f f e c t of temperature on the observed wave-length 
for maximum absorption. " The spectrometer was 
used i n t h i s case as a monochromator. 

CASE I : Prism Temperature 21.3^C. Entrance S l i t 5/1000". 
Wadsworth Mirror set @ 22.9^0. E x i t S l i t 5/1000". 

W. L. 
Drum 
Readg. 

W. L. 
Drum 
E r r o r . 

Temp. 
Oorr. 

Corr. 
W. L. 

(\ \y\ 

Mean 
Defl. 
A. 

cms. 

Mean 
Defl. 
B. 
cms. 

A/B 
> 

3.80 
— J L L — — , ^ -

-.0008 
— * ' — • • — 

.0212 3.820 3.4 21.27 15.9 

3.84 -.0015 .0210 3.859 2.35 20.62 11.3 

3.88 -.0028 .0208 3.898 1.95 20.2 9.6 

3.92 -.0039 .0204 3.937 1.97 19,70 10.0 

3.96 -.0049 .0202 3.975 2.30 19.15 12.0 

3.98 -.0054 .0200 3.995 2.52 18.7 13.4 

4.02 -.0064 .0200 4.034 3.22 17.67 18.2 

4.06 -.0074 .0197 4.073 3.72 16.07 23.1 



TABLE IX (continued) 

CASE I I (ctd.) 

68. 

W. L. 
Drum 
Readg. 

W. L. 
Drum 
E r r o r . 

Temp. 
Oorr. 

Corr. 
W. L. 

Mean 
Defl. 
A. 

cms. 

Mean 
Defl. 
B . 
cms. 

A/B 
% 

3 . 9 0 - . 0 0 3 4 . 0 3 1 4 3 . 9 2 8 1 . 8 8 1 8 . 9 4 9.9 

3 . 9 2 - . 0 0 3 9 . 0 3 1 2 3 . 9 4 7 1 . 9 8 1 8 . 5 8 1 0 . 6 

3 . 9 4 - . 0 0 4 4 . 0 3 1 0 3 . 9 6 7 2 . 2 2 1 8 . 3 2 1 2 . 1 

3 . 9 6 - . 0 0 4 9 . 0 3 0 8 3 . 9 8 6 2 . 4 3 1 7 . 9 3 1 3 . 5 

4 . 0 0 - . 0 0 5 9 . 0 3 0 6 4 . 0 2 5 3 . 0 7 1 6 . 9 0 1 8 . 1 

CASE I I I : 

Prism Temperature 2 0 . 1 ° 0 . 
Wadsworth Mirror set at 2 2 . 9 ^ 3 . 

Entrance S l i t 5 / 1 0 0 0 " ; 
E x i t S l i t 5 / 1 0 0 0 " . 

3 . 3 0 . 0 1 1 3 . 0 3 8 3 3 . 3 4 9 6 . 8 0 3 1 . 6 2 2 1 . 5 

3 . 3 4 . 0 1 0 3 . 0 3 8 0 3 . 3 8 8 5 . 8 7 3 0 . 5 2 1 9 . 2 

3 . 3 8 . 0 0 9 3 . 0 3 8 0 3 . 4 2 7 5 . 5 9 2 9 . 7 2 1 8 . 8 

3 . 4 2 . 0 0 8 4 . 0 3 7 8 3 . 4 6 4 6 . 2 8 2 9 . 3 0 2 1 . 4 

3 . 4 6 . 0 0 7 4 . 0 3 7 4 3 . 5 0 7 7 . 4 7 2 8 . 8 5 2 5 . 8 

3 . 5 0 . 0 0 6 4 . 0 3 6 9 3 . 5 4 3 8 . 6 7 2 8 . 4 3 3 0 . 5 

3 . 5 4 . 0 0 5 6 . 0 3 6 7 3 . 5 8 3 9 . 7 0 2 7 . 9 9 3 4 . 6 

(Continued) 



TABLE IX (continued) 

OASE I I I (ctd.) 

69, 

W. L. 
Drum 
Readg. 

W. L. 
Drum 
E r r o r . 

Temp. 
Oorr. 

Corr. 
W. L. 

Mean 
Defl. 
A. 

cms. 

Mean 
Defl. 
B. 
cms. 

A/B 

3.65 .0029 .0359 3.689 8.76 26.1 33.5 

3.70 .0017 .0355 3.738 6,92 25.15 27.5 

3.75 .0005 .0352 3.785 5.03 24.42 20.5 

3.80 -.0008 .0350 3.834 3.22 23.6 13.6 

3.82 -.0011 .0347 3.854 2.76 23.25 11.8 

3.84 -•0015 .0345 3.873 2.45 22.96 10.6 

3.86 -.0020 .0343 3.892 2.25 22.62 9.9 

3.88 -.0028 .0341 3.911 2.04 22.39 9.1 

3.90 -.0034 .0339 3.931 2.12 22.16 9.5 

3.92 -.0039 .0337 3.950 2.35 21.87 10.7 

3.96 -.0049 .0333 3.988 2.87 21.08 13.6 

4.00 -.0059 .0330 4.027 3.61 20.12 17.9 

4.04 -.0069 .0305 4.063 4.21 19.51 21.5 

CASE I T . Prism Temperature 
Wadsworth Mirror set 

19.2*^0 
at 22.9°C 

Entrance S l i t 5/1000" ; E x i t S l i t 5/1000". 

3.80 -.0008 .0462 3.845 2.9 24.38 11.8 

3.82 -.0011 .0460 3.865 2.60 24.06 10.8 

3.84 -.0015 .0458 3.884 2.40 23.90 10.0 

3.86 -.002 .0455 3.904 2.25 23.56 9.5 

3.88 -.0028 .0453 3.922 2.25 23.35 9.6 

3.90 -.0034 .0448 3.942 2.37 23.00 10.3 

3.92 -.0039 .0446 3.961 2.60 22.68 11.4 

3.94 -.0044 .0443 3.980 2.88 22.20 12.9 

(Continued) 
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XX. I t appears, therefore, that a knowledge of the 

temperature of the r o c k - s a l t prism i s entremely important 

for a l l experimental work i n t h i s region of the i n f r a ­

red. Actually, the prism temperature was recorded at 

f a i r l y frequent i n t e r v a l s throughout the'course of a l l 

the experiments, and the corrections for differences i n 

prism temperature were applied to a l l measurements taken 

on the wave-length drum, according to the methods out­

l i n e d at the beginning of t h i s chapter. Whenever i t has 

been possible for the v e r a c i t y of these corrections to be 

tested experimentally, the t h e o r e t i c a l work has been 

con5)letely substantiated. Some very serious discrepancies 

found i n the e a r l i e r part of the work were r e a d i l y ex­

plained by means of the temperature cor r e c t i o n f a c t o r s . 

For accurate work, i t i s also extremely important 

that corrections be applied to compensate for errors i n 

cutting the thread of the screw which propels the prism 

table and wave-length drum. This correction has been 

applied to a l l measurements of wave-length given i n t h i s 

paper. 

XXI. And f i n a l l y , the two experimental arrangements 

have been compared by means of an i n v e s t i g a t i o n of the 

absorption bands i n a c r y s t a l of c a l c i t e . The two methods 

gave i d e n t i c a l r e s u l t s . The amount of energy f a l l i n g on 

the thermopile was greatest i n the case of the second 

experimental arrangement; but a reasonable explanation of 

t h i s has already been given i n Chap. I , Sect. I I , Para. I I I . 
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SECTION 1 

THE OBSERVATION TQBES 

1 ) A very l u c i d d e s c r i p t i o n o f an apparatus used 

f o r the accurate d e t e r m i n a t i o n o f i n f r a r ed 

a b s o r p t i o n bands f o r gases has been g i v e n f o r S i r 

R. Robertson i n the paper already c i t e d . He 

describes tae experimental metnod v e r y c a r e f u l l y , and 

a l l the necessary p r e c a u t i o n s o u t l i n e d by him were 

observed i n tne present work, whicn i s described i n 

t h i s cuapter. Some unforeseen d i f f i c u l t i e s arose, 

however, and tnese w i l l f i r s t o f a l l be discussed, 

2) I t v;as decided t o use two o b s e r v a t i o n tubes 

f o r the experiments: one t o be f i l l e d w i t h the gas 

at a knovm pressure; the second to be i d e n t i c a l w i t h 

the f i r s t , b u t completely evacuated, so t h a t the t r u e 

a b s o r p t i o n e f f e c t due t o tne gas cou l d be determined. 

I f o nly one tube had been used a d i r e c t comparison 

v/ould have been i m p o s s i b l e . There would have 

been a time l a g between t h e e s t i m a t i o n o f tne t r a n s ­

m i s s i o n pov/er of the sa^ie tube v/aen completely 

evacuated, corresponding t o the time t a k a i t o 

evacuate tne tube and t o f i l l i t w i t h gas t o a 

d e s i r e d p r e s s u r e . During t h i s i n t e r v a l , a change 

i n t h e p r i s m temperature and a.iso i n the c o n c e n t r a t i o n 

o f any absorbing gases i n the a.trnosphere might occur. 

C o r r e c t i o n s f o r these changes v;ould be somev/hat 

d i f f i c u l t t o c a l c u l a t e . I t v;as c n i e f l y because of 
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o f t h i s t n a t two tubes were used i n tae experiments. 

The f i r s t step was t o prepare tv;o i d e n t i c a l 

tubes f i t t e d w i t h r o c k - s a l t end-plates. These 

nave a l r e a d y been d e s c r i b e d i n Cnao.i, Sec.2 8. Tney 

were placed on the r o t a t i n g c a r r i a g e (Chap.l, Sect. 2 

faTa.9), and, a f t e r tney had been completely evacuated; 

measurements o f t h e i r t r a n s m i s s i o n powers were made. 

The t r a n s m i s s i o n powers of the two tubes were found 

t o be unequal. 

3) The apparatus was set up according t o tne 

arrangement snown i n F i g . l , and the gas o b s e r v a t i o n 

tubes were evacuated. The manometer attached t o 

the tubes showed a gradual r i s e i n pressure i n s i d e 

the tubes, corresponding t o some small leakages. 

These leaks were stopped by smearing a l i t t l e s h e l l a c 

v a r n i s h over the j o i n t s between tne r o c k - s a l t end-

p l a t e s and the ends o f t n e tubes. I n a l l cases t h i s 

t r eatment overcame tne t r o u b l e . To make q u i t e 

c e r t a i n , tne tubes were l e f t o v e r n i g n t and i f any 

f u r t h e r leaks developed, more v a r n i s n was p a i n t e d 

over t h e j o i n t s . 

The Nernst f i l a m e n t was s t a r t e d up, and, a f t e r 

i t had run f o r some co n s i d e r a b l e time and the 

temperature c o n d i t i o n s had become reasonably steady, 

attempts were made t o a d j u s t the tubes so t h a t taey 

tre^nsmitted equal araounts of r a d i a t i o n f o r a l l 

s e t t i n g s o f tne wave-length drum. I t was found 

i m p o s s i b l e t o o b t a i n complete compensation between 

tne two tubes. The value o f tne t r a n s m i s s i o n f o r 
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any wave-length vî as determined i n tne f o l l o w i n g 

manner. The wave-length drum was set at some 

predetermined p o s i t i o n and the s e t t i n g noted, t o ­

gether w i t h t h e value o f t n e prism temperati.u:e. The 

gas o b s e r v a t i o n tube was pla c e d i n tne path o f the 

r a d i a t i o n and t h e galvanometer zero p o s i t i o n noted; 

the s h u t t e r on the spectrometer case was r a i s e d , t o 

a l l o w the r a d i a t i o n t o pass through the spectrometer 

and tube t o trie t n e r m o p i l e , and the corresponding 

galvanometer d e f l e c t i o n was observed; f i n a l l y , tne 

s h u t t e r was c l o s e d , t h e new p o s i t i o n o f tne galvan­

ometer spot noted, and from tne r e s u l t s , tne mean 

galvanometer d e f l e c t i o n was estimated. This 

d e f l e c t i o n corresponds t o tne energy t r a n s m i t t e d by 

the tube. For the sake o f convenience i n the t a b l e s 

g i v e n i n the remainder of t n i s chapter, tne energy 

t r a n s m i t t e d by the tube wnich contains (or i s t o 

c o n t a i n ) the gas under o b s e r v a t i o n i s c a l l e d , 

"Galvanometer d e f l e c t i o n A". Lilcev/ise tne energy 

t r a n s m i t t e d by the evacuated tube i s termed 

"Galvanometer d e f l e c t i o n B". The r a t i o o f these 

two i s c a l l e d "^feTKAl^ISMISSION A/B", I f a gas i s 

co n t a i n e d i n tne tube A, tne value of t a i s r a t i o 

g i v e s the t r a n s m i s s i o n o f the gas f o r the p a r t i c u l a r 

p ressure and wave-length under c o n s i d e r a t i o n . \Tnen 

b o t h tubes are evacuated and there i s complete 

compensation between the tubes, the r a t i o A/B should 

be e x a c t l y u n i t y . Table X gives the values o f 

the r a t i o n A/B at d i f f e r e n t wave-lengths. I t w i l l be 

seen t h a t these values of the r a t i o are n e i t h e r 
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u n i f o r m nor equal t o u n i t y . The values of the r a t i o 

are p l o t t e d a g a i n s t wave-length on a graph wnich i s 

shown i n F i g , X X I I , Curve 1 i n t n i s f i g u r e shows 

the v a r i a t i o n of the r a t i o w i t h wave-length; i t 

r e v e a l s t h a t the r a t i o i s not constant and t h a t the 

d i f f e r e n c e i n t r a n s m i s s i o n powers i s g r e a t e s t i n 

the r e g i o n vi'here s t r o n g a b s o r p t i o n occurs i n tne 

emission spectriam of tne Nernst f i l a m e n t . ( =10jo 

a t 2.96/^ ) . The experimental r e s u l t s obtained 

a f t e r one tube had been s l i g u t l y t i l t e d w i t h r e s p e c t 

t o t h e o t h e r are also g i v e n . The v a r i a t i o n of the 

r a t i o w i t h wave l e n g t h under these c o n d i t i o n s i s 

shown i n F i g . X X I I , Curve 2. The r e g i o n covered i s 

from 2t5 " 4-0 , a r e g i o n where a pronounced 

minimum occurs i n tne emission spectrum o f the Nernst 

f i l a m e n t . The r a t i o A/B i s s t i l l not equal t o 

u n i t y and i t i s not m i f o r m . These curves snow t n a t 

t i l t i n g one tube does not e n t i r e l y remove the 

t r o u b l e . 

I n Table X, column 1, are tne values of th3 

wave-length o b s e r v a t i o n s c o r r e c t e d f o r temperature; 

column 2 g i v e s the corresponding values of the 

t r a n s m i s s i o n r a t i o A/B, and column 3 gives a 

s e r i e s o f values o b t a i n e d under s l i g h t l y d i f f e r e n t 

c o n d i t i o n s o f p r i s m temperature; colimn 4 gives the 

v a l u e s o b t a i n e d a f t e r one tube had been t i l t e d 

s l i g h t l y w i t h respect t o tne otner. 



TABLE X 

Observations t o show the i n e q u a l i t y o f t r a n s m i s s i o n 
of the two gas tubes, and the e f f e c t of t i l t i n g one 

w i t h r e s p e c t t o tne o t n e r . 

7 5 . 

Corrected 
Wave-lengtli 

(_\ i n /X) 

2.522 
2.572 
2.623 
2.674 
2.703 
2.723 
2.754 
2.774 
2.805 
2.625 
2.855 
2.875 
2.906 
2.926 
2.955 
2.975 
3.005 
3.025 
3.054 
3.073 3.102 
3.119 

3.168 
3.200 
3.217 
3.248 
3.265 
3.297 
3.314 
3.346 
3.363 
3.395 
3.412 
3.444 
3.461 
3.492 
3.509 
3.541 
3.590 

3.688 

A/B 

TRMS 

9 5 . 6 
96.4 
96.0 
96.C 
96.0 

95.0 

93.4 

93.0 

90.8 

90^8 

90.5 

91.3 
91.8 

92.9 

92.8 

93.2 

94.0 

93-a 
93.6 

93.1 

94.0 

3 

A/B 

TRAILS 

4 

A/B 

T R A N S 

95.9 
96.6 — 

96.4 — 

97.0 -
— 97.6 

96.25 — 
— 96.9 

95.3 — 
— 95.6 

94.5 
— 94.1 

93.6 -
— 93.3 

92.3 — 
— 92.6 

91.9 — 
— 92.1 

91.5 -
92.3 

91.0 — 
— 92.9 

92.3 -
93.2 

92.3 — 92.3 
94.2 

92.67 -
— 94.0 

93.6 -
— 94.7 

93.8 -93.8 
94.6 

93.3 — 

94.9 
93.8 — 

94.3 
94.3 -

95.2 
94.0 -

94.4 
95.1 
95.4 
95.8 
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Column 
No. 

Prism 
Tempre. 

V/adsworth 
s e t at 
OC 

Entrance 
and 

E x i t S l i t s 
1/1000" 

2 20,5^0 21.200 i ! 
3 20.6^0 21.2^0 i ! 
4 22.1^0 21.20C 

One tube 
t i l t e d . 

— 

4) I n t a b l e XI are gi v e n s i m i l a r v a l u e s of 

the t r a n s m i s s i o n r a t i o f o r d i f f e r e n t wave­

l e n g t h s i n tne re g i o n from 4-0/^ to 7.0/x. . 

The r e l a t i o n s h i p between v a l u e s of the r a t i o 

and wave-length a r e sho>vn i n F i g . X X I I I . 

The c u r v e s snow t h a t tne d i f f e r e n c e between 

the t r a n s m i s s i o n pov/ers i s g r e a t e s t i n the 

regio n s round 4.25/-*- > 4-75/^ > and 6.05/-^ • 

Moreover, measurements of the emissio n curves 

of tne Nernst f i l a m e n t show that s t r o n g 

a b s o r p t i o n occurs i n th e s e r e g i o n s . Hence 

the d i f f e r e n c e i n tne t r a n s m i s s i o n poY:ers of 

the tubes i s g r e a t e s t i n tue r e g i o n s vhere 

s t r o n g a b s o r p t i o n occurs i n trie emission curves 

of tne Nernst f i l a i n e n t . 



TABLE XI 

Observations to snov/ tae i a e n u a l i t v i n t r a n s m i s s i o n 
powers of the tubes i n the re g i o n 4-.CM to 8 ,0 ^ . 

3orrected 
ff.L. Dxm 
Reading 

TRANS 
A/B 

C o r r e c t e d 
W. L. Drun 
Reading 
( -̂ i n ) 

THAKS 
A/B 

Cor r e c t e d 
W.L. Drum 
Reading 
( Kin /U. ) 

% 
TRAKS 
A/B 

X3.982 98.65 4.819 96.02 
XXX 

7.465 92.9 

4.03 98.38 4.871 96.2 7,567 89.9 

4.079 98.29 4.922 96.2 /.669 89.8 

4.127 93.25 4.973 96.79 7.77i 82 .0 

4.176 97.5 xx5. •('b6 100.0 7.071 81 ,0 

4.224 96.6b 5.832 6S.G 7.971 8 / .3 

4.273 94.48 5.b82 96.6 7.465 92.0 

4.321 97.05 5.933 95.0 7.567 90.1 

4.369 97.9 5.984 87.8 7.669 88 .04 

4.418 97.26 6.034 87.9 7.571 84.1 

4.468 97.75 6,0b4 90.0 ^ 8 / l 83.2 

4.517 98.79 6.134 90.9 7.971 88.0 

4.566 99.06 6.184 96.25 8.C70 92.8 

4.6i6 98.71 6.233 97.8 -
4.666 98.0 6.281 99.5 — — 

4.716 96.61 6.33 96.4 — -
4.767 95.85 6.373 101.5 

. ... 
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Case K G . P r i s m 
Temperature 

V/adsworth 
s e t at 

Entrance and 
E x i t S l i t s 

1/1000" 

X 18.100 21.200 

X X 19.6^0 21.20c 

X X X 19-4^0 21.200 

5) F u r t h e r attempts were made to a d j u s t the 

tubes so t h a t they t r a n s m i t t e d equal amounts of 

r a d i a t i o n f o r a l l wave-lengths, but these Virere not 

s u c c e s s f u l . An exoeriment was then made to see 

i f the t r o u b l e was due to the r o c k - s a l t end-plates. 

The end-plates v/ere removed from the tubes and the 

t r a n s m i s s i o n r a t i o was again determined f o r 

d i f f e r e n t wave-lengths• The a c t u a l r e s u l t s ob­

s e r v e d are gi v e n i n Table X I I , and the correspond­

i n g t r a n s m i s s i o n curves are dra,T;n i n F i g . XXIV. 

These curves g i v e tne v a l u e of the t r a n s m i s s i o n 

r a t i o f o r d i f f e r e n t wave-lengths. The curves show 

t h a t the t r a n s m i s s i o n r a t i o i s conste^nt f o r a l l 

wave-lengths Wxien tne r o c k - s a l t end-plates are 

removed from the tubes. Only a f i i g h t adjustment 

to tne c a r r i a g e was n e c e s s a r y i n order to make the 

two tubes t r a n s m i t eoual q u a n t i t i e s of r a d i a t i o n . 
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Qhservations to show t h a t the Observation Tubes transmi 
equally when the r o c k - s a l t end-plates are removed from 

the tubes. 

C o r r e c t e d 
W.L. D rum 
Reading 
( X i n yu. ) 

TRANS 
A/B 

C o r r e c t e d 
Vy'.L. Drum 
Reading 
( X inyu.) 

> 
TR AIM'S 

A/B 

1 4.865 98.0 3(7.466 98.0 

4.968 98.1 3(7.568 98.11 

5.07 98.02 3(7.671 98.2 

5.174 98.2 3(7.773 98.1 

5.277 98.0 3(7.872 98.1 

2 5.372 90.0 3(7.972 97.97 

5.38 98.1 4(8.06 98,0 

2 5.47 98.03 4 8.158 98.1 

5.48 98.0 4 8.257 98.01 

2 5.578 98.09 5 4.129 98.2 

5.585 98.03 4.177 98.23 

2 5.68 90.2 4.226 98.1 

5.683 98.2 4.274 98.2 

2 5.782 98.25 4.323 98.2 

5.789 98.2 4.373 98.0 

2 5.885 98.2 4.419 98.0 

5.891 98.0 4.469 98.05 

2 5.985 98.1 4.519 98.15 

5.992 98.03 4.568 98.2 

2 6.086 93.01 4 .6 ld 98.25 

6.092 97.9 4.668 98.3 

2 6.186 
6.192 
6.289 
6.^8R 

98.11 
90.1 
97.9 
qK .2 

4.717 
4. /69 
4 . 8 2 0 

98.1 
90.2 
98.0 
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Case No. 
Prism 

Temperature. 
V/adsworth 
s e t at 

Entrance 
and E x i t 
S l i t s . 

1 18.70c 21.20c 20/1000" 
10/1000" 

2 19.5^C 21.2O0 20 
10 

19.1^0 21.20c 20 
10 

4. 21.1OC 21.20c 20 
10 

5 18.0°C 21,20c 20 
10 

6) The r o c k - s a l t end-plates were r e p l a c e d on 

the tubes and i t was found t n a t the t r o u b l e due 

to i n e q u a l i t y i n the t r a n s m i s s i o n power of the 

tubes r e t u r n e d . There was, t h e r e f o r e , no doubt 

t h a t the t r o u b l e was i n some way connected with the 

r o c k - s a l t e n d - p l a t e s . The o b s e r v a t i o n s made are 

given i n Table X I I I , and the r e l a t i o n s h i p e x i s t i n g 

between the v a l u e s of t r a n s m i s s i o n r a t i o and v/ave-

l e n g t h i s shown i n F i g . XXV. Once more i t i s 

seen t h a t the maximum d i f f e r e n c e between the t r a n s ­

m i s s i o n powers of the two tubes c o i n c i d e s with the 

wave-length wnere maximum ab s o r p t i o n occurs i n the 

em i s s i o n spectrum of the Nernst filaiTient; a l s o , 

t i l t i n g one tube with r e s p e c t to tne other does not 

improve the p o s i t i o n . 



TABLEJCII_I 

Observations_jtn snow t^-et t^P tn-K^^, ^4.--, 
eild-olates^_are_j;e£ia 

3oxrected 
If.L. Drum 
Reading 
( Ain (tx. ) 

1 
6.909 

^008 

7.107 

7.209 

7.311 

7.413 

7.515 

7.613 

7.719 

7.02 

7.92 

8.02 

8.I19 
8.215 

8.315 

8.413 

TRANS 
A/B 

95.07 
94.26 
93.99 
93.8 
95.68 
93-26 
95.15 
95-7 
95.48 
97.18 
99.24 
97.38 

98.95 
98.02 
98.13 

iOO.O 
105.9 
105.9 
108.0 
108.9 
iOO .6 
103.9 

98.6 

95.88 
95.1 
94.71 
93.6 
93.5 
92.7 
97.6 
95. ( 

C o r r e c t e d 
W.L. Drum 
Reading 
{ A i n / I ) 

0.118 
6.217 
6.314 
6.410 
6.50a 
6.604 
6. '̂01 
6.797 
6.895 
6.994 
^o94 

5.399 
5.504 
5. 606 
5.709 
5.716 
5.812 
5.819 
5.915 
5.921 
6.016 
6.022 
6.116 
6.122 
6.118 
6.217 
6.314 
6.41 
6.508 
6.608 
6.701 

TRAILS 
A / B 

91.2 
93.05 
94.9 
96.4 
97. b6 
97.14 
97.J-6 
94.43 
93.54 
93.3 
91.85 

97.4 
97.6 
98.1 

1 0 0 . 6 
99 .28 
98.0 
98.35 
93.3 
94.2 
92.3 
91.9 
94.7 
96.23 
94.26 
95.83 
97.39 
99.78 
99.88 
99.80 
99.77 

C o r r e c t e d 
W. L.Driaji 
Reading 
( A i n yU. ) 

6.797 
b.ti95 
6.994 
7.094 
/.47 

7.571 

7.674 

y.775 

7.875 

7.975 

8.07A 

8.171 

8.27 

8.368 

8.468 

TRAI'IS 
A / B 

97.45 
96.03 
95.86 
95.5 
:?1.9 
91.85 
92.4 
89.4 
84.96 
87. Y 
87.5 
84.8 

86.6 
86.62 
88.6 
90.5 
91.85 
93.5 
93.3 
9A.G 
95.4 
96.7 
92.5 
94.7 
91.3 
91.5 

Case No, Prism 
Temperature 

V/adsworth 
s e t at 

Entrance 
E x i t Slits 

Remarks. 

