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To N.J.S. Dewar who started me off on (PNCI,)n and semi-eapirical theories at Q.M.C.
Thirty years later I have progressed to Ph,SnCl, and density functional theory.

ABSTRACT

Nonrelativistic and quasirelativistic SCF-MS calculations on the diphenyltin(IV¥)
dichloride monomer and possible “dimer”. give theoretical insight into the intermolecular
chlorine interaction. This molecule 1s not a polymer like other diorganotin(lV)
dichlorides. A weak interaction occurs in the valence orbital electronic structure: the
extent of the interaction is given by the molecular one-electron properties. The {somer
shift and the quadrupole splitting of the Ndssbauer active 119gn. and the nuclear quadrupole
resonance (n.q.r.) frequency of “®Cl are properties which are helpful in amalysing the
extent of {ntermolecular {nteraction in the “dimer". The calculated isomer shift and
quadrupole splitting agree with experiment. The n.q.r. frequency of I8C1 does not agree
well with experiment, which is not a single crystal measurement, but nevertheless the
wealness of the intermolecular chlorine interaction was confirmed. Further confirmation
comes from the total density plot of (Ph,SnCl;),.

INTRODUCT ION

Several diorganotin(lV) dihalides occur as linear chain polymers with intersolecular
halide bridging''?. Intermolecular chlorine bridging in diphenyltin dichloride 1s in
doubt®®, even though Ph,SnCl, was considered polymeric 1in MNossbauer spectroscopic
in.erpretations”. The crystal structure of Ph,SnCl, of Greene and Bryan® showed two
discrete molecules. with slightly different bond distances and bond angles. but of identical
geometry and no intermolecular bridging. However., Bokii et al.® suggested the existence of
an intermolecular chlorine interaction because of the difference in the two Sn—-Cl bond
distances. Alcock and Sawyer®? constdered Ph,SnCl, to be an example of weak secondary
bonding and of chelating bridge systems. Despite the considerable interests to understand
and interpret the nature of the {intermolecular chlorine interactfon in the Ph,ySnCl,
molecule, there has been no theoretical molecular electronic structure calculation to
analyse the chemical bonding and the extent of the interactions in this molecule.

SCF-multiple scattering ()S)' calculations have been applied to both description of
PhySnCl;. to investigate the molecular electronic structure and give theoretical insight to
the chemical bondings. The wmonomer is considered to be Greene and Bryan's {solated
molecule, Fig. 1(a). the “"dimer" 1is represented by Bokii et al.'s description® of the
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molecular interaction through chlorine bridging., Fig. 1{b). The total energies may be
calculated for different geowstries but these calculations are time consuming for systess
l1ike the "dimer™ of Ph,SnCl,, which bas 50 atows and 332 electrons. The total snergies from
SCF-MS calculations are not sccurate because of the muffin-tin approximation, however. the

quality of the SCF-MS wave functions is good®®'7. The present paper studies the molecular
electronic structure of Ph,SuCl;, and uses the fairly accurate wave function properties to
describe the intermolecular chlorine interactions. The {msomer shift and quadrupole
splitting of Mossbauer active, ''®Sn and the nuclear quadrupole r freq fes of
2%Cl are wave function properties which are helpful {n assessing the extent of
intermolecular interaction. The SCF-MS programme® calculates the electric field gradients
of the nuclei in the molecules and has proved accurate for isomer shift and quadrupole
splitting for the iron containing fonic cluster”.

Ph‘ b Cl, cl Ph Ph
\ e h \ / 8_ \ N
Sn Sn =~ Sn
- \C] T N
one” Ph  Clg Clr
(a) {(b)

Figure 1. Schesmtical representations of C.‘N wonower {a) and Ca\ “dimer” {(b). The
bond lengths and bond angles were taken from Ref. 4 and wean values are used for the
monoser. In (b) the distances between &x—ClB. Stx...ClB and 8n-Cl, are 2.336, 3.770 and
2.357 A, respoctively. The Cly...Cly distance was taken from ref. 2 as 4.280 '

COMPUTATIONAL TETALLS

Sphere sizes used the Norsmn criterta’® (Table 1). The partial waves, &, were taken as
4 for the outer sphere. 2 for Sn and Cl, 1 for C, and zero for H. The preferred Vosko-Wilk-
Nusair(VEN)'' exchange—correlation potential was used and not Slater’'s Xa exchange
po(ential‘. The calculations were performed with and without quasirelativistic wave
functions’? for Su.

