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A INTRODUCTION

Although interest in the phenomenon of ligand influence (LI} has stimu-
lated a number of investigations duning the past 15 years, the problem can
hardly he considered as completely clear. Being a {undamental problem of
coordination chemistry, it attracts the attention of chemists who work in the
fields of preparative and quantum chemistry, and X-ray analysis.

The importance of the trans-influence rule in the coordination chemistry
of transition clements is widely known, and the study of similar regularities
in the chemistry of main group elements is also appreciated.
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Here we discuss only static LT which is limited o processes in the ground
state of a system, as distinet from kinctic L1 determined by the excited state
characteristics. The latter is evidently influenced by factors other than the
ground state properties,

Different mdicators for recognizing the LI in main group element com-
pounds have been predicted using various theoretical approaches [1-7]. The
effect of L1 in transition element complexes can be described solely as trans
mlluence. However, in non-transtuon element compounds. depending on the
central atom oxidation state and its position in the Periodic Table, 1t can be
obscrved as cither iy weakening, or frans weakening, or cis weakening
accompanied by a relatively smaller #rans influence, both strengthening and
weakening being in principle possible [or the last.

Here we consider hexacoordinate fin complexes of the type SnHal, or
SnHal, - 2L where the tin atom is in its highest oxidation state and either
one or two acidoligands (Hal) are substituted for s-donor groups (Alk).
which considerably exceed the halogen ligands 1in donating power. The
a-level energies of the substituents are then close in value to those of the p
levels of the central atom, while the s-level energies of the acidoligands are
close in value to those of the s levels of the Sn atom {4]. In such systcms a
weukening of the So-Hal bonds at the ciy positon o the o-donor sub-
sutuents (efs weakening) has been predicted. as compared with the strength
of the Sn-Hal bonds in unsubstituted compounds. The ¢fs weakening is
accompanied by u relatively smaller srans influcnce, either weakening or
strengthening [3 4.6].

Further progress in understanding the nature of the phenomenon requires
reliable experimental data on the direction of the frans influence in the
compounds discussed. as well as on the quantitative comparison of the trans
and cis influences 1n these systems.

The results of X-ray studies are conventionally considered as the most
unambiguous evidence in favour of or opposcd to theoretical predictions.
The wvariation in interatomic distances as a result of the introduction of
“influencing”™ ligunds serves in this experiment as a measure of LI X-ray
data are now available for nearly all the compounds discussed 1n this review,
and their analysis together with the spectroscopic auclear quadrupole reso-
nance (NQR) data appeared 10 be helpful 10 outline the limitations in the
use of interatomic distances as o measure of LE

A characteristic can be used as a measure of LI il it sausfies at least two
requirements. namely. it characterizes a system in its ground state and it
changes value predominantly under the LI|3]. In this respect NQR spectro-
scopic parameters seem o be guite suitable, since, firstly, they are ground
state characteristics of a system. and secondly. they are directly rclated to
the electron density distribution in the vicinity of a quadrupolar nucicus.
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Indecd, the quadrupole coupling consiant, QUC = ¢°Qq__/k. and asymme-
iry parameter, 5 = |(g,, — ¢,.)/q.. 1. of the electric field gradient (EF(5) are
known 1o depend on the electric field potential I/ at the site of the
quadrupolar nucleus as e*Qy_ /h — ¢’ Q/R3 U /827y and g — 137U /057 —
8707/817)/3z21. A high sensitivity of these parameters to subtle variations
in electron density in the systems under study is also known, It is therefore
expected that even weak electron density changes due to the introduction of
“influencing” ligands will be clearlv and adequately reflected in the NQR
spectra.

To our knowledge, no systematic NQR data have previously been avail-
able on LI in main group element compounds. X-ray analysis has been
carried out to check the speciroscopic assignments as well as Lo draw
conclusions aboul how hoth sets of results conform to the theoretical
predictions,

B. EXPERIMENTAL RESULTS

The ®Cl and "Br NQR spectra mcasured in the chloro and hromo
compounds studied are listed in Table 1. The I NQR spectra togelher
with the Sn-T bond distances arc given in Table 2. The assignment of
frequencies as well as the identification of 1somer configurations rely on
hoth spectral patierns (multiplicity and relative intensities of resonances)
and X-rav data, which greatly reduced any uncertainly in spectral de-
terminations.

