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ABSTRACT

A number of organotin (1IV)diethyldithiocarbamate and

119 :
Sn Mossbauer and infra-

related compounds have been exaﬁined by
red spectroscopy. The two sulfur atom containing monovalent
anionic ligand is found to act as an anisobidentéte moiety in a
number- of these compounds, with ohevstrong and one weak bonding
interaction between the metal atQm and the nearest neighbor sul-

~ fur atoms accounting for the observed spectroscopic properties.
From isomer shift-electronegativity systematics é group electro-
negativity of ~5.7 oﬁ the Mulliken-Jaffe scale is deduced for

alkyl groups bonded to Sn (IV). From the'temperature dependencé
of the,recoilffreé fréction and the Gol'danskii-Kafyagin assym-
metry in (CHz), Sn [S,CN(C,Hg),], it is concluded that this com-
pound is monomeric with an essgntially isotropic amplitude .of
vibration of the metél atom in the temperature range 78<T % 150°K.
Proton nuclear magnetic resonahce data for this compouﬁd’are con-

‘sistent with the anisobidentate nafure of the sulfur bonded ligand

in this compound.’



I. INTRODUCTION

Because of their unusual magnétic properties, the dithio-
carbamate complexes of the transition metals havé received a good
deal of attention in recent years;1 and a number of x-ray diffrac-
tion studies of such compounds has been.reported.2 In general, the
monovalent anionic ligand acts as a bidentate moiety in these spe~
cies in the solid state, with two equivaienté(or nearly equivalent)
metal-sulfur bond distances being observed. In the bisdithiocarba-
mate complexes'of Fe(IiI) and Co(II), the four sulfur atoms form
fhe base of a rectangular pyramid, while the‘metal atom sits ~ 0.5
to 0.6 & above the baéal'plane. The ligands are essentially planar
out to the alkyl groups attached to the nitrogen atom, and can be
described in ferms of a carbon-hitrogen double bond.

A rather different bonding situation obtains in the case
of trimethyltin (IV) dithiocarbamate for which x-ray data of both
the orfhorhombic and monoclinic crystal modification have been
reported.3 In these two cases- which involve essentially identical
molecular configurations = the methyldithiocarﬁamate ligand inter-
acts Qith the metal piimarily'throuéh-a single Sn-S bond of normal.
covalent length (2.47 % 0.01 K), with a second considerably weaker
intéraction through a long (3.16 % 0.01 &) Sn-S bond. The C-Sn-C
bond angles in the trimethyl tin fragment of the molecule are»abp;ox-
imately tetrahedral, ranging from 100 + 1 to 119 + 1° in the two
cases'feported. |

In viéw,of the structural and bonding information which can

119

be derived from Sn Mossbauer effectbstudies, it was decided to

examine a series of Sn(IV) dithiocarbamate complexes, and to relate



the systematics of such an investigation to the information derive-
able from more conventional Specfroséopies. An earlier study by
Fitzsimmons4 had shown .that anomalous quadrupole splitting values
'are observed for compounds of the type R,SnL, (R = alkyl or phenyl,
L = methyl, ethyl or phenyl dithiocarbamate). A more detailed
Mossbauer spéctroscopic-study of 32 organotin dithiocarbamates has
recently been reported by May, Petridis and Currans who.assign é,
-bidehtate function to the ligand and assign a cis éctahedral con=
figuration to ‘diphenyltin (1Vv) dithiocarbamates and a trans octa-
hedral configuration to dibutyl and dimethyltin (IV) dithiocarbam-
ates, irrespective of the nature of the oiganic groups bonded to the
ligahd nitrogén atom.' |

The present work was undertaken to explore in a more detailed
fashion the structures Qf'organdtin (1Iv) dithiocarbamate complexes,
to elucidate the bonding chéractei-of the twé_liggnd sulfur atoms
.to the metal center in these compounds,iand to explore the Mossbauer

parameter systematics in these materials.

~ II. EXPERIMENTAL

Preparation of the complexés: Sn XY(dtc),: The X=Y=Cl,Br,I
compiexes'were prepared according to litérature methods from SnX,
and commercially available Na(dtc) < 3H,O in ethanol/chloroform
solution. Impure samples of the correspbnding fluorine complex-
(X=Y=F) were prepared from SnF, and gave consistent infrared and
' Mogsbauer.spectra, but poor analyticél results. On purification,
only the sodium salt of the free ligand could be recovered. The

experimental data obtained for the crude ﬁroduct SnF, (dtc), sample
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are indicated by parentheseé in the data summaries below. An
attempted 5yhthesis of the fluorine complex from AgF and énIz(dtc)2
was unsuccessful. fhe X=Y=dtc complex was obtained from freshly
prepared dithiocarbamate and an ethanol solution of SnCl4.6 The
X=Y=C¢Hjs , CH;, CszH,, iCyHgy and nCyHy compounds were synthesized
from.SnX2C12 and Na(dtc) 3H,0 in ethanol solution by a method sim-

