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Nuclear Quadrupole Coupling in Organotin Chlorides. 
II. Dichlorides1 
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Abstract: As an effort to further the understanding of the nature of bonding to tin, the nuclear quadrupole coupling 
in 11 organotin chlorides was investigated and resonance frequencies were measured at 77, 200, and 303 0K where 
possible. The data show that (1) there is a larger increase in the coupling constant relative to that of the tetrahalide 
with organic substitution than with analogous carbon and silicon compounds; (2) the ratios of the coupling con
stants for analogous carbon and tin compounds are not close to being constants as is the ratio for carbon and 
silicon compounds; (3) an abnormal temperature coefficient exists for dimethyl-, dipropyl-, and dibutyltin di
chlorides. The observed data indicate an appreciable change of either ionic or T character of the Sn-Cl bond with 
organic substituent, and while evidence favors a change in the latter no definite conclusions can be established. 

I n a previous paper3 it was pointed out that various 
estimates of the 7r bonding and ionic character in 

the Sn-Cl bond differed by considerable amounts. This 
study is an extension of the earlier work and attempts to 
produce more evidence as to the nature of the bonding. 

Experimental Section 

The compounds studied were obtained from Metallomer Lab
oratories, Inc., or Alfa Inorganics, Inc., and were used without 
further purification. For room-temperature measurements samples 
were sealed in 2-dram vials. For lower temperature measurements 
samples were sealed in 1-dram vials. For the former samples the 
vial was placed directly into the spectrometer coil while for the 
latter the vial was surrounded with a small dewar flask and the 
entire assembly placed into the coil. 

The resonances were found using a Zeeman modulated super-
regenerative spectrometer which was a modification of the design 
of Peterson.4-6 

Identification and frequency measurement of the resonances were 
made by modulating the quench frequency at a rate of 10-20 Hz, 
thereby allowing the center frequency of the oscillator to be dis
tinguished on a radio receiver. A stable external oscillator was 
then zero-beat with the center frequency, using the receiver as a 
detector, and the frequency of the external oscillator was measured 
with a Hewlett-Packard 524D frequency counter. While quench 
modulation suppressed the side-band signals enough to allow the 
center frequency to be recognized, there was enough leakage of 
quench signal to prevent a direct measure of the superregenerative 
oscillator frequency with the counter, hence the use of the external 
oscillator. The measurements were aided by the fact that the 
patterns obtained on the recorder were exceptionally symmetrical 
enabling an unambiguous setting of the oscillator at the point where 
it was the center frequency rather than a side band which was inter
acting with the sample. This symmetry is illustrated by the room-
temperature quartet of (C6Hs)2SnCl2 as shown in Figure 1. A spec
trum analyzer was used to confirm the intensity relationships 
between the recorder output and oscillator spectrum. Frequency 
measurements are accurate to ±0.1 kHz. The observed line widths 
were 6-8 kHz, and the over-all accuracy of the measurements was 
limited to ±2 kHz by the uncertainty associated with setting the 
spectrometer on a line peak. The coherence of this system was 
superior to that of the externally quenched spectrometer used in 
earlier work,3 and the resolution was much better. The latter 
factor is shown by the increased number of resonances which were 
found for some compounds. 
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The differences in measured frequencies between this work and 
the earlier work are due to two factors. The reference oscillator 
used for beating with the superregenerative oscillator and hence 
measurement of frequencies in the earlier work was found to have a 
parasitic oscillation that would vary from approximately 0.5 to 
1.5 MHz below the primary oscillation frequency. The exact 
location of the parasitic oscillation was irregular and would change 
with time in an irregular manner. In the earlier work the fre
quencies were always measured by approaching the oscillator fre
quency with the reference oscillator frequency from the high side; 
hence the parasitic oscillation would beat with the oscillator before 
the primary frequency but the primary frequency of the reference 
oscillator would be recorded. The present work employed a dif
ferent reference oscillator and is free of this problem. A second 
factor which would cause a difference in recorded resonances of the 
order of a few (less than six) quench frequencies (at 25 kHz) was the 
fact that the multiple resonances observed in the present work were 
unresolved in the earlier work; hence the earlier recordings were a 
composite of several resonances in some cases. Hence they did 
not show the symmetry of the present ones and the choice of the 
center of the pattern was more difficult. This lack of resolution 
was due to the incoherence of the former oscillator operation. 

