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lsiast in solution under 100°C, Is slight. 

We also failed, in our earlier study’ , to obtain uusyvmetrical ditellurides 

RTe-TaR' usiug preparative routes which should, if R&Z radicals were involved 

in the reaCtiOaS , have afforded mixtures of R_Te_. R:Te, and RTe-TeR'. In this 

study we return to this problem and also examine the mass spectta 

in more detail. Ue also include a study of some neu coRPcuDds of 

Ph,SWPeR by 12%!e and 'lgSu nb'ssbauer spectroscopy. 

of ditellurides 

the type 

The diarylditellurldes used in this work were syntbeslsed by literature 

metbcdsviz. PhTe 
22* 

7 

1 
@-CH3.C6H4)2Te2 , 

anf UZ6F5)2Te2g. 

(p-He0.C6H4)2Te2 , ' (p-Et0.C6H4'2Te24, 

@-Ph(X6H4)2Te2 All materials had satisfactory melting points 

and spectra Lr., ii n.m.r.1. Other organotellurium compounds required for 

mass Bpectrographlcwzkverepreparedfolloving+hame~~ lndicatedintable 

2. The following new ccqounds containingtiutotellurlrrmbondswere also 

prepared: 

PheIlYl (triphenylawuluyl)telluride. Diphenylditelluride (2.OSg, 0.005 mole) was 

added to triphenyltin hydridelO (3.!5g, O.Olmole) and warmed to 60-70°C. When 

evolution of dihydrogan ceased, a further quantity of Ph3SnR was added and the 

temperature maintained until tb nrixture was completely decolourlaed. The mfxture 

~~cooledandtheproductwaeartractedfranhaxaphenylditinwlthamFxture of 

ether aud 40-60 petroleum ether and crystalUsed to give SO-70% Ph3Sn-TePh. A 

similar procedure rms adopted for Ph3Sn-TeR (R - p-He0.C 6 ~8 p-EtO-C6H4-, H 

p-Pb0.C6H4-) but when ?zi-a-butyltin hydride replaced Ph3SnR in the method above, 

aredoilwesfoxmaduhichde amposed under vacuum or uben chranatographed. 

Ekmaver,the~~ss fqectrm of the crude material shcwd I?+ for %.p-TePh. 

Analyticaldataafsgivuaintable L 

Table1 

PalNo CAxmmim 
RC -w 8C 8H m.p.(°Cl 

Ph3s" - Teph 53.5 3.77 52.0 3.63 91-93 

%a - Te(C6Fi4.cme) 52.2 3.79 51.4 3.79 76-77 

Ph3Sn - !Fe(C6H4.013t?~ 54.3 4.20 52.2 4.04 77-78 

Ph3So - R(C6E4.CW .56.4 3.68 55.7 3-74 &i-l353 ., 
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of largest mass number and highest relative abundanos thus eliminating the 

danger of meas~rlag (R-H)Te 
+ 
_ Howevermeasumnents onotherisotopes. andthe 

study of isotopic spread, indicated vary little (R-E?lTe+ formation when R = Ph. 

Results are presented in table 2 far a range of organotellurim compounds. 
. 
% n.m.r. spectra were measured with a Varian spectramter at 100 NHz. 

The Raman spectrum of (CSp5 i 2 1 Te was recorded on a Gary 81 lasar Ranan 

spectrometer at the University of Nottingham (we thank Dr. G. Davidson for 

access to #is instrument). Far infra-red spectra were measured using an 

PS 720 interferometer. 

M&sbauer spectra were recorded for some compounds. The "'Ta data 

quotedwaremeasuredwiththe 
125 

sb/Cu source at 8OK and the absorbers at 
13 

4.2K as reported previously 
119 

. Sn spectra were obtained via the PCRU 

service with a 
119m 

Ba SnO3 source4 with absorbers at &XC. The sign of the 119#.& 

guadxupole splitting was determined experimentally to be negative for Ph3Sn-TePh. 

Hiissbauer data are given in table 3. 