To find the tsomer shift of ''®Sn, a reference wolecule which contains the tin nucleus
1s needed. Therefore an SCF-MS calculation has been appliied to the Td SnCl, molecule. using
experimental bond distances'®. The partial waves and the sphere sizes are chosen in exactly
the same manner as for Ph,SnCl,.

The energy of the 4d core orbital of atomic Sn is very close to the energy of the
valence 58 orbital, consequently the 4d orbital was treated as a valence orbital in the

calculations. The ﬁyz. 2, L - dez_y; and 4d_ orbitals of Sn were resolved as 1b,.

xz Xy
1a,. 1b,, 2a, and la,; in the sz monomer. The lb;. la,, 1b,., 2a, and la; levels spnnnod“

into lbuﬂa‘. &‘Ohu. lb‘ﬂa“. 3a‘¢3bu and muft%‘ in the Cz,‘ dimer™.
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Table 1. Sphere sizes used in SCF-¥8 calculation

d

LU A L - - U - -

11.1363 2.6472 2.6247 1.7174 1.6874 1.68856 1.6886 1.2670 1.2008 1.2659

ZDINER"
o f

Foue  Ron Ry Fap, Ree R R ey R Pw, M

13.3209 2.6439 2.5326 2.6168 1.7173 1.6862 1.66874 1.6885 1.2667 1.2679 11,2698

aRc‘u:a-nuRc:: bllc‘llnnou?ta: cRH‘in-muluz: dRH‘hsa.-onR":.
eRc‘andRC‘areunuRC‘: IR&MR}“UQMAQRH‘.

KESULTS AKD DISCUSSBION

Electronic Structure and Bonding

The one-electron energies of the core orbitals of Sn in the monowmer and “dimer” from
the quasirelativistic calculation are more stable than the nonrelativistic energies: the
percent differences between the energies are 3.7, 5.9, 6.2 and 7.3 X for the 1s, 2s, 33 and
4s orbitals of Sn, and 2.0, 2.3 and 2.4 X for the 2p, 3p and 4p orbitals and 1.3 X for the
3d of Sn. The quasirelativistic energies of the 4d orbitals of Sn are about 4.3 X more
positive than the nonrelativistic calculation. Despits the significant changes in the
energies of the core orbitals of Sn. the quasirelativistic one—electron energies and the
population of the valerwe orbitals did not differ wuch from the nonrelativistic
calculations. In addition to the five Sn{(4d) orbitals in the monomer. there are 38 which
become ten and 76 valence orbitals respectively, in the “dimer”. The one—electron energies
and the population of all (38} monomer orbitals and population of some of the “dimer”
orbitals are given in Table 2 and Table 3, respectively. The results in Tables 2 and 3 are
from the quasirelativistic wave function calculation. The 7a, orbital energy of the monower
is stabilized about 0.3 eV since this orbital has the highest Sn contribution, while the
other valence orbitals of the monomer are changed about 0.02 eV by the quasirelativistic
calculation. A similar change (0.3 eV) of the “dimer” valence orbitals occur in the lla‘
and llbu orbitals which correlate with the 7a, of the monomer.

Table 2. The percentage cowpositions and one-electron energies of Ph,SnCl,

Sn 2 xCl 12 xC 10 x H
X.o -e{eV} s P d s P d . P s
l&,” 4.064 15.10 13.34 1.26 4.22 22.90 14.94 4.96 22.58 0.74
Sas 5.691 - - 0.00 - 0.04 0.00 0.00 99.96 0.00
10b, 5.708 - 0.03 0.01 0.00 0.00 0.00 0.00 99.96 0.00
11b, 6.060 - 0.03 0.78 - 0.14 0.08 0.06 98.90 0.00
14a, 6.189 0.14 1.3 1.53 0.16 1.3 0.32 0.02 96.02 0.00
10b, 8.825 - 0.92 0.81 - 0.04 0.00 0.2 97.52 0.46