In one instance, (M-C4Hg)2SnCl2 at 770K, a previously found 
resonance could not be relocated. Because of the differences in the 
spectrometer arrangement used at low temperatures in the two 
studies, the sample size was one-half and the coil filling factor 
was one-fourth that of the earlier work. A check of the spec
trometer with p-dichlorobenzene which has a very intense resonance 
showed the sample size necessary to produce the minimum detectable 
signal (signal-to-noise (S/N) ratio = 2) was 0.4 g (0.2 g of Cl) at 
room temperature employing the low-temperature coil and dewar 
arrangement and at a sweep speed equal to that used for S/N ratios 
reported in Table I. The weights of Cl present in the samples of 
(H-C4Hu)2SnCl2, (/1-C8Hn)2SnCl2, and (C6Hs)3SnCl which were used 
were about 1.6, 0.8, and 0.5 g, respectively. Since the intensities 
of the observed resonances decrease with decreasing temperatures, 
as is shown in Figure 2, and the observed resonances for these 
compounds, as shown in Figures 2-4, are quite weak at room tem
perature, it is not surprising that their low-temperature resonances 
were not observed. The absence of observed resonances in (CH2= 
CH)2SnCl2 is due either to insufficient sensitivity or to disorder in 
the crystal structure. The latter is highly probable since aging 
of other samples for several days at temperatures just below their 
melting points was often necessary to obtain resonances. Aging 
produced no effect in this case however. 

Results 

The observed nuclear quadrupole resonance fre
quencies of 35Cl in the compounds investigated are given 
in Table I. Where possible, measurements were made 
at three temperatures. The coupling constants listed 
in Table I were calculated from the average of the mul-
tiplets due to nonequivalent crystalline sites by using 
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Table I. Observed Nuclear Quadrupole Resonance Frequencies and Coupling Constants of Organotin Chlorides 

Compounds 

(CH3)2SnCl2 

(C2Hs)2SnCl2 

(«-C3H7)2SnCl2 

(/!-C1Hs)2SnCl2 

(«-C8Hn)2SnCl2 

(C6H6)2SnCl2 

(C6Hs)3SnCl 

(C6H5)SnCl3 

(H-C1H9)SnCl3 

(CH2=CH)2SnCl2 

Mp, 
0C 

90 
85 

81 
43 

42 

106 

150« 

" 770K 

15.466(6) 
15.520(6) 
15.740(6) 
14.930(2) 
NO6 

NO 
NO 
17.440(2) 
17.902(2) 
18.020(2) 
18.722(2) 
NO 
NO 
20.112(6) 
20.632(3) 
21.279(6) 
20.012(3) 
20.448(3) 
20.521(3) 
NO 

— Obsd frequency, MHz° 
2000K 

15.620(10) 
15.490(10) 
15.595(10) 
15.125(3) 
15.820(2) 
15.948(2) 
NO 
17.390(3) 
17.798(3) 
17.985(3) 
18.530(3) 
NO 
NO 
19.925(10) 
20.339(6) 
20.991(10) 
Liquid 
Liquid 
Liquid 
NO 

, 
3030K 

15.714(50) 
15.487(29) 
15.536(20) 
15.309(10) 
15.982(8) 
15.992(8) 
15.136(2) 
17.337(6) 
17.724(6) 
17.995(6) 
18.340(6) 
16.750(2) 
16.985(2) 
Liquid 
Liquid 
Liquid 
Liquid 
Liquid 
Liquid 
Liquid 

Calcd 
e2Qfe, 
MHz 

31.428 
31.014 

30.618 
31.974 

30.272 
35.687 

33.736 

40.836 

40.654 

L\V/L\T, 

kHz/ 0K 

+ 1.10 
- 0 . 1 5 
- 0 . 9 0 
+ 1.68 
+ 1.57 
+ 0 . 4 3 

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

- 1 . 5 2 
- 2 . 3 8 
- 2 . 3 4 

° Intensities given as signal-to-noise ratios are in parentheses following the frequencies, 
found. c Approximate. 