1 19.6^0 21.2^0 20/1000" 
10/1000" 

— 

2 22.0^0 21.2^0 20/1000" 
10/1000" 

one tube 
t i l t e r i . 
slxR-Litly. 
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/) The c a r r i a g e and tubes were t h e r e f o r e ex­

amined to see i f any d e f e c t could be d i s c o v e r e d which 

would e x p l a i n the t r o u b l e . The r e s t s f o r the tubes 

on the c a r r i a g e were found to be too weak, so that 

one tube was s l i g h t l y d i s p l a c e d when the c a r r i a g e 

was r o t a t e d from one p o s i t i o n to tne otner. I t v;as 

deemed a d v i s a b l e to a l t e r tne c o n s t r u c t i o n of tne 

c a r r i a g e to c o r r e c t t n i s f a u l t . The "V" snaped r e s t s 

f o r the o b s e r v a t i o n tubes v^^ere a l t e r e d and strengthened, 

and f u r t h e r adjustment d e v i c e s v^-ere f i t t e d , so as to 

ensure f i n e r adjustment when s e t t i n g the tubes i n 

p o s i t i o n . The modified form of c a r r i a g e i s f u l l y 

d e s c r i b e d i n Cnapter 1, S e c t i o n 2^ Po.ra.9, 

The gas tubes were a l s o examined to make q u i t e 

c e r t a i n t hat t h e i r ends had been ground p a r a l l e l to 

each otner. No sucn d e f e c t was di s c o v e r e d . The 

two tubes were now pla c e d on tne r e c o n s t r u c t e d c a r r i a g e 

and a d j u s t e d a c c u r a t e l y by means of a goniometer d e v i c e . 

By t n i s means i t was p o s s i b l e to p l a c e tne tubes 

so t h a t tney were e x a c t l y p a r a l l e l to each otner, and 

t h e i r end p l a t e s were normal to tne axes of the tubes. 

No displacement of the tubes i n tne c a r r i a g e took 

p l a c e wnen the c a r r i a g e was r o t a t e d . The c a r r i a g e , 

w i t n tubes, was now p l a c e d i n the app r o p r i a t e p o s i t i o n 

( s e e F i g . l ) and the tubes were once more evacuated. 

O b s e r v a t i o n s snowed tnat tne t r a n s m i s s i o n powers of 

the tubes were not e x a c t l y equal, but only a s l i g n t ad­

justment to one of the tubes was r e q u i r e d to produce 

e q u a l i t y f or a l l wave-iengtns. Some of tne a c t u a l 

r e s u l t s obtained are given i n Table XIV, but no 
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corresponding t r a n s m i s s i o n r a t i o grapns have been OxBMn 

TAELS XIV. 

Observations t o show tne complete compensation between 
the tubes wnen p l a c e d on tne m o d i f i e d carriap:e. 

Corrected Corrected Oorrected 
W,L. TnMS W.L. TRAMS Y/.L. TRAILS 
( K i n /J- ) A/B ( X i n ) A/B ( M n ^ ) A/B 

1 
3.903 99.9 5.525 99.97 6.134 100.1 
3.952 99.89 5.529 100.1 b.233 100.0 
4.00 100.0 5.527 100.1 u- ^•^^'^ 100.1 
4.049 100.1 , 5.631 99.9 5 7.31 99.9 
4.098 99.9 3 5.729 99.8 7.41 101.4 
4.146 99.9 5.83 

5.933 
100.0 7.51 100.0 

4.194 100.0 
5.83 
5.933 100.0 7. o<; 99.95 

4.243 99.8 6.034 99.8 7.719 100.0 
4.292 99.7 6.134 99.7 7.̂ 1̂9 100.4 
4.34 100.2 6.233 100.1 c 7-919 99.82 
4.389 99.1 6.330 99.9 6 7.412 99.9 
4.439 99.9 4 5.318 100.1 7.514 100.3 
4.439 100.1 5.422 99.9 7.617 100.0 
4.539 100.1 5.525 99.95 7.719 99.0 

„ 4.589 99.7 5.627 99.93 7.819 99.7 
2 5.OIA 100.0 5.729 99.9 7.92 iOO.l 

5.118 99.9 5.832 99.5 8 .02 100.2 
5.218 100.1 5.934 99.2 a.117 100.0 
§.32 99.7 100.0 8.214 99.9 
5.43 99.9 6.084 100.2 

Case No. 

1. 
2 
3 
4 I 

Prism. 
Temp. 

20.8^0 
19.1^0 
19.6^0 
19. 
19.8^0 
19.6^0 

Wadsworth 
set at 

21.2*^0 
21.2^0 
21.20c 
21.2^0 
21.2^0 
21.20c 

Entrance 
S l i t 

20/1000»' 

E x i t S l i t 

lO/lOCO" 
II 

8) A very reasonable e x p l a n a t i o n o f t h i s i n ­

e q u a l i t y of t r a n s m i s s i o n o f the two tubes has been 

g i v e n by S i r R, Robertson i n h i s paper. ( l O ) . I t i s 
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v e r y d o u b t f u l , however, i f t h e c o n d i t i o n s i n t h i s 

case were s i m i l a r t o those which S i r R. Robertson 

considers e s s e n t i a l f o r the p r o d u c t i o n of unequal 

t r a n s m i s s i o n . The f i r s t c a r r i a g e c o n s t r u c t e d f o r 

c a r r y i n g the o b s e r v a t i o n tubes was d e f i n i t e l y f a u l t y 

i n t h a t i t allowed one of the tubes t o s a i f t 

s l i g n t l y when the c a r r i a g e was r o t a t e d , V/hen the 

supports f o r the tubes were strengthened the t r o u b l e 

was overcome. I t i s very i m p o r t a n t , t h e r e f o r e , i n 

a l l work of t h i s k i n d t o have a s t r o n g c a r r i a g e f o r 

the gas tubes, and also tne necessary a d j u s t i n g screws 

f o r a l i g n i n g t h e tubes i n tne c a r r i a g e . 

A b r i e f d e s c r i p t i o n o f the e x p l a n a t i o n given 

by S i r R. Kobertson i s g i v e n below. He shoT^ed t h a t 

i t was e s s e n t i a l to have the tubes placed e x a c t l y 

p a r a l l e l t o each other i n the c a r r i a g e , and also f o r 

the r o c k - s a l t end-plates t o be p a r a l l e l t o each 

ot h e r and placed at r i g n t angles t o tne axes o f the 

tubes, 

Let us supoose t h a t tne two tubes are i n ­
c o r r e c t l y a l i g n e d , and t h a t one tube i s placed w i t h 
i t s end-plates e x a c t l y norma.1 t o the axes of the 
tube, and t o the c e n t r a l ray of the beam o f r a d i a , t i o n 
passing through the tube, V/hen tne second tube i s 
r o t a t e d i n t o p o s i t i o n , i t s end-plates w i l l not be 
normal t o the c e n t r a l r ay. The rays w i l l , t h e r e f o r e , 
be d i s p l a c e d l a t e r a l l y and brought t o a focus 
s l i g h t l y d i f f e r e n t from t h a t f o r corresponding rays 
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p a s s i n g through the f i r s t tube. Nov; b o t h these 

s e t s of rays should f i n a l l y come to a focus on 

the t h e r m o p i l e j \ i n c t i o n s , and under the c o n d i t i o n s 

o u t l i n e d above, t h i s v a i l not be tne case. There 

w i l l t h e r e f o r e be a d i f f e r e n c e between the amounts 

of energy f a l l i n g on the t h e r m o p i l e i n the two 

cases. I t can be shown t h a t t h i s d i f f e r e n c e , when 

expressed as a percentage o f tne maximum amoTont 

of energy, w i l l shov; a maximum value f o r v.^ave-lengths 

i n tne r e g i o n s where t n e r e i s s t r o n g atmospheric 

a b s o r p t i o n i n the emission curves of the Nernst 

f i l a m e n t . These accurate adjustments of the tubes 

were f u l f i l l e d v/hen tne observations quoted at the 

b e g i n n i n g o f t h i s cnapter were made, bu t even so, 

the r e s u l t s snow t h a t incomplete compensation 

r e s u l t e d . I t was only by r e d e s i g n i n g the c a r r i a g e 

f o r the gas tubes, so t n a t no "rock" c o u l d take 

p l a c e wnen tne c a r r i a g e was r o t a t e d , t n a t complete 

compensation was obtained. 
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S e c t i o n I I . 

Absorption Bands of Carbon Dioxide. 

!• When complete compensation of the tubes had 

been obtained, the f i r s t i n v e s t i g a t i o n of gases was 

undertaken. T h i s work was a complete study of the 

a b s o r p t i o n bands due to oarDon dioxide, which are 

known to occur at 2.72 fL, 4.25 yu., and 14.87yU. 

(21, 22 and 2 3 ) . The v e r i f i c a t i o n of these p o s i ­

t i o n s of maximum a b s o r p t i o n gave a complete check on 

the c a l i b r a t i o n of the spectrometer which has been 

d e s c r i b e d i n d e t a i l i n p r e v i o u s pages* Many e x p e r i ­

mental v a l u e s ?;ere obtained; an account of some of these 

i s now g i v e n , t o g e t h e r w i t h a b r i e f d e s c r i p t i o n of the 

method used f o r making the experimental o b s e r v a t i o n s . 

The gas tube "A" was f i l l e d with carbon dioxide 

at a known p r e s s u r e , measured on the manometer at t a c h e d 

to the system, and the tube "B" was completely evacuated 

Having s e t the wave-length drum at some d e s i r e d 

p o s i t i o n , the wave-length s e t t i n g was noted, a l s o the 

temperature of the prism. The gas tube "A" was p l a c e d 

i n the path of the r a d i a t i o n and the s h u t t e r i n f r o n t 

of the spectrometer entrance s l i t was r a i s e d . I n 

t h i s way energy was allowed to pass through the system 
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c a u s i n g a d e f l e c t i o n i n the galvanometer. T h i s 

galvanometer d e f l e c t i o n was measured, and an allow­

ance made f o r any galvanometer zero d r i f t . Tube 

"B" was now p l a c e d i n the p o s i t i o n p r e v i o u s l y 

occupied by "A", and the mean d e f l e c t i o n was again 

measured. The r a t i o , d e f l e c t i o n A -t B^gave the 

t r a n s m i s s i o n r a t i o of the tubes f o r the p a r t i c u l a r 

wave-length under c o n s i d e r a t i o n . The wave-length 

drum was r o t a t e d s l i g h t l y and the above procedure 

repeated. The r e s u l t s were t a b u l a t e d and the f o l l o w ­

ing t a o l e , which i s taken from the a c t u a l experimental 

r e c o r d s , g i v e s a t y p i c a l example of the t o t a l nvimber 

of o b s e r v a t i o n s made. C o r r e c t i o n s were always 

a p p l i e d to the wave-length drum readings to allow 

f o r : 

a) P r i s m temperature being d i f f e r e n t 

from t h a t at which the Wadsworth 

M i r r o r was set and from the 

stan d a r d temperature of 18°C. 

b) E r r o r s i n c u t t i n g the wave-length 

drum screw. 

These c o r r e c t i o n s have been c a l c u l a t e d and are given 

i n the specimen t a b l e below. (Table XV). 
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I n the t a b l e s a c t u a l l y reproduced i n the f o l l o w i n g 

pages, o n l y the v a l u e s of the c o r r e c t e d wave-length dram 

s e t t i n g s and the t r a n s m i s s i o n r a t i o are given; c o r r e c t e d 

wave-length drum r e a d i n g i s denoted by "Corr. W. L. Reading 

( M n ^ ) " and t r a n s m i s s i o n r a t i o by Trans. A/B" . 

2. O b s e r v a t i o n s were f i r s t made on the abso r p t i o n due 

to carbon d i o x i d e at 2.73yu.. A wide range of gas 

p r e s s u r e s was used, but r e s u l t s are given f o r only two of 

these p r e s s u r e s , namely, 40.3 cmB. and 65.0 cms. of 

mercury. The spectrometer s l i t s were widened when the 

p r e s s u r e of gas was 40.3 cms. mercury, and the e f f e c t of 

t h i s i n c r e a s e on the r e s o l v i n g power of the apparatus i s 

seen from an examination of the t r a n s m i s s i o n curves which 

are p l o t t e d i n F i g . XXVI. Table XVI c o n t a i n s the c o r r e s ­

ponding e x p e r i m e n t a l v a l u e s . The curves show t h a t 

maximum a b s o r p t i o n o c c u r s at a wave-length corresponding 

to 2 . 7 2 ^ , and a l s o , t h a t the value of the t r a n s m i s s i o n 

r a t i o f o r the wave-length corresponding to majcimum ab­

s o r p t i o n i s d i r e c t l y p r o p o r t i o n a l to the gas p r e s s u r e . 

Thus, f o r a gas p r e s s u r e of 40.3 cms. mercury, the maximum 

percentage a b s o r p t i o n was 46^, and f o r a p r e s s u r e of 

65.0 eras, mercury, t h i s v a l u e was 66>. The r a t i o of pe r ­

centage a b s o r p t i o n / g a s p r e s s u r e i s equal to 1-14 f o r a 

p r e s s u r e of 40.3 cms. mercury, and 1.04 f o r a p r e s s u r e of 

65.0 cms. 

A p o i n t worthy of note i s t h i s : the c o r r e c t i o n s 

a p p l i e d f o r v a r i a t i o n s i n pris m temperature give c o n s i s t ­

ent r e s u l t s f o r the p o s i t i o n of maximum a b s o r p t i o n . A 

d i f f e r e n c e of f i v e degrees c e n t i g r a d e i n the temperature 

of the p r i s m does not upset the c a l c u l a t e d p o s i t i o n of 

the wave-length f o r maximum a b s o r p t i o n . 
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T A B L E X V I 

O b s e r v a t i o n s on the Absorption Band of Carbon 
Dioxide at 2.72 — — 

C o r r e c t e d 
W. L. 
( A ) 

TRANS 
A/B 

C o r r e c t e d 
W. L. 
{ K i>0 /-c ) 

io 
TRANS 
A/B 

Co r r e c t e d 
W. L. 
( K ^ ) 

> 
TRANS 
A/B 

1 
2.501 82.5 2.545 58.5 2.98 70.5 
2.524 81.00 2.555 57.3 3 2.999 71.8 
2.541 79.3 2.579 54.0 2.568 73.0 
2.564 77.0 2.596 51.1 2.592 71.0 2.582 74.5 2.619 48.0 2.609 69.4 
2.594 72.4 2.637 45.2 2.632 67.8 
2.622 67.8 2.637 45.2 2.650 65.3 
2.644 64.0 2.660 42.0 2.673 63.5 
2.664 61.3 2.677 38.8 2.69 61.7 
2.685 58.0 2.697 36.3 2.713 60.4 
2.702 55.0 2.700 36.0 2.731 60.0 
2.725 54.2 2.718 34.0 2.764 60.5 
2.743 54.0 2.721 34.5 2.771 61.0 
2.782 55.8 2.748 33.7 2.794 62.5 
2.803 58.3 2.758 34.0 2.802 65.5 
2.824 61.7 2.761 34.0 2.835 67.0 
2.846 64.0 2.778 36.0 2.852 71.0 
2.864 68.5 2.781 36.0 2.875 73.1 
2.886 73.0 2.799 40.0 2.893 76.0 
2.902 79.0 2.822 42.7 2.916 78.4 
2.925 80.0 2.839 47.0 2.933 80.3 
2.942 82.5 2.86 53.0 2.956 82.1 
2.964 84.0 2.88 56.6 2.972 83.5 
2.994 85.4 2.902 60.0 3.012 85.8 

2 3.001 86.3 2.92 62.2 
2.515 60.8 2.94 66.0 
2,538 59.0 2.959 68.0 

Case No. Prism Temperature 
Wadsworth 
set at 

Entrance 
S l i t 
1/1000" 

E x i t 
S l i t 
1/1000" 

Gas 
P r e s s u r e 
cms. HR. 

1 28.8^0 23.2^0 5 5 40.3 

2 24.7^C 23.2*^0 5. 5 65.0 

3 23.7^C 23.2°C 7.5 7.5 40.2 

3. A few of the s e v e r a l o b s e r v a t i o n s made on the absorp­

t i o n band of carbon diox i d e at 4 . 2 5 ^ are given i n Table 

X V I I . T h i s Table c o n t a i n s r e s u l t s f o r one gas p r e s s u r e , 

namely, 35.0 cms. of mercury. The corresponding absorp­

t i o n curve i s drawn i n F i g . XXVII. Maximum a b s o r p t i o n 

( e q u a l t o 23.55^) o c c u r s at 4.25/U.. 
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T A B L E X V I I . 

O b s e r v a t i o n s showing a b s o r p t i o n by Carbon Dioxide at 4>35A 

C o r r e c t e d Oorrected C o r r e c t e d 
W. L.Driim TRANS W.L. Drum TRANS W.L. Driim TRANS 
( K "0 ) A/B { K i V) ) A/B A/B 
^ 4.057 94.0 2 4.186 83.9 ^ 4.067 93.7 

4.106 91.5 4.225 76.3 4.086 93.0 
4.154 83.4 4.264 76.0 4.125 90.7 
4.203 77.9 4.303 81.2 4.164 86.2 
4.252 76.5 4.343 90.2 4.203 78.9 
4.30 83.8 4.360 92.2 4.241 74.5 
4.349 93.0 4.404 95.0 4.28 V8.9 
4.398 95.0 4.459 96.5 4.30 81.7 

P 4.448 96.0 4.499 97.0 4.358 92.8 
4.069 93.96 4.539 97.5 4.407 95.0 
4.108 92.0 4.559 97.4 4.457 96.8 
4.147 88.5 4.619 97.9 

Case No, Prism Wadsworth Entrance E x i t Gas 
Temperature set at S l i t S l i t P r e s s u r e 

1 19.7^0 20.1°C 7.5 7.5 ) 
1000" ) 

\ 

2 18. 7*̂ C 20.1^C 7.5 7.5/ ) 35.0 cms 
1000" ) HG 

3 18.9°C 20.1^0 7.5 7.5/ ) 
) 1000" ) 

4. The r e s u l t s of some of the work c a r r i e d out on the 

a b s o r p t i o n band of carbon d i o x i d e between 14.0ycc and 15.0ya 

are given i n the Table X V I I I . The p r e s s u r e of the gas 

used f o r the experiments was 50.0 cms of mercury. The curve 

showing the r e l a t i o n s h i p between the v a l u e s of the t r a n s ­

m i s s i o n r a t i o and wave-length i s given i n F i g - X X V I I I . 

Maximum a b s o r p t i o n i s found t o occur at 1 4 . 8 7 ^ . I t w i l l 

be n o t i c e d t h a t the " s l i t w i d t h s" used f o r these e x p e r i ­

ments are much g r e a t e r than those used f o r experiments i n 

the near i n f r a - r e d region- However, on account of the 

hi g h e r d i s p e r s i o n of r o c k - s a l t at such high wave-lengths, 

the r e s o l v i n g power of the spectrometer i s s t i l l q u i t e good, 

and the peak of the a b s o r p t i o n band i s w e l l d e f i n e d ( F i g . 28), 

Some e x p e r i m e n t a l o b s e r v a t i o n s on t h i s band were niade 
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u s i n g the arrangement d e p i c t e d i n F i g . 2; the r e s u l t s 

o b t a i n e d were found to be i n complete agreement w i t h those 

o b t a i n e d by e x p e r i m e n t a l arrangement , No. 1 ( see F i g - 1 ) . 

T A B L E X V I I I . 

O b s e r v a t i o n s to show the a b s o r p t i o n by Carbon 
D i o x i d e n e a r 14.9^M-. 

C o r r e c t . 
W . L . 
( X I'-O / i ) 

1^ 
TRANS 

A/B 

C o r r e c t . 
W . L . 
{ X l o yu,) 

1^ 
TRANS 

A/B 

C o r r e c t . 
W . L . 
( \ m ^ ) 

TRAHS 
A/B 

I 1 
80 .8 14 .501 9 1 . 9 14 .801 8 2 . 7 7 14 .921 80 .8 

14 .501 9 1 . 7 14 .801 8 2 . 3 14 .941 8 1 . 9 

1 
14 .601 9 0 . 9 5 14 .841 

1 
72 .26 14 .951 83 .3 

14 .601 9 1 . 2 6 14 .851 71.99 14 .961 84 .0 

1 
14 .701 8 6 . 9 14 .861 71 .22 14 .981 8 6 . 3 

14 .701 8 7 . 2 14 .901 79.28 15 .001 87 .6 

15 .051 9 0 . 9 

Case No. P r i s m 
Temperature 

23.3*^C 

20.2'^C 

Wadsworth 
se t a t 

24 .1^C 

2 4 . 1 ° C 

E n t ranee 
E x i t S l i t s 

20/ lOCO" 

20/1000" 

Gas 
P r e s s u r e 

50 cms Hg 
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5. I n t h e l i t e r a t u r e d e a l i n g w i t h i n f r a - r e d a b s o r p ­

t i o n b a n d s , we have found some ev idence of a b s o r p t i o n 

by carbon d i o x i d e i n the r e g i o n between 1 . 0 a n d 

A paper has been p u b l i s h e d by Dennison 

i n w h i c h he p r e d i c t s an a b s o r p t i o n band a t l«20^t f o r 

carbon d i o x i d e . A s e a r c h was made f o r t h i s band, 

u s i n g e x p e r i m e n t a l arrangement No. 1, and a wide 

range of p r e s s u r e s of gas i n the a b s o r p t i o n t u b e . 

The r e s u l t s , g i v e n i n T a b l e X I X , do not po int to any 

r e g i o n of pronounced a b s o r p t i o n . 

The a b s o r p t i o n curve i n F i g . XXIX shows the 

v a r i a t i o n of the t r a n s m i s s i o n r a t i o w i t h w a v e - l e n g t h . 

The a b s o r p t i o n i s seen to be a lmost u n i f o r m f o r a l l 

w a v e - l e n g t h s from 1 . 0 ^ to 2 . 0 ^ : v a r y i n g from a 

t r a n s m i s s i o n of 7 1 . 0 ^ to one of 75.0*^ f o r a gas p r e s s u r e 

of 75.0 cms mercury ; and from 68.0?^ to 71.05^ f o r a 

gas p r e s s u r e of 101 .1 cms m e r c u r y . The v a r i a t i o n i n 

both c a s e s i s u n i f o r m . The s l i t s were reduced i n 

w i d t h a s f a r as p o s s i b l e , c o n s i s t e n t w i t h a r e a s o n a b l e 

ga lvanometer d e f l e c t i o n , but no s e l e c t i v e a b s o r p t i o n 

c o u l d be d e t e c t e d . A v e r y wide range of gas 

p r e s s u r e s was u s e d , but r e s u l t s f o r on ly two of them 

a r e g i v e n : - 75 .0 cms and 101 .1 cms of m e r c u r y . 

L a t e r , some e x p e r i m e n t s were t r i e d u s i n g a mixture of 

carbon d i o x i d e d i s s o l v e d i n w a t e r . An account of 

t h e s e w i l l be g i v e n i n Chapter I V . 
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T A B L E X I X . 

O b s e r v a t i o n s to show the A b s o r p t i o n produced by 
Carbon D i o x i d e i n the r e g i o n of 1.0^>u. - 2»0^u.* 

C o r r e c t . % C o r r e c t . C o r r e c t . 
W . L . Dr\am T R A N S W.L.Drum T R A N S W.L.Drum TRANS 
Reading A / B Reading A / B Reading A / B 
( \ iV? / c ) ( A, l o ^ ) ( A / X ) 

1 .994 71 .3 1 .607 72 .3 1.356 71 .7 
1 .114 71 .0 1 .626 72 .3 1.376 71.8 
1 .134 71 .0 1.646 7 2 . 5 1.396 71.9 
1 .153 71 .3 1.666 72 .8 1.416 72 .0 
1 .173 71 .3 1.686 72 .9 1.437 71 .9 
1 .192 7 1 . 4 1.706 72 .8 1.456 72.0 
1 .213 71 .6 1 .767 73.1 1 .476 72 .1 
1 .232 71 .6 1.806 73 .35 1 .497 71.9 
1 .252 7 1 . 5 1.827 73 .7 1 .817 71.8 
1 .271 7 1 . 5 1.866 73 .9 1.537 72.2 
1 .291 71 .7 1.886 74.0 1.557 72.0 
1.311 71 .6 P 1 .984 74 .9 1 .577 72 .25 
1.331 71 .8 1 .097 7 1 . 4 1.597 7 2 . 4 
1 .35 71 .6 1 .117 7 1 . 4 1.617 72 .3 
1 .37 71 .7 1 .137 71 .3 1.637 72 .2 
1.388 71 .7 1 .157 71 .2 1.657 7 2 . 5 
1 .408 71 .7 1 .177 7 1 . 4 1.698 72.6 
1 .428 71.8 1 .197 7 1 . 5 1.748 72 .85 
1 .447 71.8 1 .217 71 .5 1.798 73 .6 
1 .467 71 .9 1 .237 7 1 . 4 1.849 73 .5 
1 .488 72 .0 1 .257 71 .7 1.900 74 .1 
1 .507 71 .9 1.276 71 .9 1.950 74 .2 
1 .547 72 .2 1.296 71.8 2 .000 74.91 
1 .567 72 .3 1.316 71 .7 

2 1 .587 72 .2 1.337 71 .7 
^-^1.395 6 8 . 2 1 .030 6 7 . 2 1.228 67*9 ^-^1.395 6 8 . 2 

1 .07 6 7 . 6 1 .248 68-1 1 .404 68 .1 
1 .09 6 7 . 7 1 .267 68 .1 1.423 6 8 . 4 1 .09 6 7 . 7 

1 .444 6 8 . 4 
1.108 6 7 . 7 1.286 67 .9 1 .464 68 .6 
1 .148 6 7 . 6 1.306 6 8 . 1 1.483 6 8 . 4 
1 .17 67 .8 1 .325 6 8 . 1 1 .504 68 .6 
1 .188 6 7 . 9 1.346 6 8 . 2 1.542 68 .6 
1 .208 6 8 . 0 1 .365 68-0 1.582 6 8 . 8 

Case No. 

