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ABSTRACT

The examination of mixtures of two ditellurides by oass and ‘N narx
spectroscopies provides the first svidence for the existance of
unsymmetrical diarylditeliurides, RTe-TeR'. Poseible sechanimas for the
redistribution reacticn are discussed and Lt is noted that no pasttive
support for a radical mechanism is cbtained. Appearance potential
measuxements on the ion (Aryl)‘r.’ darived froin & number of organcte)lurium
compounds suggest that tellurium extrusion Gay e a low enargy pathway for
the decomposition of diarylditellurides. A nev series of compounds, Fh,sm
Te(aryl) is reported and they are axamined by qun and x“h wisabaver
spectroscapies. Attempts arxe mads to intarpret the Mlassbauar d4ta Ln terma
of orbital populaticns, and it is demonstratad that oaly an s-p Domding wodei
gives a self-consistent intsrpretation of the cosbined tin and telluriem
Misabauer data.

INTRODUCTION

We originally becams interasted in the diarylditsllurides through their
vibrational lp.cttll. During the study we commentad that wo wsrs usable to
substantiate an earlier olaim by rmu-= that diphenylditslluzide wae
appreciably dissociated inte radicals in solution. Purthsy theres s poe svidsnce
from vibrational -;m:ucumwl or re Wisavaver -p-ﬂmww“ that the Te<Te
bond is particularly wesk in thase compounds. It Bay Also bs acted that Mavgen
and Drev® with (p-BROC H,) Te, and Worgan and Failess’ wieh (m-seoc u).Te.
obtained values for the molecular weights in Creasing benssns which ware in
close agreemsnt with expacted valuss foxr undissccistad molequiss ditsllurides.
rarrar’, howsver, reportad a moleculsr weight for Ph,Te, in freesing camphor f
318 rather then the required 400. One posaibls enplanstion is that devowposition
to tellurids and telluriom had covurred but ¢he wark of Pecragnsni asd Ds Mours
Caspos® suggests that thermsl decomposition should mot be significant st the m.p.
of camphor. Thus the evidsnce for significans dtssooistion of ditallwwides, at
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l=ast in solution under 100°C, is slight.

We also failed, in our earlier studyl, to obtain unsymmetrical ditellurides
RTe-TeR’ using preparative routes which should, if Rfe radicals were involved
in the reactions , have afforded mixtures of Rz'i‘ez Rz'rez and RTe-TeR’. 1In this
study we return to this problem and also examine the mass spectra of ditellurides
in more detail. W4We also include a study of scme new compounds of the type

Ph,Sn-TeR by 12506 anda 119sn MSssbauer Bpectroscopy.

EXPERIMENTAL

The diarylditellurides used in this work were synthesised by literature
2 S
methods viz. Ph 'I'e2 . (p—CHs.CGB4)2Tez , {p-MeO. 0684)2'1'e » (p-EtO. c684) 2'1‘e2 .
(p-PhOC_H,} Te_~ and (C_F_) Te All materials had satisfactory melting points

6 42772 L 652
and spectra (i.r., "H n.m.r.). Other organotellurium compounds required for
mass spectrographic work were prepared following the methods indicated in table
2. The following new compounds containing tin to tellurium bonds were also
prepared:
Phenyl (triphenylstannyl)telluride. Diphenylditelluride (2.05g, 0.005 mole) was
added to triphenyltin hydride'® (3.5g, 0.01 mole) and warmed to 60-70°C. When
evolution of dihydrogen cea.seci, a further quantity .°£ Phasnﬂ was added and the
temperature maintained until the mixture was completely decolourised. The mixture.
was cooled and the product was extracted from hexaphenylditin with a mixture of
-ether and 40~-60 petroleum ether and crystallised to give S0-70% Ph3Sn-TePh. A
similar procedure was adopted for Ph,Sn~TeR (R = p-Me0.C Bae prEtO. -CgHyms
p~PhoO. c H -) but when tri-n-butyltin hydride replaced Phasnﬂ in the method above,
a red 011 was formed which decomposed under vacuum or when chramatographed.
However, the mass spectrum of the crude material showed " for “m38n-'re1=h.