7
ilar to the Sn(CHj), (dtc), preparation reported earlier. The com-

plexes X=Cl, Y=CHjz, nC4Hy, Ce¢Hs and X=Br, Y=nC,H, were prepared

.
according to the method of Honda et.al. , and this method was also

used in the preparation of SnX,Y(dtc) from SnX,Cl,. Thé prepar;
ation 6f (CeHs) 3 Sp(dté) and (C4Hs), Sn(dtc)Cl has been described
by Kupchik and Calabrétta.9

The identity of the products of the synthetic pfocedures
has been confirmed from their infra-red spectra and elemental

analysis: [Typical results Sn(et,dtc),: C 28.66 (28.92), H 4.67

(4.85), N 6.57(6.75), S 30.59(30.88); (C3H,)5 Sn(etpdtc),: C 38.71

(38.33) H 6.54(6.83), the calculated value being given in paren-
fheses] Mossbauer measurementé:' The Mos#bauer parameters Were ex=
tracted from sﬁectfa taken with a constant acéelération spectroméfer
of the BTL type described_eaxliei,lo"using a barium sfannate source
at room. temperature. The spectrometer was calibrated periodically -
using thé~foﬁ£ inner lines,qf the magnetic hyperfine Spécfrum of
57Fe in NBS standard refexencé material 99.99% metallic i;:on',?'.1

0.8 mil thick which gives an. uncorrected line width of about 0.23

mm/sec. All isomer shifts are referred to the center of a room

temperature BaSnO3;~BasSnO5 spectrum, and are directly comparable (to




better than + 0.005 mm/sec., well within the experimental errors
qubted in the present paper) to réom fémperature SnO, isomexr shifts,
as well as to liquid nitrogen BaSnOj iéomer shifts. Routine sam~
pleé were mounted as thin layers of miérocxystalline powdérs, sand-
wiched Betweén aluminum foils, using a standard copper sample holder
which attacheS'directly to the copper cbld—finger of a liquid
nitrogen dewar, the temperature of which was monitored using a cal-
ibrated-thefmoéouple. The temperature dependent Mossbauer param-
eters were obtained using a liquid helium variable température
dewar, the temperature of‘which-could'be‘monitored using a platinum
and carbon résistance thermometers.and»a‘éopper constantan thermo-
couple. The MosSbauef data were either analyzed manually usihg a
statistical curve fittinhg procedure, or data reduction was effected
using a'computér program which_aSsumes a Lorentzién line shape and
treats lineipositiéng4inténsity.and'width as'iﬁdependent parameters
in a:multiple iteration least squares fittihg procedure. In excess
of 5 x los.counts were sc%ied per channel in these spectra. Infra-
red measuremenfs-and.relafed séectroscopiés: I.R. spectra were:ref _
corded using axPerkin-Elmer 225 spectrometer at ambient tempefature.>
Samples were mountéd as ~0.8% by weight inﬂKBprellets: The tin
éulfur_band-region (200 to 500 cm™?) was scanned at speeds of ~10
cm™'min~! and showed no deterioration of the samples with time.
Proton nmr spectra were recbrded using a Varian T-60 spectrohetér*;

on CC14 or D;CCOCD,; solution, using TMS as an internal standard.

Both ir and nmr measurements were made at room temperature.




IIT. RESULTS AND DISéUSSION

The numerical.parameters extracted from the liquid nitrogen
temperature Mossbauer spectra are summarized in Tabie].and a repre-
sentative spectrum is shown in Figure 1. For those compounds for
which a'direct comparison is possible, the present data are in
satisfactory agreement with the earlier values reported by Curran

5
t al. , despite the rather different method used for spectrometer

calibration in the two studies. The spectra of the dialkyltin(IV)i
bisdithidcarbamates; the monoalkyl (or aryl) tin bisdithiocarbamafé
halides and'dialkyl tin monodithiocarbamate tin halides consist of
well resolved doublets indicating a lack of cubic symmetry of the
charge distribution_afound the metal atom in these compbunds. In
contrast; the spectra of the tin bisdithiocarbamato dihalide com-
pounds (6-9) as well as tﬂbse of the tetrakis methyl - and ethyl
dithiocarbamate compounds (18,19) cbnsist - as a first approxima-
tion - of a singlelresonance maxima, indicative of cubic (or nearly
cubic) charge distribution symmetry around the metal atom. A more
detailed examination of the line widths observed for the four di-
halide compounds (6-9) shows a systematic increase in tﬁe line
width (full width at half maximum) as fhe electronegativity of the
-halogen increases from I - F, indicative of an increasing unre-
solved. quadrupole hyperfine interaction involving tﬁe'metal atoms

in these compounds. .