1 

2 

3 

P r i s m 
Temperature 

21-5^C 

20 .9^0 

2 2 . 8 ° C 

Wadsworth 
se t at 

20.1^0 

I I 

E x i t 
S l i t 

1/1000" 

2 . 5 

2 . 5 

2 . 5 

E n t r a n c e 
S l i t 

1/1000.^ 

2 . 5 

2 . 5 

2.2 

Gas 
P r e s s u r e 
cms, hg 

75 .0 

75 .0 

101 .1 
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We a r e compe l l ed to r e a c h t h e f o l l o w i n g con­

c l u s i o n s from these exper iments : 

a ) There i s no s e l e c t i v e a b s o r p t i o n by carbon 

d i o x i d e i n the r e g i o n n e a r 1 . 2 0 ^ » 

or 

b) The a b s o r p t i o n i s so weaic t h a t i t i s i m p o s s i b l e 

to d e t e c t i t w i t h the appaaratus d e s c r i b e d i n 

the p r e c e d i n g pages . 

S e c t i o n I I I . 

The a b s o r p t i o n Bands of N i t r i c O x i d e . 

1. A b s o r p t i o n bands due to n i t r i c oxide have been 
25 

i n v e s t i g a t e d by V/arburg and L u t h a u s e r u s i n g a prisra 
26 

s p e c t r o m e t e r , and by Snow, R a w l i n s and R i d e a l u s i n g 

a g r a t i n g and r o c k - s a l t p r i s m s p e c t r o m e t e r . 

The fxindeunental band ( f r e q u e n c y 1883 ems') was 

o b s e r v e d by Snow and h i s c o l l a b o r a t o r s , and they were 

a b l e t o r e s o l v e i t s u f f i c i e n t l y to show t h a t a f i r s t 

harmonic s h o u l d o c c u r at about 2 . 6 9 ^ ; they were 

u n a b l e , however, to demonstrate the e x i s t e n c e of t h i s 

band, c h i e f l y because of i t s v e r y weak i n t e n s i t y , but 

a l s o , because o i the "masking e f f e c t " produced by the 

s t r o n g a b s o r p t i o n of a tmospher ic carbon d i o x i d e n e a r 

t h e s e w a v e - l e n g t h s ( the 2 . 7 2 ^ band or caroon d i o x i d e ) . 

B e f o r e p r o c e e d i n g i n the p r e s e n t work to s e a r c h f o r the 

f i r s t harmonic a t 2 . 6 9 ^ , i t was f i r s t of a l l n e c e s s a r y 

t o v e r i f y the e x i s t e n c e of the fundamenta l band at 5.29y<x, 
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o b s e r v e d by Warburg suid L u t h a u s e r , and by Snow and h i s 

c o - w o r k e r s . T h i s work w i l l be d e s c r i b e d i n the next 

p a r a g r a p h . I t i s i n t e r e s t i n g to r e c o r d t h a t no bands 

have e v e r been o b s e r v e d i n the r e g i o n 6.0yU - 2 0 . 0 ^ f o r 

n i t r i c o x i d e . Moreover, none were d i s c o v e r e d d u r i n g 

the p r e s e n t work . 

2 . An account i s now g i v e n of the r e s u l t s o b t a i n e d 

d u r i n g the i n v e s t i g a t i o n of the a b s o r p t i o n band at 5 . 2 9 ^ . 

The e x p e r i m e n t a l o b s e r v a t i o n s exxmmarised i n T a b l e XX 

a r e some of the many r e s u l t s o b t a i n e d d u r i n g the course 

of the work when n i t r i c oxide was c o n t a i n e d i n the o b s e r v ­

a t i o n tuoe "A". The gas p r e s s u r e s used were 64.0 cms, 

65 .0 cms and 69.0 cms of mercury , the gas tube "A" be ing 

c o m p l e t e l y e v a c u a t e d smd r e f i l l e d w i t h f r e s h l y generated 

gas a f t e r the r e c o r d i n g of each se t of o b s e r v a t i o n s . The 

c o r r e s p o n d i n g t r a n s m i s s i o n c u r v e s a r e g i v e n i n F i g . XXX; 

t h e s e show the v a l u e s of the t r a n s m i s s i o n r a t i o p l o t t e d 

a g a i n s t w a v e - l e n g t h . They demonstrate c l e a r l y t h a t 

maximum a b s o r p t i o n o c c u r s at a w a v e - l e n g t h of 5 . 2 9 ^ ; and 

a l s o , t h a t the v a l u e s of maximum a b s o r p t i o n f o r d i f f e r e n t 

gas p r e s s u r e s a r e p r o p o r t i o n a l to the c o r r e s p o n d i n g v a l u e s 

of the gas p r e s s u r e . Thus , f o r a gas p r e s s u r e of 69 cms. 

m e r c u r y , the v a l u e of the maximum a b s o r p t i o n i s 35?b. 

These two f i g u r e s g i v e a v a l u e of 0.51 f o r the r a t i o , 

% a b s o r p t i o n . The c o r r e s p o n d i n g v a l u e of t h i s r a t i o , 
gas p r e s s u r e 

f o r a p r e s s u r e of 65 cms. mercury , i s 

0 . 5 2 , and f o r a p r e s s u r e of 64 cms the r a t i o i s 0 . 4 8 . 

P r e s s u r e s of gas v e r y much above or below t h e s e v a l u e s , 

gave a b s o r p t i o n hands of poor d e f i n i t i o n . R e s u l t s 

c o r r e s p o n d i n g t o such p r e s s u r e s are not , however, i n c l u d e d 

i n t h i s a c c o u n t . 
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T A B L E X X 

The A b s o r p t i o n Band of JMltric Oxide at 5 . 2 9 ^ 

Case No. 

1 
2 

3 

P r i s m Teap. 

2 0 . 5 ° C 

2 0 . 8 °C 

1 9 . 5 ° 0 

Wads- s e t 
a t 

2 3 . 9 ° C 

E x i t 
S l i t 

107"̂  
1000" 

Entrance 
S l i t . 

io7 
1000'* 

Maxra. 
Abs. 

% _ 

35 
34 

31 

C o r r e c t 
W . L . Reading 
( X t o ) 

TRAILS 
A / B 

C o r r e c t 
W.L. Reading TBMB 

A/B 

C o r r e c t 
W-L. Reading 

1^ 
TRANS 

A/B 

1 
5.026 9 7 . 8 5 .377 6 5 . 7 5.272 66 .8 

5 .047 9 4 . 8 5 .387 6 6 . 8 5.293 6 6 . 3 

5.068 9 1 . 6 5 .397 66 .8 5.313 66 .2 

5.089 8 8 . 8 5.418 6 7 . 5 5.333 66 .1 

5 .11 8 5 . 4 5 .439 
p 

68 .8 5 .354 6 6 . 5 

5 .131 8 1 . 8 5 .026 9 7 . 8 5 .375 66 .7 

5 .151 79 .2 5 .045 9 5 . 3 5 .395 67 .9 

5 .172 76 .0 5.065 9 2 . 8 5.416 68 .6 

5 .192 73 .2 5 .087 8 9 . 3 5 .437 
3 

70 .3 

5 .213 70 .6 5.108 8 6 . 0 5.018 97 .9 

5 .232 6 8 . 7 5 .129 8 2 . 7 5 .039 95 .6 

5 .253 6 7 . 5 5 .149 79 .7 5 .06 9 2 . 7 

5 .273 6 5 . 8 5 .17 7 6 . 5 5.08 89 .01 

5 .294 6 5 . 0 5 .19 73 .8 5.101 8 6 . 5 

5 .315 6 4 . 8 5.211 71 .5 5 .122 83 .47 

5 .337 64 .9 5.231 6 9 . 5 5 .142 80 .8 

5 .356 
mm 

6 5 . 0 5 .252 6 8 . 3 5 .163 78.00 

3 
5 .183 75.^6 5 .265 6 9 . 5 5.348 6 9 . 9 5 

5 .204 73 .8 5 .285 6 9 . 2 5.369 70.9 

5 .224 7 1 . 7 5 .307 6 9 . 2 5.389 71 .6 

5 .41 73 .1 

5 .245 70 .6 5 .327 6 9 . 3 5 .43 74 .2 

Gas 
P r e s s 

cms, Hg. 

69 
65 

64 

a^abs 

PitSS. 

0 . 5 1 
0 .52 

0 .48 
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3 . Two o t h e r a b s o r p t i o n c u r v e s f o r n i t r i c 

ox ide i n t h i s r e g i o n have been drawn; t h e s e 

a r e g i v e n i n F i g . X X X I , and the e x p e r i m e n t a l 

r e s u l t s a r e t a b u l a t e d i n T a b l e X X I . The gas 

p r e s s u r e s u s e d were 52 .0 cms. and 73.0 cms of 

m e r c u r y . Both the c u r v e s show maxim;im a b s o r p ­

t i o n o c c u r r i n g a t 5 .29^, maximum a b s o r p t i o n 

b e i n g 26^ f o r a p r e s s u r e of 52 .0 cms, mercury , 

and 35.55'e f o r a p r e s s u r e of 73 .0 cms. These 

r e s u l t s g i v e a v a l u e f o r the r a t i o % Absorpt ion 
Gas p r e s s u r e 

of 0 . 5 0 f o r a p r e s s u r e of 52 .0 cms . , and 0 .50 

f o r a p r e s s u r e of 73 .0 cms. mercury . We s e e , 

t h e r e f o r e , t h a t the v a l u e of maximum a b s o r p t i o n i s 

p r o p o r t i o n a l to the gas p r e s s u r e , a r e s u l t 

r e a c h e d i n the r e c o r d s g i v e n i n the p r e v i o u s 

p a r a g r a p h ( T a b l e X X ) . The r e s o l v i n g power of the 

a p p a r a t u s was i n s u f f i c i e n t to r e s o l v e the band, 

but the e x i s t e n c e of the band was s u c c e s s f u l l y 

d e m o n s t r a t e d . I t s h o u l d be observed t h a t the 

u n c o r r e c t e d c u r v e s ( f o r p r i s m temperature 

v a r i a t i o n s ) were v e r y i n c o n s i s t e n t ; i t was only 

a f t e r c o r r e c t i o n s had been a p p l i e d t o a l l wave­

l e n g t h r e a d i n g s , t h a t complete u n i f o r m i t y i n the 

r e s u l t s f o r w a v e - l e n g t h of maximum a b s o r p t i o n was 

o b t a i n e d . 
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T A B L E X X I 

A b s o r p t i o n Bands of N i t r i c Oxide 
at 5.g9yu." 

C o r r e c t . 
W . L . 
Reading 

TRANS 
A/B 

C o r r e c t . 
W . L . 

Reading 
( X in/tx) 

TRANS 
A/B 

C o r r e c t . 
W . L . 

Reading 
( KlxifJi) 

T R A N S 
A / B 

4) 
5 .097 
5 .132 
5.143 
5 .163 
5 .184 
5.199 
5 .220 
5 .240 
5.261 
5 .282 
5 .302 
5 .327 
5 .344 
5 . 3 6 4 

9 6 . 0 
9 2 . 3 
8 9 . 0 
8 5 . 9 
8 3 . 8 
8 2 . 0 
79 .2 
77 .3 
7 5 . 7 
7 4 . 5 
74 .0 
7 4 . 0 5 
7 4 . 2 
74 .3 

4) 
5 .385 
5.406 
5 .427 
5 .447 
5.468 
5.488 

5) 5.509 
^ 5 .093 

5.113 
5 .134 
5.159 
5 .175 
5 .195 
5.216 

75 .1 
7 6 . 4 
77.0 
78 .3 
8 0 . 2 
8 2 . 1 
8 4 . 3 
9 0 . 2 
8 7 . 1 
8 2 . 8 
78 .0 
7 4 . 2 
? 1 . 0 
6 8 . 1 

5) 
5.236 
5 .257 
5.278 
5.303 
5.319 
5.342 
5.360 
5.381 
5.402 
5.423 
5.443 
5 .464 
5.484 
5 .505 

6 6 . 5 
6 4 . 5 
64 .0 
6 3 . 7 
63 .3 
63 .6 
64 .3 
6 5 . 5 
67 .0 
68 -5 
70 .5 
72.0 
74.0 
76.02 

Case No. P r i s r a 
Temp. 

Wads, 
s e t at 

E x i t 
S l i t 

Maxm. 
Abs . f 

Gas 
P r e s s . 
cms.Hg. 

^^abs . 
Gas 
P r e s s 

4 2 0 . 3 ° G 20.1*^0 
10/ 
1000" 
10 / 
1000" 

2 6 . 0 52 0 . 5 0 

5 20.8^0 20.1^0 

10/ 
1000" 
10 / 
1000" 3 6 . 5 52 0 .50 

I n a l l f i v e c a s e s d e s c r i b e d i n the p r e v i o u s two 

paraigraphs i t has been shown t h a t the percentage maximum 

a b s o r p t i o n i s d i r e c t l y p r o p o r t i o n a l to the gas p r e s s u r e . 

As the p r e s s u r e of gas i n c r e a s e d , the > a b s o r p t i o n 

i n c r e a s e s a c c o r d i n g l y . T h i s demonstrates t h a t the 

a b s o r p t i o n band i s c l e a r l y one c a u s e d by the n i t r i c 

o x i d e g a s . Moreover , t h e r e does not seem to be any s h i f t 

i n the p o s i t i o n of the band as the p r e s s u r e of gas i s 

i n c r e a s e d . T h i s i s i n accordai ice w i t h r e s u l t s o b t a i n e d 
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by d i f f e r e n t o b s e r v e r s w i t h o t h e r g a s e s . 

4. I t w i l l be remembered t h a t Snow and 

R a w l i n s were unable to d e t e c t the overtone of 

n i t r i c ox ide n e a r 2 . 7 0 y U . They thought t h i s 

r e s u l t was p o s s i b l y due to the g r e a t a b s o r p t i o n 

produced by a tmospher i c carbon d iox ide i n t h i s 

r e g i o n . The work d e s c r i b e d i n the p r e s e n t 

p a r a g r a p h was c a r r i e d out i n an endeavour to 

d i s c o v e r the band. The e x p e r i m e n t a l r e s u l t s 

g i v e n i n T a b l e X X I I , and the a b s o r p t i o n c u r v e s 

drawn i n F i g . X X X I I show the amount of a b s o r p t i o n 

produced by n i t r i c oxide at d i f f e r e n t wave­

l e n g t h s i n the r e g i o n n e a r 2.70/>t.. A p r e s s u r e 

of gas e q u a l to 52 .0 cms. of mercury was used f o r 

the two e x p e r i m e n t s , the r e s u l t s of w h i c h a r e 

g i v e n i n t h e s e t a b l e s . The " s l i t - w i d t h " was 

i n c r e a s e d by 50^ f o r the second set of o b s e r v a -

t i o n s , and the r e s u l t of t h i s i s seen i n the 

g e n e r a l " b l u n t i n g " of the peak of the a b s o r p t i o n 

c u r v e . Both the a b s o r p t i o n c u r v e s show maximum 

a b s o r p t i o n at 2 . 6 8 ^ . I t i s of i n t e r e s t to note 

t h a t the a b s o r p t i o n c u r v e s reproduced i n F i g . 

X X X I I were the v e r y f i r s t two o b t a i n e d w i t h the 

a p p a r a t u s a f t e r n i t r i c oxide had been p l a c e d i n 

t h e t u b e s . F u r t h e r , the c u r v e s are e n t i r e l y 

untouched i n any way w i t h the e x c e p t i o n of 

c o r r e c t i o n s a p p l i e d f o r v a r i a t i o n s i n p r i s m 

t e m p e r a t u r e . The a p p l i c a t i o n of t h e s e c o r r e c t i o n s 

i s , a s we have s een , v e r y e s s e n t i a l . 



T A B L E X X I I . 

The A b s o r p t i o n Band of N i t r i c Oxide i n the 
r e g i o n neax 2.70ycc. 

101-

C o r r e c t . 
W . L . 
Reading 
( A i n ) 

1) 
2 .498 
2 .508 
2 .527 
2 .538 
2 .547 
2 .579 
2 .619 
2 .627 
2 .639 
2 .668 
2 .700 
2 .708 
2 .741 

TRANS 
A/B 

8 7 . 8 
8 7 . 7 
8 7 . 5 
8 7 . 0 
8 6 . 9 
8 6 . 5 
8 6 . 1 
8 6 . 4 
8 6 . 0 
8 6 . 2 
8 6 . 2 
8 6 . 2 
8 6 . 8 

C o r r e c t . 
W . L . 

Reading 
{ A i n / / ) 

1^ 
TRANS 

A/B 

2) 

2 .781 
2 .79 
2 .81 
2 .821 
2 .857 
2 .552 
2 .566 
2 .592 
2 .606 
2 .633 
2 .647 
2 .673 
2 .687 

8 7 . 2 
8 7 . 7 
8 8 . 1 
8 8 . 5 
90 .0 
8 9 . 0 
8 8 . 8 
8 8 . 6 
8 8 . 5 
8 8 . 0 
8 7 . 5 
8 7 . 6 
8 7 . 6 5 

C o r r e c t . 
W . L . 

Reading 
( /\ i n / x ) 

2) 
2 .728 
2 .753 
2.768 
2 .794 
2 .809 
2 .834 
2 . 8 5 
2 . 8 7 5 
2 .889 
2 .905 
2 .929 
2 .948 
2 .954 

TRANS 
A/B 

87 .6 
88 .0 
88 .3 
8 8 . 5 
8 8 . 5 
8 9 . 3 
8 9 . 4 
9 0 . 0 
9 0 . 5 
90 .8 
9 1 . 5 
91 .8 
9 2 . 2 

Gas 

Case No. P r i s m 
Temp. 

Wads 
s e t at 

E n t r a n c e 
S l i t 

E x i t 
S l i t 

P r e s s u r e 
cms. Hg. 

1 27.1^0 20.8^0 5/1000" 5/1000" 52 .0 

2 23 .2^C 2 0 . 8 ° C 7 . 5 / 
1000" 

7 . 5 / 
1000" 

52 .0 

5 . To show t h a t t h i s band was r e a l l y due to n i t r i c 

o x i d e , i t was e s s e n t i a l to demonstrate the v a r i a t i o n i n 

i n t e n s i t y of a b s o r p t i o n a s the gas p r e s s u r e was i n c r e a s e d . 
i n the course of t h i s exper iment a r e g i v e n 

The r e s u l t s o b t a i n e d / i n t h i s p a r a g r a p h . T a b l e X X I I I , F i g -

X X X I I I , shows the a b s o r p t i o n bands f o r the s e v e r a l c a s e s . 

F o u r d i f f e r e n t gas p r e s s u r e s were used f o r the t e s t s , 

namely 1 4 3 . 0 c m s . , 114 c m s . , 86 eras, and 46 cms mercury 

r e s p e c t i v e l y . E a c h cxirve shows maximum a b s o r p t i o n a t 

2 . 6 8 ^ , and a l s o , t h a t the p e r c e n t a g e maximum a b s o r p t i o n 

i s p r o p o r t i o n a l to the gas p r e s s u r e . T h u s , f o r a gas 

p r e s s u r e of 114 cms. mercury , the v a l u e of the r a t i o 

A b s o r p t i o n Gas P r e s s u r e i s e q u a l t o 0 . 1 6 ; and f o r 



iOZ-

a gas p r e s s u r e of 46 cms .mercury , 8 6 . 0 cms. mercury and 

143 cms. m e r c u r y , the v a l u e s of the r a t i o a r e 0 . 1 7 , 0 .18 

and 0 . 1 7 r e s p e c t i v e l y , w h i c h v a l u e s are p r a c t i c a l l y 

i d e n t i c a l . These r e s u l t s show t h a t the a b s o r p t i o n i s 

p r o p o r t i o n a l to the gas p r e s s u r e , and t h e r e i s , t h e r e f o r e , 

no doubt t h a t the band i s an a b s o r p t i o n band of n i t r i c 

o x i d e . The v a l u e of the w a v e - l e n g t h correspond ing to 

maximum a b s o r p t i o n i s 2 . 6 8 ^ - an average of the v a l u e s 

o b t a i n e d from the f o u r c u r v e s w h i c h correspond to f o u r 

d i f f e r e n t gas p r e s s u r e s . 

T A B L E X X I I I . 

The A b s o r p t i o n Bands of N i t r i c Oxide at 2 . 6 8 M 

|Case No. P r i s m Temp. Wads. E n t r a n c e 
s e t at S l i t 

C o r r . W . L . 
Reading 
( Kin /x) 

TRANS 
A/B 

3) 
2 . 414 
2 .416 
2 . 4 6 5 
2 .516 
2 .568 
2 .617 
2 . 6 1 9 
2 .668 
2 .718 
2 . 7 2 0 
2 .77X 

4) 
9 7 . 0 
9 6 , 8 
9 6 . 5 
9 5 . 0 
9 3 . 5 
9 2 . 6 
9 2 . 6 
9 2 . 3 
9 3 . 0 
92 .93 
9 4 . 0 

Corr- W . L . 
Reading 
( K i n /LL) 

2 . 4 2 5 
2 .476 
2 . 5 2 7 
2 .561 
2 .577 
2 .623 
2 .679 
2 .730 
2 .770 
2 .781 

Ik, 

TRANS 
A/B 

9 3 . 5 
9 2 . 1 
9 0 . 0 1 
8 9 . 1 
8 7 . 9 2 
8 6 . 4 
8 5 . 2 
8 6 . 1 
8 8 . 2 
8 8 . 5 

C o r r . W . L . 
Reading 
( \ i n / ^ ) 

5) 
2 .487 
2 .538 
2 .588 
2 .640 
2 .681 
2 .721 
2 .741 
2 .782 

T R A N S 
A / B 

8 9 . 9 5 
8 7 . 7 5 
8 4 . 5 
8 2 . 2 
8 0 . 9 5 
81 .8 
8 2 . 4 
83 .97 

E x i t Max. Gas Max. Abs* 
S l i t A b s . > P r e s s . Gas 

- cms.Hp:. P r e s s . 

3 

4 

5 

19 .2^0 19 .3^C 5/1000" 5/1000" 8 .0 46 .0 0 . 1 7 

18.4*^0 19.3*^C " " 15 .0 8 6 . 0 0 .18 

17.6*^0 " " " 19 .0 114 .0 0 .16 

6) Some f u r t h e r o b s e r v a t i o n s i n t h i s r e g i o n were made 

w i t h gas p r e s s u r e s of 6 2 . 0 cms. and 94 .0 cms. m e r c u r y . The 

r e c o r d o f t h e s e r e s u l t s i s g i v e n i n T a b l e No. X X I V , and the 

c o r r e s p o n d i n g a b s o r p t i o n c u r v e s a r e drawn i n F i g . XXXIV. 

I t w i l l be seen t h a t maximiira a b s o r p t i o n o c c u r s at 2 . 6 8 / x . 



and the t a b l e a l s o shows t h a t the > maximum a o s o r p t i o n i s 

d i r e c t l y p r o p o r t i o n a l to the gas p r e s s u r e . The r a t i o of 

Maxm. A b s o r p t i o n ^ 4 ? « i r , * ^ .̂̂ ^ 
Gas p r e s s u r e ^ ° ^ gas p r e s s u r e s 

T A B L E X X I V . 

A b s o r p t i o n C u r v e s of N i t r i c Oxide at 2 . 6 8 ^ 

C o r r . WJj. 
Reading 
( Xinyu.) 

T R A N S 
A / B 

C o r r . W . L . 
Reading 
{Kin yu.) 