Analytical data axe given in table 1.

Table 1
POUND CALCUIATED o
aC sH aC H n.p.(C)
Ph,Sa - TePh EERS 3.77 52.0 3.63 91-93
PhySn - Ta(C_H,.OMe) 52.2 3.79 51.4 3.79 76-77
PhySn - m(csn4 <OEt) - 54.3 4.20 52.2 404  77-78

PhySn - Te(C.H,.OPh) . 56.4 3.68 55.7  3.74 86-88

Physical Heammm:-. -Mass: tpoct:a were recorded with an AEL- uss instrument.

Appoa:mpommotm. me-uuﬁbythnuthodotmubngdoa
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of largest mass number and highest relative abundance thus eliminating the
danger of measuring (R—E)Te+. However measurements on other isotopes, and the
study of isotopic spread, indicated very little (R-B)Te® formation when R = Ph.

Results are presented in table 2 for a range of organotellurium compounds.
1B n.m.r. spectra were measured with a Varian spectrometer at 100 MBz.
The Raman spectrum of (CSPS) 2'1‘02 was recorded on a Cary 81 laser Raman

spectrometer at the University of Nottingham (we thank Dr. G. Davidson for
access to this instrument). Par infra-red spectra were measured using an

FS 720 interferometer.

MOsshauer spectra were recorded for some compounds. The lzs're data

quoted were measured with the lZSSbICu source at 80K and the absorbers at

4.2KX as reported previouslyla. 1195n spectra were obtained via the PCMU

service with a Ballgms:ﬂo3 source with absorbers at BOK. The sign of the 1195:\
quadrupole splitting was determined experimentally to ba negative for Phasn-TePh.

Mdssbauer data are given in table 3.
RESULTS AND DISCUSSION

Mass Spectroscopic Data. The ion RTe+ may be readily identified in the mass
spectrum of Rz 2 and probably arises by both of the routes shown in the scheme

(same curvature was noted on plots used to measure the appearance potential,
A.B., of this ion in ditelluride spectra). Alternatively, thermolysis of the
ditelluride to telluride may

Rz'ra; + 2 ——9 RTe® + RTe + 2o (¢:9]

o

R_Te + a

™~

R e’ + 2¢ — RTe’ + Te + 2o
A

l+

RTe + R {B)

occur pricr to vapourisation. Whilst we may not completely exclude the latter
possibility, we note that th're+ which is a prominent fragment in the:msa
spectrum of th'rez, gives an A.P. of 10.0eV vhereas the A.P. of th‘re from .
th're iz 8.75 eV. Presumably, if Rz'.l‘e arose mainly from thermolysis of the

. ditelluride on the probe of the mass spectrometer these figures would be more
nearly equal The A.P.s for th're+ together squest that extrusion of tellurium
from !lz'ra requ!.nl approximately 120 kJ mol whezeaa, assuming an ionisation
* potantial of %10eV for Ph,Te, (probably an uppet limit), the data of table 2

’ ,nuggeltth..mngthof're-cand're-'reinnz'rez to be of the order of eV

1.e. 290 lr.': mol 1 . Thus extrusion of telluzi\m appeaxs to be a low energy

- »paﬂnny £or um d-eapoution of u:n paran: i.on Ha nota :hm: du:emces in

- ar:.vaa ::a- m.-n ==  ¥h, -c  Ote B OEt OPh)

't,_ﬁn:. ‘am’ m-ly coa:m from dufm 1n the m:.ur.ton pot.ntuh 'n f:c- )
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aﬂy difference of Te-C bond strengths in PhTeR+. .

Figure 1 shows a plot of the relative abundance of th'rez . th're and
ph're"' as the exciting potential is varied from 12eV to 70eV. The results
indicate that at low potentials th'l‘e# is a dominant ion consistent with the
dominance of route (B) and with the arquements above. Figure 1 is also
consistent with the view that route (A) makes a greater contribution as the
exciting potential is increased.

B ud ¥ B33 8

Rejative obundance (%)

8

lonsing potential {eV)

Fig. 1. Plot of the relatize abundance against the ionising potential
of th 2 PhaTe and FPhTe .

