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ABSTRACT

X-ray photoelectron spectroscopy (ESCA) has been used to
study platinum complexes, structural and bonding effects in
complexes of the type (R3P)2PtXY have been investigated, bridging
and terminal chlorines in dimeric complexes, L2Pt2C14, have been
distinguished and a correlation found between Cl2p binding energies

and 35

Cl n.q.r. frequencies in square-planar Pt-Cl complexes.

At ambient temperature the complex (Ph3P)2Pt(C2C14) has been
found to undergo layer isomerisation to (Ph3P)2PtC1(CCl = CC12).
Using infrared spectroscopy, differences between surface and bulk
effects have been followed and confirmed for related complexes.
Isomerisation could be arrested by studying the olefin complex at
-110°c.

Some complexes of the methyleneamino (RZC:N—) and aza-allyl/
allene (RZCNRZ) ligands with molybdenum and tungsten carbonyl
derivatives have been studied by ESCA to gain further information
on their possible bonding modes. A correlation has been found
between the metal binding energies and the stretching frequencies
of attached carbonyl groups.

In order to acquire information on a Pt/SiO, catalyst for

2
eventual ESCA study, background investigations involving kinetic,
deuterium addition/exchange and i.r. studies on the HZ-C2H4—Pt/SiO2
system have been performed. Catalyst poisoning has been investigated

and eliminated, the reported occurrence of 'hydrogen spillover' has

been disproved and the ethylene exchange rate found to be a sensitive



probe of small, but reproducible support effects. The i.r. data
obtained goes some way to resolving inconsistencies in the literature.
The same catalyst has been subjected to preliminary ESCA in-
vestigation, with especial regard to the state of the metal during
preparation and subsequent cleaning treatments. The available

vacuum conditions were found to be unsuitable for adsorption studies.



ABBREVIATIONS

BE Binding Energy

KE Kinetic Energy

nmyr nuclear magnetic resonance spectroscopy
nqr nuclear quadrupole resonance spectroscopy
glc gas-liquid chromatography

m,s. mass spectroscopy

i,r. infrared spectroscopy

Me Methyl, CH,-

Et Ethyl, CH3CH2—

R normal Butyl, CH3(CH2)ZCH2—

Ph Phenyl, C6H5-

vw very weak

w weak

m medium

b broad
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All nature is but art, unknown to thee

All chance, direction which thou canst not see,
All discord, harmony not understood,

All partial evil, universal good,

And, spite of pride in erring reason's plight
One truth is clear, whatever is, is right.

Alexander Pope.



PART I



CHAPTER 1

ELECTRON SPECTROSCOPY FOR CHEMICAL APPLICATIONS (ESCA)




(i) General Introduction

In electron spectroscopy the BE's of electrons in a molecule are
determined by measurement of the energies of electrons ejected by the
interactions of the molecule with a monoenergetic beam of exciting
radiation. There are essentially three ways to excite electron spectra,
namely by X-rays, u.v. light or electrons. There are advantages and
also limitations attached to each method.

X-ray excitation has the great advantage that core and valence
levels for all atoms can be observed using this radiation (e.g. MgKa,l,2

= 1253.6 eV, AlKa = 1486.6 eV)and, furthermore, that not only gases

1,2
but also solids can be conveniently studied (see below). This technique,
particularly utilising soft X-rays, has come to be known as ESCAl’2
(Electron Spectroscopy for Chemical Applications) or XPS (X-ray
photoelectron spectroscopy).

U.v. excitation has the advantage that much higher resolution can
be obtained because of the lower inherent widths of the u.v. lines
themselves. The technique is limited to observation of low BE valence
and molecular orbitals (exciting energies are usually HeI = 21.2 eV
and HeII = 40.8 eV). Until very recently chemical applications of this
branch of electron spectroscopy (usually referred to simply as 'photo-
electron spectroscopy', PES) have been limited to the study of gases
although solids have been investigated under uhv conditions for many
years by physicists ('photoemission' studies).4 The two themes are
now converging but will not be further considered here.