T R A N S 
A / B 

C o r r . W . L . 
Reading 
{ A- in/u,) 

T R A N S 
A / B 

6) 
2 .549 
2 .589 
2 .599 
2 .630 
2 .651 
2 .671 
2 .692 
2 .712 
2 .722 
2 .733 
2 .773 
2 .783 

8 3 . 0 
8 0 . 5 
7 9 . 5 
77 .9 
7 6 . 5 
75 .6 
76 .0 
76 .8 
7 7 . 5 
78 .47 
8 1 . 0 
8 2 . 1 

7) 
2 .577 
2 .598 
2 .618 
2 .649 
2 .659 
2 .699 
2 . 7 4 
2 .78 
2 .806 
2 .951 

9 1 . 5 
9 0 . 5 
9 0 . 2 
8 9 . 9 
8 9 . 5 
8 9 . 7 
9 0 . 4 
91 .2 
9 1 . 3 
9 2 . 0 

8) 
2 .584 
2 .605 
2 .625 
2 .630 
2 .640 
2 .676 
2 .686 
2 .719 
2 .762 
2 .807 
2 .828 

88 .1 
8 7 . 5 
86 .2 
85 .6 
85 .0 
8 3 . 5 
83 .8 
8 4 . 1 
8 5 . 7 
8 8 . 5 
89 .0 

Case No. P r i s m Wads. E n t r a n c e E x i t 
Temp, s e t at S l i t S l i t 

Maxm. Gas Abs . 
A b s . ^ P r e s s . Gas 

c m s . I k . P r e s s . 

6 1 6 . 8 ° C 19 .3^C 5 / 
1000" 

19.9^0 20.1*^0 " 

5 / 
1000" 

19.6^0 2 0 . 1 ^ C " 

2 4 . 0 143 .0 0 . 1 7 

1 0 . 5 6 2 . 0 0 . 1 7 

16 .0 9 4 . 0 0 . 1 7 

I t s h o u l d a l s o be noted t h a t f o r c a s e s 7 and 8 , 

the Wadsworth M i r r o r was se t a t a p r i s m temperature of 

20 .1^0 , whereas f o r c a s e s 1 and 2 , i t was se t at 20 .8^0- , 

and f o r c a s e s 3 , 4, 5 and 6, i t was se t at 19.3*^0. Never ­

t h e l e s s , the wave l e n g t h f o r maximum a b s o r p t i o n i s the 

same f o r a l l the c a s e s , p r o v i d e d the c o r r e c t i o n s f o r 

p r i s m t e m p e r a t u r e a r e a p p l i e d . The importance of t h i s 

c o r r e c t i o n f o r p r i s m temperature cannot be s t r e s s e d too 

s t r o n g l y . B e f o r e the c o r r e c t i o n s were a p p l i e d to the 

r e s u l t s r e c o r d e d i n T a b l e s Nos. X X I I and X X I I I , the 



a b s o r p t i o n c u r v e s d e r i v e d t h e r e f r o m were v e r y i n c o n ­

s i s t e n t . A p p l i c a t i o n or the c o r r e c t i o n f a c t o r s removed 

a l l a n o m a l i e s , and the p o s i t i o n g i v e n f o r the maximum 

a b s o r p t i o n was independent of the temperature at w h i c h 

the Wadsworth m i r r o r was s e t , or the temperature of the 

p r i s m when the o b s e r v a t i o n s were r e c o r d e d . 

6. To complete the i n v e s t i g a t i o n of the a b s o r p t i o n 

spectrum of n i t r i c o x i d e , i t was n e c e s s a r y to see i f any 

band e x i s t e d n e a r the r e g i o n round 1 . 6 ^ , where a second 

harmonic would o c c u r . The r e c o r d e d o b s e r v a t i o n s 

summarised i n T a o l e XXV and g r a p h i c a l l y r e p r e s e n t e d 

i n F i g . XXXV, a r e some of these o b t a i n e d d u r i n g the 

course of t h i s i n v e s t i g a t i o n . A c t u a l l y , the r e s u l t s 

t a o u l a t e d a r e f o r gas p r e s s u r e s of 57.0 cms- , 70.0 eras, 

and 8 4 . 0 cms. m e r c u r y . G e n e r a l l y s p e a k i n g , t h e r e i s 

no v e r y marked a b s o r p t i o n due to the gas i n t h i s r e g i o n 

( from 1.0 a - 2 . 0 y u ) . The a b s o r p t i o n a c t u a l l y v a r i e s 

v e r y u n i f o r m l y ; the t r a n s m i s s i o n r a t i o , A / B , v a r i e s 

from 93^0 t o 94.8^c. over the range 1.0 to 2 .2 /x . f o r a 

gas p r e s s u r e of 70 .0 cms. mercury; and so on f o r 

o t h e r gas p r e s s u r e s . We may c o n c l u d e , t h e r e f o r e , 

t h a t the a b s o r p t i o n i s v e r y s m a l l i n t h i s r e g i o n , 

so s m a l l t h a t i t i s i m p o s s i b l e to de tec t i t w i t h the 

a p p a r a t u s d e s c r i b e d i n t h e s e p a g e s . P r e s s u r e s v e r y much 

above or below those mentioned i n these t a b l e s gave 

t h e same r e s u l t . The c o r r e s p o n d i n g o b s e r v a t i o n s at 

t h e s e p r e s s u r e s have n o t , however, been r e c o r d e d . 



105. 

T A B L E X X V 

A b s o r p t i o n by N i t r i c Oxide i n the r e g i o n from 
1.0 M- - 2 . 0 M . ^ " 

C o r r . W . L . 
Reading 
( ^ i n / x ) 

TRANS 
A/B 

C o r r . W . L . 
Read ing 
( Kin f^) 

5fc 
TRANS 

A / B 

C o r r . W . L . 
Reading 
( ^ i n / ^ ) 

TRANS 
A/B 

1) 1) 3) 
1 .055 9 5 . 1 2 .034 9 4 . 7 1.622 9 4 . 0 
1 .105 9 5 . 1 2 . 0 8 5 9 4 . 7 1.672 9 4 . 1 
1 .156 9 5 . 2 2 .143 9 4 . 7 1.727 9 4 . 0 
1.206 9 5 . 3 2 . 1 8 5 9 4 . 7 1.777 93 .9 
1 .257 9 5 . 2 ^ / 1.11 9 6 . 1 1.829 9 4 . 0 
1.308 9 5 . 1 1,16 9 6 . 5 1.890 9 3 . 8 5 
1.358 9 5 . 2 1.211 9 6 . 4 1.933 94 .0 
1.409 9 5 . 1 1.251 9 6 . 6 1 .985 94 .0 
1 .459 9 5 . 2 1.262 9 6 . 3 2 .035 93 .86 
1 .512 9 5 . 3 1.30 9 6 . 9 2 .086 94 .0 
1 .568 9 5 . 5 1 .314 9 6 . 2 2.138 94 .1 
1 .621 9 5 . 0 1 .355 9 6 . 5 3a) 1.529 94 .1 
1.673 9 5 . 0 1 .364 9 6 . 4 5 1.576 94 .6 
1 .725 9 4 . 9 1.40 9 6 . 9 5 1.628 94 .0 
1 .777 9 5 . 0 1.416 9 6 . 2 1.689 94 .1 
1 .829 9 5 . 0 1 .45 9 7 . 0 1.732 93 .8 
1.880 9 4 . 9 •2 ^ 1.514 9 7 . 0 5 1.784 93 .9 
1 .932 9 4 . 8 3 ; 1.521 9 4 . 5 1.836 94 .0 

1.8S8 94 .0 
1 .982 9 4 . 7 1.570 9 4 . 4 1.945 9 3 . 9 

2 .043 94 .0 
— 2 .095 93 .9 

Case No. P r i s m Wadsworth E n t r a n c e E x i t 
Temp. s e t at S l i t S l i t 

Gas 
P r e s s u r e 
cms. Hg. 

1 ( 1 8 . 7 ° 0 ( 2 0 . 1 ° 0 2 . 5 / 2 . 5 / 70.0 
( 1 7 . 8 ° C ( 2 0 . 1 C 1000" 1000" 

2 2 0 . 1 ° C 20 .1^C I I If 57.0 

3 1 7 . 4 ° 0 2 0 . 1 ° C I I I I ) 
) 84 .0 

3 a 1 6 . 6 ° 0 2 0 . 1 ° C I I I I ) 

7. The e x a m i n a t i o n of the bands of carbon d i o x i d e 

w i t h the a p p a r a t u s d e s c r i b e d r e v e a l s s e v e r a l f a c t s . 

I t has been shown t h a t oaiids occur at 2 . 7 2 ^ , 4 . 2 5 ^ 

and 1 4 . 8 7 / x ; and t h a t the percentage a b s o r p t i o n f o r 

r a d i a t i o n s of t h e s e w a v e - l e n g t h s i s p r o p o r t i o n a l to 

the gas p r e s s u r e . T h i s r e s u l t i s to oe e x p e c t e d . 



s tudy o f the e x p e r i m e n t a l c u r v e s drawn f o r these 

a b s o r p t i o n bEuids a l s o shows t h e r e i s some c r i t i c a l 

p r e s s u r e of gas f o r w h i c h the a b s o r p t i o n bands are 

most pronounced . The saine r e s u l t was o b t a i n e d w i t h 

n i t r i c ox ide g a s . I n every i n v e s t i g a t i o n of t h i s 

c h a r a c t e r one would suggest t h a t exper iments be 

f i r s t made to d i s c o v e r the v a l u e of t h i s c r i t i c a l 

p r e s s u r e . A f t e r w a r d s , the r e s o l v i n g power of the 

a p p a r a t u s s h o u l d be i n c r e a s e d , by d i m i n i s h i n g the 

s l i t w i d t h s of the spec trometer , so t h a t the absorp­

t i o n bands can be f u l l y r e s o l v e d . 

No a b s o r p t i o n bands f o r carbon d i o x i d e i n 

the r e g i o n 1.0yu_ - 2 . 0 ^ c o u l d be d e t e c t e d . The 

s e l e c t i v e a b s o r p t i o n i n t h i s r e g i o n i s e i t h e r 

n e g l i g i b l e , o r too s m a l l to be d e t e c t e d w i t h the 

a p p a r a t u s u s e d i n the p r e s e n t work. A s i m i l a r 

c o n c l u s i o n was r e a c h e d from a s e r i e s of exper iments 

i n the same r e g i o n on the system "water and carbon 

d i o x i d e " . An account of these exper iments i s g i v e n 

i n C h a p t e r I V , S e c t i o n I V . The e f f e c t of a d j u s t i n g 

the Wadsworth m i r r o r at d i f f e r e n t p r i s m temperatures 

i s a l s o c l e a r l y demonstrated i n the exper iments 

d e s c r i b e d i n t h i s C h a p t e r . P r o v i d e d the n e c e s s a r y 

t e m p e r a t u r e c o r r e c t i o n s are a p p l i e d to the w a v e - l e n g t h 

drum r e a d i n g s , t h e a p p a r a t u s w i l l g ive c o n s i s t e n t 

r e s u l t s . These r e s u l t s are independent of the 

t e m p e r a t u r e of the p r i s m at w h i c h the Wadsworth 

m i r r o r i s s e t . T h u s , f o r the s e r i e s 1 to 8 f o r 

t h e n i t r i c ox ide band a t 2 . 6 8 ^ g i v e n i n T a b l e s 

X X I I , X X I I I and X X I V , the Wadsworth m i r r o r was se t 



at t h r e e d i f f e r e n t p r i s m t e m p e r a t u r e s : 2 0 . 8 ^ C , 

19 .3^0 and 2 0 . 1 ^ C ; and the o b s e r v a t i ons were 

r e c o r d e d a t pr i s ra t empera tures v a r y i n g from 16.8^0 

to 27.1*^0. The e i g h t c o r r e c t e d e x p e r i m e n t a l 

a b s o r p t i o n c u r v e s a l l show maximum a b s o r p t i o n a t 

2 . 6 8 ^ . 

F o r n i t r i c oxide^the fundamental band at 

5 . 2 9 ^ was measured f o r a wide range of gas 

p r e s s u r e s . Here a g a i n , the v a l u e of the maximum 

a b s o r p t i o n so de termined i s p r o p o r t i o n a l to the 

gas p r e s s u r e . D i f f e r e n t w i d t h s of the s p e c t r o ­

meter s l i t s were used f o r some of the exper iment s , 

and a l t h o u g h wide s l i t s g ive a s m a l l r e s o l v i n g 

power, the p o s i t i o n s f o r maximum a b s o r p t i o n when 

o b t a i n e d w i t h wide and narrow s l i t s were i d e n t ­

i c a l . I n some of the e a r l i e r exper iment s , s l i g h t 

d i s c r e p a n c i e s were n o t i c e d when d i f f e r e n t s l i t 

w i d t h s were u s e d . T h e s e , however, were t r a c e d t o 

v a r i a t i o n s i n p r i s m temperature , and when c o r r e c ­

t i o n s f o r t h e s e v a r i a t i o n s were a p p l i e d , the d i s ­

c r e p a n c i e s d i s a p p e a r e d and a l l the e x p e r i m e n t a l 

v a l u e s gave c o n s i s t e n t r e s u l t s . 

The overtone f o r n i t r i c oxide at 2 . 6 8 ^ was 

e a s i l y d i s t i n g u i s h e d w i t h the i n s t r u m e n t , and a 

l a r g e number of e x p e r i m e n t a l o b s e r v a t i o n s on t h i s 

band a r e i n c l u d e d i n the a c c o u n t . The v a l u e f o r 

maximum a b s o r p t i o n depends on the gas p r e s s u r e , and 

f o r the bes t d e f i n i t i o n of the band t h e r e i s a 

c r i t i c a l v a l u e of the gas p r e s s u r e ; an e x a m i n a t i o n 

o f the e x p e r i m e n t a l c u r v e s drawn i n F i g s . X X X I I , 

X X X I I I and XXXIV r e v e a l s t h i s f a c t . 



The f a c t t h a t t h e p e r c e n t a g e a b s o r p t i o n 

i n c r e a s e s as t h e gas p r e s s u r e i s r a i s e d shows 

t h a t t h e b a n d i s r e a l l y due t o t h e gas u n d e r 

o b s e r v a t i o n . T h i s i s c o n c l u s i v e e v i d e n c e , and 

t h e m e t h o d o f a t t a c k s h o u l d be u s e d f o r t h e 

i n v e s t i g a t i o n o f a l l p r o b l e m s o f t h i s c h a r a c t e r . 

The s e v e r a l a t t e m p t s made t o d i s c o v e r s e l e c t i v e 

a b s o r p t i o n i n t h e r e g i o n n e a r t h e p o s i t i o n w h i c h t h e 

s econd h a r m o n i c w o u l d o c c u p y , were u n s u c c e s s f u l . 

The re i s e i t h e r no s e l e c t i v e a b s o r p t i o n by n i t r i c 

o x i d e i n t h i s r e g i o n , o r i t i s t o o s m a l l t o be 

measured w i t h t h e a p p a r a t u s . T h i s minimum v a l u e 

f o r t h e m e a s u r a b l e a b s o r p t i o n i s a p p r o x i m a t e l y 

2.05^. 
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S e c t i o n I -

1) The a c c u r a t e d e t e r m i n a t i o n o f t h e i n f r a - r e d 

a b s o r p t i o n s p e c t r a o f l i q u i d s has a l w a y s been 

r a t h e r d i f f i c u l t . T h i s has been due, i n g e n e r a l , 

t o t h e g r e a t a b s o r p t i o n o f i n f r a - r e d r a d i a t i o n 

exhibi ted by most l i q u i d s . I n t h e case o f pu re 

w a t e r , f o r e x a m p l e , most i n f r a - r e d r a d i a t i o n s o f 

w a v e - l e n g t h g r e a t e r t h a n Z.Oju a r e c u t o f f com­

p l e t e l y b y a l a y e r o f l i q u i d o f t h i c k n e s s 0 . 2 cms. 

O t h e r l i q u i d s a r e n o t q u i t e so opaque as t h i s t o 

i n f r a - r e d r a d i a t i o n s , b u t t h e g e n e r a l p r i n c i p l e 

r e m a i n s , a n d t o g e t good d e f i n i t i o n o f t h e 

a b s o r p t i o n b a n d s , e x t r e m e l y t h i n f i l m s o f l i q u i d 

must be u sed - The t h i c k n e s s o f t h e s e f i l m s 

must a l s o oe a c c u r a t e l y known f o r a c o r r e c t v a l u e 

o f t h e a b s o r p t i o n c o e f f i c i e n t t o be e l u c i d a t e d . 

The measurement o f t h e s e t h i c k n e s s e s p r e s e n t s 

f u r t h e r d i f f i c u l t i e s - A l t h o u g h a g r e a t d e a l o f 

w o r k has been done and a l a r g e number o f r e s u l t s 

p u b l i s h e d , t h e w o r k i s s t i l l o n l y i n i t s i n f a n c y . 

F o r s o l i d s and gases more o r l e s s d e f i n i t e r e s u l t s 

have been o b t a i n e d , b o t h f r o m t h e t h e o r e t i c a l and 

e x p e r i m e n t a l p o i n t s o f v i e w . F o r l i q u i d s much 

l e s s p r o g r e s s has been made. 



I I ) The c h i e f i n t e r e s t l i e s i n t h e c h e m i c a l d a t a 

o b t a i n e d . F o r e x a m p l e , i n a l l casea where a homo-

l o g u e s e r i e s o f o r g a n i c l i q u i d s has been e x a m i n e d , 

i t has been p o s s i b l e t o a t t r i b u t e one d e f i n i t e a b ­

s o r p t i o n b a n d , w h i c h o c c u r r e d i n a l l members o f t h e 
21 

s e r i e s , t o some p a r t i c u l a r c h e m i c a l r a d i c l e . E l l i s , 
28 29 G o b l e n t z , and J . Lecomte have w o r k e d on t h e 

s e r i e s o f s a t u r a t e d a l i p h a t i c h y d r o c a r b o n s , and a 

c a r e f u l a n a l y s i s o f t h e i r r e s u l t s r e v e a l s t h a t t h e 

m a i n r e g i o n s o f a b s o r p t i o n o c c u r i n t h e same p a r t 

o f t h e s p e c t r u m . The i n t e n s i t i e s o f t h e c o r r e s ­

p o n d i n g bands a re a l s o o f t h e same o r d e r . Thus , i n 

each o f t h e a b s o r p t i o n s p e c t r a o f t h e f o l l o w i n g 

t h r e e members o f t h e s e r i e s , o c t a n e , hexane and 

p e n t a n e , a b s o r p t i o n bands o c c u r a t 1.02^t^, 1 . 2^a , 

1 . 4 0 ^ , 1 . 7 ^ , 2 . 2 y U , 3 . 4 5 y U , 6 . 8 5 ^ and 1 3 . 8 / ^ . 

The i n t e n s i t i e s o f t h e s e bands a re a p p r o x i m a t e l y 

t h e same f o r each memoer o f t h e s e r i e s - The same 

i s t r u e f o r o t h e r members o f t h e s e r i e s . I n a d d i t i o n 

t o t h e s e s t r o n g c h a r a c t e r i s t i c bands , a number o f 

f a i n t e r bands have been o b s e r v e d by many w o r k e r s f o r 

i n d i v i d u a l members o f t h e s e r i e s . The p o s i t i o n s o f 

t h e s e bands do n o t appear t o be a c c u r a t e l y known . A 

p o s s i b l e e x p l a n a t i o n o f t h e s e bands i s g i v e n l a t e r 

i n t h i s c h a p t e r . 

I I I ) F o r p u r e w a t e r a f a i r aiiiount o f w o r k has been 

d o n e . I t i s now g e n e r a l l y c o n s i d e r e d t h a t t h e 

p r i n c i p a l bands o f w a t e r o c c u r a t a p p r o x i m a t e l y 

2 , 3 , 4 . 7 and 6 . 0 ^ . At t h i s s t age i t i s n o t e w o r t h y 

t h a t t h e bands o f c a r b o n d i o x i d e d e f i n i t e l y o c c u r a t 
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2 . 7 2 ^ , 4 . 2 5 ^ , and 1 4 . 8 7 / ^ . T h i s i l l u s t r a t e s t h e 

d i f f e r e n c e be tween gases and l i q u i d s as f a r as a b s o r p ­

t i o n i s c o n c e r n e d . M o r e o v e r , f o r some gases , t h e 

f i n e s t r u c t u r e o f t h e bands has been i n v e s t i g a t e d . 

Such a c c u r a c y has n o t been a t t a i n e d f o r l i q u i d s i n 

t h e i n f r a - r e d f o r r easons a l r e a d y g i v e n . Above 6.0yU. 

t h e a b s o r p t i o n c o e f f i c i e n t f o r w a t e r i n c r e a s e s 

r a p i d l y and u n i f o r m l y w i t h w a v e - l e n g t h . The re i s no 

s e l e c t i v e a b s o r p t i o n betv;een 6 . 0 and 1 8 . 0 / ^ . 

Many w o r k e r s have a t t a c k e d t h e p r o b l e m o f t h e 

i n v e s t i g a t i o n o f t h e a b s o r p t i o n bands o f w a t e r . 
30 

A s c h k i n a s s , one o f t h e e a r l i e r w o r k e r s , used a 
p r i s m and w o r k e d i n t h e r e g i o n 2 . 0 ^ t o 9 . 0 / ^ ; 

"^1 

Tamman^ a l s o u s e d a p r i s m and s t u d i e d t h e band nea r 

4 . 7 0 j u ; and E l l i s , Gol l ins*^ '^ and Dre i sch"^^ , w i t h 

p r i s m and g r a t i n g s p e c t r o m e t e r s , have s t u d i e d t h e 

b a n d s . F o r v e r y l o n g w a v e - l e n g t h s , t h e r e s i d u a l 

r a y s o f s a l t , p o t a s s i u m c h l o r i d e , and b r o m i d e a re 

a b s o r b e d c o m p l e t e l y by a l a y e r o f w a t e r 1 mm. t h i c k . 

These r a y s a l l l i e be tween t h e l i m i t s 5 2 ^ and 8 3 ^ . 

Some o b s e r v a t i o n s r e c o r d e d d u r i n g t h e cou r se o f t h e 

p r e s e n t w o r k i n t h e r e g i o n 2 . 0 ^ - 8 . 0 ^ a re des ­

c r i b e d i n t h i s c h a p t e r , ( S e c t i o n I I ) . 

I V ) V e r y i n t r i g u i n g phenomena a re n o t i c e d vihen 

aqueous s o l u t i o n s o f s u b s t a n c e s a re e x a m i n e d . S a l t s 

w h i c h e a s i l y f o r m h y d r a t e s g i v e aqueous s o l u t i o n s 

w h i c h a r e more t r a n s p a r e n t t o i n f r a - r e d r a d i a t i o n s 

t h a n p u r e w a t e r i t s e l f . T h i s i s a s u r p r i s i n g r e s u l t , 

a n d s e v e r a l t h e o r i e s have been advanced t o a c c o u n t 

f o r i t . The s o l v a t e t h e o r y i s p r o b a b l y t h e one 



g e n e r a l l y a c c e p t e d . T h i s s u g g e s t s t h a t t h e 

d i s s o l v e d s a l t s f o r m s l i g h t l y s t a b l e compounds w i t h 

t h e w a t e r , t h e s e s a l t s b e i n g more t r a n s p a r e n t t h a n 

w a t e r i n t h e i n f r a - r e d r e g i o n s . A n o t h e r t h e o r y 

assumes t h a t t h e w a t e r c o n s i s t s o f s e v e r a l k i n d s o f 

m o l e c u l e s w h i c h posses s d i f f e r e n t t y p e s o f i n f r a ­

r e d a b s o r p t i o n s p e c t r a . When t h e c r y s t a l s a re 

d i s s o l v e d i n w a t e r , p r o b a b l y some o f t h e more t r a n s ­

p a r e n t m o l e c u l e s a re l i b e r a t e d , w h i c h causes t h e 

s o l u t i o n t o be more t r a n s p a r e n t t h a n t h e p u r e l i q u i d . 

However , t h e r e a r e s e v e r a l f a c t s which are n o t 

a c c o u n t e d f o r by any o f t h e s e t h e o r i e s , so t h a t 

f u r t h e r w o r k i n t h i s f i e l d w o u l d h e l p c o n s i d e r a b l y 

i n t h e e l u c i d a t i o n o f t h e / p r o b l e m s . 

V . The r e f l e c t i o n s p e c t r a o f t h e l i q u i d s have 

n o t been e x t e n s i v e l y s t u d i e d . They a r e , t h e r e f o r e , 

f a r l e s s a c c u r a t e l y known t h a n t h o s e o f s o l i d s . 

The r e f l e c t i n g p o w e r s , i n cases where t h e y have been 

m e a s u r e d , a r e f o u n d t o be v e r y low i n d e e d . The 

phenomenon o f r e s i d u a l r a y s , w h i c h i s so p r o n o u n c e d 

i n t h e case o f s o l i d s , i s n o n - e x i s t e n t . 

G e n e r a l l y s p e a k i n g , t h e r e f l e x i o n s p e c t r a 

o f l i q u i d s a r e s i m i l a r t o t h e a b s o r p t i o n s p e c t r a . 