. (a) Isomer Shift Systematics in Sn(dtc),XY: The isomer
shifts observed in the spectra of these}éompounds,-all of which

fall well within the range charactéristic of Sn(IV) species, vary
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in a systematic manner with the donor properties of the ligands

. 12
attached to the metal atom. An early observation concerning the
isomer shift systematics of Sn(IV) compounds was that in the case

of tetrahedral tetrahalogen complexes there .is a linear relationship

between the isomer shift (I.S.) and the ligand electronegativity (#L)

. 13514 .
Subsequently this observation was extended to both the simple

and mixed octahedral hexahalogen compounds which show a very similar
relationship between the two parameters. Moreover, although the
absolute values for the I.S. parameter for corresponding tetrahedral
SnX4 and octahedral Snxz differ. significantly d(I.S.)/dji,is

essentiélly the same for the two series of compounds. By using the

jiL, values for the monoatomic halogen ligands to calibrate the

isomer shift-electronegativity correlation, it is possible to use
these systematics to estimafe group electronegativities for poly-

A : 1s
atomic ligands, and this method has been used previously to

" ctimate ‘;LL for the pseudohalogen ligands N3~, SCN™, CN~ and NCO.
'The data reported in the present study_(Tab1e 1) permit an extension
of thése correlations to achieve an estimate of the group -electro=-

negativity of alkyl and aryl groups bonded to .an Sn(IV)(dtc)z
moiety as shown in Figure 2.' The isomer shift electronegativity
éorrelation can be calibrated- using the Muliiken—Jaffee valence
state electroﬁégativity \}alués16 for the monatomic halogen ligandé.
(filled circleé) and extrapolating these . data for fhe compognds~of
the type Sn(dtc), X, (X=halogen, alkyl) to-encompass the isomer
shift valués for the dialkyi derivatives. Froh such an exfrépola-
tion the .valuesw,!’CH';: y’néu’ = 5.70, and }Liéu = 5.65 are’

6btained.



There are two qualitative checks on the validity of tnis
procedure. The first of these is one of internal consistency
since the data points for the mixed compounds of the type
Sn(dtc)ZXY (X=halogen, Y=alkyl) fall nearly on the linear correla-
tion plot when the observed isomer shift is plotted against the
average X,Y electronegativity. Secondly, the methyl group electro-
neéativity extracted from-tne Mossbauer data can be compared with
that extracted from pertinent infrared data, specifically the
asymetric methyl stretching frequency for componnds of the type
(CH;)SnX(X = halogen, CHz, etc.). A plot of the difference between
the VCH3 asym for tetramethyltin and the corresponding frequency
for (CHjz)3; SnX is plotted against the Mulliken-Jaffee electronega-
tivity in Figure 3. The group‘electronegativity for CH; extracted
from these data is 6.24 in reasonable agreement with the value'
extracted from the Mossbauer data. Similarly, ?£C6H5 is seen to be
~7.5 from the Mossbauer data and ~7.0 from the infrared results.
This modest agreement is only indicative of the fact that changes
in the isomer shift, infrared frequency and groupvelectronegativity
are all manrfestations of the changes in s-electron population (and
conccmittant changes in the 5p popnlation by hybridization of the
orbitals) of the tin ligand bond due to changee in covalency5 and
no greater quantitative character of the electronegativity parameter
should be read into these correlations.

(b) Quadrupole Spllttlng Systematlcs in Sn(dtc)2 XY: As

noted above, the Mossbauer resonance spectra of the compounds in

.which X=Y=I, Br, Cl or F consist of systematically broadened single




tion available in the literature (see for ekample.that by Zuckerman
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maxima, consisteﬁt with either a tetrahedral or octahedral con-
figuration corresponding to the action of the dithiocaibomate

ligand as a monodentate or bidentate moiefy, réspectively. On the
baéis‘of these data, no conclusions concerning the-stereochemisfry
(caofdiﬁatioh number) of the Metal atom can be drawﬁ. Such evidence.-
is, however, available from the data for the comﬁounds in which
X=Y=alkyl,.which show well resolved quadrupole splittings in the
range 2.8 <%.equ< 3.04 mm/sec. 'F;om the extensive data compila-