Electron excitation, finally, has been extensively used for

studying Auger electron spectra (see below) of gases and solids5 but

cannot, of course, produce ordinary photoelectron spectra. Since the

URHAM UN]
smENQEVE”@/r,

8EcTion
BRARY



electron beam can be readily focussed and its energy continuously
varied a higher sensitivity can be achieved compared with X-ray
excitation but at the cost of a lower signal/background ratio.
Although the electron escape depth is not critically dependent on the
energy of the exciting radiation the penetration depth for electrons
is similar, only a few atomic layers, compared with ca. 103ﬁ for
X-rays. Electron excited Auger spectroscopy is thus ideally suited to
surface analysis (especially of metals). The main difficulties are
lack of resolution and in interpretation of spectra. There also exists
the possibility of using pulse techniques to excite molecules, in situ,
by electron bombardment and measure the photoelectron spectra, using
lower energy exciting radiation,of the excited states so produced.

Part I of this thesis is concerned with the application of soft
X-ray photoelectron spectroscopy (hereafter referred to as ESCA) to
studies in inorganic and surface chemistry. The advantages of ESCA

for studies in these fields can be summarised as follows:

a) all elements in the periodic table from Li onwards can be studied
with high sensitivity, regardless of any spin properties of the
nucleus,

b) the sample may be a solid, liquid or gas and the technique is
essentially non-destructive,

c) the sample requirement is modest; in favourable cases 1 mgm. of
solid, 0.1 pl of liquid, 0.5 cc of gas (at STP) or, in surface
work, fractions of a monolayer,

d) the information obtained is directly related to the electronic
structure of a molecule and the theoretical interpretation is

relatively straightforward,



e) information can be ohtained on both core and valence levels of
molecules,

f) with commonly used X-ray sources (Mg,Al) the escape depth for
photoelectrons is generally in the range 0—50&, enabling surface

effects to be probed.

Since the technique is relatively new to applications in chemistry
(the work described herein was carried out with the first available
instrument in this country) it is pertinent to discuss the development
of ESCA as well as the theory and instrumentation in a little more

detail.

(ii) History and Development

The energy distribution of electrons in various elements was first
investigated by means of X-ray irradiation of thin foils (producing
photoelectrons via the Compton effect) between ~ 1914-25 by Robinson6
(in England) and de Broglie7 (in France). Energy analysis of the
transmitted photoelectrons was performed using a homogeneous magnetic
field and the distributions were recorded photographically - a magnetic
electron spectrograph. Although the anode material emits a continuous
spectrum (bremsstrahlung) there are also characteristic X-ray lines

which provide the principle exciting energy (e.g. Ko from Mg or Al).

1,2
Thus electron distributions were obtained which were characterised by
long tails with edges at the high energy end. Measurement of these

edge positions gave a determination of the energies of the photoelectrons
ejected from different atomic shells and hence their binding energies

from a knowledge of the energy of the exciting X-ray lines. However,

the edge positions were not well defined because the electrons



emerging from the sample (foil) underwent collision processes leading
to energy loss (energy absorption by the sample).

Similar data is obtainable from X-ray spectroscopy (absorption
and emission); consequently at this stage of research photoelectron
spectroscopy was in competition with X-ray spectroscopic methods. The
precise relationship between these spectroscopies is discussed below
(Section (iii)). In X-ray absorption the primary X-ray beam passes
through a thin foil and the absorption spectrum is obtained with an
X-ray spectrometer. The observed absorption bands correspond to the
excitation of electrons from inner shells to the conduction band and
have edge profiles. The data is closely related to that from photo-
electron spectroscopy and, until recently, could be obtained more
readily and with greater accuracy, X-ray emission spectra are obtained
by a primary X-ray beam exciting secondary X-ray emission from the
sample since direct emission by electron bombardment leads to
decomposition of most chemical compounds. Line spectra are obtained
(superimposed on a continuous bremsstrahlung spectrum) from which the
energy differences within the atom are obtained with considerable
accuracy. BE's are not obtained, however. The combined X-ray
spectroscopy was much more successful than contempory photoelectron
spectroscopy, consequently the latter went into recession apart from
a few isolated attempts to extend the early work of Robinson and de
Broglie.g—12

In connection with studies in nuclear physics in the early 1950's
aniron-free magnetic double-focussing electron spectrometer with high
resolution properties was developed‘by Siegbahn and co-workers at

Uppsala.13 The precision for momentum resolution measured for B-particles



emitted from a radioactive source was within 1:10—5 (equivalent to a
precision of 0.1 eV in the measurement of a peak position in the
10,000 eV region). In 1954 attempts were made, using this instrument,
to record, at high resolution, photoelectron spectra produced by X-rays.
A new observation then changed the course of future development of the
technique. This was the appearance, under high resolution, of a very
sharp line which could be resolved from the edge of each electron veil
(Fig. 1.1). 1t was realised that the photoelectrons to which this line
corresponded had the important property that they did not suffer energy
absorption and, therefore, possessed the BE of the core level from which
they arose. The peak position could be measured with considerable
precision, to a few tenths of an eV.