Thus f o r w a t e r , r e f l e x i o n maxima o c c u r a t 3 . 2 , 

6 . 3 and 1 9 . 5 ^ , and a b s o r p t i o n maxima o c c u r a t 

3 . 0 , 6 . 2 5 and 2 0 . 0 / ^ . ( i t i s w o r t h n o t i n g t h a t 

no r e f l e x i o n maximum has been r e c o r d e d n e a r 4 . 7 0 / ^ , 

where an a b s o r p t i o n band f o r w a t e r o c c u r s ) . A 

s i m i l a r r e s u l t i s o b t a i n e d w i t h e t h y l a l c o h o l . The 

m a j o r i t y o f t h i s w o r k has been c a r r i e d o u t by Rubens 
35 



V I ) Most s t u d i e s o f t h e i n f r a - r e d a b s o r p t i o n 

s p e c t r a o f l i q u i d s show t h a t some c o n n e c t i o n 

e x i s t s b e t w e e n t h e i r i n f r a - r e d a b s o r p t i o n s p e c t r a 

and t h e i r c h e m i c a l c o n s t i t u t i o n . One case o f t h i s 

n a t u r e has a l r e a d y been c i t e d , name ly , t h e homo­

l o g o u s s e r i e s o f s a t u r a t e d h y d r o c a r b o n s ; and t h e r e 

a re o t h e r s . The s p e c t r a o f t h e p r i m a r y a l c o h o l s , 

i . e . , t h o s e c o n t a i n i n g a CH^OH g r o u p , a re v e r y s i m i l a r 

up t o 8 . 0 ^ , b o t h i n t h e p o s i t i o n and i n t e n s i t y o f t h e 

b a n d s . A f e w f e e b l e bands a r e t h e o n l y d i f f e r e n c e s 

b e t w e e n i n d i v i d u a l members o f t h e s e r i e s . The same 

r e s u l t i s t r u e o f t h e s e r i e s o f secondary a l c o h o l s , 

and t h e s e r i e s o f t e r t i a r y a l c o h o l s . The a b s o r p t i o n 

s p e c t r a a re d e f i n i t e l y c h a r a c t e r i s t i c f o r each s e r i e s , 

and t h i s i s u n d o u b t e d l y due t o t h e d i f f e r e n t c h e m i c a l 

g r o u p s w h i c h c h a r a c t e r i s e t h e t h r e e s e r i e s . Thus , 

f o r p r i m a r y a l c o h o l s , s t r o n g bands a re f o u n d a t 3 . 3 5 ^ , 

6 . 2 ^ , 7 . 2 ^ and 2*7^; f o r s econda ry a l c o h o l s , 

bands o c c u r a t 3 . 6 0 / ^ , 5 . 8 / ^ , 7 . 0 / ^ and 9.0/J.; and 

l o r t e r t i a r y a l c o h o l s , a t 3 . 7 / ^ , 6 . 1 / U , 7.5/x., 

a n d 8 . 5 / ^ . These bands a r e c h a r a c t e r i s t i c o f t h e 

r a d i c l e s o c c u r r i n g i n t h e s e r i e s . A g a i n , a l i p h a t i c 

k e t o n e s a re f o u n d t o c o n t a i n a c h a r a c t e r i s t i c band a t 

5 « 9 y U ; and t h e a r o m a t i c k e t o n e s g i v e a doub le b a n d 

a t 6 . 2 0 / ^ ( a p p r o x . ) . Amongst o t h e r compounds h a v i n g 

s i m i l a r c h a r a c t e r i s t i c bands a r e t h e p r i m a r y a m i n e s , 

s e c o n d a r y a i n i n e s , a l d e h y d e s , i s o m e r i c k e t o n e s and 

e s t e r s . I n some cases where s u b s t a n c e s have been 
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i n v e s t i g a t e d i t has been p o s s i b l e t o w o r k c o n v e r s e l y , 

a n d s u b s t a n c e s have been i d e n t i f i e d by means o f t h e 

c h a r a c t e r i s t i c bands o f d i f f e r e n t r a d i c l e s o c c u r r i n g 

i n t h e i r i n f r a - r e d a b s o r p t i o n s p e c t r a . 

When c r y s t a l s have been examined , i t has been 

p o s s i b l e t o d i s t i n g u i s h between " w a t e r o f c o n s t i t u t i o n " 

and " w a t e r o f c r y s t a l l i s a t i o n " . S a l t s c o n t a i n i n g 

w a t e r o f c r y s t a l l i s a t i o n possess t h e c h a r a c t e r i s t i c 

bands o f w a t e r . I n o t h e r s u b s t a n c e s , where t h e w a t e r 

a p p e a r s t o be i n c h e m i c a l c o m b i n a t i o n w i t h t h e sub­

s t a n c e , t h e i n f r a - r e d a b s o r p t i o n s p e c t r a show s t r i k i n g 

e f f e c t s . I n t h e s e cases , t h e i n f r a - r e d a b s o r p t i o n 

bands o f w a t e r c o m p l e t e l y mask t h e o r d i n a r y a b s o r p t i o n 

s p e c t r a o f t h e s u b s t a n c e . A s t u d y o f s i m i l a r cases 

s h o u l d g i v e i n t e r e s t i n g i n f o r m a t i o n about t h e 

c h e m i c a l s t r u c t u r e o f v a r i o u s s u b s t a n c e s . 

V l l ) I n C h a p t e r I , a b r i e f a ccoun t was g i v e n o f 

t h e t h e o r e t i c a l e x p l a n a t i o n o i t h e a b s o r p t i o n bands 

o f s o l i d s and g a s e s . T h i s e x p l a n a t i o n was based on a 

s t u d y o f r o t a t i o n and v i b r a t i o n o f t h e m o l e c u l e s c o n ­

t a i n e d i n t h e s u b s t a n c e s . The e x p l a n a t i o n o i t h e 

a b s o r p t i o n s p e c t r a o f l i q u i d s i s n a t u r a l l y more com­

p l e x , a n d o n l y s m a l l p r o g r e s s i n t h i s d i r e c t i o n has 

been made. 

C o n s i d e r i n g t h e case o f o r g a i i i c l i q u i d s c o n ­

t a i n i n g c a r b o n and h y d r o g e n a t o m s , i t has been f o u n d 

t h a t t h e s e a l l p o s s e s s oands o f a p p r o x i m a t e l y t h e 

same w a v e - l e n g t h . These bands can be a t t r i b u t e d 

t o t h e g r o u p s CH3, CHg and CH, o r more c o r r e c t l y , 
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t o t h e v i b r a t i o n s o i t h e c a r b o n and h y d r o g e n atoms 

c o m p o s i n g t h e g r o u p . I n a s i m i l a r way c h a r a c t e r i s t i c 

bands have b e e n f o u n d f o r t h e CON, CBr, CH2CH, and 

NH g r o u p s . The bands p r o d u c e d i n t h i s way a re 

v i b r a t i o n s p e c t r a , and a r e g e n e r a l l y f o u n d below 

1 4 . 0 / x . 

A c o n s i d e r a t i o n o f t h e movements o r r o t a t i o n 

01 t h e m o l e c u l e as a w h o l e , shows how t h e r o t a t i o n 

bands may be p r o d u c e d . These r o t a t i o n s p e c t r a a re 

u s u a l l y f o u n d b e y o n d 8 . 0 y u t o l O y t / . Between B.O/u. 

and l 4 . 0 y i A , w e have , t h e r e f o r e , a r e g i o n where 

r o t a t i o n and v i b r a t i o n s p e c t r a may o c c u r . These 

t h e o r i e s a c c o u n t r e a s o n a b l y w e l l f o r t h e m a j o r i t y 

o f t h e known f a c t s . They show, f o r i n s t a n c e , why 

t h e members o f a homologous s e r i e s , w h i c h c o n t a i n 

t h e seune c h e m i c a l g r o u p , s h o u l d have d i f f e r e n t 

a b s o r p t i o n s p e c t r a i n t h e r e g i o n beyond lOyw. . Fo r 

i t i s i n t h i s r e g i o n t h a t t h e r o t a t i o n s p e c t r a o c c u r ; 

a n d , s i n c e t h e r o t a t i o n s p e c t r a depend on t h e Moment 

o f I n e r t i a 01 t h e m o l e c u l e , w h i c h v a r i e s f r o m member 

t o member i n a homologous s e r i e s , i t i s r e a s o n a b l e 

t o e x p e c t t h e a b s o r p t i o n s p e c t r a beyond 1 0 . 0 t o 

v a r y as we p a s s f r o m member t o member i n t h e s e r i e s . 

W o r k i n g on t h e s e g e n e r a l p r i n c i p l e s , a t t e m p t s 

have been made t o t r e a t t h e a b s o r p t i o n s p e c t r a o f 

l i q u i d s on a m a t h e m a t i c a l b a s i s . C o b l e n t z , some 

y e a r s ago , s u g g e s t e d t h a t t h e a b s o r p t i o n bands f o r 

members o f t h e s e r i e s o f h y d r o c a r b o n s f o r m a h a r m o n i c 

s e r i e s . I n s h o r t , each o f t h e bands i s some m u l t i p l e 

o f a f u n d a m e n t a l , o r more s i m p l y , i f i s t h e f r e q u e n c y 
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o f t h e f u n d a m e n t a l , t h e f r e q u e n c y o f any o t h e r band , y , 

i s g i v e n by t h e r e l a t i o n : y= ^y^ , where i s 

some s i m p l e m u l t i p l e . 

L a t e r , w o r k by K r a t z e r on gases showed t h a t 

t h e v i b r a t i o n s o f t h e m o l e c u l e may be a n h a r m o n i c . 

T h i s causes t h e a b s o r p t i o n bands t o f o r m an anha rmon ic 

s e r i e s . A c o r r e c t i o n must be a p p l i e d f o r t h i s 

d e v i a t i o n f r o m t h e s t r i c t l y ha rmon ic v i b r a t i o n , and 

t h i s maices t h e s i m p l e r e l a t i o n g i v e n above assume t h e 

m o d i f i e d f o r m : y ^ ^Vo (^i-^^> 

, where x i s some c o n s t a n t . 

T h i s m o d i f i e d r e l a t i o n has e x p l a i n e d s e v e r a l o f t h e 

b e t t e r known a b s o r p t i o n s p e c t r a o f l i q u i d s , and i n 

many cases i t has been p o s s i b l e t o e v a l u a t e t h e 

c o n s t a n t s i n t h e r e l a t i o n . M o r e o v e r , t h i s e q u a t i o n 

does n o t e x c l u d e t h e c o m b i n a t i o n o f f r e q u e n c i e s g i v i n g 

r i s e t o t h e c o m b i n a t i o n bands . Such c o m b i n a t i o n 

bands have been d e f i n i t e l y o b s e r v e d i n t h e case o f 

g a s e s . An i d e a o f t h i s c o m b i n a t i o n o f f r e q u e n c i e s 

may be g a i n e d f r o m a s t u d y o f t h e r e l a t i o n g i v e n b e ­

l o w . I n t h i s r e l a t i o n , y i s t h e f r e q u e n c y o f t h e 

c o m b i n a t i o n band a n d , 

where x , y , 2 a r e s i m p l e m u l t i p l e s , and y,, y^.^^^ yi--

a r e t h e f r e q u e n c i e s o f t h e f u n d a i n e n t a l s . T h i s s i m p l e 

e q u a t i o n a c c o u n t s f o r many a b s o r p t i o n s p e c t r a w h i c h 

w o u l d be o t h e r w i s e i n e x p l i c a b l e . For e x a m p l e , t h e 

f a i n t a b s o r p t i o n bands i n t h e a b s o r p t i o n s p e c t r a o f 

t h e a l i p h a t i c h y d r o c a r b o n s a re t y p i c a l cases o f 

c o m b i n a t i o n b a n d s . 
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O t h e r t h e o r i e s have been advanced b y H e n r i , 

B o n i n o and Gapon, b u t t h e y do n o t g i v e such s a t i s ­

f a c t o r y e x p l a n a t i o n s o f a l l t h e known f a c t e . These 

w o r k e r s have c h i e f l y been c o n c e r n e d i n a t t e m p t s t o 

f i n d a f o r m u l a t o f i t t h e i r o b s e r v e d r e s u l t s . 

These a t t e m p t s have p r o d u c e d n o t h i n g b e t t e r t h a n 

t h e s i m p l e r e l a t i o n g i v e n above , and d e v e l o p e d by 

K r a t z e r . The t h e o r y o f t h e i n f r a - r e d s p e c t r a 

o f l i q u i d s p r e s e n t s g r e a t d i f f i c u l t i e s , and i t i s 

o n l y by t h e c a r e f u l a n a l y s i s o f l a r g e c o l l e c t i o n s 

o f e x p e r i m e n t a l o b s e r v a t i o n s on t h e s p e c t r a o f 

d i f f e r e n t l i q u i d s , t h a t f u r t h e r p r o g r e s s w i l l be 

a t t a i n e d . 

S e c t i o n I I . 

The A b s o r p t i o n Bands o f W a t e r . 

I ) I n C h a p t e r I I I an a c c o u n t was g i v e n o f some 

e x p e r i m e n t s w h i c h were made w i t h t h e a p p a r a t u s t o 

see i f c a r b o n d i o x i d e e x h i b i t e d any r e a s o n a b l e 

s e l e c t i v e a b s o r p t i o n i n t h e r e g i o n 1,0 t o 2 .0yu , . 

A w i d e r ange o f p r e s s u r e s was u s e d f o r t h e s e e x p e r i ­

m e n t s ; some o f t h e e x p e r i m e n t a l r e s u l t s a re g i v e n 

i n T a b l e X I X , and t h e y a r e g r a p h i c a l l y r e p r e s e n t e d 

i n F i g . 2 9 . The r e s u l t s show no t r a c e s o f 

s e l e c t i v e a b s o r p t i o n ; i n f a c t , t h e a b s o r p t i o n i s 

p r a c t i c a l l y u n i f o r m u n t i l t h e b a n d a t 2 . 7 2 ^ i s 

e n c o u n t e r e d . 

The p o s s i b i l i t y e x i s t e d t h a t e i t h e r an 

aqueous s o l u t i o n o f c a r b o n d i o x i d e o r l i q u e f i e d 

c a r b o n d i o x i d e m i g h t show some s e l e c t i v e a b s o r p t i o n 
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i n t h e r e g i o n 1 . 0 - 2 . 0 / ^ . A c c o r d i n g l y , a c e l l 

was c o n s t r u c t e d w h i c h c o u l d be a d a p t e d t o c o n t a i n 

e i t h e r o f t h e s e t w o l i q u i d s , so t h a t an i n v e s t i g a ­

t i o n o f t h e i r a b s o r p t i o n s p e c t r a c o u l d be made. A 

d e s c r i p t i o n o f t h e c e l l i s g i v e n i n C h a p t e r I . 

F l u o r i t e p l a t e s o f t h i c k n e s s 0 . 5 cms. and r e a s o n ­

ably t r a n s p a r e n t t o r a d i a t i o n s o f w a v e - l e n g t h up t o 

8 . 0 ^ , were f i t t e d t o t h e c e l l . A f t e r w a r d s , i t 

was t h o u g h t t h a t i t m i g h t be p o s s i b l e t o f i l l t h e 

c e l l w i t h an aqueous s o l u t i o n o f c a r b o n d i o x i d e , 

s u f f i c i e n t l y c o n c e n t r a t e d t o show t h e e x i s t e n c e o f 

t h e c a r b o n d i o x i d e band a t 2 . 7 2 y u . T h i s p r o v e d 

t o be i m p o s s i b l e , and o n l y g e n e r a l a b s o r p t i o n was 

f o u n d i n t h e r e g i o n n e a r 2.12 f j , . 

The e x p e r i m e n t a l method u s e d , i s b r i e f l y 

d e s c r i b e d b e l o w . The empty c e l l was f i r s t f i x e d 

t o a m e t a l s l i d e r , w h i c h c o u l d be p l a c e d i n t h e 

p a t h o f t h e r a d i a t i o n a t t h e p o i n t P i n t h e second 

e x p e r i m e n t a l a r r a n g e m e n t . ( F i g - 2 ) I t i s a t t h e 

p o i n t P t h a t t h e cone o f a l m o s t p u r e r a d i a t i o n i s 

b r o u g h t t o a f o c u s . The m e t a l s l i d e r and c e l l were 

a d j u s t e d so t h a t t h e c e n t r a l r a y o f t h e cone o f 

r a d i a t i o n p a s s e d n o r m a l l y t h r o u g h t h e f l u o r i t e p l a t e s 

o f t h e c e l l . The s l i d e r a r r angemen t e n a b l e d t h e 

c e l l t o be e a s i l y moved i n t o , o r o u t o f , t h e p a t h 

o f t h e r a d i a t i o n . A measurement o f t h e g a l v a n o m e t e r 

d e f l e c t i o n f o r t h e " i n " and " o u t " p o s i t i o n s o f t h e 

c e l l was made, and t h e r a t i o o f t h e t w o v a l u e s was 

c a l c u l a t e d . I n t h e t a o l e s g i v e n i n t h e r e m a i n d e r o f 

t h i s c h a p t e r , t h e g a l v a n o m e t e r d e f l e c t i o n f o r t h e 

" i n " p o s i t i o n i s c a l l e d , "Ga lvanome te r D e f l e c t i o n A " , 
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a n d t h a t f o r t h e " o u t " p o s i t i o n i s c a l l e d 

" G a l v a n o m e t e r D e f l e c t i o n B." The r a t i o o f t h e two 

v a l u e s i s g i v e n as TRANS A/B" . The v a l u e o f t h i s 

r a t i o was r e c o r d e d f o r s e v e r a l w a v e - l e n g t h drum 

s e t t i n g s , and t h e a b s o r p t i o n c u r v e f o r t h e c e l l i t ­

s e l f was p l o t t e d . T h i s " b l a n k " t e s t showed t h a t no 

S p u r i o u s bands were p r o d u c e d by t h e c e l l , p r o v i d e d 

t h a t t h e c e n t r a l r a y o f t h e beam o f r a d i a t i o n pas sed 

n o r m a l l y t h r o u g h t h e c e l l . Hone o f t h e e x p e r i m e n t a l 

o b s e r v a t i o n s r e c o r d e d i n t h i s p r e l i m i n a r y su rvey 

a r e i n c l u d e d i n t h i s a c c o u n t . 

I I ) F o r t h e i n v e s t i g a t i o n o f t h e a b s o r p t i o n p r o ­

d u c e d by c a r b o n d i o x i d e d i s s o l v e d i n w a t e r , i t was 

n e c e s s a r y t o c a r r y o u t some p r e l i m i n a r y t e s t s w i t h 

t h e a b s o r p t i o n c e l l f i l l e d w i t h w a t e r . A m i x t u r e 

o f w a t e r and c a r b o n d i o x i d e was a f t e r w a r d s p l a c e d i n 

t h e c e l l , and t h e a b s o r p t i o n p r o d u c e d by t h i s m i x t u r e 

was m e a s u r e d . By d i f f e r e n c e , t h e e f f e c t o f t h e 

d i s s o l v e d c a r b o n d i o x i d e was e l u c i d a t e d . 

The c h i e f w a t e r bands o f w a t e r n e a r 1 . 2 0 ^ . , 

t h e r e g i o n where t h e c a r b o n d i o x i d e band p r e d i c t e d 

b y D e n n i s o n s h o u l d o c c u r , a r e a t 1 . 2 1 ^ , 1 .45 u and 

1.96 jj. ( a p p r o x . . ) . These bands have been i n v e s t i g -
3f i 39 38 

a t e d by H e n r i , O o i l i n s , D r e i s c h and o t h e r s . 

M o r e o v e r , C o l l i n s was a b l e t o show t h a t a d i s p l a c e ­

ment o f t h e bands o c c u r r e d when t h e t e m p e r a t u r e o f 

t h e w a t e r was a l t e r e d . An i n c r e a s e i n t h e i n t e n s i t y 

o f some o f t h e bands w i t h i n c r e a s e o f t e m p e r a t u r e 

was a l s o n o t e d . 
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I n T a b l e X X V I , and i n F i g s . 36 and 3 7 , a 

summary i s g i v e n o f some r e c o r d e d o b s e r v a t i o n s on 

t h e a b s o r p t i o n bands o f w a t e r . These measurements 

were made w i t h t h e a p p a r a t u s d e s c r i b e d i n t h e 

p r e v i o u s p a r a g r a p h . S e v e r a l t h i c k n e s s e s o f w a t e r 

f i l m were u s e d f o r t h e t e s t s . These t h i c k n e s s e s 

c o v e r e d a r a n g e o f 0 . 0 5 cms . ; f r o m 0 . 0 5 cms. t o 

0 . 1 cms. A l l t h e c o r r e c t e d a b s o r p t i o n c u r v e s f o r 

t h e r e g i o n l.Oyw. - 2 . 0 ^ , show a b s o r p t i o n bands a t 

1 . 1 8 ^ , 1 . 4 5 ^ and 1 . 9 6 / ^ . The t e m p e r a t u r e o f t h e 

w a t e r i n t h e c e l l was m a i n t a i n e d r e a s o n a b l y c o n s t a n t 

a t 2 8 ? 0 . 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 , f o r i t 

i s known t h a t t h e p o s i t i o n o f some o f t h e w a t e r 

a b s o r p t i o n bands depends on t h e t e m p e r a t u r e o f t h e 

w a t e r . The d i f f e r e n c e o f O.OS^u, be tween t h e a c c e p t e d 

p o s i t i o n o f t h e b a n d a t 1.21yt^ and t h e e x p e r i m e n t a l 

v a l u e o f l . l S y U . , i s a c c o u n t e d f o r by t h e d i f f e r e n c e 

( a 8 . 0 deg ree s c e n t i g r a d e ) i n t h e t e m p e r a t u r e o f 

t h e w a t e r u s e d i n t h e t w o c a s e s . 
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The A b s o r p t i o n Bends o f Water i n t h e near i n f r s - r e d 
r e g i o n . 

121. 

r rec ted 
un Reading 
\ i n ^ ) 

1.09s 
1.U7 
1.197 
1.24b 
1.346 
1.793 
1.848 
1.899 
1.943 
1.998 
2.049 
2.099 
2.15 
2.20 
1.102 
1.152 
1.202 
1.253 
1.303 
1.353 
l.AOA 
1.454 
I.5OD 
1.556 
1.607 
1.65b 
1.70b 
l .bO 
1.862 
1.913 
1.963 
2.015 
2.0^6 
2.116 
2.167 
2.217 
2.269 
2.320 
2.370 
2.421 
1.114 
1.166 
1.217 
1.27 
1.32 
1.37 
1.42 
1.476 
1.53 
l .gS 

TRANS 
A / B 

69.5 
65.9 
62.5 
64.8 
6J..4 
20.9 
12.6 

7.42 
5.2 
4.85 
5.5 
6.39 
6.50 
6.10 

b l . l 
79.5 
79.2 
79.34 
75.0 
59.6^ 
4 1 . 
38.7 
46.6 
55.6 
61.34 
63.0 
60.6 
^0.2 
24.5 
19.0 
17.78 
20.1b 
24 .1 
27 .1 
27.9 
26.85 
24.5 
20.25 
16.3 
12,92 
87.0 
04 . 96 
b5.9 
84.29 
79.2 
55.5 
35.3 
39.5 
51.8 
61.2 
66 .1 
66.8 

C o r r e c t e d 
Drum R e a d i n g 

( \ i n /-(. ) 

4) 

9 

i . 7 4 
1.79 
1.84 
1.90 
1.95 
2.00 
2.053 
2.104 
2.157 
1.114 
1.134 
1.155 
1.176 
1.196 
1.217 
1.238 
1.259 
1.28 
1.30 
1.32 
1.341 
1.362 
1.382 
1.4-03 
1.42A 
1.445 
1.4b6 
1.487 
1.508 
1.530 
1.110 
1.13 
1.151 
1.172 
1.193 
1.213 
1.233 
1.254 
1.274 
1.294 
1.315 
1.336 
1.356 
1.377 
1.397 
1.418 
1.438 
1.459 
1.479 
1.500 
1.522 
1.5A2 

TiUKS 
A / B 

62.5 
49.4 
30.3 
17.8 

16 .0 
22.5 
30.0 
^'9.2 
b3.6 
8 1 . 4 
79.3 
/9 .7 
d l . 9 
01.4 
80 ,8 
80.5 
80.0 
81 .5 
79.9 
78.5 
7^.95 
70.6 
66.55 
67.4 
67.1 
66.5 
68.1 
70.0 
72.5 
84.3 
02.4 
8 1 . 0 
79.4 
bO.07 
81 .5 
81.25 
81.16 
8 0 . 4 
8 0 . 0 
bO.O 
79.1 
76.8 

68.9 
66.5 
66.15 
66.3 
67.1 
68.5 
70.5. 
72.3 

C o r r e c t e d 
Drum Read ing 

( X i n / - t ) 

5) 
1.563 
i .583 
1,605 
1.626 
1,646 
1.666 
1,687 
1.708 
1.728 
1.75 
1.771 
1.791 
1.812 
1.833 
1.853 
1.87A 
1,896 
1.916 
1.935 
1.959 
1.979 
2.000 
2.021 
2.042 
2.093 
2.145 
2-197 

TRAi;S 
A/B 

73.5 
75.0 
7^.2 
76.0 
76.5 
77.05 
76.8 
77.1 
76.9 
,'6.2 
75.0 
72.15 
69.2 
66 .0 
6 2 , 1 
6 0 , 0 
58.0 
5b.2 
55.5 
55.0 
55.2 
55.b 
56.3 
58.0 
6C.4 
bA.O 
65.2 
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le No. P r i s m Y/adsworth E n t r a n c e E x i t T h i c k n e s s 
T e m p e r a t u r e . s e t a t S l i t S l i t o f f i l m . 

I 27.6^C 27.0^C 5/1000" 2-5/ 0 .1 cms 

26.4^C 
1000" 

EI 26.4^C I t I I tt C.05 " 

[ I I 22.9OC 11 I I I I 0.05 " 

[V 22 .95OC u I I 11 O . C l " 

V 24.0^0 I I 11 I I 0.01 " 

I I I . 

A c a r e f u l e x a m i n a t i o n o f t h e a b s o r p t i o n 

c u r v e s o f w a t e r d rawn f r o m these e x p e r i m e n t a l 

r e s u l t s ( F i g s . 36 and 37 ) , shows that a b s o r p t i o n 

bands o c c u r a t I . I 8 yu , 1.45 > and I . 9 6 yu . 