13a, 8.901 0.18 0.0l 1.34 0.04 1.80 0.02 0.06 96.44 0.12
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9, 9.287 - 19.71 1.91 - i5.14 0.38 2.62 63.20 7.14
Sby 10.244 - 0.00 0.58 0.00 98.24 0.04 0.00 0.72 0.40
12a, 10.253 3.47 6.23 2.24 0.00 57.68 0.02 0.12 24.26 6.00
T8, 10.396 - - 0.86 - 98.2¢4 0.02 0.08 0.50 0.36
8b, 10.688 - 4.38 0.3t - 72.10 0.12 0.01 16.64 6.44
ila, 10.802 2.68 4.75 0.4 .00 47.06 0.10 0.12 32.06 12.78
6o,y 10.664 - - 0.02 - 0.30 0.00 0.16 67.92 31.64
8b, 10.861 - 0.00 0.01 0.00 0.58 0.00 0.16 67.74 31.52
b, 11.972 - 8.09 0.4 - 3.96 0.12 5.98 55.46 26.00
10a, 11.986 0.62 10.62 1.4 0.20 2.5 0.4 4.38 40.92 18.98
Toy 12.162 - 17.31 3.42 1.02 74.28 1.48 0.12 1.9 0.52
Se, 12.913 - - 0.00 - 0.08 0.00 0.72 65.12 34.08
&b,y 12.929 - 0.36 0.01 0.04 0.286 0.02 0.76 62.20 33.76
Say 13.248 0.2 0.2 0.09 0.4 0.70 0.02 15.52 40.32 43.02
6b, 13.256 - 0.31 0.04 - 0.00 0.00 16.98 38.52 4“4.14
4a, 14.622 - - 0.11 - 0.00 0.00 1.16 96.39 2.38
5b, 14.543 - 0.3 0.01 0.0¢4 0.26 0.02 1.28 96.58 2.4
Sa, 14.730 6.4 1.29 0.26 0.98 8.02 0.62 6.70 44.38 31.42
5b, 15.061 - 1.61 0.20 - 0.14 0.02 4.18 57.60 36.22
Ta, 16.231 36.79 0.15 0.00 5.38 15.54 1.76 3.10 26.98 10.28
4b, 17.449 - 0.76 0.18 - 0.00 0.00 40.80 43.46 14.82
Ga, 17.625 8.40 0.13 0.17 1.28 1.56 0.24 38.66 37.28 12.28
3a, 17.871 - - 0.13 - 0.00 0.00 40.72 44.16 15.08
4bgy 17.889 - 0.3 0.01 0.0¢4 0.26 0.02 1.28 95.58 2.44
3b, 21.060 - 0.63 0.22 - 0.00 0.00 76.76 15.56 6.82
28, 21.062 - - 0.06 - 0.00 0.00 74.58 15.268 10.08
3b, 21.066 - 0.03 ¢.03 0.18 0.00 0.00 74.40 15.30 10.08
Sa, 21.0082 1.12  0.27 0.30 1.28 0.04 0.02 76.36 15.02 6.60
a9 21.520 - 2.87 2.58 94.04 0.20 0.08 0.16 0.10 0.04
4a 22.998 7.19 1.87 0.97 86.14 1.12 0.38 2.5 0.7 0.12
2>, 23.943 - 0.30 0.2 - .00 0.00 84.18 12.80 2.50
3a, 23.961 1.23 0.0t 0.09 1.40 0.08 0.02 82.56 12.18 2.44
" Lowest unoccupied molecular orbital
Table 3. The percentage compositions of some N.0. s of {Ph;nCly),
2 x Sn 2xClB 2>tClT 24 x C 20 x H

s d ] P d s P d [ P [
&: 14.68 14.86 1.4 2.14 12,38 11.76 1.36 8.94 4.28 4.24 23.12 0.88
19!:‘ - 0.00 0.02 - 0.18 0.06 - 0.0¢4 0.00 0.00 95.68 0.00
2‘“’\: 0.00 0.02 0.04 0.06 0.02 0.04 0.00 0.00 0.00 0.04 99.72 0.04
lku - 0.00 0.02 - 0.14 0.10 - 0.06 0.00 0.04 99.64 0.04
21“ 0.00 0.18 0.00 0.08 0.02 0.06 0.00 0.02 0.00 0.00 99.56 0.04
!Sb‘ - 0.02 0.72 - 0.14 0.00 - 0.14 0.00 0.04 98.88 0.00
mau - 0.04 0.88 - 0.00 0.12 - 0.16 0.04 0.04 98.72 0.00
zaas 0.06 0.92 1.66 0.02 0.8 0.08 0.04 0.54 0.08 0.04 95.76 0.04
23t>u 0.18 1,82 1.5 0.2 0.5 0.4 0.06 1.02 0.12 0.04 94.08 0.00
l?bg - 0.02 0.18 - 0.90 0.02 - 4.00 0.00 0.00 94.80 0.08
17a - 0.30 0.60 - 0.54 0.06 - 3.60 0.00 0.08 94.56 0.24