It was already known at this time that the positions of emission
lines and absorption edges in X-ray spectroscopy were not solely an
atomic property but were to a small extent dependent on the chemical

14,15 However, the chemical effects were difficult

state of the atom.
to measure accurately and very often difficult to interpret
theoretically. Siegbahn and co-workers first studied these chemical
effects for copper and its oxides; the value of electron spectroscopy
for measurement of chemical 'shifts' was apparent from this work,

. 1 . 17,18
but its general utility was appreciated only as recently as 1964,

The effect is illustrated by the much reproduced, but nevertheless

elegant, example in Fig.1l.2.
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13.

primary vacancy®s shell, e.g. L1L3M5. These are called Coster-Kronig
transitions.

As shown in Fig.l.7 the radiationless de-excitation of an atom by
emission of electrons is often more probable than the radiative de-
excitation by X-ray emission. At low atomic numbers the Auger yield is
virtually 100% which explains why X-ray fluorescence is not a useful
technique for studying light elements. Auger peaks occur in ESCA
spectra along with photoelectron peaks but their KE's are independent

of the energy of the exciting radiation; this property allows them to

be readily identified when there is possible confusion.

(c¢) Comparison of ESCA and X-ray Spectroscopy

The above discussion of photoionisation and electronic
relaxation indicates the relationship between ESCA and X-ray absorption
and emission spectroscopy. Referring again to Fig.l.4 and remembering
that photoionisation occurs at the upper energy limit of the absorption
band the spacing of L and K ESCA peaks should correspond to the spacing
of absorption edges in the X-ray spectrum. Similarly, because X-ray
fluorescence involves transitions from higher orbitals to the core-hole,
spacing of X-ray fluorescence (or emission) lines should also correspond
to those in the ESCA spectrum. From Fig.l.4 the Kal - Kaz separation
should equal the L2—L3 (2p%—2p3/2) separation. In the measurement of
BE's and chemical shifts ESCA scores highly over either of these
techniques. The advantage of measuring narrow lines rather than ill-
defined edges (as in X-ray adsorption) has already been noted, hence
ESCA is much more readily applied to the measurement of chemical

shifts. Line widths in ESCA are generally narrower than in X-ray

fluorescence spectra, hence spacings can be measured with greater





















20,

where I = ionisation energy (100-1000 eV)

¢ = work function (~ 5 eV)

§ = charging effect (< 2 eV)
AHsub = sublimation energy for the molecule considered (M) (~ 0.5 eV)
AH;ub = sublimation energy for the photoionised state M*+

typical values for these energies being shown in parentheses.

For closely related materials in contact with the spectrometer:

(¢A -.¢X) ~ 0, (6A - 6X) = 0 and A(AH)Sub terms ~ O

Hence (IA - IX)vac = (IA - IX)F and shifts can be understood in terms of
isolated molecules.
Fig.1.12 shows a similar relationship for the energy levels of a

gaseous ion and the ionic lattice; the terms are equivalent to those

used above. Typical values are:

X+ X+ X+ . . .

Ivac (IF ) 100-1000 eV, I depending on lattice environment
¢ < 10 eV

AHlat ~ 10 eV

For atoms in the same lattice the BE shift is:

A=Al = AL + lattice contribution
vac F

and for different samples (assuming no charging effects)

= - ! i ibuti
A = AL + Ap + A(AHlat AHlat) + lattice contributions

In this case the last three terms may not approximate to zero as
in the covalent solid case, mainly because of the magnitude of the

lattice contribution and A(AH t) terms, so shifts are only

la

approximately related to free ion shifts and care in interpretation is

required.
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When materials are not in contact with the spectrometer charging
effects vary from sample to sample and terms like (6A - 6X) £ 0.
Corrections for this effect can be made and are discussed in later

chapters.