17
or by Gol'danskii gi:glfs) it is seen that for octéhedral trans
dialkyl tin (IV) compounds héving axial symmetry such as (CHjz), Sn E,,
(CH3)> Sn(NCS),, (CHQ)Z Sn(acac),, etc., for which the éonfigura-
tional assignmeﬂt is based on unambiguous x=-ray diffracfion data,

the observed quadrﬁpole spli%tings;ﬁe in the raﬁgeA3.5<%;e2qQ<<415mméecf
On the other hand, the co:reéponding cis compounds result in reso-
nance spectra for which 1.5<.%e2qQ-<2.2 mm/sec., in agreement with
the predictions of the point-charge model which show that Q.S. - |
(trans) =2 Q.S. (cis). Clearly the observed quadrupole splittings
for the dialkyltin bis(ditﬁiocarﬁamates) are smaller than thosé’ob—
served for axially symmetric traqé octahedral complexes of the type
R, SnX, and larger tﬁan thoée observedffpr‘the analqgous-g}§;confi9‘
urations. The other geometry which suggests itself is that of a
distorted tet:ahedral configuratioﬁ in which the tw0'dithiocarbamété,
ligands éct as unidentéte moitiés,with a singie tin sulfur sigma
bond;lleaying the second sulfur atom“in each ligand iﬁ a’non-bonding

orientation. Such.a structure can, however, be ruled out on the




19
basis of recent data on dialkyltin (IV) bis thiols obtained in

‘this iaboratory.~ The observed quadrupole splittings fqr

(CHz)2 Sn(SCH;CeHs)z, (CHs)2 sn(SCi3Hs )2 and (Cy4Hg)z Sn(SCizHas)e
are 1.65, 1.59 and 1.58 mm/sec. respectively at ~80°K, and it is)‘
concludéd that this magnitude of the Q.S. parameter is properly
associated with a distorted tetrahedral structure for dialkyltin
compounds having two tin-sulfur sigma bonds.

Returning now to the bondiﬁg action of the dithiocarbamate
ligand, the present data can bé understood in terms of two differ-
ent tin sulfur interactiéns per ligand: one of these is a‘normal
tin sulfur sigma bond involving a tin=sulfur distance of ~2.5 X:
while the ofher sulfuf atom is located at ~3 R from the metal atom
aﬁd reflects a considerably weaker bonding interaction between the
metal_énd the ligand. Under these conditions it is probable that
the C-Sn-C bond angle will depért ;ignificantly from 180° and Cay
symmetry no longer obtains in these compounds. This behavior is
to be contrasted with the bidentate nature of the ligand—tfansition
metal interaction in which two essentially equivalent metai sulfur
bond lengths (énd hence bonding intéractions) have been reported.

The anisobidentate (from the Greek meaning uneqﬁal;‘énd re-

ferrlng to the 1nteract10n between a metal and a bidentate ligand
having two 1dent1ca1 atoms involved in unequal bondlng 51tuat10ns)
character of the dtc ligand is also evident from the infrared spec- '
tra of these Qompounds; as shown in Figure 4; In addition to the
characteristic Sn-S stretching frequency at about 380 cm-l,-the

spectra of both the X=Y=alkyl and X=Y=halogen compounds show the

‘characteristic infrared bands assigned to the C=S stretching fre-
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quency at ~985 cm;-1 and. a ligand mode at.~909‘cm~1. While the
SnfS'vibrationai frequency is dependent on the nature of the other
ligands attaohed to the metal atom, -the C=S and ligand modes in the
900-1000 cm™* region are relatively insensitive to changes in the
other ligands attached to the metel atom;
Both the isomer shift parameter and the Sn-S vibrational

frequency'reflect the charge density around the metal atom, and if
is thus not too surprising that there is a reasonably linear corre-
lation of these two parameters not only with each other (Figure 5)

but with the electronegativity of the X and Y ligands as is in=-

ferred from the isomer shift systematics referred to above'(Figure6L

From this latter figure it is seen that dv/diﬁ is positive, indi-=:
cating that as the halogen beoomes more electronegative and thus
stabilizes ;'larger positive charge on the metal atom, the tin sul-
fur vibrational frequency shifts to higher values as the chalcogen
atom transfers more of its charge to the metal afom.

| Finally,-in the context of the anisobidentate action of the
dtc.ligand in the dialkyltin (IV) compounds, it is interesting to
note that the quadrupole splitting observed: for (C4Hs), Sn(dtc),
is only 1.74 mm/sec. (see Table 1), con51stent with the values for
the_diphenyl—,.dibenzyl— and dibntyl-dithiocarbamate complexes of