The band a t 1.45 /-^ has u n d o u b t e d l y t n e g r e a t e s t 

i n t e n s i t y ; t n e bands a t I . 1 8 yu and 1 . 9 6 ^ a r e 

o n l y weak o n e s . An i n t e r e s t i n g p o i n t a r i s e s f r o m 

t h e r e s u l t s o b t a i n e d v ; i t h d i f f e r e n t s l i t w i d t h s 

o f t h e s o e c t r o m e t e r . A r e d u c t i o n o f ^0% i n the 

w i d t h of t n e s l i t i n c r e a s e s t h e r e s o l v i n g power 

of t h e a p p a r a t u s and g i v e s a more d e f i n e d ab ­

s o r p t i o n maximum. The same e f f e c t i s p r o d u c e d 

by d i m i n i s a i n g t h e t h i c k n e s s o f t n e l i q u i d l a y e r 

u s e d i n the e x p e r i m e n t s . The e f f e c t p r o d u c e d 

o n t h e s e bands by d i s s o l v i n g c a r b o n d i o x i d e i n t h e 

w a t e r , i s d i s c u s s e d i n S e c t i o n 17 o f t n e p r e s e n t 

c h a p t e r . 

The p o s i t i o n s o f the ba.nds i n t h e re^cion 

f r o m 2.0 ^ t o 7-0 s^re n o t a c c u r a t e l y knov/n. 

I t i s e x t r e m e l y d i f f i c u l t to o b t a i n a c c u r a t e r e s u l t s , 

because o f t n e ex t r eme o p a c i t y o f wp.ter to 



1 ^ . 

r a d i a t i o n s waose TOve-lengtiiS l i e i n t a a t r e g i o n . 

Many vvorkers have a t t a c k e d t h e 'oxo'bxem, t h e c h i e f 

o f them b e i n g Taniman 39), C o l l i n s ^O) ^ D r e i s c h 41) 

and R e i n k o b e r 42)^ appears t n a t the i n f r a - r e d 

a b s o r o t i o n ba.nds o f xvater occu r near 3.0 , 

A.70 ^ , and 6 . 0 ^ ; t h e p o s i t i o n ^ w i t h t he p o s s i b l e 

e x c e p t i o n o f t h e weak band a.t A, '( ju , a r e n o t 

known a c c u r a t e l y . These v7orkers o b t a i n e d t h e 

a b s o r p t i o n c u r v e s w i t n a p p a r a t u s u n i c h had been 

c a l i b r a t e d i n t n e p a r t i c u l a r r e g i o n c o n c e r n e d , 

w i t h o u t r e f e r e n c e t o any bands w h i c h occu r i n o t h e r 

p a r t s o f T;ne s p e c t r u m . Some e x p e r i m e n t s have 

b e e n made v ; i t h t h e p r e s e n t a p p a r a t u s , and t h e s e 

w i l l now be d i s c u s s e d . I t w i l l be remembered t h a t 

t h e p r e s e n t a p p a r a t u s was c a l i b r a t e d a g a i n s t bands 

and e m i s s i o n l i n e s i n t h e r e g i o n l . O y i ^ - 4.0 ^ , 

so t n a t t n e p o s i t i o n s o f t n e v;ater bands i n t h e 

r e g i o n 2,0^ - 6,Gyu, , d e t e r m i n e d w i t h t n i s 

a p p a r a t u s , a r e o b t a i n e d r e l a t i v e t o such w e l l known 

bands and e m i s s i o n l i n e s . 

The c e l l was f i l l e d w i t n w a t e r , and o b ­

s e r v a t i o n s were r e c o r d e d i n t h e u s u a l way. I t 

was soon f o u n d t h a t o n l y v e r y t n i n f i l m s o f w a t e r 

w i l l t r a n s m i t r a d i a t i o n s o f w a v e - i e n g t n g r e a t e r 

t h a n 3 , 0 ^ , a n d some o f t h e f i l m s u s e d i n t n e f i n a l 

e x p e r i m e n t a l work were o n l y 1/100 mm. i n t n i c k n e s s . 

The t n i c c n e s s o f t n e f i l m s was measured by means o f 

a M i c n e l s o n I n t e r f e r o m e t e r i n t n e u s u a l way. 

An i n t e r e s t i n g :aethod f o r b u i l d i n g up such 

f i l m s was d e v i s e d , and a b r i e f d e s c r i p t i o n o f t h e 

me thod may n o t be o u t o f p l a c e . The two f l u o r i t e 



p l a t e s o f t n e o b s e r v a t i o n c e l l were r emoved , a.nd 

e l a y e r o f l i q u i d was p o u r e d i n t o t n e s u r f a c e o f 

one o f t h e m . Tirie o t n e r p l a t e was -placed o v e r t h i s , 

and t h e two p l a t e s , w i t n t h e f i l m o f w a t e r betv/een 

t h e m , were p l a c e d i n t h e c e l l h o l d e r p r e v i o u s l y 

d e s c r i b e d . Tne s c r e w - c a p was t n e n screwed up q u i t e 

t i g h t l y . S l i g h t e v a p o r a t i o n t o o k p l a c e f r o m a c e l l 

c o n s t r u c t e d i n t n i s way, b u t t n i s was overcome by 

p a i n t i n g s h e l l a c v a r n i s h o v e r t h e edges o f t h e c e l l . 

No f u r t h e r t r o u b l e s due t o e v a p o r a t i o n f r o m t h e c e l l 

w e r e e n c o u n t e r e d a f t e r t h i s method o f s e a l i n g t n e 

c e l l was a d o p t e d . 

I n T a b l e X X V I I , a r e c o r d i s g i v e n o f some 

o b s e r v a t i o n s made v^;i th c e l l s o f t n i s t y p e , t n e 

t h i c k n e s s o f l i q u i d f i l m used b e i n g hnn, and 1/200 mm. 

The c o r r e s p o n d i n g a b s o r p t i o n c u r v e s a.re r e p r o d u c e d i n 

F i g . 38. Tnese a b s o r p t i o n c u r v e s snow :naximura 

a b s o r p t i o n a t 2.9A An i n s p e c t i o n o f c u r v e ¥<o.^ 

w h i c h c o r r e s p o n d s t o a l i q u i d l a y e r o f I ram. , snows 

t h a t a l a y e r o f t n i s t x i i c k n e s s g i v e s o n l y g e n e r a l 

a b s o r p t i o n i n t n i s r e g i o n . The t e m p e r a t u r e o f t h e 

w a t e r u sed f o r t ne e x p e r i m e n t s was 2 8 ^ 0 . The g e n e r a l l y 

a c c e p t e d v a l u e f o r t h e v ; a v e - l e n g t h o f maximun a b ­

s o r p t i o n i s 3.0 y U . Now t h e e x p e r i m e n t a l r e s u l t s 

summar i sed i n Tab le X X V I I g i v e a v a l u e o f 2.94 ^ , a 

d i f f e r e n c e o f O.O6 ^ . T h i s d i s c r e p a n c y i s p r o b a b l y 

due t o t h e d i f f e r e n c e i n t e m p e r a t u r e s o f t h e w a t e r 

u s e d f o r t h e d i f f e r e n t e x p e r i u e n t a l e s t i m a t i o n s . 

T h i s i s a p o i n t w n l c h s h o u l d be i n v e s t i g a t e d i n 

f u t u r e w o r k . Tne band o f w a t e r v a p o u r near 3.0 ^ i s 

known t o o c c u r a t 3 -^1 A*-> ^̂ "̂ "̂ ^ i"*^ o u i t e c o n c e i v a b l e 

t h a t a s h i f t i n t n e band t a k e s p l a c e as t n e l i q u i d 



125 . 

phase i s a p p r o a c h e d . A s p e c t r o m e t e r o f v e r y n i g h 

r e s o l v i n g power would, be r e q u i r e d f o r t n i s v ;o rk . 

T A B L E X X V I I 

O b s e r v a t i o n s shoftingr t h e a b s o r p t i o n p r o d u c e d bv 
w a t e r i n t h e n e a r i n f r a - r e d r e g i o n r o i i n d ^ - O T T ^ 

Cor rec ted 
irum Reading 

I in ^ ) 

2.535 
2.586 

2.68^ 
2.738 
2.789 
2.840 
2.090 
2.941 
2.99 
3.04 
3.085 

3.186 
3.235 
3.283 
3.332 
3.380 
3.429 
3.473 
3.526 
2.669 
2.710 
2.750 
2.791 

T H A H S 
A / B 

90.0 
86.9 

1 
09.2 
58.8 
50.2 
43-6 
41 .1 
40.05 
42.2 
45. ; 
51.6 
58.2 
64.^-
68.6 
74.3 
78.3 
81.7 
85.9 
87.3 
89.2 
23.7 
17.7 
13.4 

9.9 

C o r r e c t e d 
Drum R e a d i n g 

( X i n ^ ) 

2.831 
2.872 
2.912 
2.954 
2.994 
3.033 
3.073 
3.111 
3.15 
3.228 
3.267 
3.314 
3.318 
3.356 
3.405 
2.651 
2.692 
2.732 
2.773 
2 . 8 I 3 
2.854 
2. 894 
2.935 
2.975 
3.014 

T R A H 3 
A / B 

7.2 

3.8 
3.3 
2 .1 
2.6 
1.2 
0.94 
1.25 
1.6 
1.9 
4 .4 
4 .2 
a.3 

12,3 
69.3 
60.4 
50.9 
43 .1 
35.5 
31.5 
27.3 
26.5 
26.3 
28.1 

C o r r e c t e d 
3rum Reading ' 

( A i n ^ ) 

3.054 
3.102 
3.151 
3.200 
3.248 
3.296 
3.338 
3.345 
3.3^7 
2.637 
2.6ba 
2.738 
2.7d9 
2.840 
2.890 
2.941 
2.99 
3.04 
3.088 
3.137 
3.14^^ 
3.186 
3.19.? 

i-
T H A K S 

A / B 

31.6 
36.7 
43.3 
49.9 
56.2 
63./. 
68.6 
70.4 
74.2 
78.5 
73.9 
67.7 
63.9 
61.8 
60.99 
60.7 
62.0 
63.96 
67.3 
71.1 
/0.8 
74.8 
74.05 

Case No. P r i s m 
Tempre . 

V /adsworth 
s e t a t 

E n t r a n c e 
S l i t 

E x i t 
S l i t 

T h i c k n e s s 
o f f i l m 

f 

I 25.5^0 27.^0 2.5/1000'* 2.5/ 1/1000 vmn 41 25.5^0 
1000" 

I I 23.2*^0 27 H 11 i mrn. 4 
I I I 24.5*^c 27 ^0 I I I I 1/50 mm. 26 

IV 25.4^0 27 ^0 ft M 1/200 mm 61 



A s i m p l e a n a l y s i s o f t n e r e s u l t s g i v e n i n 

T a b l e X X V I I d i s c l o s e s an i n t e r e s t i n g f a c t . When 

v a l u e s o f t h e mimimum t r a n s m i s s i o n f o r d i f f e r e n t 

t h i c k n e s s e s o f f i l m a r e p l o t t e d a g a i n s t t h e c o r r e s ­

p o n d i n g v a l u e s o f f i l m t h i c k n e s s , an e x p o n e n t i a l 

c u r v e i s o b t a i n e d . The t r a n s m i s s i o n p o v ; e r , i n t h e 

r e g i o n o f g r e a t e s t a b s o r p t i o n , d i m i n i s h e s ex ­

p o n e n t i a l l y as t n e t n i c k n e s s o f t n e f i l m i s i n c r e a s e d 

I f T i s t n e v a l u e o f t h e minimum t r a n s m i s s i o n , 

and D i s t h e v a l u e o f t n e c o r r e s p o n d i n g t h i c k n e s s 

o f f i l m , t h e n t h e two f a c t o r s a re c o n n e c t e d by t h e 

r e l a t i o n , 

where To i s t h e t r a n s m i s s i o n power 

c o r r e s p o n d i n g t o ze ro t n i c k n e s s o f l i q u i d f i l m , 

and (X i s a c o n s t a n t f a c t o r . 

I V . The a b s o r p t i o n s p e c t r u m f o r w a t e r i n t h e 

r e g i o n 4--5 "̂ ô 6 . 0 ^ was a f t e r w a r d s i n v e s t i g a t e d . 

A l l t h e e x p e r i m e n t a l cx i rves r e v e a l a f a i n t band a t 

4*7 ^ , a n d s e v e r a l e x p e r i m e n t s had t o be made b e f o r e 

t h e most f a v o u r a b l e t n i c k n e s s o f f i l m was d i s c o v e r e d . 

V e r y t n i n f i l m s d i d n o t snow t n e s e l e c t i v e a b s o r p t i o n 

v e r y c l e a r l y , and t h i c k e r f i l m s gave more or l e s s 

i n t e n s e a b s o r p t i o n . A f i l m o f t h i c k n e s s I /250 mm. 

was f i n a l l y chosen and t h i s f i l m gave a v e r y s h a r p l y 

d e f i n e d a b s o r p t i o n band a t 4,7 > ^ t r a n s m i s s i o n 

power o f 20% b e i n g o b t a i n e d nea r t h e maximuir, o f 

a b s o r p t i o n . The c o r r e c t e d a b s o r n t i o n c u r v e gave 

4.68 jLL as t h e p o s i t i o n o f t h e a b s o r o t i o n maximum, when 

t h e t e m p e r a t u r e o f t n e w a t e r i n t n e c e l l was 



m a i n t a i n e d r e a s o n a b l y c o n s t a n t a t 28°C. Hos t o t h e r 

o b s e r v e r s have g i v e n t h e p o s i t i o n o f maximum a b ­

s o r p t i o n as A . 7 ^ . The d i s c r e p a n c y e q u a l t o 

0.02 ^ i s no d o u b t due t o t n e d i f f e r e n c e i n 

t e m p e r a t u r e o f t h e Virater u sed f o r t h e v a r i o u s i n ­

v e s t i g a t i o n s . However , i t i s n o t e w o r t h y t a a t Tnmman, 

d u r i n g h i s r e s e a r c h e s on t n i s b a n d , p r o v e d t h a t i t 

e x i s t e d i n t h e a b s o r p t i o n s p e c t r a o f w a t e r and w a t e r 

vapo"ur . He r e c o r d s i t s w a v e - l e n g t h as 4 . 7 0 ^ . 

T h e r e i s no o t h e r e x p e r i m e n t a l e v i d e n c e r e g a r d i n g t h e 

v a r i a t i o n o f i t s p o s i t i o n w i t h t e m p e r a t u r e , and t h i s 

i s a p o i n t w h i c h s h o u l d be i n v e s t i g a t e d i n t h e nea r 

f u t u r e . 

I n t n i s p a p e r , t h e e x p e r i m e n t a l r e s u l t s 

f o r o n l y two d i f f e r e n t f i l m s t h i c k n e s s e s a re g i v e n . 

O t h e r v a l u e s were d e r i v e d , b u t t n e a b s o r p t i o n c u r v e s 

p l o t t e d f r o m them a r e n o t o f v e r y g r e a t i n t e r e s t . 

The e x p e r i m e n t a l o b s e r v a t i o n s a r e t a b u l a t e d belov^ 

i n T a b l e X X V I I I , and t h e c o r r e s p o n d i n g a b s o r p t i o n 

c u r v e s aave been drawn i n F i g . 39. B o t h c u r v e s 

show maximma a b s o r p t i o n a t 4.68 ^ , and t h e r e i s a 

minim\:mi i n t h e c u r v e s a t \^ • T^^^ a b s o r p t i o n 

b a n d i s so f e e b l e t h a t an i n c r e a s e o f 20'̂ c i n t n e 

t h i c k n e s s o f f i l m o n l y i n c r e a s e s t n e p e r c e n t a g e 

a b s o r p t i o n a t t h e maximxam by yh - (See F i g . 39). 



TABLE X X 7 I I I 

E x p e r i m e n t a l r e s u l t s showing: t h e A b s o r p t i o n 
p r o d u c e d by v . a t e r i n t h e r e g i o n 4 . 0 ^ t o 5 . O p 

jorrected 
rum Reading 
( A in p ) 

3.83 
3.879 
3.927 
3.975 
4.024 
4.072 
4.121 
4.170 
4.218 
4.267 
4.315 
4.363 
4.412 
4.461 
4.511 
4.561 
4.61 
4.66 
4.710 

1" 
TRAUS 

A / B 

C o r r e c t e d 
Drum Read ing 

( X i n yw. ) 

53.5 4.762 
52.8 4.814 
51.96 4.ti6/L 
50 .1 4.914 
48.4 4.960 
46. A 5.018 
44.07 5.02 
41.0 5.07 
37.x 5.123 
32.9 5.17'! 
29.5 5.225 
26.8 5.277 
24.5 5.32S 
22.6 5.379 
20.8 5.431 
19 .^ 5.482 
18 .6 5.534 
18.0 5 .5b§ 
l E . d 5.63b 

TitAlJD 
A/B 

19.7 
21.0 
22.5 
24.3 
26.8 
29.1 
2 8 . 8 
32.2 
33.a 
3 5 • 2 
35.97 
36 .1 
35.96 
35.5 
34.1 
32.8 
30.0 
26.8 
23.1 

C o r r e c t e d 
Drum Hea,ding 

( A i n /X ]( 

5.687 
5.738 
4.328 
4.376 
4.426 
4.475 
4.525 
4.575 
4.624 
4.67/I 
A . 724 
4.765 
4.827 
4.C578 
4.929 
A . 9 a i 
5.031 
5.081 
5.110 

THAl̂ Ŝ 
A /B 

19.0 
1 4 . / 
30.4 
27.b 
25.4 
23.5 
21.7 
20.5 
20.0 
20.0 
20.2 
21.2 
22.6 
2A.4 
26.A 
2 6 . 9 
30.9 
32.5 
32.8 

Case Ho, P r i s m 
Tempre . 

T /adsv/orth 
s e t a t 

E n t r a n c e 
S l i t 

E x i t 
S l i t 

T n i c k n e s s . 
o f f i l m . 

I . 22.yoQ 27.0^0 7.5/1000" 5/ 
1000" 

1/200 miTi. 

I I 24.3^0 27.0^0 11 1/250 mm. 

V. E a r l y measurements o f t n e a b s o r p t i o n 

s p e c t r i i m o f v . a t e r i n t n e r e g i o n b e t w e e n 6.0/.^ and 

1,01^ snov-^ed t n a t an a b s o r p t i o n b a n d e x i s t s c l o s e 

t o 6.0 . I n T a b l e XXIX a r e some o f t h e r e s u l t s 

o b t a i n e d d u r i n g t n e mea.surer;ient o f t h e a b s o r p t i o n 

p r o d u c e d b y v^ater i n t n i 3 r e g i o n . The i n v e s t i g a t ­

i o n s show tna . t t n e b^and i s o u i t e s t r o n g - , and t o ^ e t 
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g o o d d e f i n i t i o n o f t h e a b s o r p t i o n ba.nd o n l y t h i n 

f i l m s o f w a t e r s n o u l d be used i n t n e a b s o r o t i o n 

c e l l . Tnree d i f f e r e n t cases nave been cnosen 

f o r t h e p u r p o s e s o f i l l u s t r a t i n g t n i s pape r ; 

t h e t n r e e t n i c k n e s s e s o f t h e w a t e r f i l m b e i n g 

1 / 1 0 0 m::i, 1/200 rrmi, and 1 / 2 5 0 mm. G o r r e s o o n d i n g 

a b s o r p t i o n c u r v e s have been drawn i n F i g . 40, 

and t n e s e s u g g e s t t a a t t n e a b s o r p t i o n i n c r e a s e s 

as t h e t n i c k n e s e o f l i q u i d f i l m i s i n c r e a s e d . 

T n i s f a c t i t s e l f shows t h a t t n e band i s due 

e n t i r e l y t o w a t e r . A f a i r e s t i m a t e o f txie wave-

l e n g t n o f maximum a b s o r p t i o n d e r i v e d f r o m t h e s e 

r e s u l t s i s 6 . 1 0 ^ . A s l i g h t " k i n k " i n t h e 

c u r v e a t 6 .62 yU , f o r a f i l m o f t h i c k n e s ^ j 

1/^00 mm, reme-lns u n e x p l a i n e d . O n l y f r e s n l y 

d i s t i l l e d v^'ater was used f o r t ne e x p e r i m e n t s , 

anc' s e v e r a l i n d e p e n d e n t s u r v e y s o f t h i s r e g i o n 

snov,red t h e seme d i p i n t n e a b s c r o t i o n c u r v e . 

The d i p does n o t appear i n t n e a b s o r o t t o n c u r v e s 

p l o t t e d f o r d i f f e r e n t t n i c l ^ n e s s e s o f l i q u i d 

f i l m , and a s u r v e y o f t J ie empty c e l l i n t ne same 

r e g i o n d i d n o t d i s c l o s e any s e l e c t i v e e . b s o r p t i o n 

by t n e c e l l nea r 6 , b ^ . Ho e x p l a n a t i o n o f 

t h i s " k i n k " i n t n e a b s o r p t i o n c iu 've was d i s c o v e r e d . 
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TABLE XXIX 

E x p e r i m e n t a l O b s e r v a t i o n s on t h e _ A b s o r p t i o n Spec t rum 
n f water" i n t n e r e n i o n b . O ^ t o 7 . 0 / ^ . 

jrrected 
jB Readin! 

5.829 
5.860 
5.931 
5.982 
6.032 
6.032 
6.132 
6.132 
6.231 
6.279 

6.376 
6.42/1 
6.473 
6.521 
6.569 
6.617 
6.622 
6.670 
6.717 
5. §45 
5.896 
5.946 
5.997 

TRAILS 
A / B 

C o r r e c t e d 
Druun R e a d i n g 

( A i n ^ ) 

74.1 
70.1 
67.2 
64.6 
63.2 
6 2 . 1 
0 I . 9 
6 4 . 0 
6^.3 
6 3 . 7 
70.0 
72.9 
74.3 
75.7 
76.0 
7 7 - 1 
7b.-i 
75.8 
76.3 
76.1 
d6.0 
80.8 
74.8 
70.3 

6,047 
6.097 
D.147 
6.197 
6 , 2 4 o 
6.294 
b.342 
D.39O 
6.433 
b.4b6 
6.534 
6.5S2 
6.630 
0.674. 

, 6.722 
3 5.7^,2 

5.782 
5.i^34 
p;.db5 

5.987 
6.037 
6.086 
6.136 

T R A K S 
A / B 

67.2 
64.4 
65,2 
67.4 
70.1 
73.3 
75.3 
^3.0 
r9.6 
60.J 
til.O 
D l . S 
o l . 5 
0 I . 7 
81.5 
75.5 
72.0 
O b . l 
65.4 
62 .9 
61.5 
60.0 
59.4 
59.3 

C o r r e c t e d 
Driora Read ing 

( A , i n /UL) 

3 6.186 
6.235 
6.283 
D.3^2 
0.30 
b.42S 
6.J.77 
6.524 
0.572 
5.834 
5.8 as 
5.936 
5.967 
6.037 
6.086 
o . l ^ o 
G.186 
6.2^5 
6.283 
6.332 
0.380 
6.423 
6.47^ 

TRAILS 
A / B 

60.0 
61.16 
62.26 
64.75 
6b .4 
68.0 

70. b 
11.2 
68.9 
65.5 
63.1 
6 i . 6 
60.5 
59.2 
59.5 
60.0 
61.6 
6; .0 
6A.6 
66.9 
67.9 
70.2 

Case Eo . P r i s m 
Tempre . 

V/adswor th 
s e t a t 

E n t r a n c e 
S l i t 

E x i t 
S l i t 

T a i c k n e s s 
o f f i l m . 

I 

I I 

I I I 

25.^0 

23.300 

25.2 0 

27 

270c 

27 C 

y.5/1000" 

I I 

ff 

7-5/ 
1000" 

I I 

5/1000" 

1/200 mm, 

1/250 mm. 

1/100 :iim. 



SEOTIOiq I I I . 

The A b s o r p t i o n Bands o f E t h y l ^ A l c o h o l 

1 . Some i n t e r e s t i n p : r e s u l t s o b t a i n e d v ; i t h p u r e 

d r y e t h y l a l c o h o l i n t h e c e l l Mill nov/ be ^ri-^en. 

l l a n y r e s e a r c h w o r k e r s have i n v e s t i g a t e d t h e 

i n f r a - r e d a b s o r p t i o n spectruar. o f e t n y l a l c o h o l . I n 

t h e n e a r i n f r a - r e d , i . e . , f r o m l . O y u , - 2 . 0 ^ , 

t h e bands appea r t o be v / e l l d e f i n e d , b u t a t n i ^ n e r 

w a v e - l e n g t h s t h e r e s u l t s o f d i f f e r e n t v ;orkers a r e 

n o t i n c o m p l e t e a g r e e m e n t . The c U i e f v/ork has been 

done by Lecornte 43) ^ i^^y^^^ E r cnk and L e v i n 44) > 

P l y l e r and B u r d i n e 4 5 ) ^ S ^ i i t n and B o o r d 4 6 ) ^ H e n r i 

4 7 ) , and R e i n k o b e r 4 8 ) ^ 

L e c o m t e , u s i n g p r i s m , f o u n d t h e p o s i t i o n s 

o f maximum a b s o r p t i o n t o be 3*0yu, , 3 . 5 ^ , 6 . b 5 / U , 

and 3 .0 yt/' . The bands a t 3-3 -̂̂ c) 6 ,^5 were 

f e e b l e ones . H e n r i f o u n d a band a t 3 . 3 4 , and 

o t h e r s a t 3 . 0 5 ^ and 5 . 0 0 ^ . H ^ y e r , Bronk and 

L e v i n f o u n d p r o n o u n c e d bands a t 3 - 3 ^ / ^ and 3,4-3 H-

T h e i r r e s u l t s a r e suir imarised i n t a b l e I .o.XXX b e l o w , 

TABLE XXX 

The A b s o r p t i o n Bands o f E t h y l A l c o h o l by d i f f e r e n t 
o b s e r v e r s . 