(iv) Instrumentation

Fig.l.13 indicates the major components which make up a photo-
electron spectrometer used for X-ray excitation (ESCA) work. Fig.l.1l4
is a detailed cross-section of the source region of the ES100
instrument manufactured by AEI Ltd. and used in this work.

(a) The Source

X-ray tubes used in ESCA are of conventional design and

consist of a heated cathode at high negative (or earth) potential and
a water-cooled anode at ground (or high positive) potential. The anode
is usually a hollow copper tube faced with the required anode material
(aluminium or magnesium here). Cooling is by means of a water jet
directed onto the back of the anode face and is essential because of
the high power dissipated., Operating conditions of 10-15 kV at 20-
50 mA are common. Rotating anodes can be used to minimise localised
heating effects. Figl.1l3 shows the anode to be in direct line with the
cathode filament. In more recent designs the electron beam is focussed
by electrostatic deflection onto the anode so avoiding the possibility
of deposition of tungsten from the filament onto the anode, a problem
which can be significant when light elements are used for the anode.

As shown, the X-ray tube and sample compartments are separated by
a thin window (usually Al foil), through which the X-ray beam passes,
which prevents scattered electrons from the X-ray source getting to the

sample. Tungsten deposition on this window (causing loss of transmission)

can also be a problem.
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generally made from brass or aluminium with a radius of about 30 cm.
Double-focussing is provided by an inhomogenous magnetic field
produced by a set of four cylindrical coils placed about the electron
trajectory, as shown in Fig.l.16, the critical angle being ﬂ(fE' The
double-focussing spherical electrostatic analyser was first described
by Purcell in 193827 and has now been developed and widely applied.
Various sections of the two spherical analyser plates are used, the
most popular being the hemispherical (1800) system,28 shown in Fig.
1.13.

Because electron paths are influenced by magnetic fields, it is
necessary to have the electron trajectory determined only by the field
of the analyser. This means that the earth's magnetic field must be
reduced to effectively zero in the spectrometer vicinity. The earth's
field can be compensated for in two ways. A series of vertical and
horizontal Helmholtz coils29 can be used with the magnetic spectrometer
but elaborate coil and monitoring systems are often needed.30 Shields
made of paramagnetic materials such as p-metal function by concentrating
the lines of force of the earth's field and can be used with electro-
static instruments. They cannot be used with magnetic instruments
since they would also perturb the spectrometer field. It is probably
for this reason that all the commercial ESCA instruments use the more
compact electrostatic analyser systems, despite the problems involved
in engineering spherical sector plates to high tolerances.

An instrument resolving power of E/AE = 300 or better is obtained
readily with the deflection instruments described above, which

corresponds to a peak half-width (full width at half maximum peak

height) of 3.3 eV (AE) for a 1 keV electron (E). Since the inherent






28.

The brightness, B, is determined by the intensity of the X-ray
beam which irradiates the sample and is relatively low, hence the
double-focussing designs to achieve high luminosity. It turns out that

the luminosity can be expressed by:
2
AQ = cR? (AE/E) (2)

where R is the radius of curvature of the beam centre line and C is a
constant. The brightness law indicates that the brightness of the

electron beam is proportional to its kinetic energy:

B = (BO/EO)E (3)
combining (1), (2) and (3) gives:
_ 2 2
I = B_CR [(AE) /EOE] (4)

Retarding the source electrons by a factor of ten (e.g. E/E0 =
100/1000) correspondingly reduces the brightness (3) but from (2) the
luminosity can be increased by a factor of 100, by increasing the slit
dimensions and acceptance angles, without affecting AE (the peak width).
So from (4) the overall gain in intensity (I) is a factor of 10.

The energy spread of the source electrons is unaltered when all
the electrons are retarded by the same potential difference, which
gives rise to the decrease in peak width (AE) noted above. The only
limit to the increase in transmission achievable from (4) is the
practical difficulty of focussing very slow electrons coupled with the

difficulty in designing very large aperture spectrometers.

(c) Detection systems

The detector is an electron counter. Three methods have been

used in ESCA instruments: G-M counters, electron multipliers and photo-



29.

graphic plates. The G-M type detector originally used by Siegbahn et
al1 was a proportional flow counter using a Formovar window and a post-
acceleration system for detection of electrons with energies less than
2 keV.