_ » , a ,
diphenyltin (IV) reported by Fitzsimmons, as well as the data re--

20
ported by Parish and Platt in their review of isomer shift syste-
matics in substituted organotin (IV) compounds. As noted above .
19
these values. are very close to those observed for dialkyltin (IV)

compounds'in which there are two tin sulfur sigma bonds leading to

a distorted tetrahedral configuration about the metal atom. It
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should be noted, hoWever, that the Q.S. observed for (CgHs), Sn(dtc)
is close to orie half that observed for the analogous dialkyltin (1v)
species, and may thus be indicative of a cis configuration of the
two aryl groups, since a point-charge model calculatlon demands Q.S.
(cis) = 3-Q.S. (trans) if all bond distances and angles remain in-
varient under the symmetry change. It is clear from the presenr
results that the 1nteractlon between themetal atom and the two sul-
fur atoms of the ligand m01ety 1nvolves two rather different. orbltal
overlaps, and 1t is nct surprising that the anisobidentate nature
" of the ligand leads to a quadrupole interaction which approaches
that due to a distorted tetrahedral diaryltin (1v) (sulfur bonded
:ligaod)z structure.

Further support for the structure of the dimethyltin (IV)
bis dithiocarbamate can be inferred from the nuclear ﬁagnetic res-
onance data summarized in Table 2. As expected, the methyiene
protons of the ligand ethyl group are more sensitive to variations
in the nature of the metal ligend bond than are the methyl protons .
of the ligand. The chemical_shiftef the CH, protons lies inter-
mediate between that observed for the sodium salt of the ligand (in
which the C=S bond is preserved and the 1lgand acts as a monodentate
entity) and that observed for the nickel (II) complex (in which the
‘llgand is acting as a symmetrlcal bldentate moiety with two essen-
"~ tially equal metal‘sulfur'rnteractlons). Again, these data support'
the anisobidentete nature of the dithiocarbamate ligand in the
organotin compound. It,should be noted, howeper,.thet these data
refer to solution'(retherAthan neat solid) species, and that at the

presenf time, little is known concerning the integrity of the com~
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pound when neat solid and solution species are involved.

(c¢) Temperature Dependence gihthe Mossbauer Parameters

in (CH3), Sn(dtc),: From the temperature dependence of the'area

under the resonance curve and the temperature dependence of the
relative intensif& of the two components of the quadrupole split
Mossbauer spectrum, it is possible to extract two further pieces of
information concerning the intermolecular bonding forces and stereo-
chemistry of dimethyltin bis(dithiocarbamate). |

The anisobidentate nature of the dithiocarbamate ligénd
makes possible one additional arqhitécture for the R,Sn(IV) complexes
under discussion which needs to be examined. In this structure, the
dtc ligand would act as a bridging moiety between two adjacent metal
atoms, giving rise.to a polymeric structure for the neat solid. The
existence of sucﬁ a polymeric configuration can be examined by a
comparison of'the temp;rature dependence of the recoil free fraction
,ofAthe 119Sn resenance in the compound in question with that observea
in appropriate monomeric and polymeric model compounds. For a thin
absorber (t®® noofy <1 ) the temperature dependence of the recoil
free fraction in the absorber, fa(T), is identical to the temperature
dependence of the area under the resonance curve Aa(T),'a pérameter
which can be réadily extracted from the appropriate Mossbauer data..
MoreoVer, normalization of such data.to'alcommon temperature (in
thé present case 120°K) permits direct compaiison of the temperéture
dependence of the area'pa;ameter between different samples.  From
the simple Debye theory of solids it is inferred21 that a plot“of
in A(T) against temperature will be a linear function in the higH

temperature.limit, and such data have been used previously to ex~
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tract a '"Mossbauer temperature' for a variety of organometallic
and related compounds. The slope d InA/dT can be related to the
strength of the intermolecular bonding forces; undexr comparable
conditions, the smaller tnis temperature dependence the larger is
the sum of all of the intermolecuiar bonding forcee which influence
the vibrational spectrum of the metal atom. The temperature depen-
dence of the area under the resonance curve (normalized to the
120°K data point) for (CH3)» Sn(dtc)2 is given in Figure 7, to-
gether with correspondlng data for (CgHg), SnCl, and (CHj),SnF,.
A recent x=-ray diffraction s;cudy%2 of diphenyltindichldrideA(M.W.
343) has,snown that the solid consists of discrete molecular units
composed of distorted terrahedral entities. The Sn-Cl disrance
in adjacent molecules is 3.77 X, as compared to the normal‘Sn-Cl
bonding distance of 2.346 XQ andvhence_significanr bridging behavior
of the halogen atoms can be ruled ont; In thie context, this
molecule can be‘consrdered as an appropriete mocel compound for a
moncmeric Sn(IV)-organometallic entity. In contrast, the diffrac—
tion data23 for (CH3)2 SnF,. shows unamblguously the presence of
lstrong 1ntermolecular bonding forces in Wthh the halogen atoms
serve as bridging groups to give a two dimensional polymeric solid.
A detailed Mossbauer study of this compound has been reported
. 2a ’ '

_earlier.