NO compound searched but no resonance 

the usual relationship for the spin '/2 case7 

e2Qq, 1 - X 

and assuming r\ — 0. This assumption is justified since 
considerable asymmetry is necessary before it affects the 

17.995 17.724 17.337 

Figure 

303°K 

'[C6H5J2SN C L 2 

Diphenyltin dichloride spectrum at 3030K. 

15.992, 
'-JM 5.982 

15.820 15,948 

4VW|W# 
2000K 

3030K 

L^-C4H3 ]2SNCL2 

Figure 2. «-Dibutyltin dichloride spectrum at 303 and 2020K. 

magnitude of the calculated coupling constant appre
ciably. The calculated values of the coupling constants 

(7) T. P. Das and E. L. Hahn, "Nuclear Quadrupole Resonance 
Spectroscopy," Academic Press Inc., New York, N. Y., 1958, p 14. 

are for 303° or the next lower temperature where no 
measurement was made at 303°. The temperature de
pendency of the frequencies were calculated by dividing 
the difference between available frequency extremes by 
the corresponding temperature difference and are listed 
in Table I. A rapid decrease of intensity with the 
organic group chain is noted. The intensities given as 
signal-to-noise ratios are in Table I. It is to be pointed 

Figure 3. H-Dioctyltin dichloride spectrum at 3030K. 

IG.750 I5.985 

3030K 

Figure 4. Triphenyltin chloride spectrum at 3030K. 

[ C 3 H 5 I 3 S N C L 

out that for these compounds which were reported 
previously3 and remeasured in this work the magnitudes 
of the changes in the measured frequencies are insuf
ficient to invalidate the deductions of the earlier work 
and that furthermore they are in a direction such as to 
add increased weight to those and the present deduc
tions. The new measurements place the coupling con
stants of the phenyltin chlorides above those of the 
aliphatic compounds which is as expected from other 
work on carbon and silicon compounds. 
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Discussion 

As in the previous study, there is a larger decrease in 
the coupling constant relative to that of the tetrahalide 
with organic substitution than with carbon and silicon 
compounds. The lack of consistency in the ratio of the 
coupling constants between analogous tin and carbon 
compounds is again noted. This investigation has 
pointed up two additional facts of interest. (1) There 
is a greater variation of the coupling constant with ali
phatic chain length in the case of tin than with carbon. 
(2) Three of the compounds have a positive temperature 
coefficient, and the temperature coefficients for different 
crystallographic sites in the same compound are of 
widely varying magnitudes. 

A comparison of the decrease in coupling constant 
with substitution of two methyl groups into the tetra-
halides of carbon, silicon, and tin is shown in Table II. 

Table II. Changes of e 2Qq33 with Methyl Substitution 

Compound 

CCl4 

(CHa)2CCl2 

SiCl4 

(CHa)2SiCl2 

SnCl4 

(CHa)2SnCl2 

I e 2 C ^ l 
MHz 

81.9 
69.8 
40.8 
35.5 
48.2 
31.4 

A\e'-
, Abs, 

MHz 

12.1 

5.3 

16.8 

'•Qqzz\ 

% 

6.8 

13 

35 

Vp 

0.75 
0.64 
0.37 
0.32 
0.44 
0.29 

/a X 
100 

10 
23 
55 
61 
47 
65 

A/a X 
100 

13 

7 

18 

/ b 

12 
12 
56 
56 
56 
56 

Also shown are the apparent ionic character, /a, of the 
M-Cl bond as calculated by assuming 18% s character 
in the Cl c-bonding orbital, neglecting T bonding and 
using the relationship8 

4 = 1 -
U0 

(1 - s2) 

where Up = (e2 Qq 22)mo\l(e2 Qq22Xt a n d the ionic charac
ter, Ib, predicted from electronegativity values using the 
Townes-Dailey curve. Since the change in the chlorine 
coupling constant with methyl substitution is much 
larger for tin compounds and the ionic character based 
on the assumption of no v bonding shows a larger 
increase for tin than for carbon this indicates that either 
the amount of IT bonding or the ionic character of the 
Sn-Cl bond is changing with substitution to a greater 
extent with tin compounds than with those of carbon or 
silicon. 