W o r k e r . Bands o b s e r v e d a t 
( -it- F a i n t Bands) 

Lecomte 3-Oyu. 3.3ju - 6 .85 /x 8 .0 /^ 

H e n r i i .oSyu. 3 . 3 4 / x 5 . o ^ -

M e y e r 
L e v i n 

3 . 3 6 ^ - - ^ 3 / ^ 
3.45/^ 

P r e s e n t 
Vybrk 

3 . 0 5 W 3 . 4 1 m 5 .9OM / . 5 ^ 
^ _ b . 0 5 



X'6Z. 

"̂ he r e s u l t s g i v e n by v a r i o u s v ; o rke r s o . i f f e r 

c o n s i d e r a b l y , and because o f t h e s e d i s c r e p a n c i e s , an 

i n d e p e n d e n t s e t o f o b s e r v a t i o n s was made. The i n ­

v e s t i g a t i o n made was o n l y a v e r y s h o r t one , b u t i t 

s u f f i c e d t o shov; t h e p o s i t i o n s o f t h e m a i n a b s o r p t i o n 

b a n d s . The w a v e - l e n g t h o f t h e o b s e r v e d bands e,re 

i n c l u d e d i n T a b l e XXX f o r t h e pu rposes o f c o m p a r i s o n . 

The r e s u l t s d i f f e r f r o m t h o s e o f p r e v i o u s w o r k e r s , and 

a p r o b a b l e e x p l a n a t i o n o f t h e s e d i f f e r e n c e s i s g i v e n 

l a t e r i n t h i s s e c t i o n . 

I n T a b l e X X X I , a summary i s g i v e n o f t h e 

e x p e r i m e n t a l r e s u l t s o b t a i n e d d u r i n g t h e i n v e s t i g a t i o n s 

o f t h e a b s o r p t i o n s p e c t r u m o f e t h y l a l c o h o l i n t h e 

r e g i o n 1 . 0 ^ t o 2.0 yU. . The c o r r e s p o n d i n g a b s o r p t i o n 

c u r v e s a r e p l o t t e d i n F i g . 4 I . R e s u l t s a re g i v e n f o r 

two d i f f e r e n t t h i c k n e s s e s o f l i q u i d f i l m , name ly , 1.0 mm. 

and 0.75 '^^^ c u r v e s shov; m a x i m m a b s o r p t i o n a t 

1.17 jx , 1.48 fjL , 1.65 jUL , and 2.41 > w i t h p o s s i b l y 

a s l i g n t a b s o r p t i o n a t 1.95 • 

The bands a t I . I 8 ^ and 1.43 yU. may be due t o 

t h e (OH) g r o u p i n t h e e t h y l a l c o h o l m o l e c u l e . I t w i l l 

be remembered t h a t w i t n vvater , bands were f o u n d a t 

1.18 [U. and 1.48 yC6 . The bands a t I . I 8 ^ and fx f o r 

e t n y l a l c o h o l may have s i m i l a r o r i g i n , f o r t h e (OH) 

r a d i c l e i s common t o b o t h l i q u i d s . I t w o u l d be e x t r e m e l y 

i n t e r e s t i n g t o see i f t n e s e bands d i s a p p e a r i n t n e case 

o f compounds made f r o m e t h y l a l c o h o l i n w n i c h t h e (OH) 

g r o u p has been s u b s t i t u t e d by some o t h e r r a d i c l e . .. 



TABLE X X X I -

The A b s o r p t i o n Bands o f E t h y l A l c o h o l i n t h e r e r i o n 
1*0 f^. t o , 2 .5m . 

Corrected 
Drum Reading 

(A i n / ^ ) 

1.114 79.5 
1.166 77.3 
1.217 78.48 
1.270 ^9.5 
1.321 76.1 

69.1 1.372 
76.1 
69.1 

1.424 61.7 
1.476 59.5 
1.530 59.7 
1.58 61.5 
1.633 59.5 
1.684 60 .7 
1.737 62.5 

59.4 
1.843 51.7 
1.896 46 .7 
1.949 43.6 
2.000 41.8 
2.053 40 .9 
2.104 39.0 
2.157 33.4 

T H A I I S 
A / B 

C o r r e c t e d 
Drum Read ing 

( K i n 

2.209 
2.26 
2.312 
2.364 
2.415 
2.467 
2.51s 
2.570 
1.113 
1.165 
1.215 
1.267 
1.319 
1.370 
1.422 
1 . 4̂ .74 
1.520 
1-570 
1.630 
I . 6 0 I 
1.734 

TRAilS 
A / B 

27.1 
23.5 
20.04 
18.8 
18.2 
18.5 
18.31 
16.13 
a i . 7 
bC.2 
» 0 . 5 
tti.7 
51.3 
76.0 
70.2 
69.1 
68.9 
70.0 
b9.5 
69.8 
a . 2 

C o r r e c t e d 
Drttm Read ing 

( A i n 

1.7^^8 
i . 8 3 9 
1.89 
1.945 
1.997 
2 . 0 4 9 
2.100 
:^.152 
2 . 2 0 4 
2.256 
2.307 
2.36 
2.409 
2.461 
2.513 
2.564 

TxvAHS 
A / B 

71.2 
06.1 
61.6 
53.2 
56.6 
55-4 
53.9 
49.7 
45.0 
40.3 
37.2 
34.7 
33.4 
33-D 
34.1 
32.3 

Case No. P r i s m 
Tempre . 

Wadswor th 
s e t a t 

E n t r a n c e 
3 1 i t 

E x i t 
S l i t 

T n i c k n e s s 
o f f i l m 

I 27.0c 2 . 5 / 
1000" 

2 .5 / 
1000 " 1 mm. 

I I 23.4^0 27.^0 2 .5 / 
1000" 

2 .5 / 
1000" 

0.75 mm. 



I I I . An i n v e s t i g a t i o n o f t h e a b s o r p t i o n 

e f f e c t s p r o d u c e d i n t n e r e g i o n 2 . 0 ^ t o 4 . 0 ^ was t h e n 

made. I n Ta.ble X X X I I , a suiUi lary i s g i v e n o f t h e 

e x p e r i m e n t a l v a l u e s o b t a i n e d f o r t u e a b s o r : o t i o n i n 

t h i s r e g i o n . The r e c o r d i n g o f t h e s e o b s e r v a t i o n s 

was made i n t h e u s u a l m s j i n e r . Tnree d i f f e r e n t 

t h i c k n e s s e s o f l i q u i d f i l m was u s e d , and i n each 

case t h e r e wa.s d e f i n i t e e v i d e n c e o f t h e e x i s t e n c e 

o f two a b s o r p t i o n bands i n t n i s r e g i o n . The 

t h i c k n e s s e s o f f i l m u sed f o r t h e e x p e r i m e n t s v:ere 

1.0 mm, 0.5 inm, and 0. mm. The a b s o r p t i o n 

c u r v e f o r t h e f i l m Imm. t h i c k n e s s snows tha-t 

n e a r l y a l l t n e r a d i a t i o n be tween w a v e - l e n g t h s 2.8 yu. & 

3,'6 jJ. i s c u t o f f by "sucn a f i l m . Hov-ever, even 

w i t h such s t r o n g a b s o r p t i o n , i t i s p o s s i b l e t o 

d i s t i n g u i s n t n e two maxima o f a b s o r p t i o n . A l l 

t h e a b s o r p t i o n c u r v e s a r e drawn i n F i g . 4 2 . Two 

bands a r e d i s c l o s e d , one a t 3.03 > and t h e o t a e r 

a t 3 . 4 1 ^ . I t w o u l d appear t h a t t n e b e s t 

d e f i n i t i o n o f t n e band a t 3.05 ^ i s g i v e n by a 

l i q u i d f i l m o f t i i i c k n e s s 0.7 î ii'W s-nd f o r t h e band 

a t 3 .41 ju , b e t t e r d e f i n i t i o n i s g i v e n by a f i l m 

o f t n i c k n e s s e q u a l t o 0.5 mm. Trie c o r r e c t t n i c k ­

ne s s o f f i l m f o r good d e f i n i t i o n o f t n e bands i s 

v e r y i m p o r t a n t , and e x p e r i m e n t s must a lways be 

made t o d e t e r m i n e t h i s t h i c k n e s s b e f o r e t n e m a i n 

i n v e s t i g a t i o n s a re c a r r i e d o u t . I f t h i s i s n o t 

d o n e , i t i s p o s s i b l e f o r v e r y weak bands to be 

c o m p l e t e l y masked by a more g e n e r a l a b s o r p t i o n . 



135, 

TABLE X X X I I 

The A b s o r p t i o n S p e c t r a o f E t h y l A l c o h o l i n t h e r e g i o n 
2 . ' ^ ^ - "4.6 ._ 

Corrected 
)rum Residing 

( A i n y U . ) 

2.870 
2.92 
2.971 
3.02 
3.07 
3.118 
3.166 
3.215 
3.264 
3.313 
3.361 
3.41 
3.459 
3.507 
3.556 
3.605 
3.654 

2) 2.76J 
2.818 
2.369 
2.919 
2.97 
3.07 
3.12 
3 .215 
3.26A 
3.313 
3.361 
3.41 

4 
TRAMS 

A / B 

8.2 
5.3 
4.0 
3.16 
3.2 
3 .1 
3.94 
4 . 1 
3.4 
3.95 
4 .7 
7.59 

10.6 
16.36 
22.2 
29.65 
36.0 
43.8 
« 3 . 0 
76.7 
65.3 
53.0 
53 .1 
50.3 
53.5 
b l . 7 
65.8 
67.2 
67 .1 
67.2 

C o r r e c t e d 
L n i u R e a d i n g 

(, \ i n p. ) 

2) 

3) 

3.459 
3.508 
3.556 
3.654 
3.703 
3.752 
3 .801 
3.849 
3.89d 
3.937 
3.985 
A . 034 
4.083 
4.132 
A . 1 8 
4.23^ 
4.278 
4.327 
4.375 
4.424 
4.474 
2.505 
2.555 
2.535 
2.635 
2.686 
2.737 

2.83^ 
2.809 

A/B 

68.2 
71.05 
73.8 
0I .3 
83.9 

6.1 

C o r r e c t e d 
Dr\jm Read ing 

( A i n /-t) 

Q 
37.9 
a3.9 
90.2 
90.5 
90.9 
91.2 
92.3 
92.2 
91.5 
92.5 
92.6 
90.6 
97.3 
93.3 
93.2 
39.9 
89.5 
84.5 
03.1 
C31.06 

U ' . l 
57.4 
47.3 

3) 
2.939 
2.99 
3.039 
3.089 
3.13J 
3.136 
3.235 
3.284 
3.332 
3.381 
3.43 
3.48 
3.53 
3.58 
3.625 
3.674 
3.713 
3.762 
3 . a l l 
3.859 
3.908 
3.957 
4.005 
4.054 
4.103 
4.152 
4.20 
4.239 

'RMS 
A / 3 

39.6 
35.3 
34.6 
33.3 
A2.8 
45.6 
50.3 
53.2 
54.0 
54.1 
55.7 
58.7 
63.A 
68.9 
7^.3 
76.7 
80.3 
83.2 
85.2 
86.9 
87.c 
8::.9 
09.5 
90.6 
39.3 
90.6 
91.5 
92.c 

Case IJo. P r i s m 
Tempre , 

Wadswor th 
m i r r o r s e t 

a t 

E n t r a n c e 
S l i t 

E x i t 
S l i t 

T h i c k n e s s 
o f f i l m . 

I 23.4^0 27 ^0 4/1000" 4/1000" 1.0 ma. 

I I 23.4^0 27 ^0 If I t 0.5 

I I I 22.1^0 27 ° c 5/1000" 2.5/1000" 0,'J ,ri\r:\. 



An exai?i inat ion o f t h e s p e c t r u m i n t h e r e g i o n 5.0yato 

8.0 ^ was a l s o made. O n l y one s e t o f t h e o b s e r v a t i o n s — 

r e c o r d e d i n T a b l e X X X I I I - a r e g i v e n i n t h i s p a r a g r a p h . 

The c o r r e s p o n d i n g a b s o r p t i o n c u r v e i s g i v e n i n F i g . 4 3 . 

I n t h i s c u r v e , i t i s o o s s i b l e t o d i s t i n g u i s h maxima o f 

a b s o r p t i o n a t 5-90 yit , 6.O5 yu. , 6.96 ^ , 7.2 yu , and 

7.5 f i . The bands a t 3*30 fx and 6.05 /x a r e q u i t e f a i n t . 

The b a n d a t 6 . 05 /u, i s i n t e r e s t i n g , because i t i s v e r y 

s i m i l a r t o t h e band a t 6,10 ^ o b s e r v e d i n t h e i n f r a - r e d 

a b s o r p t i o n s p e c t r u m o f w a t e r . I t i s p r o b a b l y due t o t h e 

(OH) r a d i c l e i n t h e m o l e c u l e , a v i e w w h i c h i s s u p p o r t e d 

by t h e s i m i l a r i t y o f t h i s b a n d and t h e c o r r e s p o n d i n g 

w a t e r b a n d ; and t h e (OH) r a d i c l e i s coimnon t o b o t h 

e t h y l a l c o h o l and w a t e r . I f t n i s i s t h e c a s e , i t w o u l d 

f a l l i n w i t h t n e o t h e r members o f w a v e - l e n g t h s I.AQ/U 

and 3.05 / ^ , t o f o r m a h a r m o n i c s e r i e s . ( l , 4 S yu. , 3-05/" snd 

6.05 fJ- ) . The b a n d a t 1.1b/x , w h i c h i s o u i t e a f e e b l e 

b a n d , i s no d o u b t a c o m b i n a t i o n b B . n d . I t c o u l d a r i s e 

f r o m a s u i t a b l e c o m b i n a t i o n o f t h e f r e q u e n c i e s o f t h e 

ba j ids a t 3.03 fx and 6 . 0 5 ^ , w h i c h w o u l d t h e n be t h e 

f i m d a m e n t a l s o f t h e b a n d . The f r e q u e n c y o f t h e b a n d a t 

l . l 8y ic i s b474 cm'', t n e band a t 3-03/^ has a f r e q u e n c y 

o f 3278 c m ' , and t h e one a t 6.10 yw i s I639 cm'' . 

Now fc474 i s a p p r o x i m a t e l y e q u a l t o 

2 X 327d -̂ 1629 

- 8195 

so t h a t ^Y' + Y^ 

where y, = H^/^,y,^Z.05 /J. and y ^ ^ 6 . 1 0 / x 

f r e q u e n c y o f t h e c o m b i n a t i o n be^d^ y, ^ ^'^ 

t h e f r e q u e n c i e s o f t h e t w o f u n d a i i i e n t a l s . 



TABLE X X X I I I 

Tiie A b s o r p t i o n Bands o f E t h y i A l c o h o l i n t n e 
r e g i o n 5.0 t o d.O ju . 

Corrected 
rum Reading 

{Kin f-c) 

5.551 
5.602 
5.653 
5.7OA 
5.75^ 
5.807 
5.859 
5.91 
5.96 
6.012 
6.062 
6.112 
6.162 
6.212 
6.261 
6.309 

TRAKS 
A / B 

91.5 
90.7 
90.4 
88.7 
87.2 
8 d . 1 
84.37 
84.30 
b4.8 
83.5 
83.3 
85.5 
85.25 
d 6 . l 
Ob.I. 
06.7 

C o r r e c t e d 
Drum R e a d i n g 

( N i n ) 

6.358 
6.39b 
O . A 4 4 
6.A9 
6.54 
6.59 
6.64 
b.69 
6.73 

6.832 
o . c 
0.93 
6.98 
7.027 
7.077 

TRAtVS 
A / B 

C o r r e c t e d 
D r m Read ing 

( M n yU. ) 

86.3 7-127 
85.9 ^ l 7 8 
83.5 7.23 
83.7 7.273 
d2.2 7.33 
7S.7 7.38 
77.7 7.431 
75.3 7.481 
(1.1 7.532 
67.9 7.539 
65.0 7.5^9 
63 .1 7.641 
62.56 7-691 
o l . l 7.742 
6 2 . 1 — 

53.0 

TRAi^S 
A/E 

62.3 
62.0 
63.6 
97-3 
6^.3 
66.1 
67.6 
O D .4 
66.9 
65. C) 

66.9 
70.4 
71.2 
/3.05 

T h i c k n e s s o f f i l m - l/^^im. 

V/adsv.orth m i r r o r s e t a t 27*̂ 0 

P r i s m T e m p e r a t u r e 23..d^C 

E x i t S l i t 7.5/1000" 

E n t r a n c e 
S l i t 5/1000" 

SECTION IV 

I n f r a - R e d A b s o r p t i o n S p e c t r a o f . ?̂ onie Aqueous 3 o l u t i o n s 

I . I n C n a p t e r I I I m e n t i o n was rr.ade o f a paper 

p u b l i s n e d by D e n n i s o n , i n v /h ich he p r e d i c t e d t n a t an 

i n f r a - r e d a b s o r p t i o n band f o r c a r b o n d i o x i d e s h o u l d 

o c c u r a t 1.20 jx . An i n v e s t i g a t i o n d u r i n g t n e 

e x p e r i m e n t s on gases w i t i i c a r b o n d i o x i ' i e i n t h e 



1 3 8 . 

o b s e r v a t i o n t u b e , d i d n o t r e v e a l any t r a c e s o f 

s e l e c t i v e a b s o r p t i o n by c a r b o n d i o x i d e i n t h i s r e g i o n . 

The e x p e r i m e n t a l r e s u l t s o b t a i n e d d u r i n g : t h e i n ­

v e s t i g a t i o n a r e a i v e n i n C n a p t e r I I I , T a b l e X I X , and 

t h e c o r r e s p o n d i n p i ' a b s o r p t i o n c u r v e s a re dravm i n F i g . 29. 

I t Vv-as t h e r e f o r e d e c i d e d t o s t u d y t r i e i n f r a - r e d 

a b s o r p t i o n spectruan o f v / a t e r c o n t a i n i n g c a r b o n d i o x i d e , 

i n t h e aope t n a t t h e bend a t 1,20 ju ¥ / o u l d be more 

p r o n o u n c e d unde r sucn c o n d i t i o n s . Many 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 s o f t h e a b s o r p t i o n e f f e c t s p r o d u c e d by a 

s o l u t i o n o f c a r b o n d i o x i d e v.'ere made, t o see i f t h e 

d i s s o l v e d c a r b o n d i o x i d e snowed any t r a c e s o f a b s o r p t i o n 

nea.r 1 . 2 0 ^ . S e v e r a l t h i c k n e s s e s o f l i q u i d l a y e r were 

u s e d , b u t none o f t h e r e s u l t s f o r t h e s e snowed any t r a c e 

o f a b s o r p t i o n n e a r 1.20 , o t h e r t h a n t h a t due t o T . a t e r . 

Tne r e s u l t s o f one o f t h e s e e x p e r i m e n t s a r e t a b u l p . t e d 

i n T a b l e XXXIV, C?.se I , and t h e c o r r e s p o n d i n g a b s o r p t i o n 

c u r v e s a r e dravm i n F i g . 44> '^^^ t r a n s m i s s i o n powers 

i n t n e T a b l e A a r e f o r a g i v e n t n i c k n e s s o f f r e s n l y 

d i s t i l l e d w a t e r i n t h e c e l l ; t h o s e summar ised i n T a b l e 

B a r e f o r a c o r r e s p o n r i i n g - t a i c k n e s s o f i va t e r c o n t a i n i n g 

d i s s o l v e d caj^bon d i o x i d e . Tne g r a p h d r a m i n F i g . 4 4 

shows t h a t a l l t n e r e s u l t s l i e on t h e same c u r v e , show­

i n g t n a t t h e c a r b o n d i o x i d e d i s s o l v e d i n t n e v ;a ter i s 

e i t h e r i n s u f f i c i e n t t o p r o d i i c e s e l e c t i v e a b s o r p t i o n 

n e a r 1.20 yU- , o r t h a t t h e c a r b o n d i o x i d e i t s e l f has no 

a b s o r p t i o n b a n d i n t n i s r e g i o n . 

V / i t h t n e same s o l u t i o n , an i n v e s t i g a t i o n was 

tnaae o f t n e a b s o r p t i o n s p e c t r u m nea r 2.b0 . Some 

o f t n e r e s u l t s a r e a l s o t a b u l a t e d i n T a b l e XXXIV, Case I I , 
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and t i l e c o r r e s p o n r i i n g a b s o r p t i o n c u r v e s e r e d r a i m i n 

Fip:. 4 4 . The c u r v e snows t n r ^ t t n e r e i s no s.^osorotion 

at 2 .72/X due t o t h e carbon d i o x i d e ; o n l y fcenero.l 

a b s o r p t i o n due t o t h e w a t e r i s foumi round 3 . 0 / ^ , 

A t n i c k e r f i l m o f \^ater c o n t a i n ia'^ c a r b o n d i o x i p e 

t r a n s : ; i i t t e d no r a d i a t i o n o f w a v e - l e n g t h p:reater t u a n 

2 .5 yci. , and a t n i n n e r f i l m o f ^vater snowed no t r a c e s 

of a b s o r p t i o n at 2 . 72 / - ^ , Tne e x p e r i m e n t a l r e s u l t s , 

on w n i c n t a e s e c o n c l u s i o n s a r e basec, nave n o t been 

g i v e n i n d e t a i l i n t n i s a c c o u n t . 

A p p a r e n t l y , t n e r e f o r e , t n e r e va.s i n s u f f i c i e n t 

c a r b o n d i o x i d e d i s s o l v e d i n txie vvater t o produce t n e 

c n a r a o t e r i c ^ t i c a b s o r p t i o n ban^'i o f carbon d i o x i d e a t 

2 . 7 ^ . '^^^^ r e s u l t s f o r t n e r e g i o n r o u n d 1 . 2 0 ^ 

a r e t n e r e f o r e n o t s u r p r i s i n g ; . I t ir:; n a r d l y p o s s i b l e 

f o r a l i q u i d c o n t a i n i n g a v e r y s i i i a i i q u a n t i t y o f 

a i s s o l v e d gas uO snov- s e l e c t i v e a b s o r p t i o n a t 1.20 ^ , 

v;nen no s e l e c t i v e a b s o r p t i o n i s f o u n d c o r r e s p o n d i n g 

to trie s t r o n g /-absorption b a nd/at 2 . 7 2 . Many 

e x o e r i m e n t a l o b s e r v a t i o n s on t n e s^-steiii o f v a t e r 

c o n t a i n i n g d i s s o l v e d c a r b o n d i o x i d e c o n f i r m t n i s v i e w . 

The q u e s t i o n o f t n e banr- a t i . 2 G ^ v ^ a l l hcve t o 

r e m a i n u n t i l an i n v e s t i r ' r . t i o n of t u e '-'Sorption 

spectru'-n o f t n e l i q u e f i e d gas can be c a r r i e d o u t . A:,l 

t h e e x p e r i i . : i e n t a l r e s u l t s discusser* i n t n i s oarp.gr-oh 

a r e suin:iiarised i n t.ie t a b l e bexov;. 



TABLE XXXiy 

The Absorption Spectrum_of_v.ater^containiriF r]is^olved 
carbon d i o x i d e . ~ 

Part A: Water i n t h e C e l l . 

Drum 
Reading 
( \ i n / ^ ) 

I) 1.069 
1.10 
1.14 
1.18 
1.20 
1.22 
1.24 
1.26 
1.28 
1.30 

:i) 2 .65 
2.70 
2.75 
2.80 
2.35 
2.90 
2.95 
3.00 
3.05 
3.10 
3.15 
3 . 2 t 
3.25 
3.3 

C o r r e c t e d 
Drum Reading 

( Kin ju.) 

1.059 
1 .099 
1 .139 
1 .179 
1 .200 
1.216 
1 .24 
1 .258 
I . 2 7 S 
1 .298 

2 . 6 5 3 
2 .703 
2 . 7 5 4 
2 . 8 0 5 
2 . 3 5 5 
2.9O0 
2 . 9 5 5 
3 . 0 0 5 
3 . 0 5 4 
3 . 1 0 2 
3 . 1 5 1 
3 . 2 0 
3 . 2 4 9 
3 . 2 9 7 

TRAiiS 
A / B 

7 9 . 1 1.06 
7 2 . 7 1.08 
5 1 . 9 9 1.10 
4 0 . 9 7 1 .12 
3 9 . 7 I . I A 
3 9 . 6 7 1 .16 
3 9 . 0 l . l S 
3 6 . 9 1.20 
3 1 . 1 1 .22 
2 4 . 4 1 .26 

-7 AO 

• 4-'-' 
2 7 . 3 
13.9 
1 3 . 1 

8 .95 
7 .00 

5 .23 

4 , 1 b 
-z 
^' -' 
3 . 7 
3 . 9 
r - /\ 

P a r t B: Viater Carbon Dio?:ide, 

Drum 
Rea.ding' 
( A i n / M . ) 

2 . 6 0 
2 . 6 ^ 
2 . 7 0 
2 . 7 5 
2.0O 
2 . 8 5 
2 . 9 0 
2 . 9 5 
3 . 0 0 
3 . 1 0 
•X 1 ^ • 

3 . 2 0 

3 - 3 1 

O o r r e c t e d 
Drum Rearlinp 

( A \v,^Y 

1.06 
1.06 
1 .10 
1 .12 
1,14 
1.16 
1.18 
1 .20 
1.22 
1,26 

2 . 6 0 2 
2,6^^3 
C.703 
2.754. 
2.B0^: 
2 . 3 5 5 
2 . 9 0 6 
2 .955 
3.OCS 
3 . 1 0 2 
3 - 1 5 1 
3 . 2 0 1 
3 . 2 6 1 
7, 71 

THAiJS 
A/B 

7 9 . 7 
79. t) 
75 .26 
c>5.7 
5'1.2 
45 • 2 
4 0 . 9 
4 0 . 0 
3 9 . 1 

4 7 . 2 8 
3 5 . S 
2 o . 2 
1 7 . 5 
1 1 . 7 9 
G.O 
6.3 
5 ^^3 

3 .05 
3 . 2 
-2 

J A . 5 
5 . 7 

Case 1^0. P r i s m 
Tempre, 

v;adsT;orth 
s e t a t 

En t r a n c e 
S l i t 

E x i t D i i t T i l i c l r n e s s . 