From the deta summarized in Figure 7 it is seen that d1n
A(T)/dT for (CHj)- Sn(dtc)z is nearly the same as that for (CeHs) >
SnCl, (thexelope ratio is 1.14:1) . and significantly larger than

that observed for (CH;)> SnF,. From these results - 'as well as
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thosels‘fér such polymeric species asv(CH3)2 Sn(acac),, (CH;), &ﬂéCNkA
and related five coordinate polymeric organotin compoun’dsz'5 - it is
clear'that there is no significant intermolecular bonding in the
bis(aithiocarbamate) species, and that consequentiy the ligand is
bonded to a single metal atom and acts as an anisobidentate entity
to-a-single metal atom as has already been inferred frém the Q.S.
dafa cited above. This monomeric nature of the dialkyltin'(IV) Qi§
dithiocarbamates in. the so;id'state is in agreement with and ex-
tends the molecular weight data of Bonati gl.él.7 in'which the
" nature of the solute was determined in CHClg and CgzHg solutions.

This conclﬁsion is further supportea by the absence of a
temperature dependent asymmetry in the relative intensity of the .
two compohents of the quadrupole déublet spéctrum. It has'been |
amply demonstrated in previous'studie524’25 that>when a. tin atom.
is the central atom in a molécule which possesses axial symmetry
and in whicﬁ there is a significant anisotropy of the vibrational
amplitude parallel and perpendicular to the symmetry axis, the
Mossbauer spectra~wi11.reflect a temperature dependent asymmetry
in the intensity ratio of the quadrupole split doublet (the»so-'
called Gol'danskii~Karyagin effect).za‘ As shown in Figure 8, there
is.no'significant tenmperature dépendenCe of this intensity ratio
in the spectra of (CH3)2 Sn(dté)z in the.temperature range
78 < T < 150°K. Although these data do not by themselves rule dutlt
other structural possibilities (sincé a coincidental balancing of

bonding forces could obtain even in a distorted tetrahedral or

regular trans octahedral configuration to give rise to an isotropc
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vibrational amplitude distribution about. the metal atom) they are
agaiﬁ eqnsistent with the distorted guasi—octahedrel stfucture
postulated above for the dialkyltin (IV) bisdithioearbamate»ligands
which is expected’?o reduce the difference in the strength of the
bonding interaction between the metal and the two sulfur atoms on
the ene hand and the metal and the alkyl groups on the other. More-
over the departure from cylindrical symmetry due to the non-linearity
of the C=Sn-C interactions'refeired t6 above, will also reduee the
ellipticity of the vibratiocnal amplitude of the metal afom. The
observed conseqﬁence of this effect is to lead (within the experi-
mental errors of the present measurements) to a spherically sym=-
metric (isotropic) vibrational motion of the metal atom with respect

to the center of the molecular geometry.

(d) Bonding and Structure of Monalkyltin (IV) Bis

Dithiocarbamate Compounds. The data on‘compounds of the type

R SnL, X summarized in Table 1 can be rationalized on the basis of’
the preceding discussion concerning the nature of the ditﬁiocar-
bamate ligand. The magnitude of the quadrupole splitting parameter.
which is observed (~1.7 mm/sec.) dees not permit an unambiguous
structural assignment to be made, since model compounds for mono-
alkyltin species with three and five coordinating ligands have not
been studied in detail.,.Erom the fact that the isomer shift of

R San X is Jjust intermediate between the isomer shifts observed
for RZSan and SnLZXZ, it may be concluded that the nature of the
ligand 'L is identical in the three cases. On this basis a worklng
hypothesis ma& be adopted that the dithioearbamate ligand in the

monoalkyltin (IV) species exists as the same kind of anisobidentate
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moiety as has been postulated present in the dialkyltin (1V) com-

pounds.

