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ABSTRACT

119-tin M8ssbauer centre shift (CS) and quadrupole splitting
(QS) parameters have been measured for fifty compounds containing
tin and a transition metal (including Mn, Fe, Co and Ni). The QS
values for these and other previously reported compounds are rationalised
in terms of an additivity model, which utilises ligand partial quadru-
pole splitting parameters. Pqs values are deriyed for a number of
organometallic transition metal complex ligands, and these are used,
with previously derived pqs values for other ligands, to calculate
QS and n parameters for a large number of four co-ordinate tin
compounds. . Agreement between such predicted QS values and measured
QS values is within 0.4 mm s~ !, over a‘;ange of ~t3 mm s !, for over
901 of these compounds. However, agreement between calculated and
obse'rved n values is generally poor.

The CS pa;ameters are used to determine the order of tin
s character in tin-ligand bonds for a'number of ligands, and this
"s-character series” is in good agreement with previously published
'H nmr, *¥Co nqr and structural data for organotin compounds. The
CS parameters are also shown to reflect the valency of a tin atom,
rather than 1ts formal oxidation state, 3S was previously assumed.

Ratiogaﬁ? e2qQ values of isoelectronic, 1sostructural

complexes of different elements are used to rationalise bonding in

- iv



analogous pairs of Sb/Sn and Mn/Fe compounds, and to calculate nuclear
quadrupole parameters for ''’Sn.

The 129-iodine M3ssbaver spectra for a series of
trans-['?ILPtQ,}PF, and trans-['?*1XPtQ,] complexes were recorded
(L = neutral ligand; X = anionic ligand); and the resultigg e?q0(5/2)
and e?qQ(7/2) parameters used to place the ligands L and X into their
order of trans-influence. Tne Williams-Bancroft method of multiline
M8ssbaver spectral analysis was tested for these compounds, and
statistizally analysed. It was shown to yield very accurate parameters,

with straightforward calculations and nc approximations.
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Introduction and Experimental Techniques

M8ssbauer Spectra and Derived Parameters

The phenomenon of recoil-free nuclear resonance with
gamma radiation was first discovered by Rudolph Mssbauerl. and
hds become widely applied to chemical problems since it was
shown’ that S7Fe exhibited the effect, and that hyperfine inter-
actions occur in chemical campounds. The majority of M8ssbauer
research so far has been carried out using '!*Sn and *’Fe, since
spectra are most easily obtained for these isotopes. However,
over forty other isotopes have been shown to exhibit the effect3.
and chemically useful information has been obtained for compounds
of Ge, Sb, Te, I, Xe, Xr, Ni, Ru, ¥, Ir, Au, Np and a number of
the rare earths. In theory, the effect is present for all _
excited-ground state y-ray transitions, although its magnitude
can be so low as to preclude detection with current techniques.

The unique feature of M3ssbauer spectroscopy is the pro-
duction of highly monochromatic radiation, so that it can be used
to resolve minute energy differences, such as variations in the

interaction of a nucleus with its electronic environment for

S,
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CHAPTER 1}

?

Introduction and Experimental Techniques

A. Mdssbauer Spectra and Derived Parameters

The phenomenon of recoil-free nuclear resonance with
gamma radiation was first discovered by Rudolph Hdssbauerl. and
hds become widely applied to chemical problems since it was

shown2

that *’Fe exhibited the effect, and that hyperfine inter-
actions occur in chemical compounds. The majority of M8ssbauer
research so far has been carried out using !!'*Sn and *’Fe, since
spectra are most easily obtained for these isotopes. However,
over forty other isotopes have been shown to exhibit the effect{
and chemically useful information has been obtained for compounds
of Ge, Sb, Te, I, Xe, Kr, Ni, Ry, W, Ir, Au, Np and a number of
the rare earths. In theory, the effect is present for all
excited-ground state y-ray transitions, although its magnitude
can be so low as to preclude detection with current techniques.
The unique feature of Missbauver spectroscopy is the pro-
. duction of highly monochromatic radiation, so that it can be used
to resolve minute energy differences, such as variations in the

interaction of a nucleus with its electronic environment for



different compounds of the same element. To observe resonance,

3 range of gamma photon energies {s scanned by employing the U8ppler
effect. The energy of the y-ray emitted by a radioactive source

as i1t collapses from an excited nuclear state to a lower state
(always the ground state) is modulated by imparting a con-
tinuous range of velocities (v) to the source. The change in

energy of the v-ray (4L) relative to that emitted by the stationary

source (EY) is given by

AE-%EY
(where ¢ is the velocity of light). The AE at which a particular
compound absorbs is known as its Centre Shift (CS) relative to the
“source;, and it arises predominantly because of a difference in
the tnteraction between the charge distribution of the nucleus
‘and those electrons which have a finite probability of being found
in the region of the nucleus for source and absorber. A small
shift, due to thermal motion of the M3ssbauer atom, and known as the
second order Dbppler shift (SOD), can sometimes comprise part of
the CS; but generally it is very small und can be neglected.
For 11%Sn the CS, relative to a constant source, increases as the
electron density for s electrons - the only ones which penetrate
the nucleus - increases at the nucleus. Thus the CS is most
sensitive to direct changes in s electron density, but will also
change, to a lesser extent, on add{tion or removal of p or d
electrons by deshielding. )

Any nuclear state with 3 spin quantum number (1) > has

a non-spherical charge distribution, giving rise to a quadrupole




term (among other multipoles). The magnitude of the charge
deformation is described as the nuclear quadrupole moment (Q),
whose sign depends on whether the nucleus is oblate (negative) or
prolate (positive) with respect to the spin axis.

In many chemical compounds the electronic charge distri-
bution is not spherically symmetric. The electric field gradient
(efg), due to this non-Sywuetrﬂé electron environment, is the
gradient of the electric field at the nucleus (E) which, in turn,

is the negative gradient of the potential (V). Thus

efg = Vvt = -9y

r -

Yxx vxy vxz

L

=¥ ¥ ¥ |

yx yy yt ( )
vzx vz vzz
L y -4
. 9y . 2y
where vxx %;7 * ny X3y °* etc.

Under a suitable transformation to axes X, Y and Z (called the
“principal efg axes"), this tensor may be diagonalized, and the
Laplace equation (vxx + VYY + sz = 0) requires that the tensor

be traceless. Consequently, only two independent parameters are
needed to specify the efg completely, and the two which are
usually chosen are vlz. and an asymmetry parameter, n, defined

as n = (Vyy = V;,}/V;;. Using the convention Vyxl € 1¥yyl € V4,1
ensures that 0 ¢ n ¢ 1. By convention the axis system of the
Missbauver atom is defined so that VZZ i{s equal to eq, the maximum
value of the efg (where e = electronic charge). The interaction




‘,

between eq and Q is called the quadrupole coupling, manifested in
a M3ssbaver spectrum as the Quadrupole Splitting (QS), which is
- equal to %e2qQ for '''Sn. In general, the Hamiltonian describing

the interaction is

P 4 _urn%;ﬂg_n(3llz - (1 + 1) «n(1] + 17)/2} --(1.2)

where I = nuclear spin

and 1, , , = component spin operators.

-

when I = 3/2 (eg. for '!'*Sn and *’Fe) application of the

Hamiltonian qives
os-ae’q(;(l + n?/3)4/1 ) - (1.3)

A typical Mdssbauver spectrum for '!?Sn is shown 1n figure 1.1,
Since the selection rule o, - 0, :l appliés. two t‘ransitions occur.
The corresponding energy level scheme inﬁfigure 1.2 corresponds
to a positive QS, as the higher spin lrevel lies at higher energy.
The degeneracy of the :3/2 and :1/2 excited levels is lifted |
in the presence of a strong magnetic field, as shown in figure 1.2,
and this fs the most common method of determining the sign of
the QS. However, exploitation of this phenamenon increases the
complexity of the experiment considerably, and relatively few signs

have been determined.

The Additivity Model

A semi-quantitative model, in which the QS of a compound
{s considered to be the sum of independent contributions from
1igands about the MBssbauer atom, has facilitated the interpretation



- figure 1.1

¢ &
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qure 1.2: HNuclear Energy Level Diagram for '!'Sa; ~

showing quadrupole and magnetfic

H) splitting. .
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of quadrupole splittings for a number of systems - such as Fe(ll)
Tow spin®, Fe(-11)>, and Sn(I1V)® - where the Q5 is determined purely
by the nature and distribution of the metal-ligand bonds, and not

by unequal occupation of sets of degenerate orbitals. Thus it
should be useful in rationalizing QS values for compounds of

other Mossbauver and nuclear quadrupole resonance nucleil where all
valence shells are filled, half-filled or empty (eg. Ir(IIl),
Ru(l}), W(0), Collll), Mn(1), Fe(}ll) high spin).

The simplest formulation of the additivity mggel 15
the point-charge approximation, where the contnbutio*s of- the
1igands about the M8ssbauer atom to the efg which are independent
of each other, are similar to that of an array of point
charges (21) about the central atom (cf. the crystal field model
for transition metal complexes). The elements of the efg tensor
are given, in geometric form, in table 1.1, where r, 8 and ¢ are
the normal polar co-ordinate parameters. The tér‘ Z{/ri’ will
be approximately constant from compound to coupour.vﬁ for any given
1igand, and may be replaced by the constant {L], which will rep-

resent the contribution of the 1igand L to the efg, and is known

as the “partial field gradient” of L.

The application of the additivity model to real chemical
systems requires that a number of approximations be wmade, the
most drast1c. of which are

(a) that the QS can be regarded as a sum of the

independent contributions from each 1igand bound

to the M3ssbauver atom, and contributions from



< [ 4
A
table 1,1
¥
The electric fiekd graduent (EPC) semaor \
4 * hi
xx ny' Vxx'
G =- ¥ ¥V,
- L'u y" yul 4
2
: i 3 ? n Vo oer. cef—(3uale me coe)
Vs -e-,--;(lnn 8, cos’ e - Iy rx () ‘ ] [
’l ’ ]
Zc
’ I S Jun’e mn’e 9] 14 =y -rz"()ni cnd come) »
Yo ’l :‘ wa g ! xz x s t i
' i
z F4
¢ 4 el L(}cu" 1§} 1 4 =y -rz—'(lno cos @ mame)
- s t ! rt 1y t ! ' ¢
r
1

"

It should be'not.ed that the units of pfg (-l.,/r‘,' ) are those
of q (rather than eq), consistent with the Hunturgg.




other species {(such as counter ions) are
negligible,
(b} that the partial field gradient for a particular
ligand L is constant from compound to compound,
for a particular isotope with a given electronic
state and co-ordination number;
{c) that all bond angles are ideal (e.g. that
they are 90° in octahedral and 1039.47° 1n tetra-
hedral complexes); “
and (d) that principal efg axes will often correspond
to high order molecular axes.
In the original formulation of this model for 119-tin by Parish
and Platts. the same pfg values were assigned to the same ligand
tn different stereochemical situations. However, 1t has been

subsequently shom.y that much better agreement between theoretical

and experimental results is obtaine;$-hen different pfg values
are asstgned to a particular ligand when the co-ordinption number
of the Hbgsb{yer atom is different. Exact mathematical relation-
ships betueensthe pfg values for a ligand in some different
stereochemical situations have been deriver].

Experimentally, pfg values are more easily determined

and used as partial gquadrupole splittings (pqs), where the two
!

)

parameters have the relationship

el Q] (L)
pqs of ligand L

(L}

The components of the efg, and thus the QS, have been calculated




!

dntthis study

for a number of stoichiometric configurationsa'g.

‘ [agropriate expressions and pqs values are derived fo'T four co-

ordinate t'in; and applied to”a large number of such compounds,

1ncluding a number which contain a tin to transition metal bond.
The additivity model has also been formulated in terwms

of molecular orbital models for Fe(Il) low sp1n‘ and Sn(lV)7.

The conclusions drawn from the MO treatments parallel those of

the point charge formulation. This is to be expected, since

additive electric field grac‘ﬂents are, in fact, manifestations

of underlying special symmetry features, which have been eleggntly

elucidated by Clartlo.

¢

C. 129-lodine MdssBaver Spectra

When the spin state of a nucleus is >3/2, more camplex
M3ssbauver spectra are observed, and the analysis of the data to
yfeld CS and QS values is not quite so'straigntforwrd. Hopever,
further uSéful parameters - such as the sign of the Q5, n, and
orbital populations - can often be calculated.

lodine has at least two isotopic forms with high nuclear
spin states, and M3ssbaver spectra of {odine compounds may be
obtained by utilizing either the 57.6 kev'(712 + 5/2) transitton
of '27], or the 27.7 keV (5/2 + 7/2} transition of '3[, Un-

fortunately both isotopes present problems. In the case of 100%

of the spectra {s
" generally poor while, although %} spectra are generally well

o

resolved, the necessity of synthesizing all absorbers from




radioactive '*’ presents considerable experimental inconvenience.

For both fsotopes the spins of the ground and excited states allow

" both n and the sign of elqQ to be determined from polycrystalline

samples without the application of special techniques - unlike

the case for '''Sn and *’Fe. The values of e’qQ and n are com-

\

pli-entary~to those obtained from '?’

I nuclear quadrupole resonance
(nqr) spectra, but the extra parameters (i.e. the centre shift,
and the sign of e’qQ) available from M8ssbauver spectra generally
enable a more meaningful analysis of the data to be made.

The Mdssbaver ¢?qQ and n parameters are generally interpreted

using the theory developed originally by Townes and Uaileyll for

analysing oqr spectra. This theory postulates tn:; the principal
contribution to the efg arises from an aspherical distribution
of the valence electrons. Generally the 5d orvitals are little
occupied, so that if 5d contributions tg the efg are neglected,
then

Q= K (N e k(N N ) . (1.8)

z y Dx

¢

where Kp is a constant. The latter term is often abbreviated as

Yoy = N ¢+ k(N ¢ N_) ....(1.5)
p P, by Py ‘

so that Up is the p electron imbalance. The asymmetry parameter

is given by

L R LU T o 16)

10




Using equation 1.4,the principal value of the molecular
efg (eqm].) has been related to that for the atomic efg (eqat.)

by

eq 1. °* ~eqat_Up .' Lo (1.7)

”

“The ground state e?qQ for atomic 127-iodine has been accurately
measur-edl‘2 as 42293 MHz. For conventience, e?qQ values from
129-iodine M8ssbauer spectra are generally converted to the
127-iodine scale, using the factor 1279/12%q, for comparison with.

127-icdine nqr results. Hence, from equation 1.7, we may writ;é

N

(el 127Q)_, = -2293 v, (MH2) ..1.8)

The centre shifts, §, of fodine compounds depend directly
on the 5s electron population, and indirectly (because of shieldin-g)
on the Sp poputation. If hS ?"d hp are the ugnitudés of the
“holes” in the s and p shells, relative to the closed shells in
17, thep the centre shift with respect to an arbitrary source is

;iven by
§ = K(-hs+y(hp+hs)(2 -hs)l +S ....(1.9)

where S is the shift of the sourte from I , and the constant .
K depends on 6R/R. From the spectra of m!ecuiar {fodine, the

alkali fodides, and several oxyiodo-anions, the constants {n

d13

equation 1.9 have been evaluated™™, so that, relative to the

co-:;nly used **Zn. '2%e source,
s - .g
Sne = 9-2n + 1.5 - 0.54  (m57) .. ..(1.10)

, 4
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By definition

h =6- (N + N +N
0 (N, b ) (1.11)

x y P2

Hence, if we w!sh to determine the parameters Up, Np . Np .
X Y

Np . hs and hp from equations 1.5,6,8,10 ard 11, we must make
¥4 -

some assumptions to reducé the number of variables. If the iodine

atom has a é\ngle bond or two co-linear bonds, then n = O and

pr = pr. Another widefgﬁased ﬁfsuuntﬁon is that the bonding
is purely p in character, so that hS = 0. This assumption may
be teste& since, hp and |Up| snould be equal for pure p bonding.

In this study, '2*1 M8ssbaver spectroscopy has been applied
in a series of square planar platinum (II) complexes of the types
trans-[12°1Q,PtX] and _tram-[”’lQ,PtL)PF; (Q = Me,PhP; X = I,

CFy, Me; L = P(OMe)y, P(OMe),Ph, PPhy, AsPh,, EtNC, p-HeO.C.H..NC),
to 1nvest19¢te‘the effect of trans ligands on the !'79] Md;sbéuer'
p&ranecers (see Chapter 6). ’

The analySis of iodine Mdssbauer spectra is still!some;
what of a problem. Most recent workers have used numerical
iterative methods to extract the '?*] M8ssbauer parameters. How-

ever the very large X} values reported recentlyls

point cut some
of the problems associated with this method. For example,
Q(5/2)/Q(7/2) - which is not yet accurately established - has to
be assumed, and peak intensities have to be Eonstrained to their
expected valugs for random samples vith-no Goldanskii-Karyagin

effects. Ag part of this investigation, the analytical method of

v
5!
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Williams and Bancroft16 for multiline Mdssbauer spectral analysis
was tested, and the method and conclusions are described in
appendix 1. This method yielded accurate parameters with no
approximations and straightforward calculations.

In addition, the errors which occur in e?qQ and n values
as a result of errors in line positions have been statistically
estimated (in appendix 2). using a method widely employed 1n{
Econometricsl7. This. method enables checks of the internal and

external consistency of the Williams-Bancroft method of analysis

of the data to be made.

M8ssbaver Experimental Technique and Spectral Data Processing

- . 7~

(i) 119-Tin Spectra k4

With the exception of ihe three magnetic spectra - which
Qere run at PCMU, Harwél], U.K,: and are described in chapter 2 -
all 11%5n Hﬂssbauef spectra re&orted in this thesi; were run in
the way host‘comnonly used9 by chemical MBssbauer résearchers. A
sample compound, in the form of a polycrystalline solid, was
sealed fn a perspex holder and cooled to ~77K by attachment to a
copper rod which dipped into a large dewar filled with 1iquid
nitrogen. The sample assembly ua; insulated from ambient temper-
atures by a cover of thick polystyrene foam. The sample was
then subject to radiation from a 5 mCi radicactive source of
Ba !!"M5n0,, in the form of a solid embedded in a perspex disc,
supplied by New England Nuclear Corporation.

The source was driven through a‘Qeiocity range of approx-




{

%

fmately 4.5 mm s ! using a vibrator assembly and drive unit
(Austin Science Associates, Texas, U.S.A.), which scanned the
velocity range linearly. The form of the vibrational motion was
a symmetric "saw-tooth", so that mirror image spectra were
produced, corresponding to positive and negative velocity scans
of the same range of values. .

The 23.9 keV gamma ray for '!™sSn - '1%Sn was selectively
detected, using a proportional counter with a detection tube of
C02-quenched kypton at 1 atmosphere. A 512 channel analyser |
(Nuclear Data Corp., Chi::go, U.S.A.) was used to store the counts
from the detector, the channels being synchronised with the "
velocity scan, so that each channel corresponded to a constant
velocity fncrement. The instrument was calibrated using four of
the six lines of the '’Fe M3ssbauer spectrum of 99.99% natural
fron foil, whose Iiﬁe positions are accurately known3.

The source radiatfon for M3ssbauer experiments is highly
nonochro-atic The ratio of the linewidth of the gasmma beam to
the energy of the radiatibn itself is generally ~107'?, so that the
monochramicity of this radiation is unequalled in any other

branch of spectroscopy3.