A feature of table 2 is the remarkable consistency (with few exceptions)
of the A.P.s of Ph'rc+ from vhatever source (the same is tzue for the p-tolyl-
compounds messured). However, the similar A.P.s for Rre’ (R = Ph, p~CH, CeH -)
£rom Rz're and m'e-SnPB need not reflect similar Te-Te and Te-Sn bond strengtha.
sincxin addition to Ere-SnPh che spectra of the tin conpounds sometimes show
PhGSnz which can only arise Zzan thermolysis. EHEence m'a Day arige via the
diteliuride as well as.via the parent ion of the triphenylstannyl-derivative.

wWhen the spectra of mixtures of ditelluridas are measured e.q. Ph '1‘0 +
(p-PhOC, 34)2'1'32 it is possible to cbserve both pa.tem: ions (Ph 'l'e '
{p~-PhOC 34)2'1'02 ) but, in a.dd.lf_ton, m—u'ecan4oph is seen. Alao, as well as
Ph Te and (p-l’hw 54)1'8 tha parent ion of the mixed telluride fs noted,
Phi‘e( CeH OPh) « Similar observations ‘are mads when intmate nixtnre- of other
diteuurideamom Mﬂ:cmzcthomedhp. for!h'.m nhavsm
£luctuation ‘on’ :up:u.eata dntanunation fot d:.fferent nix:uxcs suypo:tl.ng tbe
concention tbat tonu (c)~eontt1buus -i.gn.tncantly to 1u :ctnnt:lcn- T
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+
PhTeTeR + e ———3 PhTeTeR + 2e

PhTeR’ + Te ——» PhTe' + R ©

These obpservations confirm that unsymmetrical ditellurides can exist, yet all
attempts to separate such mixtures via fractional crystallisation or by
chromatography resulted in the isolation of the original symmetrical specles.
Examination of the infra-red spectra of mixtures of two ditellurides showed
bands due to the two symmetrical materials and some modification to vibrations
in the 200-260 cn-l region in which skeletal motions are expectedl. This would
be consistent with the view that new species were present. 1In order to ascertain
if the unsymmetrical species existed in solution (from which separation was
generally attempted), the problem was examined further by nuclear magnetic
resonance Spectroscopy.
la nmr Invesatigation of Solutiona of Two Ditel lu.rides. The system selected for
study was (C_F_.), T + (p-MeO. CeHy ) JTe, because the E nmr spectrum of the

6 5°2° 2
p~methoxyphenyl- compound is easy to im-.erpr:et and is relatively simple, also the

cholce of the perfluoro~ compound is likely to ensure the best chance of
different proton chemical shifts for (p-MeO.C 84) 2Te, and (p-MeO.C sEa }Te-Te (C6F5).
Experiments with a variety of pailrs of ditellurides confirmed that this was the
easiest system with which to work. Two distinct methyl singlcts were seen for
a range of mixtures in deuteriochloroform one of which corrxesponds to (p—r4e0C684)2
Tez. the other however arises from a new species — reasonably (p—F.eOCGH4)Te-Te (c61='5).
However there is the possibility that the acceptor power of tellurium is enhanced
when bonded to a perfluorophenyl group and that co-ordination of the ether oxygen
of the bis (p-metllxoxyphenyl)ditellurides to one tellurium atom of (c P )2'1‘32 may
occur. When the "H nmr spectrum of phenyl methyl ether is measured in the
presence of (CGPS) 2T°2 » no evidence of co—-ordination is cbtained, thus we proceed
on the assumption that the mixed ditelluride is formed.