A linear correlation of the type y = a + bx between the halogen resonance
frequencies and the Sn—Hal bond distances has becn observed (Figs. 1-3,
Table 3). Relatively higher NQR frequencies were assumed to correspond to
relatively shorter Sn—Hal distances, as is usually accepted for singly coordi-
nate halogen atoms, purely o-bonded to their partners in compounds with
nominally isolated siructural units. We have. however, decided to discuss the
results not in terms of NQR frequencics or quadrupole coupling constants,
but 1 terms of the more physically meamingful effeciive charges { 8) located
on the halogen atoms. The magniwudes of the charges are easily caleulated
from experimentally measured frequencies (#] within the approximations of
the Townes Dailey theory 18], For chlore and bromo complexes the Tollow-
ing relationship was used. assuming pure e-bonding and ignoring sp hy-
bridization of the halogen atom valence np. orbitals:

. 2 iy =142
8:21)—(]—;_1]-/3)- _ 4 (1)
e Qgo/h
Here ¢’Qq,/h is the atomic quadrupole coupling constant produced by a
single electron in the halogen atom ap, orbital.
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TABLE 2

] NQR spectra {MHz} of tn(1¥) iodo compounds

Compound T Transition frequencies ¢ Q¢ 4 7 (%) Ref. 4(5n 10 Ref
S W50 3050 (A)

Snl, 301 203.49 4{)6 91 1456.4 1.2 15fad 15(h) 2.69(d4) 16

204.47 405,69 13633 00
7 207.683 415.32(3) 13844 092
209133 418.26¢1) 13942 (40

Snl,-2HMPT 77 15615 12
164 61
F1Snl,-2HMPT 77 1098 219.17 7303 38 2901(7) 17
1113 2.886(2)
166.4 2.634(4)
Et,Snl,-2HMPT 77 7051 140.26 4678 6.5 1016{1} 18
Snl,-bipy 77 15368 2.816(2% v 19
169.29 2.788(2pav
cis-Snl,-2DPSO 77 15441 305.0 10187 9.8 2.806(1y 20
167.22 277D
163.72 2.781(1)
164.58 277601
F18nl,-2DPSO* 77 130.5 286%1) 20
136.5 268.0 8951 124 2.R40{1}
2.821(1)
Snl,-2Py0O " 77 152.78(2)
157.38(1)
161.91(1)
8nl,-2TPPO 7T 15836 2813(2av 21
163.42 2.782(2)av

* 1o the bulk powder, resonances with frequencies 1115, 22210, 11468 and 228,67 MHZ
were also present. These might be evidence for the presence of a mixture of modificatons in
the sumple available. ® PvO = pyridine-N-oxide.

TARLE 3

Correlalion parameters v —= o + by (Figs. 1-3) between B M B 1P NQR frequencies and
Sn-Hal bond distances in the tin{}V} compounds determined according to the least-squares
procedure

a b rie
Chloro compleses (Fig. 1) 131.87 — 4758 1.bag
Bromao compleaes {Fig, 2) 31766 — 31129 0922
Tado complexes {Fig. 3) 134208 —42312 0.981

kl - v
* 7, correlation coefficient,
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Fig. 1. Correlation hetween “(1 NQR frequencies (» (MHz2)) and interatomic Sn-CI
distances [ U;x)} in tin (I1V) chloro complexes: 1, (NMe),SnCl,; 20 (NMe, ), EtSnCl,: 3,
SnCl,-2TPPO; 4, EiSnCl,-2TPPO: 3. SnCl,-2HMPT; 4. EaSnCl,-2ZHMPT. 7. Snll,:
ZDMS0; 8, Me.SnCl,-2ZHMPT, 8, E(SnClL - 2DMSO; 10, EtSndl - 2TMUL 1, SoCl, - 2TMLU.

The NQR resulls thus give information on the amount of e-clectron
density on the halogen atoms in the positions ¢is and rrans with respect to
the alkyl substituent. Since we are intercsted in the estimation of the extent
of the electron density change caused by substitution of the “influencing”
ligand, we have to separate out the contribution from [requency changes
factors having no relation to such a substitution.