" Because the radiation does not

have to be collimated using slits,

peaks encountered in Mdssbauer spectra have very well defined
Lorentzian profiles. Consequently the digital data produced

in the ﬁbssbauer experiments were fitted to the sum of appropriate
numbers of Lorentzian line shapes (generally 1 or 2) ustng non-

1inear multiple regression methods. This was achieved with a



FORTRAN 1Y computer program written by Dr. A. J. Stone, University

6f‘Cambridge, U.K., which is an updated version of that described

in reference 18. The constraint facility of this program enabled

the detection of small, visually unresolved splittings.
Approximately 30Q000 - 1,000,000 counts/channel were

accumulated for all spectra. x° values were in the range

450 - 550, linewidths for individual lines were 0.9 - 1.2 mm s ',

and reproducibility of the parameters was within 0.02 mm s ',

{(i1) 129-lodine Spectra y

129-Iodine M8ssbauer spectra were recorded over 248
channels at PCMU, Harwell, U.K., on polycrystalline samples,
using a **Zn'?%Te source, with both source and absorbers at
4.2K. The resulting spectra were fitted as the sum of 9 component
Lorentzian lines, by the regression method just described for
tin spectra. The very small ninth peak is due to adsorbed or
residual Na'2%]. Consequently, the peak due to this impurity was

12 value (-0.46 mm s '), and the widths of

fixed at its reported
all the lines constrained to be equal. The intensity of the peak
due to '??]" was never greater than 1.5% of the total, but the
fits to 9 lines generally gave a significantly better x! value
than an B peak fit. For example, for the compound
tzans-[‘Z’IQIPt(OHE),iPF‘, the peak due to Na'2%] accounted for
<1% of the total iamensity. but the x? improved by 50 from an

8 line to a 9 line fit.
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CHAPTER 2 A

Measurement of Mdssbauver Parameters in Four Co-ordinate

Compounds Containing a Tin-Transition Metal Bond

Introduction

Before the work described in this thesis was undertaken,

the 119-tin Mdssbaver spectra for compounds containing a tin to
1-4

transition metal bond had been the subject of a number of papers

and other studies of this kind have appeared in the literature

more rv‘ecentlys' 14

-

These compounds are generally of the type
REX SM (R = Me, Et, Bu, Ph, C(Fs; X = C1, Br, I, NCS, CH,CO0;
M = Cr(CO)4cp, Mn(CO)s, Fe(CO),cp, Co(CO),, Mo(CO),cp, Re(CO),,
W(CO)scp; 1 +m ¢+ n = 4),

In this study, the !!%Sn MBssbdver spectra of more of these
compounds has been undertaken, initially to elucidate some of the
bonding characteristics of metal-metal bonds, and to investigate

the reason for the large QS values observed] 2

for low symmetry
four co-ordinate tin compounds. The work 'was later ext.en;)ed to
fill gaps 1n't.be series of compounds already reported, and to

rationalize and systematize the Mbssbauer parameters observed in

terms of structure and bonding. This latter objective has been

17



achieved for QS values in terms of an additivity model, whose
application to these systems will be described in Chapter 3.

In order to test the ability of the additivity model to
predict other Missbauer parameters - such as n,and the sign of
the QS - the magnetic specira of three key compounds were also
recorded, to augment the limited number of such spectra reported7'8

in the literature.

Results

The 1!*Sn Mdssbauer parameters which have been measured
for 50 compounds containing both a tin atom and at least one
transition metal atom are listed in table 2.1. Typical spectra are

shown in figure 2.1. Agreement between these results and those

1,2,4

which have been reported for several of the compounds in previous °
5-7,10-13 studies, is generally good. Compound 25,
PnaSn[Co{C0)41a, has been widely studied, and various CS and QS

"4’13. The parameters given by Par-ish]3 agree

and subsequent

values reported
closely with those measured in this laboratory. For compound 31,
C15n{Co(C0).],, the CS (1.93 mm s™) and 05 (1:38 mm 5™*) values
reported recentlyu -
tins study.'

In the cases of the Ph,SnM compounds (M = Mn(CO)s,

Fe(CO)ycp). compounds 6 and 11, quadrupole splitting was not .

1'3'12. Both one peak and two peak cmur:eﬂ

are not in good agreement with those found in

reported previously
fits to the dau,for‘Ph,Sdh(co); are shown in figure 2.2.
For both the Mn-and Fe-bonded triphenyltin cospounds, y? values

1d
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for two peak fits to the spectra were over 50 smaller than for one
peak fits. The err;rs in these small QS values are, of course,
relatively large. However, for Ph,SnMn(CO).(PhsP), compound 8,
one and two peak fits to the spectrum yielded Y’ values which
differed hy less than 10. It {s likely, though, that the QS is
non-zero, since the one peak fit has a width at half height greater
than that observed for we!l resolved individual peaks for the
other compounds . .

Absorptions forgall samples were in the range 2 - 11%.
Compounds containing a%oobalt :toa generally showed lower absorp-
tion than those containing manganese, iron and nickel; ex;ept
where the thter also contatned arsenic or fodine. Also, the
percent absorption for the fonic tin-nickel compounds (43 - 49)
was less than half that for the tin-nickel bonded species
(compounds 39 - 42), consistent with the greater sensitivity of
Sn(IV) relative to Sn(ll) noted previouslyls.

One of the most striking features of the QS data concerns
the three series of cospounds Rlx.Smn (i.e. .ccmomds 1,2,3,4 ;
22,23,24,33 ; 26,27,28,33 ). The QS values for the compounds in
| these series where | m,n # 0 are much larger than the related
compounds where one of 1, m or n 18 zero. [t is noticeable, too,
that the nickel-containing compounds fall into two distinct
groups with respect to CS values. The ifonic compounds have
CS ~ 3.2, while the neutral compiexes have CS ~ 1.8. Parameters
for all the phosphine and phosphite substituted compounds are

within 0.15 sm ™! of those measured for the parent carbonyl

te




)

complexes.

The signs of the quadrupole splittings and the values of
n for Me;ClSaMn(CO)s, MeClSnMA(CO)s and (C¢Fs),SnMn(C0)s were
determined by recording their 1195n Massbauer spectra at 4.2K in
the presence of a very strong magnetic field. The spectra for'

two of these compounds are shown in figures 2.3a and b. Best

computed fits to the spectra gave the results shown in table 2.2.

table 2.2

M3ssbaver Parameters Derived from Magnetic Spectra, at 4.2K

compound . QS '(wm s7Y) n
He C15nMn{CO) s -2.70 0.35
MeCl:SnMn(CO) s +2.66 0.46
(CeFs)sSnMn(CO)s +0.99 0.0

The errors in n are considered to be $0.05. It can be seen fros
figure 2.3 that line intensities, though not line positions, |
for the observed and co-putéd spectra do not match perfectly.
This will not affect the derived -ptrmfers. and is probably
caused by Goldanskii-Karyagin effecor a small amount of
accidental crystal orientation in the randomized samples.

%]
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Compounds Containing Tin and Nickel

The existence of a covalent tin-nickel bénd has not yet
been established, in any compound, from X-ray diffraction results.
However, a direct bond between nickel and a group IVA element
was shown to be present in Cl,GeNf(Ph,P)Cplﬁ. and aAc;osely
related metal—metal bond was also found fn C1,SnPd(PhyP)(h®-C,H;)!’
both fram X-ray crystallographic studies.

The CS values found for the tin and nickel containing
compounds being studied here are discussed in chapter 4, and these
data indicate that in compounds 39 to 42 (table 2.1), tin and
nickel are covalently bonded, while compounds 43 to 49 are ionic,
having the gener$1 form [Ni(L).ce*][SnCl;].

The presénce Qf the solvent molecules in a ng?ber of
these compounds {s established from elemental analyses, and from
infrared and 'H nmr spectra. The proportion of the solvent
molecules in the compounds were established by the same methods ,,
and by weight loss studies by van den Akker and Jellinek!®,

The role of the solvent molecules in these compounds s

18 5¢ the synthesis of compounds _

not clear. In the original report
44 and 45, the authors forsulated the structurefvgf the fonic
compounds as ICpli(Ph,P):][solvent.SnCl;]. on the basis of infrared
data for acetone and dichloromethane. The v(C0) band of acetone

in compound 45 was at 1705 ca! (cf. 1712 ea™* found fn.this study)
compared with“1740 ca™! in gaseous acetone. A similar reduction
of 23 cm ! in the (C—Cl1) stretching frequency for CH,C1, was

o .
noted1 for compound 44 compared with gaseous dichloromethane. The




'H nmr signals due to the solvent molecules were not shifted

from those of the free solvent, but that is possibly due to
dissociation in solutfon.

However, the M3ssbauer CS and QS parameters are almost
invarfant for all the compounds containing solvent molecules
(which should have widely different potential bonding modes)
and for the compound (43) containing no solvent at all; suggesting
that the solvent molecules are not bonded to the tin atom. Con-
firmation of this assertion comes from the compound
[cpNi (Ph,P)s ') [PF¢].acetone, whose infrared v(CO) band is a narrow
doublet at 1709/1713 cm !, little different from the position of
the band for the corresponding tin-containing compound. In

addition, it has been sho-m17

, from an X-ray diffraction study,
that the acetone molecule in the metal-metal bonded compound
(C138n)Pd(Ph,P)(h?-C,Hs)0.4 acetone is not bound to any other
atom in the molecule. The v(C0O) band for acetone in this compound
occurs at 1710 cm !, close to the values observed here for the
acetone-containing compounds. Similarly, the structure of the
campound [Co(dppe)2C1¥1(SnCI3) 1n solvated form (with CeHgCl) is
known from a diffraction stqulg. It contains a discrete SnCl,
fon, and the C¢HsCl molecule 1s not bonded to either the anion
or cation, both of which have very similar geometries to the
same fons in the unsolvated form of the compound.

The solvent molecules are surprisingly difficult to
remove from the fonic compounds {f they are not bonded, acetone

and dichloromethane only being removed from compounds 45 and 44 at




D.

850 and 1150C respectively under vacuumm. On the other hand,

it is difficult to prevent the spontaneous loss of dichloromethane
from the neutral compound 41 at room temperature. The v(C—C1)
infrared band for the neutral and ionic compounds containing
CH;C1; differ by only 6 cm !,

The CS observed for compound 49, which has a chelating
phosphine co-ordinated to nickel, is not significantly different
from the related ionic complexes containing two triphenylphosphine
ligands. However, the QS for this compound is somewhat.hrger
than the Ph,P analogues, which suggests that the geometry of the
three chlorine ligands about the tin has altered sone&t. The
correlation of CS and QS for Cl,SnM compounds (M = transition
metal complex ligand) by Mays and Searszo suggests that, for a CS
of -3.2, an increase in QS reflects an increase in the C1=Sn—C(}

angles in the C1,S51 moiety.

Experimental

Except for the new compounds (numbers 36, 37, 49, 46
and 47 in table 2.1), the tin-transition metal compounds examined
in this study were synthesised using methods outlined in nfénnces
21 - 24 (Sn/Mn compounds), 21, 25 - 27 (Sn/Fe compounds) 28
(Sn/Co compounds) and 16, 18, 28 - 30 (Sn/N{ compounds). Identity
and purity of all compounds was checked from melting points,
and infrared and nmr spectra. New compounds were synthesised by
the methods described below, and the physical and analytical data

for them are shown in table 2.3. Microanalyses were performed
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by Chemalytics Inc. (Arizona, U.S.A.). A1l compounds were made
and stored under a nitrogen atmosphere, and carefully recrystallised
from deoxygenated solvents immediately before Missbauer spectra were

run.

Dimethyl (pentacarbonylmanganese) (tetracarbonylcobalt)tin(IV)
One mole equivalent of Co(CO), (formed by dissolving Cog(CO),
in Qethanol) was added to a solution of Me,C15nMn(CO)s in THF,
under nitrogen with stirring. The solvent was removed under
vacuum, and the orange product, Me;Sn[Co(C0),) Mn(CO)s}, re-

crystallised twice from pentane, with cooling. (yteld 68%)

Chlorophenyl (tetracarbonylcobalt) (triphenylphosphinetricarbonylcobalt)-
tin(Iv) |

One mole equivalent of triphenylphosphine was added to
solid PhCISn([Co(CO).}in a flask, and the reactants were heated
together on a steam bath, under vacuum, for fifteen minutes. The
crude yellow product was extracted with pentane, the volume
reduced, and the product, PhC1Sn[Co(CO0),] [Co(CO),(Ph,P)]), pre-
cigitated by cooling. (yield 53%)

Tin-nickel compounds

C1.Sn(Ni(CO)cp), was synthesised by insertion of SnCl,
into [Ni(CO)cp)a, as in reference 28; and C1,SnN{i(Ph,P)cp.CH,Cl,
by insertion of SnCl, into cpNi(Ph,P)Cl], as in reference 18.
Dichloromethane was removed from the latter compound under vacuum
at room temperature to yield unsolvated C1,SaNi(Ph,P)cp.
Mdition of another mole equivalent of Ph,P to this ¢ompound in

31




"{n over 90% yield

dichloromethane precipitated [Ni(Ph,P),cp’](SnC13]1.1.33 CH,C1,  °

18'29. For this ionic compound, CHysCl, could

18. The solvent

be removed under vacuum only when heated to 1159C
adducts the prepared by recrystallization from the appropriate
solvent. 1In the cases of THF, acetone and methanol, the compound
dissociated extensively to cpNi(Ph,P)cp and SnCl; in solut1on18 29 30
but the required product crystallised on cooling overnight at
-209c. However, because of this ‘reaction. recrystallisation did
not apprec'hb‘ly purify these compounds. The acetone and benzene
solvates have been previously reportedw'w'm.,

[Ni(dppe)cp ][SnCl,] was prepared in 60% yield by mixing
one mole equivalent each of 1,2- bis(dipheny]phosphino)ethane and
(N1(Ph,P)2cp 1 (SnC13] in acetone. [N#(Ph,P),cp] [PFe].acetone
was synthesised by mixing mole equivalents of cpNi(Ph,P)Cl,

Pt;,P and AgPF¢ in acetone. AgCl was removed by centrifugation
and decantation, and the yellow product crystallised when the

volume of the acetone was reduced under vacuum (yield 85%).

Infrared spectra were recorded on a Perkin-tlmer 621
spectrometer, and calibrated with polystyrene. 'H nmr §;§ec;ra
were measured using a Varian T-60 spectrometer, generally \\\
calibrated with TMS and chloroform. The detatls of the N

M3ssbaver spectrometer are {n chapter 1 of this thesis.
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CHAPTER 3

The Additiyity Model for Quadrupole Splittings, and its

Application to Four Co-ardinate Tin Systems

Determination of Partial Quadrupole Splittings

In this thesis, the additivity model, as outlined in
chapter 1, is to be applied to four co-ordinate tin compounds.
Using the geometric expressions from table 1.1 together with
the appropriate 6 and ¢ ;nghas for & reqgular tetrahedral array
of ligands about a central tin atom, the formulae for the efg
components for all possible four co-ordinate stoichiometries were
derived, and ar¢ shown in table 3.1. From this table it can
be seen tnat for SnAC, molecules, the efg tensor is diagonalized
already since, taki“ng the axis system shown in the table,. the
principal efg VZZ axis coingides with the highest drder symmetry
(Cyv) axis. For molecules of 1Mf symmetry, the efg tensor
must be diagonalized. In fact, for the SnA,C, solecules,

\IZZ is always the same magnitude as that for the corresponding
SnAC, and SnA,C molecules, but the QS is increased by a factor of
1.15 since n is predicted to be 1.00 (see equation 1.3).

It can be seen from table 3.1 that all the fotr-ulu

- .
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involve differences, S0 that, in fact, absolute pqs values
cannot be evaluated. To establish a scale for pqs values
Clark et a]l defined the value of (X} to be 0.00 mm s !

(where X = C1, Br), so that the pqs value of any other ligand,
L, relative to this valoe can be evaluated from the QS of an
appropriate compound containing only L and C1 or Br ligands,
using the formulae in table 3.1. For example, as will be
mentioned later, the pqs value for the ligand [Co(CO)J is de-
rived here from the QS of the compound C15n{Co(C0).],. Given

that the QS is (-)1.42, and n = 0, then
'

e?qQ(l + n?/3)*
= eQv

-1.42

22
» -[2{C1} - 2{Co{CO).}}

= Z{CO(CO)u} - 0

-0.71 wm s}

< {Co(C0)4}

The arbitrary definition of 0.00 sm s ! for {Cl} and (Br) will
not affect the (S values calculated for any four co-ordinate
molecules since it is only the differences between pqs values
for the different ligands which are important when regular
tetrahedral geometry is assumed.

Clark et all hav? recently determined precise four co-
ordinate pqs values for several ligands - which are sifown in
table 3.2 - and more tentative vaibes for a number of others,’ ;
including CeFs, Mn(CO)s, Fe(CO).cp and Co(CO)s. In this

work, better pqs values for these latter four moieties m%or

[
A

e}



table 3.2

Ligand pqs Values for Four Co-ordinate Tin,

Calculated in reference 1

Ligand pqs (mm s7})
- Br, C1, F 0.00
I -0.17
R(CHy, CHg,etc.) -1.37
RF(CF,; etc.) -0.63
CeHs JI_.-1.26
CeCly > -0.83
HCOO0 -0.18
Me COO -0.15
L) ' +0.21
Re(CO), : -0.80
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Fe(dppe)cp and Mo(CO) «p have been derived, which are somewhat
different to those of Clark et all. but which give considerably
better agreement between calculated and observed Q5 values.
These are shown in table 3.3. Pqs values for other transition
metal complex moieties which bond to tin could be derived.l but
it only seems worthwhile to calculate pqs for those where it can
be checked using another compound containing the same moiety.

U As has been pointed outl. ft i{s desirable to derive
pqs values from compounds uﬁich are relatively little distorted
from ideal gecmettry. From structural considerations, which will
be dealt with in éhaat.er 4, we would expect that, of all the
compounds containing the desired Vigands, the R,SnM (R = alkyl}
compoands would be the least distorted. Thus, these types of
compound, as shown in table 3.3, were used to determine pqs
values for Mn(C0)s, Fe(CO),cp, Fe(dppe)cp and Mo{CO),cp. The
analogous C1,5nM compounds used by Clark et al’ will be
appreciably more distorted. In fact, the bond angles about the

tin atom in Me,SnMn(CD)s were determined’

in an X-ray diffraction
study and found to deviate by an average of ~2° from the regular
tetr_ahedrh value of 109.470, compared with an avenée deviation
of ~11° in C1,5nFe(0),cp®. Similarly, thé R Sn(C(Fy),

(R =Me, Ph; n = 1,2, 3) compounds shos.;ld have near regular Td
geometry. There is good internal comsistency in the C.F, pas
values calculated from these compounds, and the average value

_15 ~0.76 mm s ).

s .
In the .case of Co(C0),, the QS value for Me,SnCo(CO), is

-l



and Compounds from which they were Derived in this Study

table 3.3

Ligand pgs Values for Four Co-ordinate Tin,

L Compound QS (mm s !) reference pqs (wm s !)
Mn(CO), Me,SnMn(C0), (-)0.80 this work -0.97
Fe(CO):cp BuySnFe(C0)2cp -0.59 2 -1.08
Fe{dppe)cp Me ;SnFe(dppe)cp (-)0.70 3 -1.02
Co(c0). CISn(Co(C0)u], (-)1.42 this work -0.71
Mo(00)scp Me;SnMo(CO),cp (-)1.25 4 -0.75
CeFs Me,Sn(CefFs) -1 1 -0.70

Me2Sn(CeFs)a 1.51 1
MeSn(CeFs ), (+)1.14 1
PhySn(CeFs) 10.95 1
PhaSn(CeFs)2 1.11 1
PhSn(C;F,), (+)0.92 1

AN
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.- anomalous for ¥ number of reasons (see next section, this chapter).

The structure of the compound Ci1Sn{Co(CO)}.], has been determined7

using diffraction methods, and shows angies about the tin atom

little different from regular tetrahedral values. Consequently

the QS value for this compound was used to calculate the pqs

for Co(CO), instead. h
The signs 6} QS for the Me,SnM compounds are almost

certainly negative, in view of the negative sign deterninedz

for the QS of Bu,Snfe(C0),cp. Similarly, the sign of the QS

for C1Sn{Co{(C0),] 4, will be negative in view of the ppsitive signs

determined’*® for the C1,5nFe(C0),cp and C1,5nMn(CO), QS parameters.
In addition to their use in predicting QS, pqs values

also give useful information on the bonding between tin and the

lgands. Since it has beeh shown'

that, for !!%n, any «

bonding involving Sn 5d orbitals would have no observable effect
on the QS, only o interactions need be considered here. The more |
negative the pgs value, the greater is the Sn sz orbital
populationg. This population depends on both the donor strength

of the ligand and the p character 6f the metal hybrid orbital.

For example, if we consider a molecular orbital, q , to be‘? Vinear

combination of a metal orbital, hL' and a ligand orbital, X

then

o Tah taX
Clark et all showed that the pgs values are proportional to ¢},

which increases as the donor ability of the 1igand incCreases.
In addition, however, the tin sz orbital population will dépend



~

on the p character of the tin hybrid orbital involved in the

tin-1igand bond - i.e. h, could be expressed as the sum of s and

L
p electron contributions.
The competition of these two effects is illustrated by
the pqs values of Me and Ph relative to those for the transition
metal complex moieties. As will be seen in chapter 4, CS values
for these compounds indicate that the transition metal complex
ligands are at least as good or better donors to tin than are
alkyl or aryl ligands. The CS values also show that the tin
hybrid orbital used in tin-transition metal bonding has a very

high tin s character, and thus a very low p character, compared

with Me or Ph. ‘This latter effect,then,makes the pqs values of

tB; transition metal complex ligand less negative, so that

{M} > {R} (where M = Mn(CO)s, Fe(CO)scp, Fe(dppg)Cp. Co(CO).,
Mo(CO)scp; R = Me, Ph) in spite of the fact that the M groups are
as good or better donors than R groups.