RSSUDTS AND DISCDSSION 

Hass Spactroscopic Data. The ion Rlk+ may be readily identified ln the mass 

spactnm of R2Te2 and probably arises by both of the routes shown in the scheme 

kwxne curvature was noted on plots used to measure the appearance potential, 

A-P_, of thl.s ion in ditelluride spectra). Alternatively, tharmolysis of the 

ditelluride to tellurids may 

+ 
+ 2e- RP.e ++Rm +2s (A) 

/ 

R2Te2 

R2Te2 + e 

\ 
9p+ + 2aw R2Te+ + Ta 4 2s 

1 
RTe+ + R (B1 

occur prior to vapourimation. Wailma+ rq may not completely exclude the latter 

pc~~ibiltty,wsnots thatPh2Ta+vhioh~aprom%nent fragwntintherM5a 

ape&mm of Ph2Te2. givam MA-P, of IO~OnVvhereas the A-P. Of Ph2TO+ frc= - 

Ph2Ta ia 8.75 aV.- Pr eimmlably. if R.p arose =Ln.ly fram theuw1pis of the 

ditelluride.ontheprobeof the mass spertmmatetthess figures uculdbe mare 

-=lYW. The A.P.r for Ph.p+ together auggast that LTuctmsicmofte~Luirm! 

frca R&+ raqdrms approrima tely 120 kJ moff *ateas, assvdng an ionisation 

p~tantm ~fwmf~~sqp~ @r~bw~anu~~- limi+). tbda+oOfb&a2 

sqgeo+tho W~Ff Te-c andT+m in lp,+to be of the order Of 3ev 

i.e. +29&l& mlY"',- .n-&wi~~~if temari~apphrstobea lweaercw 

_pa$+&ky:i+ ta;s~&cul+~~pf tb paian+.ion. whioiea la+diffarurces - 

.tnrA;P;;::ib~~~~_~:~x.(a~Ph,.-C~~~~ +p=, *sHlaph1 
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+ 
anydLfferenceofTa_Cbondstrengths inPhTeR _ 

P%gure 1 shove a plot of the relatLve abundaace of Ph2Te2 + Ph2Te and , 

PhTe* as the exciting potential is varied from 12eV to 705V. The results 

indicate thatatlwpotential.5Ph2Te+is adoninantioncon5istentwfththe 

dominance of route (B) and with the arguements above. Figure 1 15 also 

consistentviththevievkhatroute (A) makes agreater contributiona the 

exciting potential is increased. 

Fig. 1. P)ot of the relatiTe abundance againet the iollising potential 
of Ph2Tep , Ph2Te and FhTe . 

A feature of table 2 is the remarkable consistamcy (with fev UcSptionS) 

of the A.P.s of PhTe* from vhatever 8ource (the same is tme for the p-tolyl- 

cOmpoundsmea5ured). Eouever, the sfmilar A-P.5 for m+ (R - Ph, p-CJ-C6R4-1 

fW= ~~2Md~~3~notrenectsimilar~aadTa-Snbondstran~, 

sincelnaddltLontol?re-snph3+the 5pectraofthetinu3qmbd5 samatimee shw 

ph6s"z 
+vhlchcananlyarisefr~thennolysis. EenceRTe+sayari543vlathe 

ditellurfda~usllae.v~~eparantioa ofthe tr~phenylntannyl-derivativm. 
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PhTeTeR + a - PhTeTeR+ + 2e 

1 
PhTeR+ + Tee PhTe 

+ 
+ R 

These observations confirm that unayametrical ditellurides can exist, yet all 

attempts to separate such mixtures via fractional crystallisation or by 

chromatography resulted in the isolation of the original symmetrical species. 

Examination of the infra-red spectra of mixtures of two ditellurides showed 

bands due to the two sycmetrical materials and sope modification to vibrations 
-1 

inthe 3X3-26Ocm region in which skeletal notions are expected'. Thiswould 

be consistent with the view that new species were present. In order to ascertain 

if the unsyrmetrlcal species existed in solution (fracl which separation was 

generally attempted). the problem was examined further by nuclear magnetic 

resonance spectxoscopy. 
1 a nmr Investigation of Solutions of Two Ditellurides. The system selected for 

study was (CGE's)2Tep + (_p-14e0.C~H4)2Te2 beCaUSe the lH n!nr spectrum of the 

p-methoxyphenyl- cOnpound is easy to interpret and is relatively simple, also thh 

choice of the perfluoro- compound is likely to ensure the best chance of 

different proton chemical shifts far (p-!40.C6H4)2Te2 and (p-Me0.C6H4)Te-Te(C6F5). 

Dtperiments with a variety of Pairs of ditellurides confinxd that thie was the 

easiest system with which to work. Two distinct methyl eingl=ts were seen for 

a range of InktureS in deuterioehlorofonn one of which corresponds to (p-MeOC6H4)2 

Te2, the other however arises from a new species - reasonably @-PWOC6H4)Te-Te(C6F5). 