Integration of the spectrum enables us to estimate an "equilibrium constant”

(X, as defined below) of approximately 4.
2
K = Uc, P, Te-Te (c B, CHel]
ltegrg) o] [ip.Meo.c ) me )

Purthermore, this was shown to be independent of temperature an. '.coue the

reaction 1s under entropy control and there is the further impiicacion that
;. 'the Te-Te bond strength is not greatly influenced by the nature of the group
CRARRTes. oL -
: 'Bcuevnz. nosabauaz data 1ndj.cnr.ed a lower tellurium p-orbital population
in bonds f.o pez!lmmpbenyl—qmps than to° phsnyl-groups and .we see from table 2
: :hat the mumxad appea:an:e pota.ntial of Ph:l‘e - from the mixture PhoTe, .+ (csl"s)2
-:%e.  (the parflucro compound in excess to ensure maxigum conversion:of PhyTe, - - ...
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to PhTe~Te (CGE‘S)) is significantly greater than that measured from other sources.

The Raman spectrum of (CGE‘S) 2Te2 shows two bands to be candidates for v({TeTe) at
Av = 173 and 186 cn-l. Both these are within the range observed by Thavornyutikarn
hence the Raman data do not suggest that the tellurium-tellurium bond strength is
significantly different in the perfluoro- and phenyl- compounds. Thus the appearan
potential data more probably reflect an increase in the fonisation potential of
the ditelluride on substitution of a perfluorophenyl group. Since the MGssbauer
data would argue for a positive charge on tellurium in the Te-C6F5 bond, if
ionisation is from the lone pair orbital on tellurium, this would seem reasonable.
The mechanism of the redistribution reaction is of interest. It may go

via a radical mechanism.

2 2 _— 2R'i‘e
R.'?.'.l't.e2 = 2r/Te

RTe + R Te =——=—= pTe - Te¥

If this is the case, it is surprising that we do not detect other products e.g.

R Te, r’ ,Te angBRTeR’ and that no tellurium is extruded. A recent study by
Gunther et al. on the photochemically and thermochemicaily induced extrusion

of selenium from dibenzyldiselenide emphasises this point., Wwhilst our evidence
does not justify extensive mechanistic speculation, one other possibility should
be considered. A dimeric intermediate, similar in type to that recently confirmed

for a redistribution reaction between platinum and palladium chloride -

tributylphosphine complexeslg,
R

N\ Ve

Te-~--- - Te
f
R,Te, + R’ ,Te qpmmn l l &=a 2 ¥ Te-TeR

Te~- - - =-Te

s .

R

and w!zxgch could also account for the formation of K P-TeR from R’ 2P-PR‘ 5 and
R2're2 » We attempted to differentiate the possibilities kinetically but,
unfortunately, without success. The fact that we could differentiate sharp
methyl signals for the gymmetrical and unsyrmetrical ditellurides indicated
that the redistribution reaction was slow on the nmr timescale, hence we raised
the temperature in the hope of causing the two methyl rescnances to coalesce.
Decomposition occurred first.  We did however attempt scme. measurements - on.

the reaction between a ditelluride and txiphenylt:l.n hyd:me (this affozds
Ph35n-'ren and dihydzogen m experimental secuon). rzipheuylt.tn hydrida is

a radical trap. hut we £ouna no zeactton at’ room. taq_:erat:nre {vhereas t:he
redistribution zeact::l.on d.ld occux attbu tanperatuze) "and ‘at. 78.5°c t.he zau. -
measured by quenching ‘aliquots of the. soxuuon"s.n chloroform and- -ouconng‘
the optical. denlity at the: dipha.nyldiul' i X
wugozmuuummmmmmmm-otw
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decomposition of Ph,SnE at that temperature. Thus no evidence that ditellurides
spontaneously produce RTe radicals is obtained and the dimeric intermediate remains
a distinct possibility.

lzs're and llgSn Mdgsbauer Studies. The reaction between triphenyltin hydride

and various diarylditellurides affords a new series of triphenylstannyl (aryl)

tellurides. These compounds are attractive for MOssbauer studies since the

presence of two MSssbauer nuclei in the same molecule should lead to a more
self-consistent interpretation of the data, a point made convincingly recently

by Drago and his collaborators in their comparative study of HeSnI3 and Me SnIzl

The new compounds give adequate elemental analysis and good mass spectra, in which
the parent lon is recognised. They are stable over long periods of time when
stored in a refridgerator, but at room temperature they slowly discolour as
decomposition to the ditelluride occurs.