Table III is illustrative of the ratios of the observed 
quadrupole coupling constants for analogous C, Si, 
and Sn compounds. The work of Hooper and Bray9 

Table III. e'iQqzz Ratios for 
Compounds of C, Si, and Sn 

Compound 
(M = C, Si, Sn) 

MCl4 

CH3MCl3 

(CHa)2MCl2 

(C6Hs)MCl3 

Analogous 

(e'Qqzzhl 

1.99 
1.96 
1.96 
2.02 

(e2QqM 
(e2Q<?«)sn 

1.69 
1.86" 
2.22 
1.87 

" This value is for the «-butyltin compound relative to the methyl 
carbon analog. 

(8) Reference 7, p 138. 
(9) H. O. Hooper and P. J. Bray, /. Chem. Phys., 33, 334 (1960). 

gives an average value of 2.00 ± 0.4 for the coupling 
constant ratio for seven analogous carbon and silicon 
compounds. Since the various bonding factors, s 
hybridization, s2, ionic character, /, and TT bonding, ir, 
can be related to the molecular and atomic coupling 
constants by the factor8 

(e2Qqzz)moi/(e2Qqzz),t = (1 - s* - I - IT) 

the ratio for the molecular coupling constants of a chlo
rine atom in two analogous compounds, where the 
atom bonded to the Cl atom is designated M or M', 
becomes 

Je2Qq11)U = (1 - sM
2 — Iu — ^M) 

(e2Qqzz)w (1 - ^M2 -IM- TTM) 

It is generally assumed that s2 has a value of 0.15 
regardless of the atom to which the Cl atom is bonded 
if it differs from chlorine in electronegativity by more 
than 0.25 unit. Since the carbon atom does not have 
any valence shell orbitals for -K bonding to chlorine in 
sp3 hybridization state, TQ = 0 and the ratio of the 
coupling constant of chlorine in a carbon compound to 
its silicon or tin analog becomes 

{e2Qgzz)c = (0.85 - I0) 
(e2Qq22)u (0.85 - / M - irM) 

If the electronegativity of the organic group is trans
ferable from a carbon to silicon atom, the ionic character 
of the M-Cl bond will depend only on the difference in 
electronegativity between Si and C. Thus the con
sistency of the ratio for carbon-silicon compounds indi
cates that there is little effect on the IT bonding in the 
Si-Cl bond upon changing substituent. The ratio for 
carbon-tin compounds is quite irregular for those 
compounds studied to date. This indicates that either 
(1) the 7r-bond character of the Sn-Cl bond is quite 
sensitive to the organic substituent or (2) the 7r-bond 
character is relatively constant and the electronegativity 
of the organic group depends appreciably on the atom 
to which it is bonded. As was pointed out before,3 

Mossbauer work would tend to confirm the first hy
pothesis. 

The work of Hooper and Bray9 indicated less than 1 % 
variation in the chlorine quadrupole coupling constant 
as the aliphatic chain was increased from one to ten 
carbons. This work shows a 5 % variation in the sub
stituted compounds, the change being quite regular 
with the exception of the dibutyltin dichloride. The 
latter compound has irregular physical properties also. 
Since the electronegativity effect of changing sub-
stituents is very small, as is indicated by the carbon 
compounds, this variation is undoubtedly due to the 
fact that intermolecular interactions contribute more 
to the coupling constants in the more ionic tin com
pounds, and as one increases the chain length of the 
organic substituents the unit cell size and intermolecular 
distances increase, thereby lowering the coupling con
stant as observed. 

The most interesting feature of the present work is 
the occurrence of a positive temperature coefficient for 
the resonances in three compounds and the observed 
irregularities in the temperature coefficients of different 
crystalline sites. The normal temperature dependency 
is negative since increasing thermal motion in a solid 
will symmetrically average field gradients due to neigh-
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boring molecules and will hence lower the coupling 
constants. The occurrence of temperature-dependent 
intermolecular bonding may account for the positive 
coefficients. Intermolecular bonding of this form has 
been observed to exist in BiCl3.