[
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XGb‘ - 8.2 2.46 - 2.58 0.10 - 44.84 0.08 1.864 33.48 4.68
m“ 0.12 0.26 1.3 0.10 0.50 0.08 0.00 2.46 0.00 0.04 96.04 0.12
2&‘ 0.18 0.12 1.4 0.00 1.7 0.02 0.00 2.66 0.00 0.12 983.24 0.4
16a - 8.66 2.4 - 0.18 0.06 - 56.086 0.06 1.44 27.80 3.44

e

21b 0.24 0.2 1.34 0.04 3.90 0.04 0.00 92.48 0.00 0.08 1.56 0.08

[

2ln¢ 002 0.24 1.20 0.06 2.52 0.08 0.00 93.74 0.00 0.04 1.96 0.12
ISbg - 10.00 0.42 - 13.64 0.08 - 38.54 0.10 0.72 29.20 7.32
lSa“ - 15.44 0.36 - 2,76 0.16 - 28.84 0.16 0.64 42.44 9.24
Kh‘ 3.26 10.98 2.4 0.04 11.62 0.04 0.10 29.02 0.2 0.18 32.76 9.48
Z)bu 3.28 12.14 1.08 0.00 11.06 0.24 0.08 19.10 0.16 0.04 40.04 12.78
Hb‘ - 1.66 0.02 - 18.76 0.06 - 0.62 0.02 0.36 53.88 24.60
11au - 0.64 0.26 - 37.48 0.06 - 0.52 0.00 0.36 41.48 19.20
19bu 0.20 0.14 0.20 0.20 35.18 0.04 0.00 0.60 0.02 0.20 42.84 20.490
l%‘ 0.14 1.00 0.08 0.02 0.44 0.04 0.02 1.84 0.04 0.20 66.16 30.00
18bu 0.72 1.12 0.26 0.02 43.54 0.08 0.02 1.88 0.02 0.20 35.864 16.28
l3au - 0.18 0.0 - 32.36 0.00 - 0.04 0.00 0.16 46.52 20.3%
l&nz 0.82 1.40 1.34 0.02 26.60 0.04 0.08 8.46 0.2 1.80 39.96 19.32
13b‘ - 2.04 0.20 - 44.490 0.04 - 0.50 0.02 1.00 35.48 16.36
l'Tbu 0.16 10.62 1.64 0.06 1.2 0.12 0.64 28.88 0.76 3.16 35.48 17.28
12b‘ - 9.16 0.52 - 0.56 0.08 - 0.92 0.06 5.96 56.80 26.00
lku - 8.56 0.32 - 6.78 0.06 - 0.82 0.06 7.64 49.72 26.00
l?’ng 0.02 11.58 0.72 0.02 49.28 0.20 0.68 17.18 0.72 1.72 11.64 6.32
leu 2.58 14.78 2.64 0.26 45.78 0.36 0.36 9.26 0.46 1.24 16.24 6.08
160‘ 2.62 14.42 2.82 0.24 48.04¢4 0.3 0.20 4.92 0.3 1.88 17.32 6.92
llag 34.30 0.00 0.06 3.383 7.3 0.42 3.26 4.80 0.70 1.72 31.32 12.60
b, 34.22 0.28 0.08 0.90 10.30 1.00 3.52 4.32 0.64 3.68 29.64 11.44
Gbu $5.10 2.22 1.54 254 0.20 0.04 81.88 068 0.26 4.24 1.00 0.36
Ga‘ 4.7 2.52 1.4 1.70 0.16 0.04 82.94 0.70 0.26 4.00 0.96 0.62
Sbu 3.74 1.90 1.56 89.40 0.6 0.14 1.56 0.18 0.08 0.48 0.16 0.40
Sa‘ 1.94 1.64 1.38 65664 0.0 0.08 0.564 0.06 0.02 22.92 4.84 0.60
3!'.-g - 0.32 0.20 - 0.00 0.00 - 0.00 0.00 84.12 12.76 2.56
3au - 0.4 0.2 - 0.04 0.00 - 0.00 0.00 84.04 12.44 2.88
1 0.76 0.08 0.20 0.12 0.04 0.02 0.12 0.02 0.00 83.64 12.36 2.60
hs 2.90 0.24 0.16 19.96 0.16 0.02 0.46 0.06 0.02 64.56 8.52 2.92