However there is the possibility that the acreptor power of tellurium is enhanced 

when hondad to a perfluorophenyl group and that co-ordination of the e&her oxygen 

of the bia (p-methoxyphenyl)dftellurfdas to one tellurim atan of (C6F512Te2 may 

ooour. Whenthe33nmrepaotnm of phenyl methyl ether ia measured 3.13 the 

presence of (C6F5)2Te2, no evidence of co-oMinat%on is obtained, thus we proceed 

onthe assumptfonthatthemixedditelluride fs formed. 
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65 
1) 5~ sigdfic.3dly greater than that measured from other sources. 

me Riman spectrum of (C6F5>2Te2 shows two bands to be candidates for u(TeTe) at 
-1 

Av=173andlS6cm _ Both these are within the range observed by Thavornyutikm 

hence the Raman data do not suggest that the tellurium-tellurium bond strength is 

significantly dLfferent in the _perfluoro- and phenyl- co~pouuds. Thus the appearan' 

potential data more probably reflect an increase in the ionisation potential of 

the ditelluride on substitution of a perfluorophenyl group. Since the tidssbauer 

data would argue for a positive charge on telluriu!a in the Te-C6F5 bond, if 

ionisation is from the lone pair orbital on tellurium , this would seem reasonable. 

The mechanism of Me redistribution reaction is of interest. It may go 

via a radical mechanism. 

R2e2 - PR+e 

R'2Te2 w 2d+e 

R+e+ RTe W RTe-Ted 

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

R2Te, R'2Te and RTeR! and that no tellurium is extruded. A recent study by 

Gunther et al.lS on the photochemically and thermochemically induced extrusion 

of selenium from dibenzyldiselenide emphasises this point. Whilst our evidence 

does not justify extensive mechanistic speculation, one other possibility should 

be considered. A dineric intermediate, s imilar in type to that recently confirmed 

for a redistribution reaction betveen platinum and palladium chloride - 

tributylphosphine caaplexes 
19 

, 

R 

\ 
Te-----Te 

R2Te2 + # 
R 2Te2e I a 2dTe-TeR~ 

Te- - - --Te 
/ \ 
R R 

and which could also account for the formation of dP-TaR fram R12P-Pp2 and 
20 

R2w2 l 

We atte6gted to dlfferentlata the possibilities klnstically but, 

unfortunately, wfthout success. The factthatve could differentiate sharp 

methylsigaala for the syrmetricalaad unqmmt?zicalditellurides indicated 

thattheredlstributionreactimwas slwontha nmr tlmascala,hanceue rafaod 

the temperature inthahopeofcausingthe two methyira sonauces to coalesce.. 
Decomposition occurred first. Wedldhwever attemptscmesmasurenmats -m. 

thereactiaohetvnn .ad.italluridaaadtriphenylti~ hydride <thiaaffard- 

Ph3Sn-TeR and.dlhydmgen -aee+talsecti&). Triphe+in:~&~i8 

aradCcaltiap,batwe fauPdmrsectfaet_maa 

redfet.ributio~r&&onbfd~~ 
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decomposition of Ph3Snli at that temperature. Thus no evidence that ditellurfdes 
_ 

spontaneously produce Elk radicals is obtained and the dimeric intermediate remains 

a distinct poss+bflUzy_ 

125Te and ll9 
Sn MCssbauer Studies. The reaction between triphextyltin hydride 

and various diarylditellurides affords a neu series of triphenylstanuyl(ary1) 

tellurides. These coopounds are attractive for Mbssbauer studies since the 

presence of two f&sbauer nuclei in the same molecule should lead to a more 

self-consistent interpretation of the data, a -point made convincingly recently 

by Drag0 and his collaborators in their comparative study of ReSnI3 and He3SnI 
21 

. 

The new compounds give adequate elemental analysis and good mass spectra, in which 

the parent ion is recognised, They are stable over long periods of time when 

stored in a refridgerator, but at room temnerature they slowly discolour as 

decomposition to the ditelluride occurs. 