Electron multipliers are more convenient, especially the continuous
channel ('channeltron') type which counts electrons with high efficiency
to very low energies and, being small, can be placed readily in the
focal plane of the analyser. Sensitivity can be improved by using
several tiny multipliers arranged over the length of the exit slit.
Dynode-type electron multipliers in conjunction with charge sensitive
amplifiers have also been used.

Photographic detection offers the advantage of integrating over
fluctuations in the exciting radiation (dependent upon the stability
of the X-ray generator) and is capable of detecting very low electron
signals. In most cases it is much less convenient than the multiplier
system but comes to prominence when X-ray monochromation is used (see

later).

(d) Data Acquisition

There are basically two ways of obtaining the required
information from the detection system: continuous scanning and
incremental (step) scanning, multichannel analysis being a variation
on both themes.

In the continuous scan system the potential difference across the
plates (in the electrostatic instruments) or the field (in magnetic
instruments) is continuously increased with time while the detector
signal is monitored by a ratemeter. Synchronisation of the spectrometer

current and the rate meter output allows the continuous recording of a






31.

of the system are chosen so that the dispersion of the lens-analyser
combination for the electrons is equal in magnitude and opposite in
sign to the dispersion of the monochromator for the X-ray beam, so
that they effectively cancel. This means that, in principle, the X~
ray line width does not contribute to the width of the electron lines
at the exit plane of the analyser, no slits being used.

Alternatively, or when dispersion compensation is difficult to
achieve, as with solids with very uneven surfaces or with gas samples,
a narrow slit placed between the monochromator and the target can be
used to produce, in principle, a line width, less than that of the
Kal,Z doublet, which will not greatly contribute to the measured photo-
electron line-width (slit filtering). In practice the severe loss in
intensity in this case necessitates a compromise and the use of very
high power rotating anodes (e.g. 5-10 kW) plus improved detection
systems.32 However, the situation is not as bad as it seems at first
sight because the signal-to-background ratio is greatly improved by
the absence of the bremsstrahlung radiation. Using this system with
an effective X-ray line width of 0.2 eV (Al) the Cls line-width from
gaseous CF4 is only 0.52 eV,33 compared with about 1.2 eV obtainable
from the best present generation instruments for similar intensities,

(as a condensed film).34

(v) Review of ESCA applications in Inorganic Chemistry

The growth of the field of X-ray photoelectron spectroscopy has
been quite dramatic. Research papers dealing with ESCA as a technique
or using ESCA as a technique to investigate chemical phenomenon have

been appearing for less than four years - recognition of the utility of


















CHAPTER II

ESCA STUDIES OF SOME SQUARE-PLANAR PLATINUM COMPLEXES (I)
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the range 2100-1600 cm-1 suggests a gradual change rather than two
distinct bonding types. The Dewar—Chatt-Duncanson84 description of
the bonding in such complexes, and a more recent embellishment85 of
it can accomodate any reasonable oxidation state of platinum (fractional
or integral) in the range O to 2. In this description the m orbital
of the olefin overlaps with an empty platinum orbital of appropriate
symmetry forming a bonding molecular orbital of o-type. The
accumulation of negative charge on the metal can be relieved by back
donation from filled metal d orbitals into the relatively low-lying
n* antibonding orbital of the olefin, forming a bonding molecular orbital
of n symmetry. Thus the net electron transfer depends on the relative
magnitudes of the o and © contributions,

In the last few years X-ray crystal structure determinations
have been reported with sufficient accuracy to allow well-grounded
conclusions about the structure of these complexes to be reached,
Subsequently attempts have been made86 to account for the observed
perturbation of the free-ligand geometry upon co-ordination by
calculating the changes in ligand geometry which would accompany
electron transfer processes implicit in the Dewar-Chatt-Duncanson
model and by performing calculations85 on the total complex, of known
geometry, in order to estimate overall charge distributions,

ESCA has the potential to increase our understanding here since
molecular core binding energies reflect the charges associated with the
atom in question and hence provide the means to study directly the

types of electron redistribution which are thought to occur,
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(b) Experimental,

Spectra were recorded on an AEI ES100 electron spectrometer

using MgKa (1253.6 eV) or, occasionally, AlKa (1486,.6 eV)

1,2 1,2

radiation. Samples were studied either as powders pressed onto a
scotch tape backing or, whenever possible, as thin films deposited
from solution (CH2012 or CHC13) on gold, care being taken to prevent
contamination of the surface, Electrons expelled from the sample
enter the analyser region consisting of a two element retarding lens
and a 10 in, mean diameter hemispherical analyser., A Mullard
channeltron electron multiplier is used as a detector, the output being
fed to Nuclear Eneterprises counting electronics and the spectra being
plotted on an X-Y recorder.