C. MAIN SOURCES OF ERRORS IN NOQR EXPERIMENTAL MEASUREMENTS AND
[N DERIVATION OF SPECTRAL PARAMETERS

(i) Accuracy of frequency medsuremenis

The experimental error in the resonance frequency measurement 15 ap-
proximately determined as e = Ap/2(s/n), where Ar is a resonance line
hulf-width and s/n is a signal-to-noise ratio. The main contribution to the
linewidth in the compounds discussed is inhomogeneous broadening, so that
Ar/¥=10 * Typical values for the s/n ratio appeared to be of the order of
10-15. This gave € = (r,/2.53) X 10 "* which produces frequency shifts of ca.
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Fig. 2. Corrclation hetween *'Br NQR frequencics (» (MHz2)) and inwratomic Sn-Br
distunces (d (A in tin (1V) brome complexes: 1, {(NMe,),SnBrg 2, (NMe,); BuSnBry: 3,
(HPyj,8nRr,: 4, (HPy;BuSnBr, - Py: 3, Me,SnBr,- ZHMPT; &, SnBr,-2ZHMP17 7, Me,Snhe,-
213MS0); 8, Me,Snlir, 2Py; 9. BuSnRr,- 2ZHMPT; 10, SnBr,-2DPSO; 11, BuSnBr;- 2DPS0,
12. Bu.SnBr,-bipy.
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Fig. 3. Correlation between '] NQR frequencies (Am —1/2—13/2) (v (MHg}) and inter-
atomic 8n- T distances (4 {A)) in ting[V) iodo complexes: 1, Snl,: 2. EiSal, 2ZHMFPT, 3,
Sal,-2DPSO; 4, LtSnl,-2DFSO; 5, Snl,-bipy: 6, Et,Sal,-2HMPT: 7. Snl, - 2TPPO.
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Ligand influence as found by NQR (A8 (%)) * and X-ray analysis { Ad (%)} “, o5 weakening,
+ AS(+ Ad) (%); rrans strengthening, — A8( - Ad) (T}

Compound

(_Nh:{e;);én{;:’]ﬁ ’
(NMey), EtSnClg

trane-SnCl - 2ZHMPT
E1SnCl,- 2HMPT

Me,SuCl,- ZHMPT
ct5-8nC1,- 2TPPO
E1SnCl, 2TPPO

Et,5nC) - 2TPPO
cis-SnCl, - 2DMSO

E18nCl,- 2DMSO

trans-SnCl, - 27 ML
E1$nCl, 2TMU

reans-SnCl - 2THF
MeSnCl,-2THF

Snl,- ZHMPT
Et$nl - 2HMPT

Et,Snf.-2ZHMPT
cis-Snl,-bipy

cis-Snl ,-2DPSO

EtSnl,-213PS0

Assignment  8(lab {+ Ad, diSn-Haly Ref. (-~ 44,
(average) — AdY (;\] S Ad
(%) {uverage) 1%)
Cl-Sn-C1 —0.6%6 + 109 24033 13
Cl-8n-C1 -{.772 +109 251601 23 1 4.8
(+117M
Cl-5n-C —0.665 —4.5 2403 ~-0.2
(—38%)
Cl-8n- (1 - 0674 23R8 23
Cl1-8n-C1 - 249 25 + 4,3
Cl-8n C ~0.635 - 5.7 2.379(1) —04
Cl-5n-C1 — (1828 +228 2570 24, + 6
20
C1-5n-C! —0.662 2R3y 23
Cl1-8n-0) —0.676 2393 1)
Cl-8Sn Cl - 2.492(1) 25 | 4.6
¢l .8n-C —0.627 —-53 236100 —-0.9
Cl- Sn. C1 - 2.603(4)y 7 +82
C1 Sn-Ci —{3.690 238701y 13
1 Sn-0 (0.66% 2386¢1)
Cl-Sn-0 —0.753 +12.6 2 A564d) 28 b 2.9
C1-8n0-C —(.690 -0.0 2398 —-05
Cl- Sn-CI —0.668 2.3
Cl-8n (1 — 0,755 + 13.0 24914y +4.2
Cl-8n- C - .647 31 23744y -7
Cl-8Sn- Cl —{1.654
Cl-5n Oy —0.71R +9.7
Cl-8n-C —.632 -34
-Sn () —0.534
1-5n-0) ROR;0] + 275 28042 17 438"
(+3407)
1-50 ¢ —(.316 —34 26344 - 65"
[ ]
1- Sn-1 —0.797 +49.3 BRI 13 +7.0°
1-5n -1 —0.553 2516 19
T-85n N (1.508 I IRR
I-5n-1 —0.523 23790 X)
I-5n. O —0.356 279001
1-5n-1I ~- 0015 + 176 28551 M - 2.7
1-8n-0 LED

“ Caleulated using equs. {2) and (3. " Determmed using % C1 NQR daw for [SaCl, " at

7 K.Y Compared with the data for Snl,-bipy.
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4 % 107 % of the measured value, or 1 5 KHz at the *Cl and *'Br transition
frequencies.