The 125'I'e data were measured by the PCMU at Harwell and at Simon Fraser
University. The data were in good agreement and that obtained at Simon Fraser
University is tabulated, this being directly comprapie to that reported for a
wide range of oiganotellurim compoundsa. The sign of the 1195:; quadrupole
splitting is reasonably assumed to be negative in Ph3Sn-TeR and this was
confirmed experimentally for R = Ph, thus Vzz, the principal component of the
electric field gradient tensor, is positive. Vzz is assumed to be negative
at the tellurium nucleus3. The relative directions of Vzz at the two Mosshauer

nuclel are given in the figure.

("3Sn)v,, R n s 1 V., (5 Te)
Te .
t | Ph——-\Sn—Te
- sn v [ g
o T

e *1%8n facmer shifes (tabls 3), relative to BnSno,, for Ph,Snxeh
(X = 0,5,5e,Te - we have neaaured Ph SnSePh to complets the series) exhibit
'tho Zollaving trend:

'Ph‘Sn < FhBS!ﬂFh < PbssnSPh ~ Ph3SnSePh L Ph3Sn'I'ePh

th vaud appea: f_hat t.he m—m bonds have greater p-chazac:er than the Sn-Fh
boad and that this leads to an increased removal of tin Sp electron density
;vhicﬁin\tnrnmuit-sinanincremin-elmmndensuyatun (and a more -
: pou.mfn uc-.r shut:), ch:onqh dalhicldj.ug Bouem, the Sn-XPh bonds must -
etain’ significant . charactar and the relative’ iscmer Ahuu of mssn-opn ana.
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th&x-‘neph argue for the greater covalency of the Sn-Te bord relative to the
S0 bond. The greater s electron density at the tin nucleus in the Sn-Te bond
voald then result from a smaller withdrawal of s-p hybrid electron denaity
drce tin compared with that in the Sn-0 bond.

The sign of the ngSn quadrupole coupling conatant (equ) in PhJSnTePh
§s megative, thus Vzz, the principal component of the electric field gradient
temsor, 1s positive. Assuming that the micro-symmetry of the tin environment
approxizates to C,,, Vzz will lie along the Sn~Te bond axis (see figure} and
e pogitive sign implies that the Sn~Te o-bonding orbital has a smaller
eccupancy than the Sn-Ph o-bonding orbital.

In coatrast to the isomer shifts, which do not change vary much, the ”'9591
qusdropole splittings (.able 2) span a range of values from 1.09 to 2.27 mm u'i
aig i9 evidence of the chaflging sp~ character of the 5n~XPh and Sn=fh bonda,

Thes while the p arbital imbalance is much greater in PhJSnOPh thar in Ph GnTePh

k)
non the values of lf’(o), 2 are similar in the two compounds,

The 1251‘ isomer shifts of the compounds PhBSn'raR (R = Ph~, pmocﬁn Far

p—stocsﬂeo) are less positive than those of the diarylditellurides Rz’.'a:. T™hise
gxggests that in the Sn~Te bond there 15 a greater occupancy of the tellurium

S ordital than is the case for the Te-Te bond, leading to an increased abielding
¢? the Ss electrons from the tellurium nucleus and a smaller incmer shife., A
greater occupancy of the tellurium 5p orbital in the Te-5n bond than in the
Te-Ta bond implies a smaller p-orbital Imbalance for tellurium in thﬂ-‘!'qk

25an in Rle=TeR which leads to the cobserved smaller 125‘1‘5 quadrupole aplittinge
faz the triphenylstannyl compounds than for the ditelluridea. Thus both the
}39&1 and 125‘1‘5 MOssbauer data are consistent with the donation of elactron
donuity from the tin to the tallurium and this leads to a net increase ifi \"*{tﬂi i
szt & positive Vzz at the tin nucleus, and a smaller & and A at tha tellurtium
racieas in compariscn with the values obsarved for R21‘02. It 16 intereating %o
scte that any significant Spp(Te) + 5d,(Sn) overlap would lead to the predictics
thet the us're isomer shift should increase from the ditellurids compound to the
28n-tellurium compound. Thus only an s-p bonding model gives a self-conaleten®
explanation of the isomer shift data.