* Lowest unoccupied molecular orbital

¥hen two monowers are brought together, the monomer orbitals correlate with the “dimer”
orbitals. The four highest occupied valence orbitals from Sa; to 14a, (table 2) have shown
about 98X C(3p) of phenyl contribution and correlate to the 8 highest occupied valence
orbitals (from IQb‘ to 23bu} of the “dimer”. which have the same percentage C(2p) of phenyl
contribution (Table 3) and are non-bonding. The next 13 monomer orbitals from 10b, to b,
are the bonding between Sn(Sp) and Cl{3p) and also C{2p) and H{1s) of the phenyl! group.
These orbitals correlate to the 26 orbitals of the “dimer" (from l7bg to 16a_ in Table 3)
which have the same character. The next group of monomer orbitals starting from Se, to 5a,
{except 7a,) are related to the bonding in the phenyl group and correlate to the orbitals of
the “dimer” which have the same character (these 32 orbitals are not given in Table 3). The
78, orbital of the monomer., which has the highest Sn({5s) contridbution (about 37 X). bonds
between Sn(Ss) and C1(3s+3p) and correlates to lln‘ and llbu of the "dimer”, which both have
about 34 X of Sn(Ss) (Table 3). The interest lies in the low-lying orbitals: since the
electronegativity of chlorine 1s higher than tin. the low-1lying bonding orbitals are
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localized on the chlorines in the wmonomer and {n the “dimer”. The 2, and 4a, wmonomer
orbitals have 94 and 685 X of C1(3s) contribution (Table 2) and correlate to &’u’ &‘. Sbu
and Sa‘ of the "dimer”. The Gbu and 6“ orbitals (Table 3) are localized on the terminal
chlorines having almost equal percentage of CIT(3a) {62 and 83 X}, while Sbu and S5a_ are
localized on the bridge chlorines and have different percentage of Cl8(3-) {89 and 86 X).
Symmetric and strong bridging in the “dimer” would require the Se_ orbital of the “dimer” to
have the ssme percentage of ClB(Zh) as the 5}:“ orbital. The presence of another “"diwer”
orbital, “K energetically close to Sa.‘ with the right symmetry rewoves about 20 X of
CIB(30) character from the Sa‘ orbital. This might be constidered a very weak intermolecular
interaction between the monomers, causing perturbation and mixing of the levels with the
same symmetry. The electrons will distribute between these two orbitals. The terminal
chlorines CIT in the dimer system are not involved {n the intermolecular interaction, and
consequently there {s no mixing of the levels in the &\—Cl.r bond; thus the Ga_ and Gbu
orbitals of the dimer have equal CIT(3t) character. The presence of the unequal population
distribution on the Sn-Cly bonding orbitals may support Alcock and Sawyer's tden? of weak

secondary bonding in Ph,SnCl,.

When two atoms are brought together to form a wolecule, the atomic orbitals mix and
interact to give molecular orbitals. Sowe of the molecular orbitals are stabilized, while
others destabilized, with respect to the atomic orbitals. Similarly when two molecules
{like AlX,;) are brought together to make a strong dimer {Al,X,). some of the dimer orbitals
are stabilized and some of them destabilized with respect to their monower counterparts'®.
The situamtion is different for clusters: addition of the atoms into the cluster only
increases the mmmber of orbitals: {t does not split them with respect to their constituent
orbitals unless there is interaction with m different atom or molecule'®. The case of
PhaSnCl,; “dimer” resembles the cluster situation; none of the orbitals are split with
respect to their monomer counterparts: they are however shifted down. The one-electron
energies of the valence orbitals near the highest occupied orbital of the monower and the
“dimer", are given in Fig. 2 to demonstrate the slight stabilization of the “diser"” orbitals
without splitting: the stablilization varies between 0.3 and 1.8 eV. Therefore the presence
of a seconxi monower does not change the mature of the bonding in the either mcnomers. The
contour maps of some of the selectod monomer and "“dimer” bonding orbitals from the
quasirelativistic calculation are in Fig. 3. Fig. 3{(a) and 3(b) give the monomer 4a, and
Ta, bonding orbitals on the tin-chlorine plane. which show the localization of the charge on
chlorine and tin respectively. Fig. 3(c) and 3(d) give the 50.‘ and Sbu bonding orbitals of
the “dimer"” which are the counterparts of the 4a, orbital of the monomer, after correlation.
The localization of the charge on the chlorine at the bridge positions are is clearly shown.
Fig. 3{e) and 3(f) are the llag and Ilbu orbitals of the “dimer”, the counterparts of the
monomer 7a, orbital. In these figures it can be seen that the charge around the tin nuclei
is slightly disturbed by the presence of other bridge chlorine.
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The one-electron energies of the wmonomer and “dimer” orbitals near to the

highest occupied orbitals. The lowest unoccupied orbitals are 15a, and 25bu for the monower
and “dimer” respectively.
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Figure 3. Wave function contour diagrams of selected molecular orbitals of C2v