(e) Bonding and Structure of Tetrakis Dithiocarbamate

Sn(IV). The abéence of a resolvable quadrupole splitting for the'
tetrakisdiméthyl énd -diethyltin (IV) dithiocarbamate is indicative
of a (nearly) cubic symmetry chafge distribution around the metal
atom in these two compounds. The qualification arises from the -
observétion that the line width.which is observea even for moderately
thin samples- (41.2'mm/sec,)-‘is broader than would be expeéted for
an ideally cubic compound and suggests a small departure from such
an idealized geometry, presumably due to the steric requirements of
the 1igands.‘ | |

A crystal structure study of the tetrakis(N,N diethyldithio-
carbamato)tin (IV) has been published by Harreld and Schlemper27 who
find a distorfed'octahedral environment éround,the tin atom with two
monodentate and two bidentate ligands evident from the metal-sulfur

bond distances. The departure from regular Oh symmetry is signifi=-

" cant in this molecule in which the S—Sn—s bond angle is 70.6° for the-

chelated ligand and 99.7° for the S-Sn-S angle between the chelated
and monodenitate ligand. Finally, it is interesting to note that the

S-Sn-S bond angle involving the two monodentate ligands is 81.1°,

¢Note added in revision: After this paper had been submitted for -
publication, the authors received 'a.communication from Prof. E. O.-
Schlemper, pertaining to the. results of an x-ray diffraction study
‘of C,H, Sn(dtc)z; and CH; Sn(dtc)s; confirming the essential correct-
ness of this hypothesis. The diffraction data clearly. indicate the
anisobidentate nature of the bis ethyl dithiocarbamate ligand in
these compounds, and a complete discussion of the x-ray data is to
be published. We are grateful to Prof. Schlemper for making these .-
data available to us prior to publication.
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thus placing these two groups nearly cis with respect to each other,

rather than in the trans position which might have been expected.

The Sn-S bond distance for the non-bonded sulfur atom is 3.9 X (com- .

pared to a van der Waals contact of 3.7 &) and‘hence the monodentate
ligand cénnot be considered as anisobidentaté in this strﬁcture.

The line broadening observed in the Mossbauer spectra (vide
supra and Table 1)'fef1ects this départure from cubic symmetry andv
suggeéts a éimilarity between the structure of the tetrakis (N,N =~
dimethyldithioqarbamata) compbund and the‘structpre studied by
"Harreld and Schlemper. From the.isomer shift—eléctronegétivity
correlation12 the mean ligand sulfur electronegativity is seen to
‘be about 8.75 on the Jaffe-Mulliken scale, intermediate between the
electroneéativity of bromide and chloride bonded to Sn (IV). Beyond
.observing the internal consistency of this value for a tin-sulfur

bonding interaction little further information can be extracted with

confidence from the present data.

IV. SUMMARY AND ACKNOWLEDGEMENTS -

The present study has served to elucidaté the structure and
bonding in a series of organotih (IV) dithiocarbamates by the use
of infrared, n.m.r. and Mossbauer spectroscopies. 1In dialkyltin
(IV) bis dithiocarbamate complekes the ligand.acts as an anisobiden-"

tate moiety, the two sulfur atoms interactiﬁg unequally with the;

central metal atom to give rise to significantly distorted octahedral -

configurations about the tin atdm. Mossbauer studies over the tem-

perature range 78<T < 150°K have shown that in (CH3)» Sn(dtc),, the

solid is composed of monomolecular units and no evidence for inter-
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moiécular bridging by the sulfﬁr containing iigand in the solid is
noted in the data. The ﬁetal atom vibration is essentially isq—
.tropié in this molecule over the indicated temperature range. In
the case of the tetrakisdimethyldithiocarbamate and —diethyldithio—
-cqrbamate complexes of Sn (IV); there is no resolvéble quadrupole
- splitting extractable from the Mossbauer data - although there is
a noticeable linc broadening observed in the spectra - and thus
the chatgé distribution about the metal atom ﬁust be nearly.ideaﬂy
cubic, arising from the distorted octahedral ligand configuration
about the metal_atbm.involving two isobidentate and two monodentate
_1igands bonded to the central atom as indicated by bublished-diffrac-,
tion data. .Ihe present study has also permitted the evaluation of
gréup electronegativities for alkyl and aryl groups bonded to Sn (IV),
as well as for the ethyldithioCarbamate ligand in a series Qf struc~
turally related compounds. |

This research has been supported in paft by the U.S. Atomic
Energy Commission under contract At(11l-1) 3513, and the present
paper constitutes document CHf3513-82. This support is grétefully-
acknowledged.. The authors-are ‘also indebted fo Dr. C. H. Sfapfer
for a number of illuminating discussions and for ﬁis permission to

- cite experimental data prior to publication.
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FIGURE CAPTIONS

Mossbauer spectrum of dimethyltin (IV) bis (diethyl

‘dithiocarbamate) at 84°K. The intensity asymmetry
. arises from a crystal orientation effect and is

temperature independent.

‘Isomer shift (with respect to BaSn0O;)-electro-

negativity correlation for compounds of the type
Sn XY (dtc), discussed in the text.

Correlation between the methyl-tin asymmetric
stretching frequency in compounds of the type (CHj) i
SnX, and the ligand electronegativity (valence state).
The linear relationship has been calibrated from the
data for X = Cl, Br, 'I and H. The data points for

X = F and OH do not lie on the curve due to the
polymeric structure of these species.