(it} Temperature variation of the resonances

Most of the NQR data cited in this paper were obtained at 77 K in order
10 reduce the contributions of thermal motion to the spectroscopic parame-

TABLE 5

Ligand imfluence as shown by NQR (A8 (%)) * and X-ray anabvsis (Ad (%)) % o5 weaken-
ing, + A3+ Ad) (%) wrans sicengthening, — ASI— Ad ) (%)

Compound Assignment  B(Br)  (+ A8, d{Sn-Bn Rel. (+ Ad,
{daverage)l  — Ad) {A) —Ad)
(%) {average) (%)
[(NMe,),5nBr, Br—-Sn-Br - 0.642 26051 23
{NMc, 3, BuSnBr, Br-5n-Br — 745 =160 AEYN S 23 ~36
(- 175"
Br—5n.-{7 —0.584 - 5.4 256642 —-1.5
(=797
{HPv),5nBr, Br Sn Br -0634° 1574¢ 14
(HPv)RuSnBr,-py Br Sn-Br -0.723 =140 265370 29 b 3.2
(152"
rrans-SnBr, - 2HMPT  Br Sa-Br —0.603 2550 24
BuSaRr, 2HMPT Br-5n-0 —0.70a +17.7 26331 an +3.3
Br-Sn C —0.589 — 2.3 2529 1) —05
Me,SnBr, - 2HMPT Br-5n-Br —0Ein +34.6 27401y 24 + 7.4
cis-SnBr,- 2DPSO Hr-5n-Br —0.637 7.561(1) 31
Br-5S0-0 — {4640 252%2)
BuSnBr,- 2DPSO Br—Sn-Br —0.718 +1z7 26271 3l +21a
Br Sn. 0O —0.681 +133 2.595(1) +121.6
SnBr,-2THF Br-Sn-Br{O} (1.588
MeSnDBr,- 2THEF Br--5n-Brith  —{tLe74 + 146
Br-5n-C —{L361 -4
trans-5nBr - 2DMS0O Br-Sn-Br —{.599
Me,SnBr,- 2DMS0O Br-5n-Br —0.813 + 361 27511 24
trans-SnBr, - 2py Br -5n—-Br —0.618
Mo, $nBry- 2py RBr—Sn—Tir —039%  +26 273D
Bu,SaBr,: bipy Br-Sn-N —0.767 2.656
2729

* Calculated using eqns. {2y and (3). ® Ditermined using *'Br NQR data for [SnBr,]? " at
77 K. ¥ Average values assighed to halogen atoms that do not form hydrogen bonds.
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ters. Data at elevated temperatures have been used only when the changes in
spectroscopic multiplicities pointed to the exisience of phase transitions in
the interval between room temperature and 77 K. as in the (NMe,),SnHal
compounds {Table 1), Cubic at room temperature. they undergo phase
transitions to less symmetrical structures on cooling (chloro complexes to
168 K [9] and brome complexes to 90 K [22]). The results of low tempera-
ture X-ray studics are not yet available. Tt is then clear that the NQR data
on substituted |AlkSnHal ]*~ anions should also be examined at clevated
temperatures. Howcever, according to the X-ray results on (Nbe, ), Alk-
SnHal, (Alk = C,H;, Hal = Cl: Alk = C,H,. Hal = Br [23]). disordering of
the alkyl group and cationic (NMe, )" crystallographic positions exists at
room temperature, resulting in a determunation of the Sn Hal distances with
highly increased standard deviations. The same reason seems Lo be responsi-
ble for the rapid vanishing of NQR signals with increasing temperature, so
that they are already unobservable at i75-180 K. The comparison of
cffective charges on atoms in [AlkSnlIlal ]~ calculated at 77 K with those in
[SnHal,}?~ determined at room temperature will evidently give resuits
{Tables 4 and 5) overestimating the ¢fs weakening and underestimating the
trans strengthening of the Sn—Hal bonds owing to the introduction of the
alkyl group. The extent ol the temperature variation of charges in
(NMe,),SnHal, appeared, however, not to be very umportant, contribuling
an error of about 1'% {Tables 4 and 5).

{ifi} Cation influence on resonance frequencies

Some of the compounds diseussed have ionic structures. and we have to
discuss the importance of the cation charge contribution to the EFG at the
halogen site. The influence of cation charges on the hulogen NQR frequency
in ionic compounds of general formula R SnHal, with the K, PiCl, struc-
ture type has been considered [32] to result from interionic repulsion acting
through the change in the halogen inner clectron shell polarization (the
Sternheimer antishielding). This antishelding depends on the anion—cation
and anion anion distances between the neighbouring octahedra. With in-
creasing size of the cation. the interionic Hal- Hal distances increase, the
repulsion belween them weakens and the Sternheimer antishiclding factor
Y- determining the contribution of external charges to the EFG at the
halogen site (0, ). decreases. Since {J,,, has a sign opposite to that of the
contribution produced by the intra-anion charge distribution (), the
NQR frequeancy must increase; this increase was ohserved experimentally
within the serics R, MHal, (R = K, NH . Rb. Cx; M = Sn, Re. Pt Hal = C1.
Br) [32].
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Calculations using the point charge model [32] led to the conclusion that
the external charge contribution to the EFG at the site of the halogen
associated with the direct electrostatic effect (Q, } is much smaller than the
indirect effect (Q, ,) originating from polarization of the halogen core
clectron shells by external ions. The dircet clectrostatic cffect is thus
enhanced by the Siernheimer antishieiding factor, giving rise to a large
indirect ¢ffect responsible for the NQR frequency variations observed ex-
perimentally in complexes with the relatively small cations mentioned above:
Qeee = Qair + Qe = Caie + P {1 = 7,)