Application of the Additivity Model to Four Co-ordinate Tin

The structures of a number of tin-transition metal com-
pounds have been determined using diffraction techniques. The
detafls of these structures will be disc;ssed in chapter 4; but
the seventeen compounds whose structures are known, and which
are marked with an asterisk in table 3.4, appear to be unambiguously
four co-ordinate ibout the tin ;{;n. with no abnormally short
non-bonded diiiances. With the possible exceptions of compounds
56, 60, 66 and 78 (in table 3.4), there is no reason to suppose




that the remainder of the compounds in table 3.4 contain other

than four co-ordinate tin. The angles between the tin-ligand bonds
are distorted, in varying amounts, away from the régular tetra-
hedral value of 109.470.

Using the pgs values from tables 3.2 and 3.3, and the
appropriate formulae from table 3.1, QS and n values for 135
compounds were calculated, and are listed together with all
appropriate measured values in table 3.4.

Clark et a]l havgahroposed that, considering the approxi-
mations inherent in the additivity model, agreement between
calculated and observed QS values within 20.4 mm s™! can be
considered to be satisfactory. Using this criterion, only 8 of
the 122 compounds, for which comparison is possible, are not in
acceptable agreement. Indeed, a large number of the compounds
in table 3.4 show agreement within +0.2 mm s !. (It is likely
that compounds 33, 34, 44, 45, 94 - 96, and 103 - 105 have small,
as yet unresolved splittings). For i{lustrative purposes,
observed and calculated values are plotted against each other in
figure 3.1. A linear lifst-squares fit to this data indicates a
line of best fit having a slope of 1.02 and intercept on the
vertical axis of 0.04, very close to the expected values of 1.00
and 0.00 respectively. The correlation coefficient R = 0.992.

Because of the -;ore complex techniques involved, only a
small number of “’Sn'Spectra have been recordedz'8 with the
sample in the strong field of a superconducting magnet, to allow
the determination of the sign of the QS, and the value of n.
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fiqure 3.1: Calculated vs -Observed '!'?Sn"Ouadrupole Splittings
for Four Co-ordinate Tin Compounds;
with linear least- squares fit (v = 1.02 X +0, 04) ,
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However, for all 11 cases where the sign of the QS was determined
(see table 3.4), including the three compounds reported here, it
is<orrectly predicted.

The QS values for any series of compounds R M

X
'm
(R = Me, Ph; X = C1, Br, I, CiRs M = transition metal €q lex

3 ™ o~
+n=4) follow a striking pattern. /Observed QS

- \Q
values for the compo

ot

moiety;
1th 1, m, n # 0 are much greater than
those with one of 1,m or n = 0. (lf.nortth'an‘one of 1, mor .
n is zero, then-“QS = 0, of course). This pattem is &;’r’ectly
predicted in each case.

. The additivity model also predicts that the QS for
molecules of the type SnA,C, should be 15% larger than the QS
values for the corresponding SnAC, and SnA,C compounds, .as
mentioned in the previous section. In practice, the QS values P
for the SnAC, and SnA,C compounds are generally similar, though
not precisely eﬁual; and QS for the SnA,C, compound is generally
10 - 15% greater, (though the increase is as much as 30 - 40% in
a few cases). '

‘ A number of other trend_s in related series of compounds:
can be explained quite simply in ter;ts Hf relative magnitudes of
pqs. For example, the QS values for the !24_nSn[Co(CO).,]n
compounds are considerably larger, and the QS values for the | —
x4_nSn[Co(CO).]n- cMnds substantially smaller than for the
Mn(CO); and Fe(CO),qp analogues, due to the much less negati‘ve
Co(CO), pqs value (R = Me, Ph; X = C1, Br). <

The QS for the compound Me,SnCo(CO)s is certainly abnormelly

~

A prgrrey,

o
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large when compar;ed with the corresponding Ph derivatives and
the other MenSn[Co(;O).]4_n compounds. For example, as has been
pointed out, the |QS|of the compounds MeSn[Co(C0).), and
Me,Sn{Co(CO),] should t:e equal, and that of Me,Sn[Co(C0).]), 15%
larger. It is possiblé?that the anomalously large value for the
Me,SnCo(CO), compound is due to large distortions from tetra-
hedral geometry.

The small 3S for the compound FSn [Co(CO)s)s could be
due to distortion or association. Clark et all decided that
the pgs of F was very close to those of C1 and Br, aind assigned
all three a zero value. Thus we would expect that the compounds
CI1sn[Co(CO),], and FSn [Co(CO),], would have very similar QS
values. Indeed for the compound (Neo),SnF (Neo = PhC(Me),CH,), ’
which should contain four co-ordinate Sn because of the steric
barrier to fluorine bridging presented by the ‘bulky neophyl
groups, the observedVQS is larger by 0.14 ; s ! than those for
the analogous chloride and bromide cowoundszz. This 4s con- ®
sistent with a slightly positive pqs value for F, while the QS
observed here for a four co-ordinate FSn [Co{C0),], species would
suggest a pqs value for F of -0.23 mm s !. These results strongly

suggest eitr;er that the compound FSn[Co(CO),], has a very dis-

| torted four co-ordinate structure, or that there is intermolecular

fluorine bridging: Tlark’’

has shown ,that a ftve co-ordinate:
bridging structure involving one uia]ﬂ and one equatorial F
atom would lead to a smaller QS (of 1.14 mm s™!) than the four

co-ordinate structure. This might suggest that fluorine

4
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{

bridging, a common feature of organotin chem‘lstryzg, is present

in this compound.

‘Similarly, bridging via acetate and thiocyanate 11igands

is \vell-kno\m30

in organotin chemistry, and some degree of
assoctation could account for the disagreement between observed
and calculated QS values for (NCS);Sn([Fe(CO),cp): and
‘(CH,COO),Sn[Fe(CO),cp], (compounds 56 and 60).

The reason for the low observed QS for Br,SnFe(C0),cp

___Is not readily apparent, since the structure of this compound has

N 31
been determined

by X-ray crystallography, and seems to have no
abn%ﬁ]ly short interatomic formally non-bonded distances,which
could be interpreted as association; though the bond angles about
the ttn atom are somewhat distorted from regular tetrahedral

geometry. In ﬁ*ﬁ of disagreements such as this, it is dangerous
to 1nfer degrees ‘of association from smwall changes in QS, in the
'absence of confirmatory data from offer techniques. However,

serfous disagreement can probably be attributed with confidence

to unexpected stoichiometry about the tin atom (e.g. due to

‘ polymerization) or to gross distortion from ideal geometry.

One of the most useful applications of this last argument
is in the elucidation of the structures of simple brganotin
halides, which hrve been the subject of controversy in the
literature (for ;-evim see references 14 and 23). The QS values
observed for the compounds RnSnx‘_n (R = Me, Neo, Ph; X = F,

Cl, Br, I; n= 2, 3), together with the values predicted from
the additivity model for a four co-ordinate structure,are shown



in table 3.5. C(learly, unassociated tetrahedral structures
can be assigned to NeoySnX (X = F, C1, Br, 1), Ph,SnX (X = (1,
Br, 1) and Ph,SnX,; (X = C1, Br, I) on the basis of good agreement

between observed and predicted QS5 values. This has been confirmed

32 33.

from diffraction studies in the cases of Ph,SnC1”" and Ph,5nCl,

The structure of the related compound PhyISn(CH, ). SnIPh, has

also been reported34, and shows four co-ordination around the

tin atoms, with angles close to 109.47°. The QS for this compound
35

as 2.37 mm s °®

is reported , in good agreement with the pre-
dicted value of (-)2.26. The Neo;SnX compounds would all be
expected to be four co-ordinate, though somewhat distorted,

because of the very bulky nature of the Neo ligand.

Diffraction studies of He,San9a and Me,SnC136 show that
these compounds have associated, five co-ordinate structures.
On the basis that most of the other compounds in table 3.5 which
do not show good agreement between predicted and observed QS
values have similar QS to Me,SnF and Me,SnCl, it ‘is tempting
to suggest tha£ they too have assocfated five co-ordinate
structures. However, though association 1s suggested for
Me,SnCl, by an X-ray crystal structure d:tern1nat10n37. the
mode is not clearly defined, and the nature of the association

33,37

is the subject of some disagreement ., mainly because the van

der Waals radius for Sn is not well established. The much

29b

larger QS value for Me,SnF,is consistent with the known $ix

co-ordinate associated structure.




table 3.5

'1%Sn Quadrypole Splitting Data for some Organotin

] Halide Complexes
(mm s™! at ~80 K; values from reference 23) \
Observed
F C1 Br I
' Me ,SnX 3.82 3.44  3.40 3.10
., ) NeoySnX 2.79 2.65 2.65 2.40
(4
PhySnX 3.58 -2.5%4 2.50 2.15
Me,SnX, +4.38 +3.55 3.36 -

PhaSnX, 3J.43 2.82 2.54 2.38

Calculated from pqs values

F, C1, Br I
RySNX -2.74° -2.40
Ph,SnX -2.52 -2.18
Ry SN Xy 3.15 2.76
PhaSnX, 2.90 2.51
o




Partial quadrupole splittings and the additivity model
appear to be somewhat less successful in predicting n values for
four co-ordinate tin compounds. The calculated and observed
values of n, where they have been measured, are listed in
table 3.6. This is, pe:‘haps, not surprising in view of the study
‘of Clark38, where he con!.!iered the effect of a minor perturbation
on metal-ligand bond lengths - and thus on pqs values - and
concluded that n would be changed substantially, while the Q5
would be virtually unaffected.

The point may also be illustrated by considering the
behaviour of n and QS for a compound such as Me,C1SnMn(CO),, as
the pqs value of each ligand is varied, in tum, through the .
range of pqs values likely to be encountered for real ligands.
The appropriate plots are shown in figures 3.2 and 3.3. Ffor
Me ,ASnMn(CO) s and Me,C1SnA, the magnitude of the 65 is a
minimum when the variable pqs becomes equal to that of the other
singly present ligand, so that the stoichiometry of the system
effectively becomes SnAB,. On the A,C1SnMn(C0), curves, thfs
situation occurs twice, but the point of minimum magnitude of
QS occurs at a point where the variable 1igand pqs 1S equal to
the average of the other two ligand pqs values. It {s interesting
to note that a change of sign of QS occurs at this point, ~

causing a discontinuity 1in th-e,curve; and, from figure 3.2,

that n = 1 there.*uld be expected, n = 0 at all points on




table 3.6

Measured Values of the Assymmetry Parameter, n,

¥or Tin-Transition Metal Compounds

Compound n Reference
* GaTcuTated Tbserved

Me,C1SnMN(CD) s 0.4] 0.35 this work
MeCl,SnMn(CO), 0.89 0.46 ‘this work
C1,SnMn(C0)s 0.00 ~0 2
Cl,SnFe(C0)acp 0.00 ~0 2.8
Cl1;Sn[Fe(CO);cpla 1.00 0.65 2
BusySnFe(CO)acp 0.00 - ~0 2
(CeFs)ySnMn(CO)s 0.00 ~-0.0 . this work

(NCS)aSn(Fe(CO)cpla 1.00 <0.6 2
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the graph where the variable pqs causes the stoichiometry to

become effectively SnABy, and n = 1 wherever the stoichiometry

1s effecitvely SnA;B,. Ffrom the very steep slopes of the n
curves compared with the QS curves, it is apparent that n changes
much more rapidly than QS for small changes in pqs values, and
the large discrepancy between some predicted and observed n

values 15 not surprising.

Consideration of Structural Distortions

In the foregoing application of the additivity model,
reqular tetranedral geometry was assumed for all molecules, and the
efq components were calculated using the reqular tetrahedral angle
of 109.47°. However, a number of four co-ordinate tin Structures
have been determined by diffraction methods, and the bond angles
deviate significantly from this value in a number of cases. Thus
an attempt is made here to Apply the additivity model using
crystallographically measured bond angles to derive the appropriate
equations and pqs values.

When applying the formulae from table 1.1 for the components
of the efg using non-regular tetrahedral angles, it is no longer
sufficient to utilise relative pqs values, aﬁq absolute pqs.vaiues
must be derived. One possible way of deriving these absolute values
is to apply the equations defining Q5 and n (froms VXX’ VYY and:yzz)
to a molecule where the QS5 (and its sign)} and n have been ,;aSured
(and n ¢ 0). The only appropriate compound so far reportedz.

. I
is C1,5n({Fe(C0),cp),, which has the parameters QS = +2.35 mm s !,




and n = 0.65. Considering the axis system shown below table 3.7,

v ij' and v,  are the principal efg axes V Y., and Vv

fi° N XX’ Yy 17
but not necessarily in that order. From the reported crystailo-

~ .
graphic study39 of this compound, a = 128.6 and 2 = 94.1; so that

the efg components are given by

-eOvH . -0.8716{Fe} + 0.7855(C1} - ....(3.19)
-eovJJ = -2.0000{Fe) + 1.2145{Q1) S 3.y
-eQ¥,, = +2.8716(Fe) - 2.0000{C1) ...(3.1¢)

:where {Fe(CO);cp} 1s abbreviated as {fe}. ’

Clearly, there are six ways in which axes 1, 3} k can
L

be assigned to X, Y, I, but there seems to be no simple way 1in
which they can be identified. Thus, the above equations {3.la-c)
were solved against n = (VYY - VXX)/VZZ for {Fe)land {C1} for

each possible gssign-ent. and the cesults are shown in table 3.7,
The most straightforward test of these.derived absolute pgs

values is to u;é them, toqgiher uitﬁvthe neasureds crystallographic
angles, to ca]culciz the QS for Cl,S5nFe(CO)acp; using the relevant

equations from table 1.1. Y12 is unambiquousiy defined for this

molecule and n {s known to be zeroz'a.

The {QS| of C1,SnFe(C0),¢tp is 183 (table 2.1} and its -

sign 1s positivez'a. Thus solutions 1, 3 and 4 in table 3,7 do

not predict the correct sign, and can be neglected. Of the other
solutions, solution 2 shows the best agree1?nt; but this is not
a5 good as the +2.16 mm s™' predicted using regular tetrahedral .

angles.




Calculated Absolute pqs Values for C1 and Fe(CO),cp

table 3.7

Assignment {c1}
(rm s 1)
1. v = x
B I + .70
| S
2 :y
3¢ ox -1.86
|
3. v = x
)32 +11.0
Kk =
4 1 sy
)}« 2 +5.05
k= x
5. = 2
) = x -11.8
Kk =
6 1 ¢ 2
) ® -9.16
k= x ’

~

~!

(method 1)
{Fe(C),cp}  QS. (CV,SnFe(CO),cp)
(mm s ') : (catculateds
R (vem s 1)
+3.90 ~2.05
-2.06 +2.93
+7.79 -6.14
+4.17 -4.01 /
-3.03 +6.02
-5.73 +3.60




A possible problem with the above analysis s the fact
that the uncertainty {n the n value measured for
ClaSn[fe(C0)acpla is relatively large (0.05)2. Consequently, an
llf.ernative (end possibly more accurate) approach s to sol've for
{C1} and {Fe(CQ)zép\) using the VZZ expre_ssions for C1;Sn{Fe(C0),cp],

and Cl,SnFe(GO);cp.,} For the latter compound,
-4-0\:’ZZ = 0.8589{Cl} - 2.0000{Fe) o (3.2)

C . and VZZ for the former compound is defined by one of equations

3.la-c. Consequentl/}, there are three possible solutions as,
once again, it is possible that Vi \/J._1 or Y., for

ClaSn[Fe(CO)acpla could be assigned to V Rowever, of the three

7
possible solutions, only the one for vkk - VZZ correctly reproduces
the correct QS and n for Cl1;Sn[Fe(C0)scp]s. |
The (Cl) and {Fe(CO),cp) thus derived were used to also

derive {Ph}, {Mn(CD)s} and {Co(»CO)x.} from the compounds listed '
in table 3.8, once again applying crystallographically d;temi_ned
b?\d 'angles7"0"1
that thep_c pQs values are not greatly different from those cal-

b
culated Using regular tetrahedral angles, and the order of the

in the equations in table 1.1. It can be seen

11gand pqs values is similar (except for Mn(CO)s and Co(CO).
whose pqs values are now nearly equal). f .

The number of l’corounds to which these pqs values can be

»

applied is limited by .the number whose structural parameters
have been measured. These compounds, together with the predicted

and 'ol?semd QS‘md n vilues, are listed in table 3.9. It can

t 6



£ ’
table 3.8 AN
Calculated Absglute Ligand pqs Values for Four
Co-ordinate Tin

[method ?2)
L pgs (mn s”!)  derived from (QS; wm s ') .
Fe(CO) cp -1.15 'ClnSn[Fe((‘.O),cp]‘-_n S
C1 -0.556 An = 2,3)
Ph- o -1.66 Ph,SnFe(C0),cp
M (C0) s -0.9% CISn (M (CO)s),
CO(CO)~ { -1.02 C‘Sn{CO(CO);]’ '

table 3.9

Calculated and 'Obser'ved QS Yalues for some
Four Co-ordinate Tin (ompounds;
Using Crystallographically Measured Bond Angles

(o =7 ) .
Campound Observed Calculated from CalcuTated assaming
crystallographic requldr tetrahedral
data X geometry
PhySnCl -2.54 -2.68 -2.52
: (n=0.0) (n=G.00) {n=0.00)
PhySnMn(C0)s 0.4Y -0.76 -0.58
- (n=0.00)  (ne0.00)™
PhC12SnFe(C0)scp - 2.84 -3,.10 +2.,72 _—
‘ (nfl.30) (n=0.98)
PhySniMn(CO)s] [Co(CO)4) 1.15 +1380 -1.06
" {n=0.95) (n=0.72)
- .
., ;
P - - /




be seen that QS values calculated using either relative pqs values

A and regular tetrahedral geometry, or absolute pqs values and
. crystallographically measured bond angles agree almost equally
“well with measured values.
| Thus, the use of these absolute pqs values rather than
the relative values does not seem justified in general, since the
calcuylations are less‘straighiforward. and are Iimiied to the

small number of compounds whose structural parameters have been

o determined from diffraction studies.
1 § ”
N <
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Centre Shifts for Compounds containing a

Tir-Transition “etal fond

/
s

y
/
Introduz{{on

The interpretation of corgano-tin centre shift (CS) values

has met with difficulties (for reviews see references 1 and 2).

CS values for &ctanedral and tetranedral Sn(1v) halige complexes
detrease with increasing ligand e]ectronegatwvity3'7. Eoth 5%

and 5p electron density are withdrawn from the tin atom ty
electronegative ligands, btut, since tne (S 15 most sensitive tO
changes in 5s electron densityg, and éz/k is positive, a net
withdrawal of s electrons. by an electronegative ligand decreases
the CS. Ffor example, the order of CS values found] for the series
Snx}~ i1s X = F<Cl<Br<l. *

However, for compounds containing a tin-transif?gﬁ metal
bond, expected trends in terms of the above argument are not horne
out by experimental results. For example, 1n eacn of the series
of compounds Rnx3_nSnH and Rnxz-nS”H' (R - Me, Ph, X = (1, Br;

M s Mn(CO)s, Fe(CO)scp, Co(CO)s), the CS 4ncreases as n increases

(table 4.1), despite the much greater electronegativity of X

-



o

9-13 in terms of

relative to R. -Such trends have been interpreted
3 large tin 55 character 1n the Sn-M bond relative to the other
tin-ligand bonds. Thus, if the Sn-C1 bond in:one of these com-
pounds involves little tin 5s character, Cl1 would be expected to
increase |Y(O)55|2 by removal of p electroh density (i.e: by
deshielding), and.the CS increases - in contrast to the decrease:
1n CS noted earlier 1f the Sn-Cl bond involves appreciable tin 5
character. Tnis interpretation is similar to that used to explain
12% e and '?%] (S parameters in the square-planar complexes

xeX, and IX, (X = halide). Because the bonds have essentially pure

p character, IY(O)SI’ also increases as the électronegativity of

the halide ligand 1ncreases]']4‘15.

This approach is used and extended here for a range of

s
< .

tin-transition metal bonded complexes.

The s-character Series and n.m.r. Coupling Constants

The relative amount of tin 5s character present ii
tin-ligand bonds for a number of ligands may be established to
increase in the order

C1,Br<C(FePhcMe<Co(CO), <Mn(CO) <Fe(CO),cp
directly from Mbssbaver CS ;ata. This order 1$ ;érived by
gonsidering the following results, using data shown in table 4.1,

The trend of éS values in the series of four co-ordinate
compounds XnSnH4

R SnM and R SnX, (x; cl, .8r, I;

-n"’

4-n *
R =Me, Ph, C4Fs; M = Mn(CO)s, Fe(CO),cp, Co(CO),) establishes that

the general ordering of s character in tin-ligand bonds is X<R<M.