Ph,SnCl,; (monomer) and C?.h (PhySnCl, ), (“dimer™) on the tin-chlorine planes. Konomer

orbitals are {a) 4a,. (b) 7a,. "Dimer orbitals are (c) Snz. (C)) &u. {e) lln‘ and (f) llbu.

The contour values in (electrm/ao)“ starting from the outermost are 0.006, 20.01, #0.02,

+0.04, :0.08 and $+0.16. Positive wave function contours are represented by solid lines
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whereas negative contours are indicated by dashed lines. The out of plane positions of
carbons and hydrogens in the phenyl groups are shown by dots.

The lowest-unoccupied molecular orbitals (LUND) of the monomer and the "dimer” are 15a,
and %b“‘ The composition of these orbitals is in Table 2 and 3. The antibonding LUMO's
are localized on the tin with inclusion of some chlorine character, while highest occupied
molecular orbitals (HOMO's), Sa; of the monomer and 19b‘ of the "dimer”, have phenyl
character. The energy difference between HOMO and LUMO is 1.627 and 1.616 eV in the monower
and the “dimer”. Note that the Cl1(3d) percentages in the virtual orbitals, suggest a metal
to ligand charge transfer, whereas the bonding orbitals have no Cl(3d) contribution.
However. this is not the case for central (tin) atom on which some of the bonding orbitals
such as 7b; and 12a, of the monomer and 163‘ and lebu of the "dimer” have some Sn{5d)
contribution. The occurence of some tin(d) contribution in low-lying o-orbital such as 2b,;
of the monomer can be explained as the effect of the energetically close 4d orbital of tin.

Although the total energies of SCF-MS calculations are not accurate due to the
muffin-tin approximation, it is {nteresting to note that twice the total energy of the
monomer (~30,207.460 Ry) almost equals the total energy of the “diwer™ (-30.207.297 Ry).

Figure 4. The total density plot of (PhySoCly); on the tin—chlorine plane. The out of
plane positions of carbons and hydrogens in the phenyl groups are not shown.

The total density plot of the “dimer™ from the quasirelativistic calculation is given
in Fig. 4 in which phenyl groups are out of the plane and the electron charge density is
most dense at 8n and Cl, becoming less dense away from the nuclei, especially between ClB
and the second Sn. The total demnsity plot gives no evidence of dimsrization. The total
electron distribution from both nonrelativistic and quasirelativistic calculation is given
for monomer and “dimer” in Table 4. There is no real difference between the total charge

distributfon from both nonrelativistic and quasirelativistic wave function calculation:



7526 E. M. BErxsoy and M. A. WHITEHEAD

quasirelativistic tin has only 0.08 and 0.07 electron more in the monomer and “dimer” than
the nonrelativistic tin.

Table 4. Total charge distribution

Nonomer Sn Cl Ph

Non-Rel. 49.24 17.24 41.06

Quasirel. 49.32 17.23 41.02
“Dimer" Sn ClB Cl.r Ph
Kon-Rel. 49.32 17.07 17.14 41.21
Quasirel. 49.39 17.06 17.14 41.16

The experimental ionization potentials, ].P.'s for Ph,SnCl, molecule have not been
published. Nevertheless Slater's transition state calculation® has been applied to the
PhySnCl, system to give ionization potentials. Such a calculation gives good agreement with

experiment in many molecules”''”.

The approximate fonization potentials'’ of the monomer
and “dimer” are calculated removing half an electron from the highest occupied wolecular
orbitals S8a; and lgb‘ of the sonomer and "dimer” respectively. The I.P.’'s of monomer are in
the range of 7.4 and 25.8 eV for Say, and 3a,, while for the “dimer”, the I.P.'s are about

1.0 or 1.5 eV higher than the monower.