According to X-ray results [23] all Hal - - - Hal interanionic distances in
the compounds (NMe,),SnHal, and {NMe, ), AlkSnHul, are longer than
the corresponding sums of the van der Waals radii. so that their unit cell
dimensions are determined by the anion—cation distances. Only equatorial
Cl atoms in (NMe,),EtSnCl, were found to make CI--- CH, contacts
shorter than the sum of the van der Waals radii. The relative lengthening of
the Sn—-Cl’ bonding in one of the hnear CI7-8Sn-C1” fragments {due
probably to the presence of shortened C1--- N and Cl”--. CH, contact
[23]) is, however, accompaniced by the shortening of the Sn-C1” bonding in
the same fragment. Hence the average magnitudes of the Sn-Cl distances
for both equatonal linear fragments Cl-Sn-Cl are practically the same, and
the corresponding points deviale insignilicantly from the linear correlation
(Fig. 1). the average frequencies being unaffected by external charges. In
both tetramethylammonium  hexachlorostannate(IV) and hexabromostan-
nate(1VY, interionic distances are much longer than in similar complexes of
the same composition with alkali metal cations.

The volume of the formula unit in the compound (NMe,),SnBr,
is V=al/Z=6144 A’ compared with ¥=3i58 A’ in Cs,SnBr; for
the corresponding chloro complexes thev are equal to V' =5323 A* and
¥ =12776 A} respectively. In monoalkyl-substituted complexes they are also
large: ¥ = 5276 A’ in (MegN),EtSnCl, and V = 5899 A’ in
(Me,N},BuSnDr..

While within  the series K.SnCl,, (NH),8nC!l,, Rb,SnCl, and
(Me,N),SnCl, the difference in cation contribution 10 the EFG at the
chlorine site is responsible for a ¥ Cl frequency shift of about 14% and no
correlation exists between the **Cl NQR frequencies and the Sn -Cl hond
distances [32], the decrease in cation contribution in the compounds with the
cations of larger size leads to such a correlation taking place (Figs. 1 -3y [14].
This shows that the halogen frequency is mostly determined by intra-anionic
electron distribution, L.e. by the ionic character of the Sn.-Hal bonding in
the compounds studied.

In melecular adducts of composition SnHal, - 2L the frequency shifts due
1o complexation are also produced mainly by intramolecular electron effects,
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This was convincingly shown in ref. 13(a) where a linear correlation exisls
hetween the halogen NQR frequencies in the hincar fragments Hal-Sn- Hal
and Hal-Sn L and the enthalpies of their formation in the gaseous phase.

fiv) Neglect of the asymmeiry parameier values at the chlorine und bromine
sites and sp hvbridization of the halogen valence vrbitaly

A factor responsible for the increase in estimated electron density on the
halogen atom is neglect of the asymmetry parameter value (5} in eqn. (1).
This neglect changes the magnitude of & by an insignificant amount,
namely, by 3¢ x 107%/¢*Qy, for values of 4 up to 3 = 30%, which makes
the change equal to 3» X 1074 al most. There is no reason to expect the
magnitude of 9 10 exceed 30% 10 the compounds discussed, since the X-ray
data available show that their structures are built of nominally isclated
fragments in most cases, the Sn Hal distances possessing typically ordinary
bond lengths (see references in Tables 4 and 3). The selected 5 values
experimentally measured in iodo compounds ('Table 2) confirm this expecta-
Lion.

As mentioned above. egn. (1) alse neglects the contribution of s hybridi-
raton of the halogen atom np. orbitals to chemical bonding. This was
ortginally assumed [8] ta be 153% when the hatogen atem is bonded 10 an
atom more electropositive than the halogen by as much as 0.25. However,
taking into accounl that more recent cxperimemtal data provide much
evidence that this contribution hardly cxceeds 3% for Cl atoms and is
reduced further for Br and I atoms we, in agreement with the currently
accepted view, neglected this value. Since we are interested not in absolute
magnitudes of charges but in their variation over a series of related com-
pounds, such neglect will evidently have no effect on the final conclusions,