The generally larger (S values for compounds containing the



-

table 4.1

11350 Mossbauer Centre Shift Data for some

/

Four Co-ordinate Tin Complexes

(mm s !: relative to BaSnCsr: ~77 K)

M- Co(CO).  Mn(CO),  Fe(CO),cp

SM, 2.04 * 2.14 a
MeSnM 1.79 * 1.83 a
PhSnM , 1.54 a 2.00 a
C1SnM, 2.05 * 1.92 a
BrSnM, 1.97 ¢
Me ,SnM, 1.57 * 1.68 a 1.66 a
MeC1SnM, 1.74 +
Ph,SnM, 1.60 * 1.74 a
PRCISNM, 1.70 *
C1,50M, 1.75 * 1.90 b 1.99 a
Br,SnM, 1.75 # 2.04 b 1.99 a
Me ,SnM 1.39 # 1.41 * 1.35 d
Me ,C15nM 1.49 * 1.52 *
Me ,BrSnM 1.54 a

! MeC1,SnM 1.62 ¢
MeBr ,SnM . 1.69 o
C1,5nM 1.42 ¢ 1.65 * 1.75 *
Br,SnM 1,49 ¢ 1.76 * 1.86 *
Ph,SnM 1.41 * 1.35 * 1.39 =

3 Ph, C1SnM 1.48 * 1.61 a 1.58 2
Ph,BrSnM 1.58 a 1.61 a
PRC1,SnK 1.63 a 1.70 a
PhBr, SnM ' ©1.75 a 1.73 a v
- " * this work ' Y

a from various“workers, ﬁsted in reference 1
b reference 70

c reference 16
d reference 13




Fe(CO)zcp moiety compared with the analogous Mn(CO)s compounds
strongly indicate that the Sn—Ffe bond has a greater 5s character
than the Sn—Mn bond; esp‘ecially since Q% results (see chapter 2)
indicate that Fé(C0),cp is a better p electron donor than Mn(CO)s,
which would tend to decrease the relative CS values. A similar
argument 1ndigates that the s character of the Sn~Me bond is
greater than that of the Sn—Ph bond (eqg. CS of Me.Sn and

PhoSn are 1.3]1 and 1.22 mm s ! respectivelyl). Again the p

donor streng\hs from pqs values woyld give the opposite’ trend.
\7/~/ .
The fact that (S increases markedly with n in the

series R4_nSn[Co(CO).]n (P = Me, Ph}, as it does for the,
ana1090u‘s Mn(C0), and Fe(CQ),cp series,yshows that Co(COy), lies
above Me and Ph 1n the s-character series. However, the (S
values for most of the Co(CO), compounds are smaller than for
the Mn(CO), and Fe(CN),cp analogues, which would indicate that
the order of s charactér in the Sn-—M bonds 1is .

M = Co(CO). < Mn(CO)s, Fe(CO),cp. For example; considering

the halide complexe;, ¢S for {he XnSn[Co(CO).“_n Ccurpciunds is
generally.less than for the X SnM, (M = Mn{CO),, Fe(CO),cp;

X = C1, Br) compounds. This is largely due to the higher tin
5s character in the Sn—X bonds of the cobalt compounds, and
thérefore. lower 55 character in the Sn—Co bonds. The electro-
negative M]oge_ns therefore withdraw more s electron density in
the cobalt c;}\pdunds than in the manganese or iron analogues,

and thu$ decrease the (S.

One consequence of this relative order. af s character

P

»

&



in the tin-transition metal bonds can be seen in the (S values
for the series of compounds R3_anSnH. For M = (o(CO),, the CS
only increases marginally with increase in n, and then decreases,
in contrast to the situation for M = Mn(C0)s and M = FéYCO),cp.
For example, the (S values, for the compounds Ph,SnCo(CO).,
Ph,C1SnCo(CO). and C1,5nCo{(CO). are 1.41. 1.48 and 1.42 mm 5!
respectively; while the values for the analogous Fe(CO);cp com-
pounds are 1.39, 1.8 and 1.75 mm s . This difference can be
actributéd, again, to an increase 1 s character of the Sn—(1
oonds in the Co{C0). compounds.

Thus, the s character of the Sn—Cl bond 1s significant
enough sd‘that the CS 15 affected by direct s:electron withdrawal ,
as well as\b electron desh;elding. The Sn—C(] bonas n the
Fe(CO);cp halide compounds contain so little s character that the
CS it dominated by the effect on nuclear s density of p electron
deshielding effects.

CeFs l1es Lelow Ph 1n the tin-ligand bond s-character

series, since (S vaIuesl7

in the series Pn4_n5n(C‘F2ﬁn decrease
from 1.22 mm s™' for Ph,Sn to 1.04 mm s % for (CcF).Sn.  Again,
the p-donor strengths from pgs values would give the opposite

trend.

The above s-character series is entirely consistent with
[23(''*Sn—C'H,) | parameters reported for Me,SnL compounds

‘(iable 4.2). (The treatment described here is an extension of \\‘//

~}
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table 4.2

'H nmr and '''Sn Mdssbauer Data for some Me,SaL Compounds

__ Compound [0 1%Sn-ClHy )| (Hz) S (mm o s7Y)
Me 50 (CoF s) 88 a 1.27 ¢
Me ,Sn{CeCTy) 56.8  a 1.32  f
Me 4SNP 54.6  a 1.21  f
Me, Sn 54.C  a 1.31 ¢
Me ,5nZ0(C0). 52.6 b 1.39 »
Me ySnMn (CO) s 48.8 ¢ 1.41 ¢
Me 35nMo(C0) yep 8.3 4 1.43 g
Me +Snw(C0)ycp 48.2 d 1.36 g
Me ySnCr(CU)yep 48.1 g 1.41 g
MeySnFe(CO) cp . 47.¢ e 1.35 e
Me ySnFe(C0) (PhT),Pep 44.0 e 1.39 e
Me ySnfe(CO)(PnyPlcp 40.4 P®e 1.41 e
this work

reference 18
reference 19
reference 20
reference 21
reference 13
average values; from reference 1
reference 2?2

O P Ao oo »
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the ideas of fenton et alg, Cullen et al and other workers
Assuming that the main contribution to 2J(''’Sn—C*'H,) is from

the fermi-contact ®rm, then for a series of closely related

compounds such as those listed in table 4.2, Pidcock et 6125

have proposed that the two bond tin-methyl coupling constant,

e
7J, is affected by |w(0) ¥, a? (the s character of the

|
Snbs !
tin-carbon bond) and c (tne degree of covalency due to 5 electron

overlap 1n the tin carbon bond). Pidcock has pointed 0ut20

-

that the nmr !g(0) term refers to the square of tne amplitude

|2
g

of the atomic wave function at the nucleus, and the a’ and <

terms represenl the extent to which tnis orbital 1s popuiated in

12

bonding. In~gontrast, the M8ssbauer 1;:(0)S term has, 1n past

treatments, been taken to i1nclude all three of these terms.

However, when comparing *J and (S parameters, it seems convenient

to separate the terms for the (S in the same way, le.

T oal o ox - CS - V)
all all
bonds bonds
Thus fw(O)SnSS{’ will only vary in response to smelding effects -

- ) t2
s l%(O)SnSs X

fe. changes in tin 5p orbital populations.
’ From table 4.2, it is apparent that there 1S no correlation
between CS  and |2J('!’Sn—C'K,) !, and that the variation 1n CS
from compound to compound is rel;tive1y small. In the Me,Snt
compounds , a;'in the tin-methyl bond would be expected to vary
considefgbly ; the E ligand is varied through a series -of moieties

with widely varying bonding modes. In contrast, changes 1n

Iw(O)Sslz and c should be small, and in opposition to one another,

-+

~}

.



However, the total ‘a; over all the l-,igands will be almost
invariant; so that, if the CS varies little in a series of
related compounds, then the changes in the total Iv(O)SSl’ and
c, must be equal, and 1n opposifioﬁ.
As a consequence, the trend in the *J('''Sn—C'H,)
valugs will reflect the relative order of tin s character 1n
the tin-methyl bonds. (Conversely, the order of increasing s
character 1n the tin-ligand (L) band -ﬂﬁ be the reverse bf the *

order of coupling constants: ie. (from table 4.2)

CefFg <Cglly < Ph <« Mg < CO(U)). < Hd(d)).cp ~ H(CO),C? g CT‘(CO);CD

- M (C0)s < Fe(CU)ycp < Fe(COXPhO)FXp < FelCO)(PnyP)cp

- consistent with the order of s character derived prenou_sly. M
Although the difference in nar coupling constantsbetween

Me o SnPh anq‘ Me,5n 1s Rot great, tneir rylative order in the tin

s-character series 15 unamb iquous.-since the compound with

the larger 'J value also has the smaller (S value. Hence the

-

coupling constant increases despite the decrease in s electron

4
’

densigy at the tin nucleus. The relative positions of Mn(CO)q,
Mo(CO),cp and W(CO),cp are illustrated by the *J values for the
compounds Me;Sn (Mn(C0)s1, (36.7 Hz), MeySnMn(CO) 4] Mo(CO) 4cP]
(36.9 Hz) and Me,Sn[Mn(CO)4] M(CO),cp) (37.3 H2)?7. Tnpse
parameters show that in the s-character series,

Mn(CO)s ~ Mo(CO),cp, but that Mn(CO), is slightly below W{CO),cp
(though this latter difference did not }how-.up 50 strongly in

the Me,SnlL sertes).

—~



It is interesting to note the surprisingly large
increase in s character tn the Sn—Fe bond from the parent carbony!

to the phosphite- and bhOSpMne-SUbstituted compounds , as’

-

reflected in the nmr ?) values. However, the TS values do not.

changé appreciabiy, so that the donor ability of the ligand 1s

-

-~

little changed.'

»

»  Figure 4.1 shows a correlation betwah "2J(}:%Sn—('H,)

and CS for the related series of compounds HenSnH‘:_'n (™ = Co(L0),,

Mn(CO)y, Fe{CO),cp). Data were collected from references 1,
N

\ N\

these series of compounds will Be due to 2 change 1n the total | Sl
: ) '

c term - since]w(O)Snss{ and the total o~<i(Sn) are.constant - goe

13, 18-20 and 28, as well as this work. The changes 1n (S fowr

)

-

to the different donor abilityes of the transition metal complex
lligands compared with Me. Since the CS 1ncreases systemu’ca’Hy
from Me,Sn to M,Sn (M = Co(TO}.., MA(CO)s, Fe(CO) cp), then the
transition metal mpieties must be better donors than Me. The %
,va;iues v‘ary in the ;’e;\es in figure 8.1 because of changes m.
d;(Sn——H:) and cs(Sn—-He). which réinforce. ‘f'meater covalency
of the Sn—M bonds will be at the expense of the Sn—Me bé?ds.
and the increasing demand for s character for Sn—M bonds as the
number of M groups increases 1mplies the negative 2J7¢5 plot which
{5 observed.

Finally, it is iinteresting to compare tne 1soelectronic
complexes C1,5nFa(@¥;cp and (C135nMn(CO);cp 3.  Tne 05 values
for these two (table,2.1) are s'i-!Lu:, which’ implies tnat the

donor-acceptor properties of the Fe.(CO)ch ar;d}h(CO),cp groups o

<
Fe
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to tin are quite similar. However, the significantly different
CS values indicate that in these cases, the Sn—Mn bond has a

greater s character than the Sn—fFe bond.

Molecular Geometry in Four Co-ordinate Tin Compounds

»

The s-character series just derived may be used to
rationalize the published structural data for four co-ordinate
tin compounds which contain tin-transition metal bonds. From

22, it would be expected

the re-hybridisation concepts 6f Bent
that the greater the difference in s characters of the tin-ligand
bonds in tetrahedral compounds, the greater would be the
deviation from reqular geometry; and the L—Sn—L bond angles
will be smallest for the Sn—L bonds of lowest s character.
These expectations are borne out by the data in tables 4.3 a - d.
Thus MeySnMn(C0)s is only slightly distorted from regular Td
geometry, and Me and Mn(CO)s are almost adjacent in the s-character
series. By contrast, C1,SnFe(CO),cp is the mosf distortéd of
the A,SnB-type compounds in table 4.3a, and C1 and Fe(CO),cp
are far apart in the s-character series. The distortions of
the other A,SnB cuzgpunds qualitatively agree with that which
would be predicted from the s-character series: fe.
Me ,SnMn(C0)} s < PhySnMn(CO)s ~ Ph,SnCl < Ph,SnFe(C0),cp <
Me ,SnFe(CO)(fefos)cp < BrySnFe(CO),cp < C1,5nFe(CO),cp (f fos
is a diphenyl fluorcalkyl phosphine ligand).

Si-iiarly. for the series of compounds C1SnA, (table 4.3b),

bond angles deviate more and more from 109.47° (as in SnCly)



o
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table 4.3

L »
Bond Angle Data  for some\Tetrahedral Organo-tin Compounds,

4.3 compound bond angles (©) reference
AySnB A-Sn-A A-Sn-B
Me 3 SNMn (CO) 5 107.3 111.6 30
&\t PhySnMn(CO ) 106.0 112.7 3]
| PhySnCl 112.4 106.4 32
| PhySnFe(CO),cp 105.2 113.4 33
Me ,SnFe(CO)(f¢fos)cp 102.3 115.8 34
BrySnFe(C0)acp 100.2 117.7 35
Cl;SnFe(C0),cp 98.3 "~ 119.2 36
4.3b compound bond angles (0) reference
A,SnCl A-Sn-A A-5n-C1 ’
{Mn(C0)g),4SnCY 116.5 101.0 37
[Co(CO)u]sSnCY 114 104 38
PhySnCl 112.3 106 .4 32
Cl.Sn 109.5 109.5 39




table 4.3 (cont'd)

4. 3c

4.3d

compound bond angles (©) reference
A;SnB; j A-Sn-A B-Sn-B
Me:Sn[Fe(CO)zcpl, 104 ‘ 123 40
Ph2Sn [Fe(C0)2cp) 95 116 41
C125n(Fe(CO0)acpl, 94,1 128.6 42
C125nPh; 100 125.5 43
Ph, SN [Mn(CO)s ], 100 117 44
Ph; SA{Co(C0), (NBD)] , 99.6 118.3 4s
C125n[Co(CO)s (NBD)] " 98.1 128.3 45

N
compound , bond angles (°) reference
Pha Sn[Mn(CO)s] A Mn-5n-A
Ph, S [Mn(CO0)s] ; 117 44
PnzSn(Mn(C0)s) (Co{CO).] 114 46
PhySn (Mn(CO)s) S112.7 31 y

*Average values given where there i1s more than one such
angle in the compound




in the order A = C1 < Ph < Co(CO)y < Mn(CO)s - ie. as Cl1 and
the ligand A are increasingly further apart in the s-character
series.

For the A;SnB; compounds listed in table 4.3c, the order
of increasing distortion is, once again, that expected from the
s-character series; though the degree of distortion is greatly
increased from the A,SnB compounds. As the difference between
the s characters of the Sn—A and Sn—B bonds increases, the
p character of the Sn—A bonds increases. Thus the A—Sn—A
angle will deviate towards the “pure p” angle of 90°. In
addition, the decreasing p character of the Sn—B bond will
cause the B—~Sn—B angle to become larger than the sp’ value
of 109.47°. Thus, in the A,SnB, series, Ph,Sn{Mn(C0O)s], is
the least distorted, and Cl,S5n(Fe(C0),cp); the most distorted.
It is difficult to assess qualitatively the other distortion’s.
but it is interesting to note that the distortion in Ph,5n(l,
is similar *ﬁt in such compounds as Me;Sn[Fe(CO).cpl, which
also contain two non-nearest neighbour ligands in ihe s-character

series.

R For the A,SnB; compounds with the same B ligands (B =
Fe(CO)acp for A = Me, Ph, C1; B = Co(CO),(NBD) for A = Ph, C1),
the A—Sn—A angle decreases progressively as the ligand A

falls lower in the s-character series. It can be noted, too,

that the Ph~Sn—Ph angle is »109.479 in Ph,S5nCl,, but <109.47°

' )




in Ph2Sn [Mn{CO)s)z, as C1 and Mn(CO)s are on opposite sides of
Ph in the s-character series.
The data in tables 4.3a, b and ¢ are thus consistent
with Ph2SnCl, and PhySnCl being four co-ordinate, with the s
character concentrated in the Sn—Ph bond, and with no inter-
molecular association; consistent with the conclusfons from the
additivity model (see chapter 3), and X-ray diffraction studies
Finally, from table 4.3d, the Mn—Sn—A angle in
Ph,Sn[Mn(CO)s 1A compounds increases in the order‘
A= Ph < Co(CO)s < Mn(CO)s as would be expected. Patmore and
Graham19 have also proposed, on the basis of intensity ratios
of the A, and B, v(C0) bands for {;e series of compounds

PhnCI Sn{Co(CO0)y};, that the Co—Sn—Co angle increases from

2-n
n=2¢ton =0 (ie. as Ph ligands are successively replaced by
Cl). This trend is,once more, consistent with the s-character
series derived in this study.

Consistent with another of Bent's "rules™ for re-ﬁ}bzg-
disationzg, the Fe—Sn bond length can be observed to decreasg-as
- the proposed s character of the bond increases. Thus the measured

Fe—Sn bond length decreases from 2.536(3) A for Ph,SnFe(CO),cp 3.

to 2.504(3) K for Ph,CiSnFe(C0),cp*’

, and to 2.467(2) for
PhC1,5nFe(C0),cp3C and 2.467(1) for C1,SnFe(C0),cp®. The bond
length, l1ike the CS, levels off for the latter two complexes.
Similarly, for the A,Sn([Fe(C0),cp), complexes, the Sn—Fe bond
decreases in the order A = Me (2.605(4) A*0) > pn(2.537 &%}) ,

C1(2.492(8) k¥

), as would be expected for increasing s character

32,43

86
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in the Sn—Fe bond. The same phenomenon is observed for the

Sn—Co bond in the complexes AaSn{Co(CO),{(NBD)], , where

Sn—Co is 2.571(3) A for A = Ph, and 2.499(1) A for A = C1%°.

59-Cobalt e?qQ Values

48,49 | .ve reported **Co e?qQ

Several recent papers
values, from nuclear quadrupole resonance (nqr) spectra, for
some XnSn[Co(CO).]a-n compounds (X = Me, Ph, Br, Cl; n = 1, 2, 3),
and it is useful to correlate these with the '!'?Sn M3ssbauer
centre shifts measured in this study. As ;111 be shown in
chapter 5, the e?qQ value for a hypothetical Co(CO): species
should be’ca. + 180 MHz. When the CO ligand along the Z principal
efg axis is replaced by a ligand L, e?qQ will become more
negativ; {f L is a better o donor than CO, and more positive
ifJit is a better w acceptor than CO. Thus e?qQ(3*Co) fis
proportional to Av - Ac.

For the three series of compounds X Sn{Co(C0).),
(n=1, 2 or 3), e?qQ(**Co) increases as CS increases, as shown
in fiqure 4.2. This correlatiﬁn can be readily rationalised in
© terms of o effects, {f the controlling factor in the CS variation
is the large s character in the Sn—~Co bond, compared with
the .other tin-11gand ponds. Thus the CS becomes more negative
as o donation by x‘ligandﬁ. largely to the tin 5p orbitals,
increases. (It would beceme -ore'positive if the » acceptance

of X increased). Thus the (1!*Sn)CS/(%%Co)e?qQ correlations

represent a plot of (-qb # w) against (Aw - Ac), and gradients
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' ngr results

should be positive, as is observed. Thus the plots in figure
4.2 cannot distinguish o and n effects, but both e?qQ{**Co)

48 1.9 iﬁdicate that both para-

and CS{!!'*Sn) values
meters are probably much more sensitive to o effects.

The greater sensitivity of the '!°Sn (S for small n
(figure 4.2) can also be explained using the s character arguments
given above. As n decreases, more tin 5s character is used in

the larger number of Sn—Co bonds, and the Sn—X bonds will thus

have greater Sp characfer. This will, of course, make the (S

-more sensitive to variation in o propertigs of X as n decreases,

as is observed. The variation in Sn—Co bonding with variation
in X is also felt by the carbonyl ligands, as indicated by the

WC0) against e’qQ(*"Co) correlation for X Sn{Co(CO).],

_ compounds, given prev10usly48.

It might be expected that a similar correlation of
C%("’Sn) with e2qQ(%’Fe) from >’Fe MbBssbauer spectra for
XﬂSn[f-'e(Cl));cp]4_-n would yield conclusiéns similar to those for
the tin-cobalt compounds above. However, insufficient 37Fe
MBssbaver data for such compounds has been published for a
meaningful analysis to be made. In addition, as has been pointed
outso. the range of 57Fe e?qQ va' es for all LFe(CO),cp compounds

so far observed is small, and variations for closely related

w
3

compounds are generally not much greater than the experimental

errors.