Isoper Shift

The electric monopole interaction between a nucleus and the electron shell is measured
in Nossbauer spectroscopy by the isomer shift'® as

5 = (/E) §v2e* R G (2Iw0)2 - zlw(0)I?] . (1)

R 1s the nuclear radius which is taken as 1.2 x (A)IB x 107'° cm approximately. AR/R t»
the change of the nuclear radius between the ground and exited states upon the exitation to
a level E (23.8 KeV for Sn). 3 |¥(0) I: and zlw(O)I: are the s-electron densities at the
nucleus for a reference absorber and a given source. This linear relationship eq. (1)
between isomer shift and electronic structure of Sn-containing molecules can be rewritten
taking SR/R'® as 1.16 x 10”* for ''®sn.

S(mm/sec) = 0.0843 [Z|w(0)|2 - ZI%(0)[]) . (2)
The s-electron densities at the tin-muclei of Ph,SnCl, monomer and “dimer”, and
reference absorber SnCl, are calculated using the quasirelativistic wave functions for Sn

from the ane-electron properties.

Table 5 gives the calculated s-electron densities and the cosmparison between calculated
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and experimsntal Miesbauer isomer shift of Ph,SnCl, with respect to the SuCl, reference
absorber. Ths experimental isomer shift of PhpSoCl, with respect to SuCl, is caloulated
from the difference between sxperimental isomer shift of SeCl, with respect to a-8n (-1.30
m/s0c)'® and PhySnCl, with respect to a-8n"°.  The agrosment between calculated snd
experimental isomer shift of Ph,SnCl, i{s very good. The abeclute value of isomer shift of
the “dimer” is slightly (0.02 sm/sec) higher than thet of the monomsr. This shows that only
a very weak intermolecular chlorine interaction can occur in the “dimwer”, which must be
caused by the presence of the chlorine at the bridge position giving the central atom Sn
more charge around the nucleus. The extent of the effect of the bridge chlorine on the Sn
mucleus is very saall (Table 5). The "dimer” s-electron density is 0.33 (a.u.)" higher
than in the monomer.

Table 5. The comparison of the calculated and experimental
Nossbauer isower shift of Sn (in mw/sec)

PhySeCl, SeCl,
Nonomer "Dimer” Reference
(0} 125,556.72 125,567.05 125.549.03
Scal -0.50 ~0.52 0.00
Sexp. ™ -0.60%. -0.51%, -0.62° 0.00

" Experiwental tsomer shift of Ph,SnCl, w.r.t. SnCl, is calculated
from the difference between the experimental isomer shift of SnCl,
w.r.t. a-Sn (~1.30 me/sec at 80 K from ref. 19) and Ph,SnCl; w.r.t.
a-Sn.

8 _0.70 wa/sec at T7 K (ref. 208)

® 5,75 ma/sec at 78 °K (ref. 20b)

€ 0.68 wa/sec at 80 °K (ref. 20c¢)

Quadrupole Spitting

The quadrupole splitting is caused by the interaction of the quadrupole moment of the
nucleus and the electric field gradient. For ''sn (I = 3/72), the wagnitude of the
splitting®! is

1.2 2,..1/2
A.Eq = 5o qu (1en“73) . (3)
Where oQ {s the nuclear quadrupcle moment, oq, (-Vu) i{s the maximus principal cosmponent of
the electric field gradient tensor and n is the asymmetry parameter defined as vax -
anllvnl. The principal components of electric field gradients are calculated using the
Case, Cook and Karplus charge partitioning method?? from the one-electron properties.

Table 6 gives both nonrelativistic and quasirelativistic calculations of the maximm
principal component of the electric field gradients., and the asymsetry parameters of
Sn-micleus in monomer and “dimer”. The quadrupole splitting is calculated from eq. (3)
using given eQ for ''"Sn (~0.065 barns)®> and compmred with the experimental quadrupole
splitting?® (Table 6). The agreement between calculated and experimental quadrupole
splitting is very good. however better sgresment is obtained with the quasirelativistic
calculations. In the "dimer” the chlorines at the bridging position cause deviation from
cylindrical symmetry of Sn-nuclei, resulting in a larger assymmetry parsmeter and
consequently larger quadrupole splitting for the "dimer” comparing to the monower (Table 6).
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however the extent of the interaction is smmil: the difference between the quadrupole
splitting of monower and “dimer” is sbout 4.4 X. It can be seen from Table 6 that the
effect of changing from the nonrelativistic to quasirelativistic wave function on the
quadrupole splitting is bdigger (about 12.2 X) than the difference between wmonomer and
“diser” quadrupole eplitting.