D. SOME RELIABILITY ASPECTS OF MEASUREMENTS AN CALCULATIONS IN
X-RAY EXPERIMENTS

The main source of error in the X-ray determination ol atormic posilions
is a truncation of the Fourier series. The purameter (sin #/A) reaches the
magnitude of 0.7 A only rarely, varying as a rule within 0.5 0.6 A~". This
was due to poor quality of the crystals, which were very difficult 1o grow in
the sizes required for X-rav analvsis. The truncation of the Fourier series
gave rise 1o the appearance of many wceak false maxima on the electron
density maps, affecting the coordinates of the electron density maxima
assigned to the rcal atoms of the crystal structure. In addition. the functions
mimimized according to the least-squares procedure had false local minima.
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The systematic error due to neglect of X-ray ahsorption by the crystals
was insigatficant, since, firstly, the single crystals used were small and,
secondly, molybdenum irradiation was applied. The latter gave relatively
small values for inear absorption coefficients (p). The value of g R, where R
is the radius of a crvstal approximated to a sphere. did not exceed six.

The correction for extinction generally did not influence the accuracy of
atomic coordinate determination. although in several cases it improved the
R factor. The most inpertant correction was that for thermal moton of the
atoms. The magnitudes of inleralomic distances had a smaller scaller alter
this correction was applied.

Compounds with statistically disordered crystallographic positions of
atoms or atomic groups gave the most serious difficulty for the X-ray study.
For instance, in CI1,SnHal,  2IIMPT (11al — Cl, Be) one of the halogen
atoms and one methyl group substitute each other statistically, so that the
carbon and halogen atom maxima in the electron density maps cannot be
distinguished. As a result, the Sn-Hal and Sn-C distances cannol be
measured, which means that not only the mugnitude but even the direction
of the L1 is impossible to determine. In such cases the necessary information
15 derived {rom a comparison with structures of different compounds, as in
rel. 7.

In compounds with no statistical positional disorder, the accuracy of the
atomic position measurements is lowered by defects in the crystal lattice.
The overall contribution of random and systematic errors affects the accu-
racy of the determination of interatomic distances in such a wayv that in
chlorides it lies, as a rule, below the level of electronic ellects produced by
L1, and in bromides it 1s also often below this level.

In addition. many reasons exist [or changes in interatomic distances.
Caution is therefore required hefore ascribing these changes to LI In this
respeet the use of NQR data scems to be highly appropriate.

E. EVIDENCE FOR LIGAND INFLUENCE I’ NQR SPECTRA AND X-RAY DATA

As mentioned above, quantum chemicul considerations predict cis
weakening of the Sn Hal bonds sccompanied by a relatively smaller frons
influence when going from unsubstituted to monoaltkyl-substituied tin{IV)
halides and a further increase in ¢is weakening in dialkyl-substituted com-
pounds [1-7). We have examined cxperimentally the vahdity of these
predictions using NQR. The spectral data also give a clear idea of the extent
to which the o-electron density varies as a result of substitution. The
weakening of the Sn-Hal bond occurring as a result of substitution evi-
dently leads to an increase in o-electron density (N, — 1+ [d]) on the
corresponding halogen atom. This will cause a lowering of the NQR
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frequency {cqn. (1)). If the bond is strengthened as a resull of substitution.
the o-glectron density decreases, which means there is an increase in the
NQR frequency with respect to the unsubstituted compound (egn. (1)),
From an estimation from NQR spectra of the § values on the halogen
atoms, firstly in unsubstituted SnHal, complexes and SnHal, - 21. adducts
and then in monoalkyl- and dialkyl-sobstituted systems, we determined the
relative variations in the o-electron density on the hajogen atoms at posi-
lons s and rrans to the alkyl substituent as follows:
S(ANSnHa - 20) — 8(SnHal, - 2L}

- T T L =3 i
+A§(Hal) = S(SRral20) % 100% {2)

Similarly, the relative lengthening (shortening) of the Sn--Hal bond
{Ad(Sn -Hal)%) was cstimated from the X-ray results as
d(AlkSnHual, - 2L) — d{SnHal, - 2L)
d(8nHal,- 21))

+Ad{Sn-Hal) = = 100% (3)

In both cases the ligands L include as the limiling case the anions Hal af
the initial unsubstituted compound is [SnHal, ], The sign “plus” corre-
sponds evidently to a relative weakening (lengthening) of the Sn—-Hal bond,
while “minus™ corresponds to a relative strengthening (shortening) ol the
appropriate bonds.

The results obtained are listed in Tabies 4 and 5.