Overlapping peaks were deconvoluted by using a Du Pont 310 curve
resolver and line shapes of Gaussian form, This line shape was found
to be quite satisfactory in fitting peaks known to arise from atoms in a
single environment (ie of one 'type'). Under the conditions used in

this work the gold 4f level at 84 eV binding energy (used as a

7/2
reference) had a half width of 1,15 eV. Sample charging effects are

particularly serious in studies of insulators; methods used to

overcome them are described as appropriate,

(c) Results,

Binding energies for the core levels studied are collected in
Table 2,1, As noted above charging effects are a serious problem with
insulating solids, They can be minimised if a sufficiently thin layer
of sample on gold is studied, The uniform shifting of the energies of
the emitted photoelectrons due to the formation of a surface potential

seems to be a rapid and fairly random process. Within experimental
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error, estimated on the basis of the expected confidence of peak
position and its accuracy of measurement to be + 0.3 eV, the BE of the

Cls electrons from the phenyl groups in the Ph_P ligands which these

3
complexes contain is expected to be constant since any charge transfer
to or from the ligand is spread over so many centres, This BE is
taken to be 285,0 eV and data from all complexes are referenced to
this value, so eliminating random charging effects,

For comparison equivalent data for two acetylene complexes are
included together with (PhBP)APt and Pt metal, This last comparison
is not strictly valid since this is a conductor and is in electrical
contact with the spectrometer in contrast to the remaining samples
(as discussed in Chapter I, Section (iii)e), However, the error
involved in this comparison is not thought to be so great as to

preclude meaningful comment,

(d) Discussion.

The main points which emerge from Table 2,1 are as follows:

(i) Within experimental error the phosphorus BE's are constant

throughout the series,

(ii) The platinum B,E's for the olefin and acetylene complexes are the
same, again within experimental error, with the exception of
(PhZMeP)ZPt[CZF4] with the metal slightly less tightly bound.

The 71.2 eV B.E. quoted for (Ph3P)2Pt[CZCI4] has previously
been interpreted87 as a value for this complex, which undergoes

isomerisation to (PhBP)ZPt01(C01 = CClz) as will be described



TABLE 2.1

Core Binding Energies (eV)

Complex

Phfsrn | B2P3/2 | F1s Nls
Pt Metal 71.4
(PhBP)4Pt 72.0 130.9
(PhBP)th[HZC=CHZ] 72.6 130.7
(thMeP)th[F2C=CF2] 72.2 130.7 688.4
(PhBP)th[(NC)ZC=C(CN)2] 72.5 130.9 399.6
(Ph3P)2Pt[CIZC=CC12]* 72.4 131.0

(71.2)
(PhBP)th[HCECH] 72.6 130.7

72.5 130.8

(PhBP)ZPt[HCECPh]

* Thought to undergo isomerisation and possibly decomposition

(See text).
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Cook et a188 assumed a simple model whereby platinum has a

2

linear correlation between B,E, and charge to estimate charge

charge of zero in (Ph3P)4Pt and +2 in (Ph3P)2PtCI and then used a

transfer to the ligand in (Ph3P)2Pt(CZH4) and (PhBP)ZPt(CZPhZ)'
These estimates were then matched to perturbations in ligand geometry
using theoretical arguments developed by Walsh95 and Blizzard and
Santry86 which relate the ligand geometry when co-ordinated to that
of its first excited state, As pointed out above, it now appears
that the difference in metal B.E, between the supposed PtII
representative and the olefin/acetylene complexes is not significant
thus casting doubt on the meaningfulness of these results,

Recent measurements of 13C-H coupling constants for these
13

complexes (i.e. of the type (Pd3P)2Pt(1ZCH2 =
5

Pd = d° - Ph)96 have been interpreted as giving information on the

CHZ) where

s-character of the Pt-C o-bonds and suggesting that n-bonding is
insignificant, The results are difficult to interpret, largely as
a result of the inadequacy of the valence bond approach to bonding
in these complexes and associated calculations of the carbon bond
angles are in reasonable agreement with the measured values only in
one of the two cases studied,

The semi-empirical MO calculations85 mentioned earlier also
give an indication of the ratio of o-donation to m-back bonding.