Table 8. The compar{son of the calculated and experimental
Kssbauer quadrupole splitting of Sn (in sm/sec)

SCF-MS Calculation

PhaSnCl, Non-Rel. Quasirel. Exp.”
eqz = -4 4688 eq, = -5.0678
Monowmer n = 0.6223 n = 0.5971
= . . 2.8)a
£ = 1.8 = 2.2 L =
2.66°
oq, = —4.4481 eq, = -5.0253 2.98°
"Dimer" n = 0.8546 n = 0.8474
= 1.9 £ = 2.2

* The experimental AEq for Sn in PhyaSnCl, is taken from

& ref. xhat?'fox

ref. 20b at 78 °K
© ref. 20c at 80 °K

Nuclear Quadrupole Resonance Freguencies

The nuclear quadrupole resonance (n.q.r.) frequencies of %1 in the Ph,;9nCl, molecule
has been measured by Green and Craybeal®®. The calculated n.q.r. frequencies and asymmetry
paremeters of “°Cl are given along with the experimental frequencies in Table 7. The n.q.r.
frequencies are calculated from the maximum principal component of the electric field
gradients and asymmetry parameter. taking the nuclear quadrupole moment oQ as -0.082 barns
for **Cl from ref. 23. The calculated r frequencies are about twice of the
experimental frequencies. It is well known?® that the frequencies of bridge halides are
always lower than the terminal halides and asymmetry parameters are slmost zero for the
teruinml halides in the strong dimers. In Table 7. calculated frequencies for bridge
chlorine are lower than the terminal chlorine and also asysmetry parameters are almost zero
for terminal chlorine but are not very big for the bridge chlorine, about 0.13 which must be
by the very weak intermolecular interaction in the “dimer”. If the interaction were not
weak, the asymmetry paramseter for the bridge chlorine would be closer to one.
Experimentally four n.q.r. frequencies are given®*. they are all close to eech other but two
slightly lower ones (17.440. 17.902 MHz) should correspond to the bridge chloride while the
others (18.020, 18.772 ¥WHz) correspond to the terminal chlorines.

The calculated frequencies are higher than the experiment because the experimental
results reflect solid state effects while the theoretical wave function is for a sairgle
isolated molecule (momomer and "dimer”).
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Table 7. The comparison of the calculated and experimental Nuclear
Quadrupole Resovance frequencies of I%C1 (in l!z).

SCF-NS Calculation

Ph,ySeCl, Non-Rel. Quasirel. Be. "
oq, = 3.3918 oq, = 3.4154
Nonomer n = 0.0223 n = 0.0226
v = 32.660 v = 32.896 v = 17.440
“Dimer™ oq, = 3.1185 eq, = 3.1328 17.902
CIB n = 0.1374 n = 0.1364 18.020
v = 30.034 v = 30.272 18.772
eq, = 3.7626 eq, = 3.8150
CLI. n = 0.0420 n = 0.0424
v = 35973 v = 36.256
* The n.q.r. frequencies of >°Cl are calculated using v = °—’3-—9 (1+ n’/3)“.
" ref. 24.

CONCLOBIONS

The detailed SCF-NS analysis of the molecular electronic structures of diphenyltin(IV)
dichloride together with the Kissbauer isomer shift and quadrupole splitting of %0 and
the n.q.r. frequencies of 3%C1. gives interesting insight to the electronic structures and
chemical bonding in the Ph,SnCl, monomer and "dimer”. It predicts no strong bridging in the
“dimer”; the total density smp gives no svidence of strong dimerization and the population
annlysis predicts at the most a semll intermolecular interaction supporting the idea of the
secondary bonding. The calculated Missbauer isower shift and quadrupole splitting of
PhSnCl; are in good sgreement with experiment, the "dimer” values being slightly larger
than for the monomer again evidence that these interactions are very smail. The comparison
between the nonrelativistic and quasirelativistic wave function calculations of the
quadrupole splitting shows the {mportance of using quasirelativistic wave function on Sn
nucleus, since the molecular properties, like quadrupole splitting and isomer shift, are
sensitive to the charge distribution on the nucleus, which changes more since the core
orbitals of the Sn nucleus are affected more than the valence orbitals of the molecule by
the relativistic effect.

The SCF-MS calculations predict the n.q.r. r freq fon of **Cl about twice as

big as experimental: single crystal wmeasurements are needed to compare with the
calculation. Nevertheless n.q.r. frequency calculations support the idea of very weak

intermolecular interaction because the asymmetry parameter of the chlorine at the bridge
position is very close to zero rather then ons.
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