As seen from Tables 1 and 2, the inlluence of the alkyl group 1s reflected
in the NQR spectra in unexpectedly large NQR frequency shilts compared
with the unsubstituted compounds. Being expressed n terms of s-electron
density changes, they provide evidence for a profound reorganization in
electron distribution as a result of the introduction of the alkyl substituent
{Tables 4 and 35). Thus introduction of an ethyl group into a regular
[SnCl1,]*~ octahedron with a singlet *C1 NQR spectrum results in a dif-
ference hetween (he charge values on equatonial and axial Cl atoms of 0.10 &
on average. which corresponds to a spectroscopic splitting of the order of
6 MHz. The influence of a butyl substituent introduced into [SnBr,]* is
reflected in the difference in charges on the Br atoms at positions ¢is and
rrans with respect (o this substituent reaching 0.16 ¢, or in a splitting of the
corresponding ¥ Br NQR frequencies of the order of 51 MHz.

The substitution of both halogen ligands in the linear [ragment
Hal- 8n Hal of the complex tramv-SnHal, - 2HMPT by methyl groups in-
creases the o-electron density on the halogen atoms in the other [ragment by
0.21 ¢ in the bromo complex (the corresponding ®'Br resonance being
lowered by 67 MHz) and by (.15 e in the chloro complex (the lower
lrequency shift being 8.5 MHz). These frequency shifts evidently greatly
exceed those produced by the contributions analysed in Sectiom C.
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{{} Cis weakening us reflecied in speciroscopic and structural dute

Ay seen [tom Tuables 1. 2, 4 and 5 the prevailing cffect characterizing LT in
the compounds studied is a weakening (lengthening) of the Sn- Hal bonds at
position ¢is to the alkyl sobstitwents, ie. ¢is weakening. Its magnitude
( + A8 %) depends considerably on the nature of the acidaligand and amounts
to 10-13% in monoalkyl-substituted chlorides. 14-18% in the analogous
bromides and ca. 28% in the | Sn Q) fragment in FiSnl; - 2ZHMPT.

The second alky] substituent increases the s weakening approximately
additively, making the effect in the complexes of type Alk,S8nHal, - 2ZHMPT
about 23%, 35% and 50% in the chloride. bromide and jodide respectively.
This means that the cis-weakening influence of alkyl groups on Sn Hal
bunding increases according o NQR in the order Cl < Br < L

Variation of ligands L in hromo complexes of the type Me,SnBr, - 2L
revealed the contribution of the ligands L to the ¢iy influence, combined
with the influence of alkyl ligands. Thus A = 36% for L = DMSO. A8 = 35%
for L=HMPT and A8 =29% for L =Py, which reflects an increase in
o-electron density on the Br aroms by 0.216 c. (1208 ¢ and 0.177 e
respectively. The corresponding ¥ Br lower frequency shifts with respect to
SnBr, - 2L gave 69.3 Mz, 67.1 MIlz and 56.9 MHz respectively.

As to the appropriate changes in mteratomic Sn-Hal distances, the X-ray
duta give a cis lengthening of about 0.1 A when going from SnHal - 2HMPT
10 AlkSnHal, - 2HMPT. This makes Ad =4.3% for the chloro, Ad=3.3%
for bromo and Ad = 3.8% for the [-8n-0 ragment of the iode complex. (In
the last case the cis weakening was estimated with respect to Snl, - bipy
stince the structure of Sal, - 2HMPT is not yet known.}

In dialkyl tin substituted complexes, Alk,SnHal, - 2HMPT, when the
second alkyl group occupies a position frans with respect to the first. the
relative cis lengthening (+Ad (%)) becomes 7.6%, and 7.4% for the chloro
compeound and hrome compound respectively and 7.1% for the iodo com-
pound (also with respect to Snl, - bipy). The X-ray results therefore do not
detect the dependence of efis lengthening on the nature of the acidoligand.

(it} Trans strengthening in chioro and bromo complexes according to duta from
iwe methods

The trans influence is reflected in X-ray data as a not very significant
change in the corresponding Sn—Hal distance. In adducts of chloro com-
pounds they are not observed within the standard deviation values. Only in
|EtSnCl,]*~ was the effect noted as a trans shortening of the order of 1.3%
after thermal motion corrections were applied [23]. Shortening by approxi-
mately 0.03 A of the Sn-Br bonds at the position rans to the alkyl
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substituent has also been found for [BuSnBr.]*~ and EiSnBr,- 2TPPQ,
which makes A8 = 1.5% for the former complex (Table 3).

The trans influence is, however, reliably detected in all the compounds
studied by NQR spectroscopy. The enly direction of the eflect observed was
rrans strengthening, It consisted of a decrease by 3-6%, with respect (o the
unsubstituted precursors, of the s-electron density on the halogen aiom at
the position rany 1o the alkyl substituent. The greatest frans strengthening
(A8 = 9%) was obscrved in [BuSnBr,]? ", which gave rise to a high frequency
shift of 18 Mllz in the *'Br resonance with respect to the unsubstituted
[SuBr,]*~ anion. The deficiency in the experimental data available does not
unfortunately enable us to establish any repularities in trans strengthening,
such as, for example, the relative contribution 10 the effect of various alkyl
groups, or its dependence on acidoligands.