10 In such a case a 
decrease of intermolecular bonding with increasing 
temperature compensates or overbalances the normal 
temperature effect. Such an effect is strongly suggested 
by the observed data for the dimethyl, dipropyl, and 
dibutyl compounds. The variation in the magnitude 
of the temperature coefficients where multiple crystal
line sites occur indicates that some sites are more favor
ably situated for intermolecular bonding than others. 
The fact that only negative coefficients are observed for 
the phenyl compounds where large organic groups 
would tend to prevent close association of a tin atom 
and a chlorine atom from another molecule tends to 
substantiate this reasoning also. The crystal structures 

(10) H. G. Robinson, Phys. Rev., 100, 1731 (1955). 

The information concerning mass spectra of silicon 
compounds is limited.2-4 The only silazane which 

has been studied is hexamethyldisilazane.5 As mass 
spectrometry is becoming increasingly important in 
the analytical determination of chemical compounds, 
we have studied the spectra of some silazanes: hexa-
methylcyclotrisilazane (I), octamethylcyclotetrasilazane 
(I ), pentamethylmonochlorodisilazane (III), 1,3-di-
chlorotetramethyldisilazane (IV), 1,3-dimethoxytetra-
methyldisilazane (V), and l,3-bis(dimethylchlorosilyl)-
tetramethylcyclodisilazane (VI). 
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87, 5327 (1965). 

(3) B. G. HobrockandR. W. Riser,/. Phys. Chem., 66, 155(1962). 
(4) F. E. Saalfeld and H. J. Svec, Inorg. Chem., 2, 46 (1963). 
(5) A. G. Sharkey, Jr., R. A. Friedel, and S. H. Langer, Anal. Chem., 

29, 770(1957). 

of the investigated compounds are not known, but these 
observed temperature effects indicate that the most 
probable location for a tin atom is in a distorted octa
hedral site, surrounded by its four singly bonded groups 
and one or more partial intermolecular bonds to chlo
rines in neighboring molecules. It is the lowering 
of the order of these latter bonds with increasing tem
peratures that would lead to an increase in the asym
metry at the chlorine sites and hence the observed in
crease in coupling constant with temperature. 

From this work it can be concluded that there is both 
ionic and TT character involved in addition to the a 
character of the Sn-Cl bond. The occurrence of posi
tive temperature coefficients indicates intermolecular 
bonding in the solid. While evidence to date tends to 
favor explaining the changes in the observed coupling 
constants as being due to changes in w bonding with 
substituent, the asymmetry parameter and principal 
axis system for the electric field gradient at the chlorine 
atoms must be determined in order to settle the issue. 

[(CHs)2SiNH]8 [(CHs)2SiNH]4 

I II 

(CH3)sSiNHSi(CH3)2Cl Cl(CHs)2SiNHSi(CHs)2Cl 
III IV 

CHsO(CHs)2SiNHSi(CHs)2OCHs 
V 

Si(CHs)2 

/ \ 
Cl(CHs)2SiN-Si(CHs)2-NSi(CHs)2Cl 

VI 

The mass spectra will be presented and discussed in 
terms of the structures of the respective molecules. 
We were able to assign plausible structures to the 
major peaks in each spectrum. The structures were in 
some cases verified by comparing the computed and 
observed relative abundance of isotopic species of the 
same fragment ion. The origin of certain fragment 
ions could be established unambiguously with the aid 
of metastable ions. 

Mass Spectra of Silazanes 
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Abstract: The 70-v mass spectra of some silazanes and chloro- and methoxysilazanes are presented. The com
pounds studied include cyclic tri- and tetradimethylsilazanes and newly synthesized linear methoxy- and chloro-
disilazanes. Expulsion of stable molecules, such as ammonia, methane, HCl (from the chlorosilazanes), and CH2O 
(from the methoxy compound), has been observed. These fragmentations are usually accompanied by metastable 
transitions. 
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