I 2 6 . 6 ^ 0 27.0-C 2 . 5 / 
loco" 

2 . 5 / 
luuO" 

2 7 . 2 ^ 0 2 7 . 0 ^ 0 2 . 5 / 
1000" 

2 . 5 / 
1000" l/zi-O i - i i i . 

I I 28 , 0 ^ 0 2 7 . 0 ^ 0 2 . 5 / 
1000 " 

2 . 5 / 
1000" 
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I I ) A few i n t e r e s t i n g r e s u l t s obtained w i t h an aqueous 

s o l u t i o n of potassium permanganate are i n c l u d e d here. 

A l i q u i d f i l m of 1/lCO mm- t h i c k n e s s was used f o r the 

t e s t s , and the r e s u l t s obtained w i t h t h i s f i l m are 

summarised i n Table XXXV- The corresponding absorption 

curve i s drawn i n F i g . 45. T h i s curve shows the r e l a ­

t i o n s h i p between the t r a n s m i s s i o n power of the c e l l , 

when f i l l e d w i t h the aqueous s o l u t i o n , and the wave­

l e n g t h of the r a d i a t i o n s used. I t r e v e a l s a band due t o 

potassium permanganate at 5 . 5 2 ^ . I t i s d e f i n i t e l y due 

to the permanganate, f o r when the c e l l i s f i l l e d w i t h 

f r e s h l y d i s t i l l e d water, the a b s o r p t i o n band i s not ob­

t a i n e d . So f a r as the present w r i t e r i s aware, the 

e x i s t e n c e of t h i s band has never p r e v i o u s l y been reported 

T A B L E X X X V . 

The Absorption Spectrum of an Aqueous S o l u t i o n of 
Potassium Permanganate (KMn04). 

C o r r e c t e d 
Dr;im 
Reading 
( \ i n / ^ ) 

TRAI3S 
A/B 

C o r r e c t e d 
Drum 
Reading 
( Ain/-^) 

> 
TRANS 
A/B 

C o r r e c t e d 
Drum 
Reading 
( ^ i n ^ ) 

> 
TRANS 
A/B 

X 
5.407 
5.459 
5.509 
5.561 
5.612 
5.663 

92.9 
91.4 
88.95 
89.8 
90.9 
88.6 

5.715 
5.766 
5.817 
5.869 
5.92 
5.961 

85.1 
82.0 
78.6 
75.5 
70.1 
66.2 

6.012 
6.062 
6.112 
6.162 

60.8 
59.2 
58-2 
59.6 

X I n t e r m e d i a t e v a l u e s not i n c l u d e d . 

Prism Temperature 22.5'^C Entrance S l i t 7.5/1000" 
Wadsworth M i r r o r s et at 27.0°C E x i t S l i t 5/1000" 

T h i c k n e s s of f i l m - l/ l O C mm-
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S e c t i o n I . 

SUMMARY. 

An i n f r a - r e d spectrometer has been set up 

complete w i t h a l l the n e c e s s a r y a c c e s s o r i e s f o r use i n 

the a c c u r a t e i n v e s t i g a t i o n s of i n f r a - r e d a b s o r p t i o n 

s p e c t r a of s o l i d s , l i q u i d s , and gases over a wide 

range of p r e s s u r e s . 

I I ) The spectrometer used during the work was a 

l a r g e - s c a l e model " I n f r a - R e d Spectrometer" s u p p l i e d 

by A. H i l g e r , L t d . , and f i t t e d w i t h a r o c k - s a l t 

prism, Wadsworth m i r r o r device and s p e c i a l l y c a l i b r a t e d 

wave-length s c a l e . T h i s s c a l e was r e - c a l i o r a t e d by a 

method s i m i l a r to t h a t d e s c r i b e d by S i r R. Robertson i n 

h i s paper"^^, u s i n g the v a l u e s of- t h e - v a l v e s of the 

r e f r a c t i v e index of r o c k - s a l t quoted by Paschen . 

These v a l u e s were c o r r e c t e d t o one standard tempera­

t u r e of 18°0 by means of the c o e f f i c i e n t of change of 

r e f r a c t i v e index w i t h temperature, given by Schaefer 
19 

and MatoBsi . A c h a r t showing the observed e r r o r s 

i n t h i s c a l i b r a t e d wave-length s c a l e at d i f f e r e n t 

wave-lengths has been compiled. 

I I I . The e f f e c t of a d j u s t i n g the Wadsworth m i r r o r 

was f u l l y i n v e s t i g a t e d . S e v e r a l graphs have been 

drawn t o i l l u s t r a t e the a b s o r p t i o n bands of c a l c i t e 

observed w i t h d i f f e r e n t s e t t i n g s of the Wadsworth 

m i r r o r . I n t h e s e graphs, the e f f e c t s of a l t e r i n g the 

Wadsworth m i r r o r s e t t i n g are c l e a r l y demonstrated. 

S i m i l a r i l l u s t r a t i o n s are a f f o r d e d oy some o b s e r v a t i o n s 

on the p o s i t i o n s of i n f l e x i o n i n the e m i s s i o n curves 
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c u r v e s of the Nemst f i l a j n e n t . i t was found that the 

p o i n t s of i n f l e x i o n changed as the adjustment of the 

m i r r o r was a l t e r e d . 

IV) K e r n s t f i l a m e n t s were used as a source of 

r a d i a t i o n , the f i l a m e n t c u r r e n t being a c c u r a t e l y con­

t r o l l e d by means of the potentiometer device mentioned 

by S i r R. Robertson-^^. 

V. The c a l i b r a t i o n of the wave-length drum of the 

spectrometer was found to depend on the temperature of 

the r o c k - s a l t prism, due to the v a r i a t i o n of the r e ­

f r a c t i v e index of r o c k - s a l t w i t h temperature. T h i s 

p o i n t was a l s o s t r e s s e d by S i r R. Robertson. A c a l ­

c u l a t i o n of the change i n the c a l i b r a t i o n w i t h tempera­

t u r e was undertaken, and a l l the wave-length drum 

o b s e r v a t i o n s taken during the experiments at d i f f e r e n t 

prism temperatures were c o r r e c t e d to one standard 

temperature of 18^0. The e f f e c t of these changes i n 

pr i s m temperature has been i l l u s t r a t e d by experimental 

o b s e r v a t i o n s on the abso r p t i o n bands of c a l c i t e made at 

d i f f e r e n t p r i s m temperatures. I t was found that the 

p o s i t i o n s of the bands, as given by the apparatus, 

v a r i e d as the temperature of the prism was a l t e r e d . 

Graphs are i n c l u d e d i n the account to show the a c t u a l 

displacement of the bands; and f o r the purpose of 

comparison, the same curves c o r r e c t e d to 18^0 are a l s o 

shown. I t w i l l be seen t h a t , provided the c o r r e c t i o n s 

f o r the p r i s m temperature v a r i a t i o n s a re a p p l i e d , the 

same c o n s i s t e n t p o s i t i o n i s g i v e n by the instrument 

f o r the maximum a b s o r p t i o n - no matter what value 

the p r i s m temperature may have. 
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The a c t u a l study of the e r r o r s caused by changes 

i n the p r i s m temperature showed t h a t the e r r o r s f a l l 

i n t o two c l a s s e s : 

a) E r r o r due t o the Wadsworth m i r r o r being set at 

a p r i s m temperature d i f f e r e n t from the standard 

temperature of 18^0. T h i s e r r o r i s very small 

f o r wave-lengths l e s s than 8.0/x, provided the 

temperature d i f f e r e n c e does not exceed four 

degrees c e n t i g r a d e -

b) E r r o r due to the a c t u a l o b s e r v a t i o n s being 

made w i t h a p r i s m temperature d i f f e r e n t 

from t h a t at which the Wadsworth m i r r o r i s 

s e t . T h i s e r r o r has i t s g r e a t e s t value 

f o r wave-lengths below B.Oyu. 

A l l the wave-length drum readings g i v e n i n t h i s 

account have been c o r r e c t e d f o r these two e r r o r s , and 

the v a l u e s of these e s s e n t i a l c o r r e c t i o n s appear i n 

the t a b l e s g i v e n i n Chapter I I . The v a l u e s of the 

c o r r e c t i o n s have not been g i v e n i n the t a b l e s i n the 

other c h a p t e r s . I t cannot be too s t r o n g l y emphasised 

t h a t f o r a c c u r a t e v a l u e s of wave-length to be obtained, 

these c o r r e c t i o n s must be a p p l i e d whenever any one of 

the two c o n d i t i o n s g i v e n above i s f u l f i l l e d . I t i s 

a b s o l u t e l y n e c e s s a r y to know, t h e r e f o r e , the exact value 

of the p r i s m temperature when the Wadsworth m i r r o r i s 

s e t , and a l s o the p r i s m temperature when the f i n a l 

o b s e r v a t i o n s are b e i n g made. Many p r e v i o u s workers 

have t r i e d to m a i n t a i n a constant prism temperature, 

but i t i s not always p o s s i b l e t o have such favourable 

c o n d i t i o n s ; i t i s f a r b e t t e r , and more p r a c t i c a b l e , 

to note the p r i s m temperature v a r i a t i o n s and to apply 



the n e c e s s a r y c o r r e c t i o n s f o r them. The makers of the 

instrument c l a i m an accuracy f o r the instrument of 

0.03 at 4.7^t^; provided the three c o r r e c t i o n s are 

a p p l i e d as o u t l i n e d aoove, there i s no reason why 

o b s e r v e r s should not be aole to obtain an accuracy of 

.005 ^ throughout the whole working-range oi the 

spectrometer (l.OyU - 1 5 . 0 ^ ) . There i s no recor d of 

any p r e v i o u s work w i t h a r o c k - s a l t prism i n the region 

1.0 fx, to 8 - 0 ^ , where such an accuracy has been obtained. 

E x p e r i m e n t e r s have u s u a l l y p r e f e r r e d to work wit h quartz 

and f l u o r i t e p r i s m s i n t h i s r e g i o n , c h i e f l y on account 

of t h e i r g r e a t e r d i s p e r s i o n and freedom from very l a r g e 

v a r i a t i o n s of r e f r a c t i v e index w i t h change of tempera­

t u r e - Undoubtedly, the d i s p e r s i o n of the r o c k - s a l t 

p r i s m i s not very good i n t h i s region, so that the bands 

o c c u r r i n g i n the r e g i o n from 1-OyU - Q.O fi cannot be 

f u l l y r e s o l v e d . N e v e r t h e l e s s , the wave-length of 

maximum a b s o r p t i o n ( e s p e c i a l l y i n the case of gases 

where the a b s o r p t i o n bands are sharp and w e l l d e f i n e d ) , 

can be a c c u r a t e l y determined; the r e s u l t s on the bands 

of carbon d i o x i d e at 2 . 7 2 ^ and 4.25/^ confirm t h i s 

view. 

V I , An a c t u a l d e t e r m i n a t i o n was made of the range 

of wave-lengths embraced by a d e f i n i t e s l i t - w i d t h of 

the thermopile s l i t of the spectrometer f o r d i f f e r e n t 

s e t t i n g s of the wave-length drum, '̂he value of t h i s 

term, c a l l e d the " s l i t - w i d t h " , has been p l o t t e d a g a i n s t 

wave-length, and the r e s u l t a n t curve shows a maximum 

v a l u e f o r the s l i t - w i d t h at 2 . 5 0 ^ . The " r e s o l v i n g 

power" of the spectrometer i s i n v e r s e l y p r o p o r t i o n a l 
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to the v a l u e of the " s l i t - w i d t h " , and the s l i t - w i d t h 

wave-length curve shows t h a t the r e s o l v i n g power i s 

l e a s t at a wave-length of about and g r a d u a l l y 

i n c r e a s e s as the wave-length i s i n c r e a s e d . I t has i t s 

g r e a t e s t v a l u e i n the region beyond B.CyLt. 

I n the e a r l i e r stages of the work, the wave­

l e n g t h s f o r some abso r p t i o n maxima, when observed w i t h 

d i f f e r e n t s l i t - w i d t h s of the spectrometer, appeared to 

be p r o p o r t i o n a l to the v a l u e of the s l i t - w i d t h . I t 

was found, however, t h a t when c o r r e c t i o n s were a p p l i e d 

f o r the d i f f e r e n c e s i n prism temperature, t h i s 

r e l a t i o n s h i p disappeared, and a l l the r e s u l t s were 

i d e n t i c a l , r e g a r d l e s s of the value of the s l i t - w i d t h 

used f o r t h e i r e l u c i d a t i o n . 

V I I ) The c a l i b r a t i o n and Wadsworth m i r r o r s e t t i n g 

were checked a g a i n s t the strong emission l i n e of the 

mercury spectrum at 1.014^^, and s e v e r a l absorption 

bands of c a l c i t e . Some of the a c t u a l o b s e r v a t i o n s 

r e c o r d e d d u r i n g t h i s check are reproduced i n the account 

V I I I ) The i n f r a - r e d a b s o r p t i o n spectrum of carbon 

d i o x i d e was then i n v e s t i g a t e d ; the experiments showed 

t h a t bands o c c u r a t 2 . 7 2 ^ , 4 . 2 5 a n d 1 4 . 8 7 ^ . No 

s e l e c t i v e a b s o r p t i o n by the gas i n the r e g i o n 1.0 -

1.50 c o u l d be d e t e c t e d . 

Absorption bands of n i t r i c oxide were found at 

5 . 2 9 ^ , and 2.68/w-. The l a t t e r was p r e d i c t e d by Snow 

i n h i s paper. There was no s e l e c t i v e a b s o r p t i o n shown 

by the gas at 1.60 ẑx, where a second harmonic should 

o c c u r . 
A wide range of p r e s s u r e s was used i n these 
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i n v e s t i g a t i o n s , which r e v e a l e a t h a t a simple r e l a ­

t i o n s h i p e x i s t s between the value of the maximum 

a b s o r p t i o n and the v a l u e s of the gas p r e s s u r e . 

The i n c r e a s e i n the value of the maximum absorption 

i s p r o p o r t i o n a l to the corresponding i n c r e a s e i n 

gas p r e s s u r e . Only a few of the many r e s u l t s obtained 

i n support of t h i s view are i n c l u d e d i n t h i s paper. 

A l a r g e numoer of d u p l i c a t e readings are i n c l u d e d i n 

order to demonstrate the accuracy of the experimental 

method. A l l the diagrams are a c t u a l l y c o p i e s of 

untouched experimental c u r v e s , and almost without 

e x c e p t i o n , the d u p l i c a t e readings follow c l o s e l y the 

f i r s t e x p e r i m e n t a l o b s e r v a t i o n s . T h i s i s noteworthy, 

v/hen i t i s c o n s i d e r e d that on some occ a s i o n s a change 

of s i x degrees c e n t i g r a d e o c c u r r e d i n the prism 

temperature between the r e c o r d i n g of the d u p l i c a t e 

o b s e r v a t i o n s . 

I X ) The weak band at 1.20yO. p r e d i c t e d by Dennison 

f o r carbon d i o x i d e c o u l d not be d e t e c t e d w i t h the 

apparatus, altnough very high p r e s s u r e s of gas were 

used i n the gas o b s e r v a t i o n tubes. I t was thought 

p o s s i b l e t h a t the band might be more pronounced i n an 

aqueous s o l u t i o n of carbon dioxide or w i t h l i q u e f i e d 

carbon d i o x i d e . A c e l l was t h e r e f o r e c o n s t r u c t e d f o r 

work on l i q u i d s , so that an i n v e s t i g a t i o n of t h i s 

p o i n t c o u l d be made. 

During t h i s work on l i q u i d s , some i n t e r e s t i n g 

f i g u r e s f o r the a b s o r p t i o n spectrum of pure d i s t i l l e d 

water were obt a i n e d . Absorption bands were found at 

1 . 1 8 ^ , 1.45/^, 1.96/^, 2.94y^, 4.70/^, 6.09^, when 

the temperature of the water was 28'^C. A u t h o r i t i e s 
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can only say t h a t a b s o r p t i o n bands of water occur at 

about 3 . 0 ^ , -^-7/^, and 6-OyU, whereas the absorption 

bands of water vapour are known to occur d e f i n i t e l y 

at 3.11 4 . 7 ^ and 6.26/^. Moreover, C o l l i n s has 

shown t h a t a displacement and a l t e r a t i o n i n i n t e n s i t y 

of the bands at 1.18 u , 1.45// and 1-96^0. occurs as 

the temperature of the water i s a l t e r e d . A suggestion 

i s made t h a t a s i m i l a r displacement may occur w i t h 

the water bands of higher wave-length. T h i s w i l l make 

an i n t e r e s t i n g study f o r f u t u r e work. 

Some i n t e r e s t i n g f i g u r e s f o r the absorption 

spectrum of e t h y l a l c o h o l were a l s o e l u c i d a t e d , and 

these are i n c l u d e d i n the account* D i f f e r e n t t h i c k ­

n e s s e s of l i q u i d f i l m were used and the r e s u l t s showed 

t h a t a b s o r p t i o n bands occur at 1.17^, 1.48^, 1.65/i, 

2.41//, Z.OOjUy 3 . 4 1 ^ , 5 . 9 ^ , 6-05^, 6.96^, 7-20^ 

and 7 . 5 / i . These f i g u r e s are c o n t r a s t e d w i t h those 

obtained by p r e v i o u s workers,and the d i f f e r e n c e s are 

d i s c u s s e d - The s i m i l a r i t y of some of the bands w i t h 

those of water i s a l s o noted; t h i s s i m i l a r i t y i s no 

doubt due to the bands being formed by the (OH) r a d i c l e 

which i s common to both e t h y l a l c o h o l and water. An 

i n v e s t i g a t i o n should be made of l i q u i d s analogous to 

e t h y l a l c o h o l , but i n which the (CH) r a d i c l e i s sub­

s t i t u t e d by some other group, to see i f the bands 

d i s a p p e a r . 

The e x p e r i m e n t a l i n v e s t i g a t i o n of the absorption 

produced by an aqueous s o l u t i o n of carbon dioxide 

showed t h a t the amount of carbon dioxide i n s o l u t i o n 

was too s m a l l to show the str o n g c h a r a c t e r i s t i c oand 

of carbon d i o x i d e at 2.72/^, and no a b s o r p t i o n band 
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at 1 . 2 0 ^ due to the d i s s o l v e d carbon dioxide could 

be d e t e c t e d . U n f o r t u n a t e l y there was i n s u f f i c i e n t 

time to c a r r y out the i n v e s t i g a t i o n on the l i q u e f i e d 

g as. 

A few i n t e r e s t i n g f a c t s are given at the end of 

Chapter IV, r e g a r d i n g the absorption produced by an 

aqueous s o l u t i o n of potassium permanganate. A band 

was found at 5 . 5 2 ^ a r i s i n g from the potassium perman­

ganate, and so f a r as i s known, t h i s band has never 

p r e v i o u s l y been r e p o r t e d . 

X) I n an account such as t h i s , i t i s impossible to 

g i v e an adequate d e s c r i p t i o n of a l l the attempts made, 

the many d i f f e r e n t l i n e s of a t t a c k used, and the d i s ­

a p p o i n t i n g f a i l u r e s recorded,before an a c c u r a t e and 

speedy technique was developed. Moreover, when t h i s 

t echnique was f i n a l l y worked oat, the method had to be 

thoroughly p r a c t i s e d before complete agreement between 

d u p l i c a t e s e t s of observabions was obtained, and con­

s i s t e n t r e s u l t s recorded. Of the two experimental arrange­

ments used, method No. 2 i s oy f a r the most s e n s i t i v e . 

There i s l e s s energy l o s t during the passage of the 

r a d i a t i o n from the source, v i a the specimen and s p e c t r o ­

meter, t o the thermopile, and t h i s i n c r e a s e i n energy 

c a u s e s a d e f i n i t e i n c r e a s e i n the galvanometer d e f l e c ­

t i o n s . Such a b i g i n c r e a s e i n the galvanometer 

d e f l e c t i o n s outweighs any advantages which the e x p e r i ­

mental method No. 1 may p o s s e s s . The account c o n t a i n s 

a l a r g e number of d u p l i c a t e o b s e r v a t i o n s , but these are 

o n l y i n c l u d e d to show the e i i i c i e n c y of the apparatus, 

the a c c u r a c y of the experimental method, and the p r e c i s i o n 
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of the i n s t r u m e n t s used. 

X l ) I n c o n c l u s i o n , I should l i k e to p l a c e on r e c o r d 

my g r a t i t u d e to a l l those who have given h e l p f u l 

a d v i c e during the course of the work; and e s p e c i a l l y 

to Dr. J . E . P. Wagstaff do I o f f e r my very best 

thanks, f o r h i s u n f a i l i n g help, advice and encourage­

ment so f r e e l y given throughout the whole r e s e a r c h . 



S e c t i o n I I . 

BIBLIOGRAPHY. 

1. F. Paschen W i e d a Ann. 53, 301, — 1894. 

Ann. Physik 4, 289, — 1901. 
11 26, 120, 1908. 
u 35, 100 5, 1911. 

2. Langley Wied. Ann. 22, 598, - 1884. 

Smithsonian I n s t . Vol . 1, — 1902. 

3. Rubens. Wied- Ann. 45, 238, — 1892. 

46, 529, - 1892. 

53, 267, - 1894. 

4. Trowbridge VJied. Ann. 60, 724, — 1897. 

5. Angstrom P h i l . Trans. 172, 887, 1882. 

6. A s c h k i n a s s Ann. P h y s i k . (3) 55, 406, — 1895. 

7. Paschen Ann. Physik. 53, 336, - 1894. 

8. Ransohoff Ann. Physika 56, 302, - 1896-

9. P u b l i c a t i o n s 
I n s t i t u t e , 

01 the Carnegie 
Yiiashington, 1905 - 1908. 

10. R. Robertson Proc. Roy. Soc. 120, 128, 
149, 1928. 

11. Drude Ann. Physik, 14, 4 , 677, - 1924. 

12. K r a t z e r Z e i t a P h y s i k , 3, 289, 1920 

13. B a i l e y , O a i s s i e , 
Angus, Proc. Roy. Soo. , A.130, 

(Pa r t 
812. 
I l l ) • 

14. Wadsworth. P h i l . Mag., Vol a 38, - 1894. 

15. R. Robertson 
J . J . Fox, 

& 
ProG. Roy. Soc- , A.120, 784, 

B.128. 
— 

16. T a y l o r Proc. Roy Soc. A.142, 598. 



132. 

17. Smith & Boord Journ. Americ. 
Ohem. Soc. 48, 1512, 1925 

18. Faschen Ann. der Phys. 2 6 , 128, — 1908 
19. S c h a e f e r & 

Matossi Das U l t r a Rote 
Spectrum, 41. 

20. P- C r o s s Review of 
S c i e n t i f i c I n ­
struments, 4, 4, 1933 

21 S c h a e f e r & 
P h i l l i p s Z e i t . f o r Physik, 36, 641, — 1926 

22. Wimmer Ann. der Physik. 81, 1091, - 1926 
23. Dennison Phys. Review, 43, No.9, 

24. Bourdon Journ. Chem.Soc. 761, - 1927 

25. Warburg Ann. der Physi k . 28, 313, - 1909 

26. Snow, Rawlins 
& R i d e a l Proc. Roy. Soc., A.124, — 1929 

27. E l l i s Phys. Review 22, 200, - 1923 

28. Coblentz Publ. Garnegie 
I n s t . , 1905 — 1908 

29. P u r v i s Proc. Gamb. 
P h i l , Soc., 21, 556, — 1923 

30. A s c h k i n a s s Wied. Ann. 5 5 , 401, - 1895 

31. Tamman Naturw. 15, 1632, — 1927 

32. E l l i s Phys- ReviewJ 2 3 , 48, — 1924 

33. C o l l i n s Phys. Review 18, 339, - 1921 

34. D r e i e c h Z. P h y s i k . 30, 200, - 1924 

35. Rubens Verh. P h y s i k . 40, 714, - 1927 

36. V. Henri E t u d i e s de Photo 
Chem. 

a - 1919 

37. C o l l i n s Phys. Review 20, 486, - 1922 

38. D x e i s c h Z e i t . f u r Physik .30, 200, 1924 

39. Tamman Die Naturw. 15, 632, 1927 

40. C o l l i n s Phys. Review, 26, 771, — 1925 

41. D r e i s c h Z e i t s - f u r Phys i k . 
30, 200, 1924 



42. Reinkober 

43. J . Leoomte 

44. Meyer, Bronk 
& L e v i n 

45. P l y l e r & 
Burdine 

46. Smith & Boord 

47. Henri 

48. Reinkober 

Z e i t s . f u r physik. 35, 179, - 1926 

1698, - 1S24 

825, - 1925 

Comptes Rendus. 

Phys. Review 

Phys. Review 

J n l . Opt. S o c , 
Americ., 

E t u d i e s de 
Photochimie, 

21, 712, - 1923 

1930 

1926 

35, 605, 

48, 1512, 

- 1919 

Z e i t s . f u r Physik. 3 5 , 179, - 1926 