As scen from Tables 4 and 5, #rans strengthening 1o an approximately
similar extent 1s observed in alkyl tin trichloride (3-6%) and atkyl tin
tribromide {4-5%) complexes.

(i} Results for iody complexes

An unusually large trans shortening has been found by X-ray analysis [17]
in [1Snl,- 2HMPT (Ad =0.17 A if the Sn-I bond distance at the mrans
position ta the ethyl group 1s compared with that in the I Sn [ fragment of
Snl, - bipy}). The trams-shortencd Sn-I bond distance in EtSnl, - 2HMPT
was reported [17] to become even shorter than in Snl,. The NQR results
{Tubles 2 and 4). however, showed thut the rrans shortening in EiSnl, -
2HMPT docs not exceed similar effects in the related chloride and bromide.
The amount of o-electron density on the trans 1odine atom was found to be
noticeably hugher 1y E(Snl; - ZHMPT (1.52 € assurming % = 0) than in Snl,
(1.4 ¢). According to NQR the effect of trans strengihening in EtSnl, -
2HMPT when calculated. as in the X-ray analysis [17]. with respect to
Sniy - bipy (6.7%) exceeded by a factor of almost two that calculated with
respect to its parent adduct Sal, - 2HMPT (3.4%). The complex EtSnl, -
2HMPT is at present the only compound where X-ray analysis finds such a
strong irgny shortening, the c¢fs lengthening lying within ordinary linuts.
Taking into account that NQR does not show any unusual rrans sirengthen-
ing in this sample. one should refrain from drawing final conclusions on this
compound uniil consistent results [rom the two methods become available.

F. CONCLUDING REMARKS

As the resulis of NQR show. the ligand influence in hexacoordinate alkyl
tin{ IV} halogen complexes consists of a profound electron reorganization of
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all the tin—halogen honds, owing to the introduction of a substituent with
strong e-donor properties {alkyl group) inte [SnHal,]*" or Snlal,-2L. In
agreement with theoretical predictions the NQR spectry as well as the X-ray
results provide evidence for a considerable increase in g-ionic character of
the Sn-Hal bonds at positions cis to the alkyl substituent. accompanied by
their lengthening with respect to the corresponding parent compounds { cis
weakening). Using NQR, regularities in ¢ weakening have been studied in
a quantitative manner. L. the rclative extent of ligand influence on the
clectron density on the halogen atoms. is dependent on the type of donor
hgand L, the acidoligand and the number of alkyl substituents.

The trans influence has been identified by NQR only as a decrcase in
o-clectron density on the halogen atoms ul the position rrans 10 the alkyl
group (trans strengthening). The relative importance of both the ¢is and the
trans influence has been compared on a4 quantitative scale in terms of
variations in o-clectron density on the appropriate halogen atoms with
respect to the parcnt compounds. it appears that ¢isy weakening 1s char-
acterized on average hy an increase in the o-electron density by 0.08 ¢ and
0.1 ¢ on €1 and Br atoms respectively. while trans strengthening was
measured as a decrease in the a-electron density on the halogen atems by
0.02 -0.04 e. reaching nearly 0.06 ¢ in [BuSnBr.}® .

X-rav analysis, however, linds no structural evidence within the standard
deviations for rrans influcnce in chloro complexes, except for [EtSnCl]?~
where frany shortening of the ordec ol 1.3% could be ascertained alter
thermal motion corrections were applied. Truns shortening of the order of
1.5% was also observed in [BuSnBr,]*". X-ray data for strong trans shorten-
ing in EiSnl, - 2HMPT are inconsistent with the NQR results.

As NOQR shows. the ligand influence is governed by the eleciron elfects,
those responsible for the ¢is influence being particularly strong. The eficets
of the wans influence. which are 2 5 times weaker were, however, also
reachly reflected in the NQR spectra. the corresponding frequency shifts
exceeding the errors ol measurcment by orders of magnitude.

In general, the analysis of the variauon in bond distance is a less direct
way to study the phenomenon, the necessary information being masked by
various latlice contributions influencing the interatomic distances. These
might be the reason for the apparent discrepancies between the X-ray and
spectroscopic results concerning. for example. the dependence of cis
wenkening on the nature of the acidoligand.

The NQR parameters, directly determined by electron density distribu-
ton. reflect the effects of LI more adequately. being at the same time more
sensitive to electron cffects than the interatomic distances. Tlowever, X-ray
data on the spatial arrangement of atoms and atomic groups, especially in
the isomers of monoalkyl-substituted adducts, are very helpful for the
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correct assignment of resonance lines and hence for reliable conclusions on
ligand influence.
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