Portion of the infrared spectrum of dimethyltin (IV)
bis(diethyldithiocarbamate) .

Correlation between the Sn-S infrared frequency and the
Mossbauer isomer shift for a series of Sn(IV)
bis(diethyldithiocarbamate) compounds discussed in the’
text. ‘

Correlation between the isomer shift (from BaSnOjz) and
ligand electronegativity for the compounds of the type
Sn(IV) XY (dtc), discussed in the text. Where X=Y,

the ligand electronegativity has been extracted from
the extrapolation of the data for X=Y=F, Cl, Br, I.
Where X=Y, the average of the two ligand electro-
negat1v1t1es has been used to fix the point on the
horizontal axis.

Normalized 1ln (resonance effect magnitude) plotted as

a function of temperature for dimethyltin- (IV) bis
(diethyldithiocarbamate), diphenyltin dichloride, and
dimethyltin (IV) difluoride. The slopes of the curves
are related to the strength of the intermolecular bond-
ing in these compounds. The data have been normalized to
the 120°K values to effect intersample comparison. '

Gol'danskii-Karyagin asymmetry in (CH;), Sn(IV) (dtc),-
The data have been corrected for temperature independent
crystal orientation effects and departure of the
spectrometer base line from linearity due to solid angle
effects. The vibrational amplitude is isotropic within
the quoted 2% experimental error.
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a
- COMPOUND™

1. (CHz)zSnL,
2 (C3H7)2SnL;
3. (ic4Ho).SnL,
b, (nC4H9)z§nL5

5. (C¢Hs ), SnL,

6. SnL,I,
7. SnL,Br,
8. Sanclz

9. (SanFz

10. (CH,)SnL,Cl
11. (nC,He)SnL,Cl
12. (C¢Hs)SnL,Cl

13. (nC4Hy)SnL,Br

14, (CHz),SnLCL
15. (CH3);SnLBr
16. (iC4Hs),SnLCl
17. (CeHs),SnLCl
118. SnL, A
19.  SnL',

20, (CeHs)sSnL .

I.S.

mm/sec

1.51
1.54
1.57

1.56

1.12
0.95
0.74

0.19

1.09
1.21
1.12 .
1.27

1.43
1.45
1.53
1.28
1.10
1.16
1.30

b,c.

Q.S.

mm/sec
3.04
2.82.

1.74

o O O o

1.76
1.73
1.66
1.80

2.80
2.82
2.84

2.21

1.71

'—l

e i

mm/sec

.97
.83
.97

14

.14

.19
42
. 60

.05

Sn-S

363.8
370.3
365.2
368.2
374.3

375.5
379.8
382.0

375.7

373.8

377.0

373.0

392.2

391.3

379.8 -

1

B A

+ M 4

0.3
1.0
1.0
1.0
0.4

0.5

0.4



a L = diethyldithiocarbémate, L' :.dimethyldithiOCaybamate

b - With respect to BaSnO; at room temperature

"¢ #0.04 mm/sec

d Line width (F.w.h.m.), average of all components of the"

spectrum.

Table 1 - Mossbauer énd infrared data for the compounds

discussed in the text. The Mossbauer measurements were carried

‘out at 8L # 2°K; the infrared measurements were carried out on

0.8% by weight samples in KBr pellets, at a scan speed "of

~10cm™* minute~?t.



Na'*L(acetone d) (CH3)»

&8
: .
»

t
|
B 1.20
| .
o o-rE 4,13
l CH; (Sn)
- J

t49sn-H

1178n-H

L34

y1#

TABLE 2., N.m.r.
shifts
refers
to the

SnL, (CH,Cl,) (CH3),SnL,(acetone dg) NiL,(CH,Cl,)

1.26 . 1.27 1.19
3.85 S 3.90 : 3.59
1.55 o 1.4k
1HZ 43%f 1HZ
1HZ - 40% 1Hz

data discussed in the text. The proton
are given in ppm from TMS. CH;(Sn)

to the protons of the methyl group bonded
tin atom. : :



TEMP ERATURE

°K

o 78

78

89

100

121
134

150

"TABLE 3 -

p———

R=I+/1

1.016
1.007
0.985
0.960
0.993
1.030

1.007'

Temperature dependence of the Gol'danskii-Karyagin
asymmetry ratio R for (CH3),Sn(dte),. The raw data -
have been corrected for temperature ‘independent
crystal orientation effects and solid angle A
instrumental departure from base line 11near1ty. The
average value over the interval 784 T = 150 is

R = 1.000 £ 0.021.