The Oxidation State and Valency of Tin

The concept of oxidation state is one which has préved
very useful in rationalising experimental results in a number
of areas of inorganic chemistry, particularly in connection
with complexes of transition metals. However, the concept is a
formal one only, and difficulties can arise when trying to assign
oxidation states in other than simple bonding situations. For

2 recently reported the ESCA spectra of some

example, Parshall
tin-platinum cluster compounds, and attempted to assign formal
oxidation states to the Sn and Pt atoms. However, for a number
of these compounds, the calculated oxidation states were non-
integral; and it was concluded that the bonding in these
systems could only be adequately represepted by a molecular
orbjtal description.

More relevant to the present work is the postulate of
Fenton and Zuckerman52 that '19Sn M3ssbauer CS values can be
used to assign formal oxidation state to tin atoms in various
tin compounds. The CS values measured in this udy for the
compounds cis- and em(.]{-(u 130 ), Fe(RNC) ], cis-[C1(C1,Sn)Fe(RNC),)
and [(C1,Sn)Fe(RNC)4]C10, (RNC = p-Me0.C,H, NC) (see table 4.4)
are the first reported exceptions to the criterion of Fenton
and Zuckennansz, that Sn{II) compounds have CS values greater
than 2;65 m s ! (relative to BaSn0,), while CS for Sn(lv)
compounds will fall below this value; Clearly the formal oxidation
state of the tin ato‘ in these compounds is 2+, since the

53 from electronic

oxidation state of the iron atom can be shown




10.
11.
12.
13.
14,

table 4.4

CS values for some Tin-Transition Metal CompYexes

(mm s '; relative to BaSnn,)

Lompound CS (mm s™') Reference
c1s-C1{(CY1ySn)Fe(RNC). 2.02 this work
cis-(C1,ySn)Fe(RNC). 1.82 this work
trans-(C1,Sn);Fe(RNC). 1.88 this work
[{C14Sn)Fe(RNC)s]C10, 1.85% this work
cis-C1{C14Sn)Fe(CO). 1.55 56
cis-(C145n)2Fe(CO). 1.53 56
trans-(C1,5n),Fe(CO). 1.53 56
cis-C1(C1,Sn)Fe(P(OMe),). 1.93 57\
[(C1,Sn)Fe(P(OMe),)s]Ph.B 1.98 57
C12Sn {Ni(CO)cpl, 1.87 this work
Cl1,SnN1(PhyP)cp 1.76 this work
(N1 (Ph4P)2cp) [SnCT,) 3.15 this work
{N1 (dppe)cp) [SnC1,) 3.20 this work
{Co(dppe)sC1] {SNC1,] 3.10 58
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and *7Fe M¥ssbauer spectra to be 2+ in each case; yet the '!%3n

CS 1s <<2.65 mm s '. Both the *’Fe QS and CS are additive

functions of ligand parameters (1e.;pqs and pcs) in these compOundSSA.
1f the tin was present as Sn(IV), the oxidation state of iron

would change from Fe(l!) 1n Cl1;Fe{RNC)., to Fe(0) in
C1(ClySn)Fe(RNC)y, to Fe(-11) in (CY4Sn);Fe(RNC)., and the CS

and Q5 would not be additive. C(onsequently, CS values for such

tin compounds cannot be used to define the oxidation state of

Sn; and it 15 probably more reasonable to use the (S as a measure

of the valency of the tin atom, as suggested by Lappert et alss.

% 4nd POHe),>]

The (S values for the recently reported CO
analogues of these compounds (> - 3 1n table 4.4) can be treated
in the same way.
¢

Some very recently reported compounds which also seem
to be exceptions to the SB(II)/Sn(IV) €S criterion are the so-
called “stannylene” complexessg.,of the type (t-Bu),{(S)SnM
(S = THF, py, OMSO; M = Fe(CO)., Cr(CO)s), which formally contain
sn(Il). However, once again 3 direct tin-transition bond is
presentsgb. and the measured CS values are in the range 1.82 - 2.1
mos .

S

The very low CS observed for such compounds does not

seem unreasonable. The lone pair_{n the Sn(11)C}; fon has a

high s character7b'52'55

» and donation of this lone pair on
bonding to Fe or other metals will thus decrease the s electron
density at the tin nucleus considerably, and thus the CS. from
that obsérved in the free SnCl; fon (e.g. 3.54 sm s ! in

A




¢

52). Any = back-donation to tin would also decrease

(Lo’ (SACTS)
the CS.

EP recent publications, CS values up to 2.54 wem s !
for directly bonded tin-transition metal complexes have been
reportedbo'61, and rationalised in terms of the relative donor-
acceptor strengths of the transition metal complex liqands.

For compounds 1 - 9 in table 4.4, the order'of CS values
for analoqous complexes is P(OMe), > RNC > (0. In terms of a
bonding scheme where decreasing CS is a reflection of i1ncreasing
¢ donation of the SnCl, lone pair, the observed order 1s
probably a measure of the greater electron acceptor ability
of i1ron ar1sing'fr0m the increasing ligand = acceptor abiliity
CO > RNC > P(OMe),. N

Thus the formal oxidatior state is poorly defined for

ClySn-transition metal complexes, but all these systems contain

3
four-valent tin.

The structures of tin/nickel compounds 10—13 (table 4.4),
in the solid state, may be assigned using this criterion. The
nature of the complexes containing Ph,P, when in solution,

have been estab]ished62'64

from conductivity studies. Complexes
of the type Cl,5nNi{L)cp were non-electrolytes, while the
C1,SnN{(L),cp compounds were 1:1 electrolytes (L = neutral
ligand). Mass spectrometric studies of the same co-plexe562'63.

and of compound 10 (table 4.4) and closely related carbony)

33
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!‘u
65’66, indicated that these structures pergksted in the

complexes
solid state - ie. C1,SnNi(L)cp (L = PhyP, C®) are neutral “
"molecules, while C1y3SnNi(PhyP),cp is ionic.
g The M8ssbauer CS values for fsese complexes confirm the
above structural conclusions. Thus the CS values of 1.87 lrw:\‘s’l
and 1.76 mm s~} for Cl,Sn[Ni(CO)cpl, and C1,SnNi(Ph,P)cp
respectively indicate the presence of a covalent tin-nickel bond
and four-valent tjfi, while the much larger CS values of 3.15 mm s *
and 3.20 mm s ! for €1,SnNi(Ph,P),cp and C1,5nNi(dppe)cp
indicate the presence of a discrete Cl,5p species, containing
divalent‘tin. | ;

_ There have been no published repo?ts of crystallographically
determined structures for any tin-nickel compounds, but same
confirmatory evidence for the above structural conclusions can
be obtained from x-ray.diffraction studies of related compounds.
Thus, the presemte of ; group IVA-nickel bond was established67
in the compound Cl,GeNi(Ph,P)c¢p, and a metal -metal bond was also

found68

in the compound Cl13SnPd(PhyP){h®-C3Hs). In contrast,

the presence of a discreté SnCl; 1“ was established®® in the
compound C1,5nCo(dppe).Cl, which has a CS value similar to that -
of the ionic nickel compounds reported here (see table 4.4).
Further detatls of the structures of the tin-nickel compounds,
including those for the solvated species, are in chapter 2.

o
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CHAPTER 5

Ratios of Quadrupole Splittings ‘ -

Introduction

One of the principal limitations to the chemical usefulness
of the Missbauer effect is the fact that the number of elements
which can be readily studied using this technique is limited.
However useful information on structure and bonding can be ob-
tained for compounds of "non-M3ssbauer® elements by correlating
MOssbauver data for closely related nuclei with information ob-
tained using other techniques. One such correlation - first suggested

1

by Harris® and further developed by Bancmft1 - utilized 3'Co

nuclear quadrupole resonance and 3’Fe Mdssbauer parameters to

yield previously unobta'inable information, such as the sign of the
electric field gradient in cobalt compounds, and the sign and magnitude
of the *¥e nuclear quadrupole moment. This method has been applied
to analogous compounds for the pxirs of elements Co(l]l)/Fe(II)l’z‘
Fe(11)/Mn(1)” and Fe(11)/Ru(11)*. In this study the method is

tested using two Nbssbauer-'a'c':tivc isotopes (!21Sb and “‘$n) to

compare -Sb(V) and Sn(IV) compounds; and is also used to derive

bonding (nfor-ltion for analogous Fe(I1), Mn(1) and Re(l) compounds,

@
29
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.

using results from 57Fe M3ssbauer and 3%Mn, '%3Re and !%7Re

nuclear quadrupole resonance spectral data.

Theory

Consider any pair of isoelectronic and isostructural com-
pounds of two closely related elements M1 and M2. If we assut-ne
a) that the bonding in the two compounds is identical
b) that contributions to e?qQ from the small occupation
of ortitals not formally occupied, and from the
presence of counter-ions are negligible, and
c) that the Stermheimer antishielding factors (1 - R)

are the same for both compounds, we may write

2 ]
e’ Q' an

[e’qQ]"Q = E’_ET;;—G;; : [ezQQlHl ce..(5.1)

whe re

[e’qQ]H = measured quadrupole splitting for comsbound of
element M

electronic charge

2]
(111

field gradient due to one valence eléctron

2
x

(p or d)

nuclear quadrupdle moment for nucleus M.

-

There are several ways in which this equation can be used.
Often it is convenient to plot (e’q())"l against (e’qQ)m for a
number of pairs of analogous compounds of Ml and M2, The intercept
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2

- .
should be zero, and the slope given by (ezq'Hz Q"Z)/(elq'Hl QHI)'

From such a graph the signs of (e’qQ)"z can be obtained {f those
of (e‘qQ)Ml are known; and the slope can be used to obtain the

magnitude and/or sign of QH2 if they have been established for

Qup-

119-Sn and 121-Sb Quadrupole Splittings

Figure 5.1 shows such a correlation for a series of

>-8 and tin? 14 compounds .

5,7,8

fsoelectronic and isostructural antimony
The signs of the non-zero antimony e?qQ values are atl known
to be negative. Among the tin compounds, the signs of (Me,SnCl,]

and [Pé,SnClzl' have been deter-inedlli andiare negative; Points

4, 5 and 6 on the graph in figure 5.1 do not correspond tﬁ exact
stofchiometric analogues, but rather to pairs of compounds of

the f;;;'Cl,SbL/ci.-Cl.SnL,. However the partial quadrupole splitting

15 that for any pair of

treatment for oétahedral compounds predicts
compounds X ML/cis-X ML,, the QS values will be the same magnitude,
but of opposite sign. The opposite sign has been confirmed for the
compounds where L = MeCN, since the sign of cis-(MeCNK);SnCl,

16. while that of (MeCN)SbCl, is negativea. All the

i} positive
pairs of compounds in figure 5.1 give a positive correlation.

(The sign of SnCl; will be discussed later).

Both SbCl; and [SnCl,]  have regular trigonal bipyramidal
structures at room tempersture, with metal-chlorine bond lengths
of.2.3410.l ll7. Several studies have shounla

that del, undergoes

”
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fiqure 5.1 \

Plot of Antimony and Tin |e?qQ| values
for the ‘following pats of Complexes
4

1. SbClg SnC1§~

2. SbBrg SnBri”
3. SbCl SnCly
' 4. (PhyPO)SbCT cis-(PhyP0),SnC1,
’ 5. (MeCN)SbC1 cis-(MeCN)ySnC1,
. & 6. (C1,P0)SbCl, cis-{C1,P0),5nC1, .
. 7. Ph,SbBr, PhySnBry
8.  PhySbCl, Ph,SnCl,
9.  Me,ySbBr, MaSnBr,
\ 10.  Me,SbCl, Me,SnCl; ‘

Linear least-squares fit gives y = 3.38x ¢+ 0.34
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structural changes at low temperatures, though the nature of this

15,19

change is not definitely established Consequently, the

e?qQ value measured by nqr at room temperature, where the molecule

17. is used in this torrelation. The

21

certainly has C3v symnetry
strofture of the (SnCl¢J?” fon in KySnC1¢2C and (NH.)gSnCls
has been determined 1n diffraction studies, and is octahedral in

both cases. HGSSDAUGrIS and 1nfrared22

spectra of the (SnBrg]?"
ion clearly indicate that it is also based on a regular octahedron,
as would be expected. The structures of the [SbX¢] ions (X =

C1, Br) has not been established by diffraction methods, but the
observed single-line '2'Sb Missbauer spectra7. with narrow line-
widths, for the RbSbX¢ compounds indicate that the antimony atom

1s in an octahedral environment.

Cis-octahedral structures have been established crystal-
lographically for the C1.Snl, (L = POCly, MeCN) compounds®>+2%
In addition, the crystallographic e{i;ence indicates that the
bonding in these Sn and Sb compounds is similar. Thus, the

Sn—C1 bond lengths in C1,Sn(POC1,), and C1,Sn(MeCX), range from

2.31 - 2.36R%3 and 2.339 - 2.3568%% respectively, while the C1,SbL
analogues show very similar Sb—C1 bond lengths of 2.32 - 2.358
for L = POCT,%3 and 2.33 - 2.40R for L = MeCN>. Thus the assump-

tion of identical bonding which is inherent in this treatment {s a
reasonable one.

The Me,SbX, and Ph,SbX, (X = C1, Br, 1) structures are

oun26’27

kn ., and all are based on a trigonal bipyramid, with axial

halogens and equatorial organic ligands. Of the related tin
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compounds, the structure of only the [Me,SnCl;] ion has been

28

established” ™ by single crystal X-ray diffraction. Its symmetry,

like that of Me,S6C1,, fs Cy . Infrared evidence®  for (Ph,SnCl,)”

suggests that its structure is similar to tnat of the methyl

analogue.

The linear least-squares fit to tne data for the pairs
of compounds is also shown in figure 5.1. The slope of the line
is +3.38, and the intercept ts very close to zero (+0.34 mm s ').

The good fit to the data is shown by the correlation co-efficient

(r) of 0.995, which strongly suggests that the assumptions i1nherent

in the ratio treatment are reasonable.

A number of useful deductions can be made using tnis
correlation. The most obvious use of the graph is that, given
the e?qQ value for any complex of one of the elements (Sn or Sb),
then the e?qQ for the isoelectronic and isostructural complex of
the other element may be derived. This tis particulariy useful
in estimating quadrupole splittings for antimony compounds, which

commonly exhibit poorly resolved !?!Sb M8ssbauer spectra. Com-

putation of antimony compounds with small e?qQ values is difficult,

as will be mentioned later. In addition, the determination of the
sign of e?qQ for tin compounds is experimentally much more complex
than running routine !'1%Sn Missbauer spectra. Consequently, if

eiqQ for an antimony compound has been measured, then the sign of

the tin e?qQ is immediately obvious using figure 5.1, since the

105H



106

multiline M¥ssbauer '21SHb spectra allow the determination of the
sign for the antimony compound without using spectal techniques.
For SnCly, the sign of e2qQ cannot be determined, in any case,
even using magnetic spectra, since the quadrupole splitting 1s
too small for the peaks in the magnetic spectrum to be resolved.

5,6

however, the sign of e?qQ for Sbll, is known to be negative,

so that, from fiqure 5.1, e?qQ (SnC1;) must also be negative. This
. 1s the sign originally assumed for the ion by Parish and P]attg,
but a recent MO treatment of tin quadrupole splitt1ngs3o left this
sign in some doubt. It 1s very important for the additivity
treatment of five co-ordinate complexes that this sign be known.

Using the pqs model, the quadrupole splitting (QS = e2qQ) for

[SnXs]™ s given by:

QS{Snxg) = -4(X}wa + 3{x}we ....(5.2)
where {x}toa z pgs value for axial X ligands
and {x)tbe = pas value for equatorial X ligands,

in a trigonal bipyramidal complex.

Hence, if e?qQ (SnCl;) is negative, then it follows that

{C}}tba > {C])the

Despite the large body of data that has been published on

119-tin quadrupole splittings, some of the quadrupole parameters
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for the Sn nucleus are not yet well established. For example,

the sign and magnitude of the 119-tin nuclear quadrupole mowment,

31,32

Q('!'Sn), have been reported , but the uncertainty in the mag-

nitude is very large. In addition, confirmatory evidence for the
negative sign of C('!'%n) would be uelcome33. since its r.ieter-m'lnation3-1
was based on bonding schemes too empirical to be entirely reliable.
From figure 5.1 and equation 5,1 1t can be seen that, since Q('?1Sb) i
's known to be negative34. then Q('!%n) must also be negative.

Substituting the data in the following table

table 5.1
parameter value reference
Q('2iSp) -0.28(20.1) x 1072% g2 34
qr n,
Qp(sb) 13.0 a ! 35
Ly(Sb)/tY(Sn) 1.556 36

’

and the slope of the graph into equation 5.1, then Q(""Sn) 1s
calculated to be -0.062 x 10 % m?¥_ This value is in very good
agreement with that of -0.065(20.005) x 10729 m? determined in a
M3ssbaver study of atomic tin dimers in rare gas matrices at 4.2 X,

37 since t.ho completion of the work reported here.

34

and published
With the lavge error in Q(!2!Sb)aend 9, values” |, the absolute
error in the derived Q(':*Sn) value is probably about :0.02 x 10 2%m?,

but the error in the Q(*2!Sb)/Q(*'*Sn) ratio (= 17.31) will be



considerably smaller.

“ -~
~e

For correlations using equation 5.1 to be completely valid,
it is important that pairs of Sb/Sn compounds be strictly isostruc-
tural. For example, it might be expected that the e?qQ values for
. SbCly and [SnCl;]  would lie on the line in figure 5.]. However,
their structures are quite dissini.lar; the antimony atom in SbCl,
being in a distorted octahedral enviromentw, while the SnCl,
ion is pyramidal in ionic MSnCl; (M = Cs*, Cn{dppe);Cl’)

39,40

compounds Furthermore, the e?qQ values observed for ionic

MSnCly compounds vary widely, and are very sensitive to small

changes in the C1—Sn—(] angles“.

However it is interesting to consider the species
[ PhiSnf2]”, which has not yet been reported. Using the published
e2qQ value for PhySbF; >, and figure 5.1, je?qQ Yor Ph,SnF] is

15 for

predicted to be 3.22 mm s '. The ie*qQ value reported
PhySnF is 3.58 mm s™', which is considerably greater/than the
value (2.74 sm s™') predicted from the additivity model for an
unassociated four co-ordinate molecule, but in better agree-
ment with the xs;’qo value predicted above for PhySnf; . This is
probably good confirmation of the conclusion drawn firom otﬁer

9. that PhySnF is a highly associated compound, with a

studies
structure analogous to that in Phy SR 27 | {.e. with axial

fluorine atoms and equatorial phenyl groups - and also analogous to
that determined for Mey SnF'Z. Stwilarly, the quadrupole splittings

for Me ;SnCl (3.44 =m S ) and Me,SnBr (3.40 mm s ) are similar

-
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to those observed for Me,SnCl; (3.28 mm s ') and Me,SnBr;
(3.45 mmri") respectivelyls, suggesting that the Me,SnX (X = Cl, Br)
compounds are also polymeric, with C3v symmetry about the tin atom
once again. This suggestion has been confirmed by a single crystal
x-ray‘giffracgion determination of the structure of He,SnCl43;
~ though the related Sn—(l distances, unfortunately, have not been
reported.