In the past a number of attempts have been madezz-zs to intefpret uq!}n
#fgabauer Sata in terms of valence-shell orbital populations and such snalyses
nave also recently bean extended to “21sb2® and 1%°re®, 1t 1s of sntarest tn
the gresent case to see 1f the two sets of MOssbauer data ln’m.ns‘h) afford
a self comsistent picture of the orbital populations in P‘h,ﬂn-‘hl. only the
gEsfrapole splittings are umed here to astimate the og-bond orbital populations.

for tin in the compound PhBSn'l'ePh, assuming cav symmatyy with the Zn-Te
e alomy Cy» in Townes-Dailey thaoryﬂ:

.zq Q = ozqoq. ﬁ. - 3oou¢] {a=h)
[l - coa=
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vwhere equQ is the unit coupling constant taken as +8.6 mm s"l 25, = {8 the
Ph-Sn~Ph bond angle and ¢ and b are the Sn~Te and 5n-Ph orbital populations
at tin, respectively. Tre latter has been es:ima:cdzz as l.1. If it {s
assumed that o = 109.5°(1.e. regular tetrahedral gecmetry), then a {s 0.7
and the tellurium contrilution to that bond will be 1.3 electrons,

At the tellurium atcm, the Te~Ph O-bond crbital population has been
previcudly estimated as 1.13. The tellurium is bonded to two ligands,
PhJSn" and Ph™, and has two lone pairs of electrons. In our previous analysis

of quadrupole aplittings in a large number of compounds of types R_Te, R _Te

2 -

RZTexz. R'x‘ex3 (x = C1,8r,I) Lt wan found that a consistent explanation of the

4 values in terms of a simple additive model could he aohtained by assuming the
2

58 electrons to be stercochenically inactive, The present arguements are

developed from the same ¢ssumption, thus the tellurium is considered to bond

the PhJSn’ and Ph~- ligands through ite Spy and 5p, orbitals, with the Spy
lone pair directed perpendicular to the bonding plane. In Townes-Dailey
theory

ezq Q = - Up u2n Q
up = -y, - JL..:-_.Y_
and - U, = U
[y

2
when A = 4 ezq Q1 +D]-)"

where the U values hre the individual p-orbital populations and ¥ ia the
ngymetgsparametar. ‘ra!::rl\ng,, - 1.1, Uy = 1.3 and u2 - 2,0, n:\il assuming
e qQ (7 "Te) =+ 24 mm 0 , the 4 is calculatad an 9.8 mm s ~, The
observed value ie 9.2 mm n‘l and this would correapond to a uy value (The
'I‘e--SnPh:1 bond) of & 1.4. Given the many approximaticna in thae analysis,
the 1195!1 and 1251‘: quadirupola splitting data provide a surpriaingly consistent
picture of the slectron distribution in the Sn-Te bond. The agreement is in
uai't fortuitous, since & (ngsn) for the compounds Ph]SnTeR {R = Ph", P""“Ce"a"
p—Me'JCSH4-) rangea from 1,31 to 1,09 mm n-l. corrasponding to effective t;;?ond
orbital populations on tin in the Sn-Te bond of 0.70 to 0.76, while the Ta

quadrupole splittings do not show any significant change. Howaver the variation
119 1
in a{(

19
which is almost within the errora., Mcreover, the small variation in A{ ""8n}

Sn) would correspond to A variation of 21?51} of only 0.4 em

may in part be explained by the variations in the relativa s-p hybrid character
of the Sn~TeR and Sn~Ph 1>onds Am R is varied,

The above anslysis is based on an oversimplified modal, since it assumes
-93 hybridieation at the tin and purs p hopding at the tellurium, neither of
which can be wholly trus., Rowever, ruch simplifiocations are characteristic
of additive models as gelerally used is intarpreting M3sshauer data, and the



302

assumption of such idealised geometries generally leads to a more consistent
explanation of quadrupole splittings than more sophisticated models which

22
attempt to accommodate departures from ideal geometries .
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