Electron densities on the platinum were estimated by both Lowdin and
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of Ph3P. However, there is a distinct peak discernable at

~ 3.5 eV lower K,E, The expected region for the carbon atoms of the
CZF4 ligand would be about 6 eV lower K.E, than the phosphine carbon

atoms, It is possible that this peak represents the olefinic carbons

since the transfer of charge to them from the metal would offset
this shift, Even so, it is necessary to invoke a 2,5 eV decrease

in the carbon B,E's relative to free CZF4 which is substantially greater

than the corresponding decrease for CZH (~ 1.6 eV)., While this may

4

seem intuitively reasonable it is somewhat incompatible with the

fact noted above, namely that the Pt4f binding energy in this

7/2

complex appears slightly lower than the other olefin complexes.

(ii) SB3ElthXY complexes,

(a) 1Introduction,

Having found the B.E, difference between formally Pt an2 PtII

complexes to be small - indeed, within the oxidation state formalism,
complexes (R3P)2PtL (L = olefin, acetylene) are better described

as PtII complexes - it seemed interesting to explore the range of
binding energies in 'PtII' complexes. 1In order to best judge the
effect of various ligands, complexes of fixed stereochemistry were
chosen: trans-(R3P)2PtXY. Differences in B,E, data may be observed
between cis- and trans-isomers of a given complex but this is discussed

more fully in the following chapter.

(b) Results and Discussion.

The results are summarised in Table 2.2,

In order to correct for charging effects the B.E, data is
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arsine ligand presumably reflects its higher polarisability.

The order of BE's for platinum in this geries of trans complexes
fits in with the most intuitively likely order - where the BE of the
metal increases with increasing electronegativity of X and Y. These
results are in very good agreement with recently published data61 on

a series of complexes (Et P)ZPtXY in which a linear correlation was

3

found between platinum BE's and the sum of the 'effective' electro-
negativities of X and Y (calculated for polyatomic groups by taking
the arithmetic average of individual Pauling atomic electronegativites).

The low BE of platinum in trans-(PhBP)thMe is reproduced in the

2

chelate complex (thP(CHz)ZPPhZ)PtMe of necessity with cis

23
configuration, shown in Table 2.3. This is the lowest BE observed for
a PtII complex and illustrates the strong o-donor properties of the
CH3 ligand. Replacement of the CH3 group by any other ligand (X)
increases the metal BE by either o-withdrawing (electronegativity)
effects (e.g. X = halogen) or through m-backbonding effects (e.g. X =
olefin and, possibly, CN). The range of BE's observed for PtII

complexes is thus about 1.3 eV,



CHAPTER III

ESCA STUDIES OF SQUARE-PLANAR PLATINUM COMPLEXES (II)

CORRELATIONS WITH N.Q.R. STUDIES.
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that the Cl” ligands dominate the situation and that the central platinum
atom mostly acts as an agent for electron transfer from L to Cl, its BE
varying only slightly with L (the value for cis-(EtZS)thC12 seems
anomalously high). Thus the electron density around platinum is little
different also for the dinuclear species B-(nPr3P)2Pt2C14° As might be
expected from the discussion in Section (iii) of Chapter II changing the
bridging group from -Cl- to -SCN- in the latter complex significantly
increases the platinum BE due to the greater electronegativity of the SCN
ligand.

Table 3.2, collects the 012p3/2 BE data for these same complexes
and their associated >°Cl n.q.r. frequencies (3°v). 1t is convenient
at this point to consider theoretically the relationship between binding
energies and n.q.r. frequencies.

In the electrostatic potential model developed by Siegbahn and

co-workers,2 shifts in core BE's may be related to the charge distribution

by the equation

. q.
EE = E + kq, + z ;J— (1)
ji *

where Ei is a reference level and the second term represents the potential
from the charge at the atom considered. The third term is an intramolecular
'Madelung' type potential and accounts for the potential from charges in

the rest of the molecule. 1In general the shift in BE of a given core

level (e.g. C12p3/2 considered here) is dominated by the charge on the atom
concerned, the potential from other atoms being much smaller and opposite

in sign. In the closely related series of molecules described here,
therefore, the shifts in a given core level will in some measure reflect

differences in charge distribution.
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