A very recent report44 of e?qQ values for compounds of
the type [R3_nSbH'E]-+ (R = CF,, Me, Bu, Ph, C1, Br, I; M = Fe(CO),cp)
should permit a correlation with the neutral Sn(lV) analogues.
However, a plot of the antimony-and tin e2qQ vatues yields a line
with a slope similar to that in figure 5.1, but with an intercept

45

on the vertical axis of 6 mm s ! The structures of the

complexes [Cl,SbH,l* and C1,5nM, (M = Fe(CO),cp) are both knonn46'47

to b; tetrahedral about the metal atom, with very similar dis-
tortions from reqular geometry, so that bonding differences

would nat seem to account for the discrepancy. Houéver. there is
some difficulty in computing '2!Sb Missbauer spectra for ¢ exes
with sﬁall quadrupole splittings, and it is possible that the
anomalously large 12!Sb e?qQ values for these compounds are at
least partially due to not using the transmission integral in

8. This problem does not arise for

- the analysis of the'Spectra
points 4, 5, and 6 in_figure 5.1, since, in those cases, the
transmission integral was wsed, and the e?qQ values were in good
agreement with the more accurate values obtained from nqr

spectraa. ' : : e
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Quadrupole Splittings in [cpM(CO);L] Complexes (M = Fe, Mn, Re)

(i) Introduction

*7Fe M8ssbauer data has been reported for a large number

of neutral complexes of the type cpFe(CO)2X (cp = h%-CgHg, X =

48'53. though few of the related [che(CO)zL]*

50,51

anionic ligand)
cations (L = neutral ligand) have been investigated while
useful bonding information has been derived from the centre shift

parameters, the quadrupole splittings have proved difficult to

interpret, mainly because they are all in the ranée 1.8¢40.1 mm s !.

for X or L ligands with widely varying bonding properties.
The ground state quadrupole splittings for a number of
\

analogous cpM(CO),L (M = Mn, Re) compounds have been measured

54’55, and '%3%Re and "’R656’57

-

resonance spectroscopy. However, without a knowledge of the signs

using 3%Mn nuclear quadrupole
of the appropriate e?qQ values, discussion of bonding in the Mn
and Re compounds, based on the nqr evidencé, must necessarily
be speculative. |

The range of [che(CO),L]* complexes studied by $7fe
Missbauer spectroscopy has been extended here in an attempt to
better understand-the bonding in these systems, and, by con;
p;rison, in the related manganese and rhenium systems. The
measured M3ssbauer parameters are shown in table 5.2, together
with values for the related values reported in the literature.
(i) Centre Shifts _ @

As has been shown previously for Fe(1ll) comoundssa.

the centre shift, which has comparable sensitivity to both
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table 5.2

*
7fe MBssbauer Parameters for the Derivatives

(cpFe(CO); L) X
L X ___C_S_f_* __Q_S_f reference
1. ¢S PFs 0.21 1.89 51
2. €0 PFe 0.29 1.90 this work
3. ' \ 0.27 1.78 51
0.31 1,88 50
3. PhyP PF @ 0.34 1.81 this work
a- o3 1.92 51
4. py PFe 0.41 1.86 this work
5. CaHs PFe 0.43 1.77 this work
BF. 0.42 1.71 this work
6. MeCN . PFq 0.44 1.95 this work

N

Full peak widths at half height were between 0.25 and
0.31 mm:s™ ! in all cases. »

+ 1
£+0.0] sm s ; ~78K.

57 With respect to Na,Fe(CN)y(NO)-2H,0



o-donor and n-acceptor properties, decfeases as the o-donor and
n-acceptor ability (o + n) of the ligand(s) increases. Thus:>
H~ (a strong o-doror) and No* (a strong »-acceptor) give comparable
decreases in iron(Il) centre shifts.

In the present series of compounds the centre shifts
(table 5.2) vary substantially as L {s changed. Hence, we ﬂ‘;/
arrange the compounds in an order of 1ncrea2ing (0 + x) properties
of the ligands:

CHyCN < CaHy < CyHgN < PhyP < CO < CS ,
The ordering of CH,CN, and CO ligands i1s the same as that obtained

59'60. The position of

from iron(Il) six coordinate compounds
C,Hy is of special interest. In terms of its (o + =) ability,

C,H, appears to be a very similar ligand to pyridine and acetoni-
trile. The carbonyl infrared stretching frequencies are also
consistent with this obsergationsl. From previous M8ssbaver work,
it is interesting to note that N, is also a very similar (o + x)
ligand to nitriles, although the quadrupole splitting data indicates
that the former is an appreciably better x-acceptor and poorer

g-donor than the latterbo.

However, as will be discussed below,
the quadrupole splittings are not helpful in separating o and =
effects in this series of compounds.

(1ii) Quadrupole Splittings

In comparison with the QS values for six co-ordinate

Fe(I11) low spin compounds of the type ¢rans-[(depe):Fert]Pn.86C,

the quadrupole splittings in the present series of compounds are



very insensitive to the nature of L, and are in a similar range
to that for the neutral complexes mentioned earlier. It appears
that the bonding properties of both CO and h®*-cp change sub-
stantially with varfations in L to effectively neutralise the
changes in electron asyu-étry about the iron atom. Thus it has
not been possible to‘ragionalise the trends for either the neutral
or cationic h‘-cyclopen;adienyl1rondicarbonyl derivatives in terms
of bonding properties of‘the ligands.

However,the *’Fe QS values are very useful for assigning
the signs of the quadrupole splittings for the ana]ogousnneutral
manganese and rhenium compounds of the type cpM(CO),cp (M = Mn,

54-57

Re ) From equation 5.1, we can write:

q Q(**Mn)
(e?qQ)ssy, = aii%%ﬁ%—-ﬁrtvrgy -(e*qQ)s7p,

/
= K (e*qQ)srp, — ....(5.3)

¢ ~_

Using literature values for the parameters in equation

5_32,62.63

, the value oY’Kl was calculated to be +1.39, in a
previoui’gzaax of some octahedral Mn(1) and Fe(lI) analogues3.

The sign of t;e 7fe QS in (Bu,ySn)fe(C0),cp is known to be
positive64. and the very small range of QS values found for all
h®-cyclopentadienylirondicarbonyl compounds strongly syggests

that all of these neutral and cationic compounds will have positive
e’qQ values. Thus, it is immediately apparent, from equation

5.3, that q and e?qQ are also positive for the

h®-cyclopentadienyimanganesedicarbonyl compounds. This is opposite

v
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to the negative sign assumed in earlier °®*Mn nqr work>d +3

Consequently this result indicates that the bonding model chosen
previously, and the ensuing discussion of variations in bonding,

54,55

were incorrect It is also apparent that, if Q('**Re) and

26,57 for the rhenium

Q('*’Re) are positive, then the elqQ values
compounds are also positive.

More quantitatively, if we take the measured e?qQ value
for [cpFe(C0),]° of (+) 3.80 mls" (= (+) 44.2 MHz), and assume
n = 0 (as measured in the manganese analog), the predicted value
of (e’qQ)Hn. using K = 1.39 and equation (5.3), is +61.4 Mz,

This is in surprisingly good agreement with the measured value
of 64.29 MHz, considering the assumptions inherent in the method,
and possible errors in the Q and Q34 values.

In order to use the above method in a predictive sense, and
to indicate that variations in n cause a substantial part of the
va;iations in both M3ssbauer quadrupole splittings,
e2qQ(1 + n?/3)® , and in v(5/2 «» £3/2) values from %Mn ngr
spectra, the multiplying factor KI is recalculated, using the'-
measured values of e2qQ for “[che(CO),]" and cpMn(C0),. This is
the first pair of analogous iron and manganese compounds where
|é#qQ| values have been measured for both. (Previously3, e 2qQ
values for the appropriate 1roﬁ compaunds were calculated fron_
partial quadrupole Splittinés). The calculated K becomes +1.45,
which should be more accun.te than the earlier value of +1.39.

This change in K, will, fn fact, have 2 very small effect on the
previously c«lc::ulat.ed3 (e’qq)',.1 values.
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Using this recalculated KI factor, and the measured
*’Fe quadrupole splittings, it is now possible to predict n and
the unmeasured v(:3/2 « :1/2) *°Mn nqr transition frequencys"ss
in some manganese analogues of the iron compounds. Jhese are
summarised in Table 5.3.

The predir:ted e2qQ and n values would not be expected
to be more accurate than ca. t2 MHz and :0.2 respectively. (The
results for the triphenylphosphine derivative (n? (calculated) < 0)
are indicative of these errors.) However, the results do indicate
that the variations in both the °®’Fe M8ssbauer quadrupole splittings
and in the *°*Mpn v(25/2 «+» +3/2) values are probably largely due
to variation in n. For example, the acetonitrile derivative has
3 larger 37fFe quadrupole splitting than its carbor monoxide
analogue (and a smaller **Mn nqr v(25/2 « 3/2)), yet their
calculat;d e2qQ values are identical within expected error.

It can be concluded, then.'that even after the signs of
the e?q) parameters have been assigned in such complexes, a sub-
stantial part of the variations in Mdssbauver quadrupale splittings
are dee to changes in n. This plases discussions conceming

. 7
variations of quadrupole splitttpgs with bonding properties of

the ligands L in these systems on an even more tenuous footing.

Finally, it would be very useful to know the quadrupole
[ 4
splittings for the series of isostructural and tsoelectronic
species M (C0);, Fe(CO)s and Co(CO)F. The e’qQ value for Fe(C0)s
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is known from °7Fe MBssbauver spectroscopy to be +5.14 mmn s '
(= +59.8 HHz)ls. Thus, from the l(i value for Mn/Fe calculated

in this study, e?qQ for Mn(CO)s is predicted to be 86.7 MHz. A
similar comparison can be made for Fe/Co. The Kl factor for

this pair of elements is 3.13 from the study of Bancmftz, or 2.99
from a comparison of the measured values of cpafFe (53.6 Mz)15

and cpoo* (166 m:)x'ﬁs; yielding e’qQ values of 187 MHz and

179 Mz respectively for Co(C0)s. ‘

The uncertainty in these estimated values is, of course,
fairly large, mainly due to the assmption\of identical bonding
in the series of isoelectronic species. For example, it is known
that CO tn Mn(1) compounds is a worse c donor , but better = acceptor

66

than in the isoelectronic Fe(ll) compounds However, because

115'60. the two

quadrupole splittings are proportional to o -
trends tend to cancel. Harris® has est‘inéted that the cumulative
error in derived parameters, due to the assumption of identical
bonding in cpaFe and cpzCo’, will be ~15%; and it {s likely that
the uncertainty for the M(CO);s parameters will be sgﬂar.
Co(CO): has not yet been isolated as a stable chemical species,
but the compound NaMn(CD)s is well known, and it is l:i-kely that
e2qQ for Mn(CO)s, from®3Mn nqr studies, uil‘l be reported-in the

future.
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CHAPTER 6

The Effect of trans Ligands on 129-lodine M3ssbaver Par@ters

in Square-Planar Platinum(I1) Complexes

Introduction - The “trans-Influence”

The crm-inﬂuqnce is a thermodynamic phenomenon, which
has been defined by Pidcock et all as the extent to which a ligand
weakens the bond trans to itself in the equilibrium state of the
camplex. The mechanism most widely invoked to explain this phenom-

enon is that postulated Sy Syrkinz, involving rehybridization of the
metal orbitals. In square-planar complexes, such as those of

platinum(I1), a metal ion is considered to use 5d 6s bp, 6py

x2-
hybrid orbitals. If a digand, L, forms a strong conﬁnt bond
with the metal, M, the hybrid orbital used by the metal in the
M-L bond will tend to have a high proportion of metal 5d and Gs
character, and less. 6p character. since the orbital energles are
5d ~ 6s < 6p.. Since L, and the trans ligand, T, must share the
same s—d hybrid orbitals, then additional d and s participation
in the M—L bond will result in decreased availability of these
orbitals for bonding by T, resulting v a weaker M—T bond.

The 1igands cis to L use an independent s—d hybrid orbital,
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and are affected to a lesser extent. Syrkin predicted a slight
strengthening of the bond to cis atoms. Except for strongly

n bonding 1igands, such as C:Hs and CO, it has now been shounl‘3"
that n effects aré much less important than was originally
thought, and the rélative trans-influences of ligands can
generally be rationalised purely in terms of metal-ligand ¢

bonding. The various experimenta) manifestations of the trans-

influence in complexes of a variety of transition metals have
bee;1 recentlg reviewed.‘

. The most detailed theoretical study of the trans-iftfluence
published so far is that of Zumdahy and Dragos. uho carried out
molecular orbital calcuiations for the series trmelzP't('ﬂ,)X.
They concluded ;hat the Pt—N bond trans to X {s weakened pro-
gressively in the order X = CH; > H > PH, > H;S > C1 > NH; > H,0;
and that the uu;.enh\g ‘of the bond trans to X is due primarily
to a lessening of the Pt(ﬁs)-N and Pt(de,_xz)-N interactions,

and not to the decreased availability of 6(pl'y), in agreement
with Syrkin's theory.

The trans— influence has been most widely A;n-ined in
platinum(II) cgnplexes. and relative trans-influence series have
been established for a wide varfety of ligands from infrared,
nar and nqr Spectl;oscopic and X-ray crystallographic parameters?.

. In this study,the effect of trans 1igands has been studied by

recording the 129-iodine MBssbaver parameters for three neutral
complexes, trane-{:2°1Q,PtX] (X = Me, CF,, I; Q = Me,PhP), and
six cationic complexes, enu-[“’lQ,PtL]* (L = P(OMe),, P(OMe),Ph,




s

PPhy, AsPhy, EtNC, p-Me0.CeHy . NC; @ = Me,PhP). !2%] M8ssbauer
spectra will yield less ambiguous results than those from some
other M8ssbauer isotopes, such as '!*Sn or '2!Sb, which have
other* 1igands bonded to them. The parameters from the spectra
of these latter elements will also reflect the bonding character-
istics and structural distortions of the other ligands about the
Mdssbauver atom.

Since the completion of this work, the '%%] M3ssbauer
parameters for some platinum complexes of the type cis- and ¢
trans-'2%],Ptl, and trans-'?'[HPtL, (L = neutral ligand) have
been reported6'7. A cis influence of ligands was obtained from

the trans compounds, but the change 1{in parambters in the

cis-compounds is clearly due to both a cis and a trans influence.

Results

(i) Structures

’

The trans configuration for all the fodide complexes was
unequivocally established by the presence of the expecteda \
triplet of triplet proton nmr signals for the methyl groups in
the Me.PhP 1igands (due to coupling with *!P and !*%Pt) lin
CDCl, solution), except in the case o?/the complexes with
L = Ph,P, Ph,As. Several pieces of evidence indicate that tm;e
compounds were 3 mixture of cis and trens isomers. When these
compounds were crystalnséd from dichloromethane solutions,

using pentane, they both yielded bright yellow solids which had

satiSfactory elemental anadyses (see table 6.2), but which melted




over ranges of ~300. When the L = Ph,P complex was re-dissolved
in methanol and crystallised with ether/pentane, a pale ye]]o;
solid formed which melted over a much smaller range (126.5-133°C).
H nmr spectra of the L = Ph,P compound in CD,C1 and CD,0D
solutions sﬁowed that a mixture of species was present} and the
pattern of the spectra could be associated with both a trans
(triplet of triplets) and a cis (triplet of triplets, and triplet
of doublets) isomer being present. The intensities of the signals
indicated that the trans isomer was predominant (trans:cis &pprox.
3:1 in both solvents).

The '2°[ spectra for L = Ph,P (see table 6.1) showed a
marked decrease in linewidth from the bright yellow (sample 1)} to
the pale yellow (sample II) compounds; though the other parameters
were changed surprisingly little. Together with the melting
point data and the colour, this line narrowing probably indicates
that sample [l contained a much higher proportion of the trans
{somer than sample I; and the derived M3ssbauer parameters for
sample II are probably very close to those for the pure trans
isomer.

No sample of the L = Ph,As compound could be obtained
which melted over 3 small range, and, again, the 'H nmr spectrum
(in CDC1,) indicated that both cis and trans isomers were present,
with the trans isomer predominant. The !2%] M#ssbaver spectrum
for -this compound was somewhat unsatisfactory in several uayffl
It could be computed only with some difficulty, and the best fit
to the spectrum yielded unrealistic intensity ratfos for a

\




couple of the lines. Also, the Tinewidths were much greater than
for any of the other compounds, though the Q(5/2}/Q(7/2) value
is in good agreement withthe other values. Thus the calculated
parameters for this compound (table 6.1) should bg treated with

some cautian.

(11) Md8ssbauver Spectra

The 129-fodine MYssbaver spectrum for crans-(}2°1Q,PtP(OMe),]PF,
is shown in fi/gure 6.1; and the method of spectral analysis to yield
the hyperfine parameters, together with a sample calculation for
the above compound, are described in appendix 1. The x? for the
computed fits to the data, the widths of t&“peals at half .
height and all the derived parameters are listed in t.abIe.6.l.
Generally, relative intensities were within ¢20% of the values
expected from the Clebsch-Gordan co-efficients for random

9-. except for the most intense line (3), which was

samples
consistently up to 40% less than expected, perhaps dve to a
saturation effect. This may account for the poor x? values

6.7 gor 129] spectra, though quite large

somet imes reported

changes in relative line intensities seem to have a much smaller

effect on computed line positions. Other than for 1ine 3,

the observed intensity ratios indicated that orientation, satur-

ation and Goldanskii-Karyagin effects are relatively small. ;o
The excellent sgreementbetween the n values for the two

energy levels (never different by more than 0.07) and the con-

sistent value Q(5/2)/Q(7/2) from compound to compound indicates

that éery accurate parameters may be derived using the Williams-
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“Bancroft method

129

10, which is simpler than other methods used

11-13

previously , and involves no approximations. °

As a further test of the method, the errors which would

occur in the derived e?qQ and n values as a result of errors h

the 1ine positions have been estimated statistically (see appendix 2).

The results strongly suggest that e?qQ is accurate to better

than 4 MHz, and n to better than £0.03. For example, for the

_ three compounds given in table A2.1, 26 (the 953} confidence level)

1S never greaier than :7 MHz" for e?qQ and +0.04 for n o then is
never larger than 34 MHz for e?qQ, and +0.03 for n. The excellent
agreement between the internal and éxternal estimates of the error

in n indicate that the accuracy of n vatues derived by the
10 :

-

Williams-Bancroft method” " is limited by the accuracy of the
spectros<opic daia. rather than inherent inaccuracies in the treat-
ment.

The average Q(5/2)/Q(7/2) value from the data is 1.239,

- and the standard devi_ation tn the nine values is 0.007. This is

in excellent agreement with the value (1.2385 : 0.0011) given by

13. but larger fhm the value of 1.231 commonly usedm.

Collins
A\temativeﬁiy. ff it is considered that the error in Q(5/2)/Q(7/2) is
due to a 4 Mz error in each of the eqQ values, then the resultant
error in the Q ratio is calculated to be 0.009. This would seem
to indicate that, {f anything, the estimated error of :4 MHz in
the e2qQ values is overly cautious.

The measured CS values (table 6.1) are small and negative,

9,14

approaching the values observed for fonic iodides A relatively



large error of +0.05 mm s ' is associated with these values.

Discussion

(1) The trans-influence series

The following equations, derived from the Townes-Dailey

theory15 for the analysis of nqr spectra, are those derived in
chapter 1 to calculate the U_, N, N , N , h and h  psrameters:
PT R Ry R, P ,
Up = —eqQ(1271)/2293 (MH2) ....(6.1)
T ps S32(N - KU ... (6.2)
, , p“"' py p

U = -N_ + 1/2(N. +N_) ....(6.3)

p P, Py Py
h 6 «4AN. +N_ +N_) ....(6.4)

p Py Py Py
CS(ZnTe) = +9.2 hS + 1.5 hp - 0.54 (mm s 1) ....06.9)

Clearly there are five equatfons, but six variables, so
that some reasonable approximation(s) must be made in order fo}
them to be solved.- The non-zero n values for the compounds show
that Np v Np . If we assume pure iodine o-bonding, then we can

X y 6,7

say Up = hp as did Parish Using this approximation, we find

that the computed population of the Py orbital, in each case, is

slightly greater than two, which s not cheiiéilly reasonable.
Consequently the parameters in table 6.1 were calculated by ar-

bitrarily setting Np to 2.00. The derived values of lp
y

and "p differ from those computed assuming Up * h_ by < 0.04,

X

P
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and the very small values of hs indicate that the assumption of
alﬁost pure fodine p-bor{ding 1S _reasonable.

15 the tedine e?qQ

From the treatment of Townes and Dailey
essenttally reflects (1) any s-character « in the orbital of
‘ fodine participating in the M—-l bond, (2) the covalency
(o)“(degree of overlap of the appropriaté“orbitals) of the
platinum-fodine interaction, and (3) any w character (x) in the
platinum-fodine interaction. Equation 6.1 may be expressed in
terms of these para-etersl6, so that

(e’qQ)y,, = (eaQ),, (1 -s)a-wm) . ....(6.6))

~ From the hs values in table 6.1, it can.be seen that the s
character in the 1oq1ne "sz’ hybrid ts almost constant from
compound to compound, and is very small. (However, equatjon 6.5
shows that even very sma}l hs values will have a disproportionately
Targe effect on the (S, so that the low CS parameters measured for
these compounds - almost as low as those for ionic todides - are
due, in this case, to the participation of a small amount of | .
the fodine s orbitals in the phtimn-iédine bond). Thus we can
approximate s ~ 0. | o

The non-zero n values (gable 6.1) are not unexpected
in tt;ese compounds , since the p, and Py orbitals do not “see”
3 similar environment in the square planar compiexes. In
addition, n would be expected to be fairly constant from compound
to cospound as the environment of the Py and py orbiic‘ls is 2
approximstely constant, though the value of Up is not. This

varies much less, relatively,

P

can be seen from table 6.1, where N
- y
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than Up. (The fixed value of pr will not invalidate this
conclusion, since N and N_ are independent varfables in
equations 6.1 - 6.S)f The actual magnitude of n will depend on
its sensitivity to interactions of the Py and p’ orbitals with

nearby atoms, but Np is only reduced by a small amount from 2.00,

Y

compared with Np ,whith is much smaller because of the o inter-
z

action. Thisindicates that any » interaction of the py orbital
with unfilled Pt d orbitaT; is very small, and approximately
constant. Consequently, elqgQ « -0 (;1nce(e’q"’0)at. is
negative), and the e?qQ values measured will reflect the strength
of the platinum {odine bond'. Thus from table 6.1, for the
series of complexes trans-[IQ?PtL] (L 1s a neutral or anionic
ligand), e’qQ is largest (least negative) and the platinum-fodine
bond is weakesy for L = Me; and e’qQ most negative and g greatest
for L = 1. Parish has report.ed7 the e’qQ values for

erans- [HIPtP,] as -792 MHz for P = Ph,P and -779 MHz for P = Et,P.
It is reasonable to assume that e?qQ for P = Me,PhP will lie be-

tween these values. From this result, and the g’qo values re-

ported in this study, the order of the c:.n;-iﬁflyence for the

series trans-[](PMe,;Ph); PtL] is established to be
L =Me >H>CFy > P(OMe); > EtNC > P(OMe);Ph > p-MeO.C¢Hy.NC >
PhsAs > PhyP > .

e

*Because n is not precisely constant, the relative sz values in
table 6.1 do not always follow exactly the same ordgr as e?qQ. It

is preferable to use the e*qQ values rather than Ipz values as an
indication of o, because of the relatively large errors in n compired
with those for e?qq.




The 12°] M3ssbauver technique appears to show excellent
sensitivity in reflecting the different bonding characteristics
of even closély related ligands. For example, there is a
substantial difference between the e2qQ values for the two isocyanide

11gands - the alkyl isocyanide proving to be a better o donor

than the aryl isocyanide as would be expected. Similarly, in the
series with L = P(Oﬁe)nPh3_n (n = 0, 2, 3), the range of e¥qQ
values is relatively large (1015 - 1155 MKz for the 7/2 level)
with the o donor ability of the phosphine ligand increasing
reqularly as the number of methoxy groups on the phosphorus

atom is “increased.

-

Parish, in his study7 of the campounds cis-(L,Pt'2%1,],

concluded that the order of trans-influence for the ligands L

in these compounds is Ph,Sb<Ph As<Ph P<RPh P<R,PhP<R,P (R = Me,
Et). However, in these systems, the magnitude of the iodine e?qQ
is clearly affected by bo£h & trans- and a cis-influence. In
other studies of these two effects, using infrared and nar
spectroscopic, and X-ray crystallographic data, it has generally
beea concluded‘ that the magnitude of the trans-influence is
several times greater than that of the cis-influence. However,
the 12 Missbaver Study6 of the compoundstrans{L,Pti3%];] (L =
PEt , R,S, g-picoline, py, NH,) suggested that the influence

of thecis ligands on the 12?[ e2qQ parameters is comparable to
that of the trans ligand. Unfortunately, this problem cannot be
resolved using the data from this study, as there is little over-
lap in the series of ligands studied.




(11} Correlations

With reference to previous studies of the trans-influence
in square planar Pt(I1) complexes, our results are most directly

comparable with those obtained by Fryer and Snith16’17

, since

they used '*C) and '’C1 nuclear quadrupole resonance (ngr) -

parameters to set various ligands into their relative orders of

trans- and cwinfluences. Unfortunately, the compounds studied

by these workers do not include any series in which only the

trans-influence is varying from compound to compound; but do

contain the series cis-C1,Ptly (L = py, COD, PEt,), analogous

to the iodides studied by Parish7, in which both a cis- and

a trans-influence must be considered to be varying. As noted by,

Parishs, the '2%] M3ssbauver technique appears to be more sensitive

to the influence of the other ligands in the square planar Pt(IIl)

system, and in addition provides the parameter n and the sign of

the efg, which are not available from **Cl nqr results, and which

are very informative when elucidating the bonding 1n these systems.
As noted by Clark et al‘, the order of trm;influehce

of various ligands in any given system, established using different

experimental techniques, is not always consistent. To a first

approximation, the trans-influence of a 1igand L depends on

(1) the effect of L on the character of the hybrid orbital used

by the metal in its bond to the trans l{gand, and (2) the net

overlap (both o and:;) of the metal and ligand orbitals. Dif-

ferent experimental techniques have different sensitivities to

these two phenomena.
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For example, many ligands which form strong ‘covalent bonds
with Pt(I1) do have a large metal s-participation in their
M—L bonds, so that the metal ligand bond trans to it is weakened
through low s character in the metal hybrid. However, the condi-
tion for optimum overlap (and, thyus , maximum bond strength) is
not always that the metal hybrid orbital shoudd have maximm s
character (e.g. for N-donors, halides). Thus, although the
Pt—N bond for most nitrogen ligands is quite strong in terms of

bond energyxe

, the metal-ligand bond trans to it is not greatly
depleted in s-chaSCter. 0
t> The nmr spin-spin coupling between a central metal atom
aﬁd nearby ligand atoms is cosmonly considened‘ to be dominated
by a Fermi-contact mechanism; and the observed coupling constant,
J, 1s generally interpreted as being mainly determined by the inter-
actige of the nyclear spin with s-electrons in the overlapping
metal and ligand orbitals. Consequently we wight expect that
comparisons of rmr coupling constants with '?°1 Missbaver eqQ
values - which depend more on the total orbital overlap - to
formulate relative orders of trans influence may yield inconsis-
tencies for series of ligands with widely different bonding modes.
The correlation of some of the '!*1 e’qQ (7/2) values

with |2J(Pt-CHy)| values®+19+20

(figure 6.2a) for the complexes
trans-[(CH;)Q;PtL] shows that a linear relationship between the
two sets of parameters i{s not observed. From this diagram it

could be speculated that the Pt—PPh, bond has a particularly

high s-character (reflected in the J values], but which does not




figure 6.2

.
Plots of '2°1 e2qQ(7/2) values

for the complexes trans-['?°]Q,PtL]
(Q = Me,PhP), against

(a) |23('**Pt-C'H;)| for trans-[MeQ,PtL)
and (b) v(Pt-C1) for trans-{C1(PEL,),PtL)

Axes are oriented to show a positive correlation
in both cases.
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imply that the orbital overlap (as measured by elqQ (7/2)) is as
great as that for some of the other ligands which have a lower
s character in the metal-ligand bé;d..

One useful point to ;:te is that the order of trans-
influence Me > CFy > I is unambiguously established. In a '’C

nmr study21

of (CDD)Pth. (X = Me, CFy, I; CPD s 1.5-cyclo-octadiene)
the magnttude of the coupling between '?3Pt and the COD olefinic
carbon atoms was found to be the same for X = CF,, and Me. This

is unexpected because of the large difference in electronegativi:gL
between these ligands (as reflected by the chemical shifts of |

the alkyl carbon sigﬁils). However, this has recently been
re-interpretedz2 as indicating that the J values must be of

opposite sign, and only co-incidentally of the same magnitude.

Thus the coupling constants indicate that the order of
trans-influence is Me > CF, > [.

It might be expected that '2?] e2qQ value§ would be more
consistent with the order of metal-ligand infrared stretching
frequencies found for a constant 1igand trans to the series of
ligands being studied; as these latter ﬁara-eters are dependent
on both of the two phenomena mentioned above. Figure 6.2b shows
some of the !2%] e2qQ (7/2) parameters plotted afainst v(Pt—C1)
observed23 for the series bf complexes trans-[CI1(PEt,),PtL]. The
consistency of these two series {s no more satisfactory. Clark
et 314 noted that v(Pt—C1) is fa}rly insensitive to the trans

l1gand over part of the trans-influence series. In addition,

the difference in bonding mode between Pt—I and Pt—Cl
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(especially in terms of Pt 6s character in the metal hybrid) will
reflect differently in the bonding of the trans ligand. Finally,
the "purity” of the v(Pt-C1) mode could well vary significantly
from compound to compound as this bond lies in a region of the
infrared spectrum which has a number of other absorptions nearby;
so that the observed band would reflect more than just the in-
fluence of the trans 1igand on the strength of the platinum-

chlorine interaction.

Conclusion

The '2* probe is found to be very sensitive to the
nature of the trans ligand, and hence should be very useful in
the future for studying subtle changes in {odine bonding. Because
the '] e2qQ reflects more of the total bonding situation between
. platinum and fodine, it may be more useful than some other techniques
which rely ?eavi]y on a single aspec€~of the bonding - such as s
character in nmr coupling constants.

Excellent x* values, a detailed analysis of the errors
in the method,, and the internal consistency checks uhic% the
method affords, strongly suggest that the William-Bancroft method
for multiline Mdssbaver and ndr spectral analysis leads to very
accurate parameters with no approximations and straightforward

calculations.

txperimental

Radioactive Na'?'l was purchased from the U.S. Atomic



Enerqgy Commission, Oak Ridge National Laboratory, as an aqueous
solution with basic sodium metabisulphite. The Na'?'l was
isolated by removal of the water solvent under vacuum, and
extraction with several pc;rtions of acetone. The acetone was
removed under vacuum, and the resulting solid used without further
purification. .

The compounds trans-ClMePtQ,, trans-1(CF,)PtQ,, and
cis-C12PtQ; (Q = Me,PhP) were kindly donated by Dr. L. E. Manzer.
The desired radioactive iodine complexes trans-"’l,P;Q, and
trans-'?'IMePtQ, were prepared from the chloride precursors by
metathetical reaction with a stoichiometric amount of Na'??*l;
and trans-'2*I(CF,)PtQ, was prepared by treatment with one mole
equivalent of AgCi0,, filtration to remove Agl and addition of
Na'??I. The identity and purity of the complexes was checked
by comparison of meliting point, 'H nmr and infrared data w;Ith that

in the Ht.erat.urea'lg'u‘zs.

The cationic compleyes were all synthesised by the fol'louing

method, based partly on that previously used for related compounds
Typically, 0.75 mmole. (408 mg) of ChPth was suspended
in 30 m1 of methanol, and 0. 75 wmole (194 mg) of AgPF. dissolved
in acetone was added dropuise with stirring. The precipitated
AgCl was removed by centrifugation, and 0.75 -ole of the appro-
priate neutral ligand L was added to me pale yellow supermate,
and stirred for an hour. (Cleange’/ of the chloro-bridged dimer
was also attempted using pyridine, but without success, even
with heating). The product was isolated by' éoncentnting the
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* solution under vacuum, and crystallizing by slow addition of pentane
or ether. -
2Q:PtCly  +  2AgPF¢ —  [QaPt:C1:] [PF¢]2 + 2AgC1 -
[QuPt:C12) [PFelz ¢ 2L~  2[QaPtCILY[PF,]

The iodide complexes were then synthesised from the cor-
responding chlorides by a metathetical reaction with sodium iodide.
The appropriate chloro-complex was dissolved in methanol, and an

equimQlar amount of sodium iodide, dissolved in acetone, was

ifse with stirring. After several hours the solvent was

. removed undek vacuum, and the solid extracted with water to remove
sodium chlortde and any unreacted sodium iodide. The remaining
solid was taken up in a minimm of dichloromethane, an equal amount
of methanol added, and the product crystallised with pentane and

cooling.

x
rd

[Q2PtLCIJ[PF¢] + 17 - [Qa2PtLIJ[PF¢] + CV°

(\ Radiogctive Na'??] is expensive, so that only small amounts
- of the '**]1 complexes were made. Satisfactory '?'1 Mdssbauer
speetn were obtained when the final products contained 25 - 45fng
of 119], )
\\\ ) The analytical and physical data for the iodo-complexes
are shown .in.table 6.2. This data refers to products synthesised
us ing mtunll\y occurring Ma'?’l. The final complexes, containing
".’l. were then made identically, and their identity and purity

-checked using 'H nmr, infrared spectra and melting points. The
physical properties shown in table 6.2 agreed well with previous
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literature reports for the compounds where L = EtNC26. and X =

8,19,24,25 ' 1pe cationic complexes where L =

I. *. CF,
p-Me0.CeHy .NC, P(OMe),, P(OMe).Ph, PPh, and AsPh, appear to be

new, Elemental analyses for all the cationic compounds are

satisfactory.
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APPENDIX 1

Analytical Determination of the Hyperfine Missbaver

Parameters from 129-lodine Spectra

The EFG-Nuclear Quadrupole Interaction

The method outline here follows the general method of
Williams and Bancr'voftl for the dét,emination of hyperfine parameters
for multiline M3ssbawver spectra.

The Ha;n'ltonun describing the quadrupole and/or magnetic
interaction of the particular nuclear state under consideration
with the electric field gradient may be written down, and the
Hamiltonian matrix over the basis set of spin components constructed.
This ‘leads to a secular determinant which may be expanded to give
a polynomial in €, the energy, whose n roots (where n = 2[ + 1)
aré the eigenvalues of the epergy of the nucleus in the environment
described by the Hamiltonian. This polynomial may be expressed

|

as follows’:

n n-1 -2 i : .
E" v a, (€' v EN S e a Bl e B b a s 0. (AL])

where the coefficients a; are analytical functions of some or all
of the hyperfine parameters.
Now if the roots of this polynami#&l (ie. the energy levels

of the nuclear state) are E1 for i =1 to n', then

(E - En)(E -t J(E - 51)...(51- El) s 0

)
or £ - e"“(;rzi) ’ En'z(‘;jE‘Ej)...* (-1)"EE,. . E = 0 ... (ALL2)
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v
is identical to Al.1. Therefore, equating coefficients, we obtain:
an-l = -ZE‘
i
-2 = 1LyEeE;
n
-8, (-1) ElEz...En ....(A1.3)

Equations Al.3 comprise a set of p equations relating functions of the

) to products of the

hyperfine parameters (the coefficients 3,

energy levels of the nucleus. The energy levels of the nuclear
state may be obtained from the energy level diagram, which may,
fn turn, be derived directly from the observed spectrum. I[n
many cases, these equations (Al.3) may be solved directly toyield
the hyperfine parameters e’qQ, n, Qex./Qgr. and 4.

The Hamiltonian representing the interaction of a nucleus

having spin | and quadrupole moment Q, with an efg specified,

as usual, by eq and n, may be written:

= aeyer, - 1L e )« J12, e 1)) o (ALA)

where [ is the total nuclear spin operator, I2 = l’l * ily. and

1

x* Iy and Iz are the nuclear spin component operators.
-this, a matrix !uy be constructed over the

21 + 1)-foq base set {m.> in uhicha!ij = o, \(Zmi». The reduction
of{ to diagonal form give§ the 21 + 1 eigenvalues of the energy
of the nucleus in the field system specified by eq and n.
Equivalently, a secular determinant

l,g-zyu '{U'E‘U | ... (AL.S)

{




, where 1 fs the unit matrix, may be constructed, and on expansion
this yields a secular polynomial in E whose 21 + 1 roots are the
eigenvalues of the energy of the nucleus in the field system
eq, n.

Writing the Hamiltonian as

. A o1 - 11+ 1)+ B2 17, ... (AL.6)

el

where y = ....(AR1.7)

» the secular polynomials obtained by expansion of the determinants

for the excited (I = 5/2) and ground (I = 7/2) states of 129-iodine

are:

excited (5/2) (E? wfzeu,/z’(3 + n?)E - xsou,/z'(l -n?)] =0
/J ... (Al.8a)

ground (7/2) (R 126u,/:’(3 + n?)E? - 1728u,/2’(1 - n?)E

+ 945u,/:'(3 +n¥1? 20 ....(Al.8b)

Comparing equations Al.8a and b with equations Al.3, it

is obvious that, -

for 1« 5/2  -28us, }(3 4 n?) = (L E, ....(Al.9a)
160us, X1 = n?) = E,iE,E, ....(A1.9b)
and, e 772 o6y, M3 4 n?) = (LEGE ....(A1.10a)

9‘5‘]7/!.(3 + nl) - Elst,E. ....(AI-IOC)

1728y, *(1 - a?) = (B EEE ....(A1.100)
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The energy levels, En. for use with these equations are

determined from the M3ssbauer spectrum.

The Determination of Energy Levels

In order to use the equations just derived, the energy
level diagram must be constructed and all the lii values calculated.
This is easily done if most of the 1ines are well resolved so that
tl\e 1ine positions can be accurately obtained.

In a field-free absorber, the single M3ssbauer 1ine would

lie at a velocity

§ =Y -YE

Ea S

« (°g, - %) - (e, - %) .. (AL.11)

3

where 6§ 1s the centre shift of the absorber with respect to the

 particular source used. A general line would lie at velocity

"k where
« (© e _ (9 g _ (e _9
L, ( £, * EJ) ( £, * E;) ("Eg £s{
for { =1 - 4 and j = ] » 3.
. _e _g
. lk EJ. E1 + 8 ....(A1.12)
where I%€, = 19, = 0 | ...(A1.13)

Excited Ground
state - state
Fer n = 0, the energy levels of the ground and excited
states may be labelled by the appropriate ipin Quantum number ..
The selection rule om, = 0, t1 limits the number of permitted




&

transitions between the energy levels of the ground and excited
state. The r;tio of the.intensities, as deduced from the Clebsch-
Gordan coefficient52 helps to assign the lines,—and the energy
level diagram can be construcgéd. For snail values of n, 1n which
the number of lines capable of resolution is sti]f the‘sane 3s
for n = 0, (ie. mixing of states m 2 into each state ﬁl~by
the second term.in the Hamiltonian is small), and thus m, "can
still serve ag _an approximate quantum ntnbe;‘, the Clebsch-Goydan
coefficients may still be used as a quide to assignment. (Ffor
large values of n, in which the eigenstates of tﬁe ground and
excéted states may not be labelled by a simple spin quantum
number m, the spectrum becomes more complex as more transition
probabilities become non-zero). For all spectra in this study,
nis small.

The lines ;n a spectrum are most easily‘assigﬁéd by
gugtracting each line position from each ofher line position,
thus constructing a table of differences. This table 4s‘searched
untit a pair of similar differences is found; which indicates the
follewing situation:

¥
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1
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[ ]
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For 129-iodine spectra, four such pairs of differences

are to be expected (defining 4,_,). Using these assignments
F |

<

50
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As may be found, and all spectral lines assigned to particular
transitions. -The line and transition numbering convention is
shown in figures 6.1 and Al.1l.

Using these assignments, together with equation Al.13,

the following equations are generated.

, -

(28, + 8,373 ... (Al.14a)
E,/z(:3/2) » (-8 + 823 - .. (A1.14b)

‘- .
55]2(15/2) = (-Ay - 2432)/3 ....(A1.14c¢)
£7/ (21/72) = (34, + 2A, + 2s)/48 ....(Al1.15%a)
2 4 .

£, (23/2) = (-85 + 284 % £s)/4 L (AL.15b)
E,,z(rS/Z) = (-8, - 28, + A5)/4 & ... (Al.15cC)
E,/z(:7/2) = (-Ay - 28, - 3A4)/4 ....(A).150)

Solution of the Polynomials
Equatigns Al.9a and b are combined for I = 5/2, and
r
equations Al.10a and b~for 1 = 7/2, to give the following equation

entirely in y.

4} -Gy -C =0 ....(A1.16)
o LEE
where G o= PR ang ¢ - HBE for 14572
L EE : I E.EE

md"é.-—’ﬁ%-l and C, = 212K LIk o0l 1. 72

-~
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r

(It may Qe noted that there is, clearly, a redundant equation
(A1.10c) for I = 7/2).
tach of these cubic equations has three real roots for
My, uﬁjch will be proportional to the components of the electric
field j}adient3 (VXX’ VYY’ VZZ)’ assigned in the conventional
manner so that |uxx| < |uYY| < I“ZZ' (where Mij * -eV110/4I
(21-1)). Thus V,, and e?qQ can be calculated for 1 = 5/2
and [ = 7/2 from equation A1.7,_;nd n(5/2) and n(7/2) found by
substitution back into equations Al.9 and Al.10. The e?qQ
values are then converted to the usual '27F MHz scale, using
the calibration factor’ e?qQ('?7L) MHz = 32.58 e2qQ ('2°1) mm s ',
A FORTRAN 1V computer program was written'by this author
to process the 129-iodine Mdssbauer data using the above analysis.
A listing of the program is included at the end of this appendix.

~

Sample Calculation - M8ssbauer Parameters for trans-['2*1Q;PtP(OMe),]PF,

. [ Y
The 129-iodine MJssbauer spectrum for

trans-('?*1Q,PtP(OMe),]PF¢ was shown (figure 6.1) in chapter 6,
and M8ssbauer hyperfine parameters for it were calculated as shown
below.

It can be seen from the spectrum in figure 6.1 that lines
3 and 5 are poorly resolved. Since line 1 has the lowest
1nté%§f!y. it was often badly defined. Consequently the errors
in line positigns u1]i be greatest for these three, so that

calculations were performed using only the better defined line

positions where a choice was possible, For example, 5, (see
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fiqure Al.1: MNuclear energy level ciagram for the '?°] atom in
trans- | '1Q.PtP(OMc),|PF _; with the transitions numbered as
for figure 6.1, together with calculated enerqy levels and

splittings.



figure Al.1) is given by both 2,-%, and by 2,-%s; but only
the former difference was used to measure 4,.

For the CS, equation Al.12 when expressed in terms of
b, valves for each of the eight lfnes of the spectrum,gives only
Eﬁ:ggigndependent equations defining 6. In this study, the CS -
quoted in each‘case is the av&rage of these three values of §.

The following line positions were computed for the

spectrum of trans-{'2Y1Q,PtP(OMe),])PFf,.

Line Line Position (mm s™')
{rel. to InTe at 4. 2K)
1 -13.204
2 - 8.838
3 C - 2.258
[ Ay - ;
4 - 4.466
4 .
5 - 1.737
6 + 2.588 \
7 AT T RN
[ ]
g + 4.518
v i~

The b, values calculaisd ?;om these, and the energy
levels then computed via equations $1.14 and Al.15 are shown in

- figure Al.1. Thus the following polynomials were set up using

equation Al.l6.

- 'M\

’

aui, - 2.857u,/z + 0.8368 = OL//

/2

4“;/, - 0.4264;, + G, 4646 = 0




E.
1.

2.

These were solved using a standard computer subroutine
for solution of polynomials which utilised a Newton-Raphson
iterative technique, supplied by U.W.0. computing centre.

The solutions were
1]

My x (5/2) = 0.3561 Pxx (7/2) = 0.1304

\
Byy (5/2) = 0.6088 byy (7/2) = 0.2403
27 (5.2) = -0.9649 V77 (7/2) = -0.3707

Therefore, from equation Al.7,
e?qQ(5/2) = -38.60 mm s ' and e?qQ(7/2) = -31.14 mm 5!

Resubstitution of these values into equations Al.9 or Al.10 gave
n(5/2) = 0.26 - n(7/2) = 0.30

Alternatively, n values could be calculated from

én = ({," - u“)/uu. Finally, the mean calculated § from

equation Al.12 gave
= - -1
- cS 0.34 mm s’

(relative to **Zn’?%Te at 4.2 K)
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PHOCHAY T

DESIAUT R PARIYF TERS
- (Enuvpt S ¥ET , NMUTILEAR PNERTY LTVILS

LA O G A I

RUALHUPCLY SPULITYINGS ., FYA , Q(Y/2 [/ M?) =
FOR 129=100NTRE YCSELAU R SPECTRA,
AUTINR — K DPETHER , UNTVIRSTTY OF ®ESTEAN OWTARIO (19743)

IRPUT PARSSEYEHS ARD « LTRE POSITTOUNS (CHANNELS),
SCAL 7UPC (CHANNELS ) LCALTERATION (CHANNELS /28 /SIC)
[ ]

TRPUT FORQLT T4
‘brrn' 1 - TINL(15A8)
2. -CMm (), €2 (F)
3 - ch(1)=ct(m) (F)
EORT TIAN OBF GFY OF SPTCTAM. DATA .
. PAY I LISTID CONSICUTIVILY
FINAL CAR; 16 °;°,26 FRD OF DATA YARK, ‘

.
T e e - - T - T - - e on an

HUAL CL(ED, Wt (£),0FL (5, 3), 17?[5(1’Q‘§COF(0),Cbr(4)
CoLuou /['ll‘ 1/ N.(IT;'(_” n‘UTl(J) ‘\
cowson Jewv 2/ £r(s), ‘s(a) C&(d) :

cuariy

o -

READ TITLF AND PIAK POSITIONS 1N CHANNFLS .

REAN(L,799) (YiTF(1),1=1,12)
FOHUAT(12ra) . .
IF(TINe (1) 60,°¢e  °)'co vu 1uuc-
WRITE (6, Evt:)TITtg

FCRUAT ( 111, 12A%)

eHITL (6,:97)

FORDAT (g, 2(m=))

READ (S, Lre) CAt ,87,(CL(5),1=1,¢L) ' - .
FOHLAT (¥ [t¥) | : . ' .
BRIV (¢, E99)CAL 870 & » : AT
FOHSAT(///, " CALIPRATION & ° F6.3," CHANNELBIuIISFc /

1 . stnn 71R0 - COANNEL ® r7.3,//)
£eC WP Je1, : _

el {1)= (CL(])-u?)/CAL

CONT LU

wP1¥C (e, ven) (o (1), L(I) 1.1 t) .
rnnvnt( L IRE vugltIUNS o 11.° CHANKELS ", ax, uu/sec
1 /(N FB. 8, X FUea, /) M) . . -

.

o



C CALCIUATE ENEATY LEVIL SPLITYINGS

DEL (1, 1) =t (7)==t ()

OFL (1,) =L ()=t (%)
- DEL (2, 1) =tit (e.)=N1 (2) -

DEL (2, 2)=L (4)=nt (1) - y

OFE (3, V) =ML (1)t (/)

DEL (3, 7) =kl (%) il (4)

nL(a, 1)=L (2)=2L (1) . .

NEL (a,2) a2l (6)=#L(Y)

0EL (Y, 1) =t (3)=-KL (2)

an(‘:, 'r')-v‘

FRITE(6,9¢1) (1 (PFL(1,4), U= 1 .2), 1 1.%)
YP1 FURGAT(® OFL TA VALINS (u /hf() S0 (13, 15,5, /))

i Do 1-1,::
WY ore (1, 2)=(rrL (1 ,1)en0L(T,2))/ 2,
DEL (5, 3)=0F1 (4, 1)

CALLCULATH l-ill(?l EAN FNERHUY LEVELS

e ReRe)

CGF (1) e 5,208 (3, 3)e2.9DFL (4, 3)+PEL (Y, 3)) /G,
CE(2)s(=DEL (3, 5)ea*0FL (a, 2 )ODEL(J.J))/Q-
CE(3)e{=DEL (3, 5)=2.,206L (4,3)eDEL (Y, 3))/ 4.
GE(6)=(=DEL (3, 3)-2.%0EL(d, 3)- J.‘an(J.:))/a.
FE(1)e(2.%NEL (1, 2)e0EL (2, J))/J. ,

EE (2)=(=DEL (1, :1+nu(a 53/ 3e -

: FE(3)m(=DFL (1, 5)-/.*0(1(2 3))/ s. :

- lﬁITl(b,wﬂ?)FE.ﬂE
92 FUHLAT(////,° NULCLFAH ENFRGY LEVILS®,//
1 . $(F 15, ‘o/) / “(r‘boa.l,)

c
c CAL T ATt C1,02,03,C4
c

X EJJSEC (V) %CE (2)46F (1)*FF (3)¢EE (2)*FE(3)
EIJUKSaFE (1)ofF ()oet (3)
RHITF (l.,tm JETS, FJJKS
959 FOHLAT(//, F145m R HAW 1vx f1JKSa *,F12,5)
EIJ?-FF(i)'tF( )ocr(1)9(5(5)05:(1)-r€(4) :

[

1 ~+GE (2)*GF () +GF () *CE (A)+GE ( 5)*cE (4) -
FIJUK 2«RE (1) 200 (2)*CE (3)+GE (1) *CC (¥ ) *CE ()
| ‘rs(1)-re(J)~r€(a)ore(z)-rr(3)-re(a)
unlfs(b’UVA)EIJ7 £IJK? : -
9L6 TORMAT ( FTJ7s °,F12.%, ax, CETJK 7= °,F12.4./) .

. - COEF La=E IUK S/ ﬂ.l.. -~ : o ,S
" CUEF 1eE 1J5/ 2t : .
COEF-2at, . ) ‘ - .
COfF 344, ¢ : T

.. uﬂlTE(b.*Pd)LDFFJ COEF 2 C:OFF 1,COFF 8
o 918 FORVAT(///,” COFFFLCIENTS OF POLYKOKIAL FOR 5/2 STAT:
e ; 1 ol oeci{ax, r1r.b) /{) . . . .
C e




C BOLVE POLYRORIALS

XCUF ( 1) sCOFF ¢
XCOT (2) =COEF 1 -
“XCOF (3) =COFF 2
XCUF (a) =COEF 3
CALL POLAT({X(OF ,COF, 3, nnora RCOTI, ]FR)
_ CALL VTEET(VXXS, vvvs vzzs)
wslrfluz9|7)vxx5 vvvs vZz5s
_9P7 FOHRYAT(® DIAGONALIZED EFG COMPUNENTS FOR THE 5/2 STATE
1 7. VXX vYy vzz°,/l, F18.%,//)
COEF Pa=FluK 7/ 17220, .
COEF 1=E1J7/ 126,
C EFZ-”O ¢
COEF 3=4, :

»

wnlrr(a,v 3)COEr 3,COEF2,COFF 1, COPF ¢
93 FORN AT(/ ‘ACOTFFICIENTS OF PULYRUVIAL FOR 2/2 b!ATr
1 oo A(AX FI¥,Y), /1)
XCUF(1)-FGFFZ -
X(OF (2) =COEF 4

XCUF (3) =COFF 2 i
XCOF (a)=COFF 3’ ‘ .
CALL POLKY(XCOF ,COF , 3 nw‘n,uwn 1FR) .
CALL vrrar(vxx7 vvv7 v727) . :
¥HITE (6, SRBIVXXT,VYYD,VZZR . .
9itt FORMAT(° DIAGONALIZFD €F(i COMPONENTE FOR THE 7/2 BTATP
1 g VXX . ovy - vzz’,/,F1.5,//)
P )
///////g ", CALCULATE Fee2 .0 AND ETA o~
;CALL HECTA(FIIS,FIUKS,F1J2,E1UKD,V2725,VI27) -
Cc i ’ : .
c CALCULATF CFNTRF SUIFT © - )
c ! Y -
: CALL ICS(©L) . C > !
c" //!/ . » N .
RNt IR { (P
Yeuw TP ,
. ~
FHD ~
: SUEAOGUTINF QULHT 16 A GTANDAHD &/R FRUM THE GPEE PACKAGE
c -, FOK. SULWING POLYNMEIALS OF .DROER 3 - 36,
‘6 . , )
c \ ‘ - "




159

SUCAOGY I VYT ST (VXX ,VYY ,V77) : ’

c .
) ¢ TEGHTS SO UTIONS T TUC POLYLOMIALS .
" c (A) TO CHECK TUAT ALL ARDL HEAL ,
. c . (11) T JCENTIFY Tif SULUTTONS WITH VXX, VYY AND V72
C .

. -
< HEAL 1t1(3)

CORMUN Jeux v/ HHI_’) HI(J)
00 1¥ ,.'.J ’
lF((AP&(H](l))-(.VV1) GYobel) RRITE (6, 9V8)
9 FORCAY(///,° NOT ALL RUDTS CF Tit
. 1 #urv:nulAL A BiALT,/77)
. . H(I)erpuS(Rf(l1)) -
149 CONT ) UG :
Nne 2¢ let,:
JJal ¢+t
DOV daTJd,
’ I (T )bt Jega)) COOYD oy
MEPati(l)
(T Yot ()
ﬂ(J)-Tﬂ.‘l'
TivPahil() )
M )=fft ()
: RH(J )nTiA P .
€ CUNT 07 .

c ) .. . .
VIXefft{ 1) - * -
VYYHI () - : i .
V77 =RI( 2)

C .
Rl TURS: *
FED

C

“ c - D S . G " —— - - - - - P S - ———

c . :
SUCROUTILEC- O6ETA(C1US,FIUKS, FIO2,FIUK7 RUS R5UT)

C L

. € CALCULL ATE S (,5,.,ETHh, ARD (Y2 [ -712)
¢ C . .

HLES e, S0, i ‘ ’
N67«4,%10:147
: C OELLHZ aliSS* 22, H4YH Y
. UEMHLZ aUH 7220 1%q .
DE612 715817 P 1,426 1 R .
KE22 2«06 HZ* 1, 706 T
wWITE (e, u15)v&5 (iG5un2 55127, ns? ub??HI ﬂ$7127 ';. ‘

913 FO AT(/,/I. r-'z.u,u (v/72) = JFi,a, VL2 JSET T, /),

. 1 ,x. - rau..,. iz (REt Yo 1-129) /.
- 2 ux, S We2,* vz (REL Y5 - 1?7)p.l//.< ¢

® : 3 S r--a.u.n (7/2) - JF e, uu/btr J1. ‘

qa 3 JF 2 217 (REL TO T=129)° //,

y UK, LF I, ) ez (REL TG 1-122)°,///)
- & TASaE0IHT (-rr.n /(n.. 1K -«-b'm ns)-,.)

) F Y0260 V(=1 P7{ 126, =00 o *oe .
$T e i-T~ETe7) /2, ' :




- .

o ReRe]

169 .

* °

FRIT! (0,9 117 FTA7,CTAAY

YI1 FORNAT (" FYA(Y/2) = " Frad,6Y," TTA(7/2) = ‘' F7.4,0X,

1 CTTA(AV) = °,F7.2,//)
DrRIVID CFC PARADE TEHS g

UP==R571272/2293,
YRITF (;,v16) UP

916 FORVAT(/," UP  « °,F7.4)

- . - L A T
. £ L . . . R A Lt P T R S L
.. S Ak SRS S RS0 O e I gL Y ey o o Al s~ A

RAT1U=(ES /07 ] N ,
rnltr(u,u1=)ﬂ T . o
Y14 FUHSAT(/, Iu'fHUP”lF LOMENT RATIO (s/z)/(?/a) .
C
nevype ‘ .
Fer - T )
C .
S - — - —— - - — - - J
«
LU FIUITILE TG (&) ,
C :
C TE CALCUNATY CPATEE SCTFTS :
C - CT o . .- -
CACAL €1 (4) , co. Ty
couenn /ree 2, €0 (s),00 (¢),Cc8(E) ' ' ,
’ FQ(“)I(J(1)0"((:,-{:‘(}’ L .t "" ’ - .
‘ () =Gt () o0 (S)=FF ( 5) . .
CH(3) =8t (S)oTu (a)=f () .
rt( HU e )<0r (1)=£F () . .
* rS(:)gu:(a).r:(r)-rr(?) o
CE(6) il ()it (S)rE () ‘ .
CE(7) =6t (7)o (1)=7 (1) . -
CS(L) =t (2 )eTf ()=t T (1)
SAVRCS (1) et (, )oFH(4)4r§(n)+C&(b)¢?b(6)+8867)+€8(?)
f“‘ AVl AV /i, :
rHiTF(u,Qth (FH(II 1,1=1,8) | Tt .
SEE FORCAY(//117.° CELTRI SITFT LINE ’,//.(rid,a.ax,re)r
¥HITE (6,901 000V - g °
9e1 FORCAT(HE,/,” AVEALCE €S o« . * F8.4)
ol c. .
nF TURI, ° - ' Lo
. FM] . :
C - _” ° . LS .
c - w- - - - ------‘-- -—— -y -. -
- . ¥ ’ -
- " s
g . . v




APPENDIX 2

tstimation of the Errors in

the Derived 2] M3ssbauer Parameters

-

Considering the 5/2 (excited) '2'1 nuclear state; then, in the

solution of e?qQ and n from the spectral line positions, ‘using the

. Will{iams -Bancroft method 1. the following equations pertain (see
appendix 1). \

Ay = Ly - L, Az ‘_f.‘ - 1, - ..(A21,2)
€, = (28, + 8,)/3 . (A2.3)
€2 = (-4, + 4,)/3 (A2 )

’ £y = (-8, - 24:)/3 ....(A2.5)

) 1-3 '
C, - -iQJEiEJ ,28 Cz = E;EzE)/l6o ....(A2.6,7)

7

4u'-C,p-Cg'0/ ....(AZ.B)

where £ is The position (mm s™!) of line n é

8,8, are the excited nuclear energy level splittings

‘ : E'; is the energy of the n th nuclear level

Ci» Ca2 are the co-efficients in the cubic polynominal

M is the n th solution to the polynomial

In order to estimate the errors in the solutions, u_, to the

n!

cubic polynomial, resulting from errors in the computed line positions,
9 : .

8 method commonly used in Ecoﬁonetnr-ics2 may be utilised. For a set

&
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4
.of standard normal vari;bles. Ai.“the chi-square distribution is
2 ad -
given by :
T | 2 ‘
0" V' DX ....(A2.9)
. & - g; 03 C!2
, where 0 = - and” V= f‘ f‘A’ for two
Ay - by OA‘A’ OA:

degrees of freedom, and

2 - \
OAn z variance 19 &, “
o} , = co-variance of & and AL ‘
n“m ]
. \—
a, = calculated mean valuve of A,
Xé z ehi-squared value corresponding te confidence level c.
\.\ "
From experimental reSults from the '2%1 M3ssbauer spectra, except for
»» .
the poorly resolved lines 3 and 5, o; g << o; » o} ;.sothat .
nm n '

4,

5

4 and 4; are essentially independent, and o( = 0. Thu¥

DrV"D = [A; - E;, 4, - Zz] O;: 0 Ay - El

-

0 O;: 4; - Ez

= (8 - B)¥02 ¢ (8; - By)¥/ad
A] A!

2 : . .
<X ' ’



- A.)? L a2

The equation (8, - &) . (a2 - 82) )
1, g2 I |
Xc UA, xc OAI

is the equation to an ellipse on the 4;, A, axes, with centre

- I ) z'_g 2 N

(ay, ﬁ). and half axes equal to (Xc oAx) and (xc OAz) . In
this case, the ellipse encloses an area in which are included all the
values of A, and A; wnich are within the confidence limit ¢ (as rep-

resented by the xé value). The appropriate xé values are shown_1n the

.table below3. =
confidence level S0% 75% 9512
(c) (z30) . (z20)
% 1.387 2.7 5.9

~

for two degrees of freedom. (A similar el[lipsoid, in three dimensions,
b

could be derived for the § (ground] state - where there are three

An values - but the derivation becomes more comlex).

Thus, {f points (A;, A;) on the ellipse are used to generate
C, and C, values - using equations A.3 - A.7 - and the cubic .polynosi €1
A.8 solved for u (n = 1-3), tnen'the resulting range of y  values
reflects the error® in “n to the appropriate cﬁnﬁdence level, c,
resulting from the corresponding erro’s in A and 3,. The errors i/

e?qQ and n can then be calculated from

. etqQ (§) sal(2] - Dy, :
| 240 x 32.58 upy (M2) -
and n = (UYY - Uxx)/UZz (assigned from the Hy by luxi| < lUYyl < IUZZl)

” <
r

™
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as ' outlined earlier.

For fhis treatment to be valid, in this case, the solutions to

s

the cubic équation must all be real; so that the inequality

-4CY + 27C3 < 0 must hold.

&

/\ In prace‘. eight points were sunb]e‘d from the ellipse for each

A spectrym. The. resuﬁting derived paremeter rahges, together with the
y priate confidente levels, are shown for three compounds in
table A2‘1 as examples .
Using tnese values, we can asswgn reasonable error limits to
our experw\entally measured e?qQ and n values. Taking the 953 conf!den{;
level (Zo) as a quide, errors (o) of *4 MHz can be assigned to the
e?qQ values. For n there i¢ an internal and an extemal check on t,l}e
error estimation. The 95% confidence limit ranges for n from)_gbe
A2.1 incicate that :0.03 is a reasonable estimate.pf the dccuracy-
for n. This agrees excellently with the djfference in n values mea-

sured from the -}'and ¥ levels for éach of the compounds in this study,

as showh earlier (table 6.1).

<
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. table A2.1
Derive& Errors *",“ and e?qQ, with Confidence Linitst‘for
) some trans-['2°1Q,PtL] Complexes '
) L = EtNC ] CFy - P(OMe),
=1 mean 1282 § ¥4 1257
i q’qQ(S{Z)‘ 95% 1277-1287 1118-1132 . 1254-1261
75% 1279-1285 1121-1130 1255-1260
(MHz) 50% 1280-1284 1122-1129 1256-1259
- mean 0.138 0.261 0.262
952 | 0.097-0.169 0.221-0.296 0.247-0.276
n . ’ z v’ ’
v 75% 1 0.112-0.]60 0.234-0.285 0.251-0.272
50% { 0.120-0.154 0.242-0.278  0.255-0.269
bl ) —
s s
)y, -
il , :
ol - /
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