The lz5 Te 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 compraole to that reported for a 

wide range of o&notellurirnn compounds3. The signofthe 
119 

Snquadrupole 

splitting is reasonably assumed to be negative in Ph3Sn-TeR and this was 

confirmed experimentally for R = Ph. thus Vzz, the principal cunponent of the 

electric field gradient tensor, is positive. Vrz is assumed to be negative 

at the tellurium nucleus3. The relative directions of Vzz at the tuo Hkbauer 

nuclei are given in the figure. 

ma =%I isaeershifto <t&lo 3).relatiVotoBnSnOS, 

(X - O,S.se,% -wmhaVem8~uredpb3SnSaphtooaspletethe 

~thef+iowiqlxendt _ 

forPh,SnXPh 

serias) elrhlbit 

Ph4Sn C P!+Qi’h < Ph3SnSPh * ph3SnSePh Q Ph3SnTePh 



~%~wmph argue for the greater covalemy of the Sn-Ts bond tnlative to the 

e-0 wn3. me greater s electron density at the tin nucleus in the Sn-Tc bond 

-ld tbeo result from a smaller withdrawal of s-p hybrid flsctron dsn*ity 

5.~ ‘;in -pared with that in the Sn-0 bond. 

Rpsr sign of me 119 Sn quadrupole coupling constant Ce’qp) In Ph3SnTePh 

thus Vzr, the principal component of the eleotrzLc ftclld qmdlffnr 

Assuming that the micro-eymmetry of the tin anvironmnt 

mtcm to cjv, We will lie along the Sn-Te bond axle (1~0 figure) an8 

L% pc~ftive sign implies that the Sn-Ta o-bonding orbital has a amsffar 

vocy than the So-Ph u-bonding orbital. 

In co~tcc~ast to the isomer shifts, which do not change Very much, the 116Sn 

splittings (lable 2) span a xange of values from 1.09 to 2.27 mm 81 . -1. 

dcnce of tie changing sp c!mracter of the Sn-XPh nnrO Gn-Ph bon&, 

Tlra Wile the p orbital imbalance is much greater in Ph3SnQPh thm fn ph,SnT~~ 

hit, t?? values of l~(cdJ 2 are similar In the two compounds. 

T&e 12S %k iscner shifts of the compounds Ph$nTeR (R - Ph’, $@WXbf14-. 

‘~q-) are less positive than those of the dfarylditallurldss R2Te2. k%a 

s that in the Sn-Te bond there is a grmatet OCCUpsnCy of fha tcsl:url 

3q oaatti t.?mn is the case for the Te-I% bond, leading to an inar~rasd ahIstALy 

c.$ the Ss electrons from the tellurium nucleus and 4 mnaLli?r ibc%iM shltt, h 

er occaqanq of the tellurium 5p orbital in tha Ta-Sn bond than In tFa 

“%+?a bond ix+lLes a smaller p-orbital tmbalance for tellurium tn ~3~n-T~R 
125 zpbu?~ In RI&-‘P&I which leads to the observed smaller Ta qusdrupoXs rpfittt@s 

far l a triphenylstannyl compounds tha7 for the ditel~urldaa. Thus both tha 
l?9_ snd 125 Te ?4%sbauer data are consistent with the donation of u~as~;~~ 

Cross the tin to the tellurium end this leads to a me incrsraa In \$a{ ’ 

a mittrs Vzz at the tin nucleus , <and a smaller 6 an& h at the tefluxicrsr, 
ln cuupariecn with tha values observed for R2T02. It 1s lntoterttnq Cdb 

=%a that any significant Spn(Te) * Sd,(Sn) overlap would load to ens pr~l~l~ 

E%M the 125 Tc iscmsr shift should increase from the ditsllurlda c fMI to aRa, 

: E-t@Uurlum compound. Thus only an s’-p bondinq medal gives a H nci1etma 
explanation of tha isaner shift data. 

fn the past a nmber of attempts have been made 22-Z 
to Lntrrprot *%Q 

data ia tarmS uf valence-shell orbital population@ an4 swh *nrLynor 

mmmtly bum extended to 121&26 and 12’Te3 . tt ir of lntmwt 11 

CIw to Sea if the two sets of l&ubauar data I %p5~, *If 

latent picture of the otWta3 populatfom ln ph,53n-TeR. btky UM 

wttinsr- used here to estimate tha a-bond ozUt.41 PIP, 

C3” IyaaPty uith the 
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2 
where A %QlA the unit Ct'upling constant taken as 4.6 nm B -1 25 

, = ie the 
Ph-Sn-Ph bond angle and L' and b arc the Sn-Te and Sn-Ph orbital populetions 

at tin, respectively. Tfe latter has been cstimstcd 22 as 1.1. If it 1s 
assumed that = a 109.5°(I.e. regular tetrahedral geometry) , then a is 0.7 
And the tellurium contrlf~utfon to that bond ~111 be 1.3 electrons, 

At the tellllrfufn Atc'm, the Te-Ph o-bond crbltal population has been 

previously estlmatcd As l.13. T!?e tellurium is bonded to two :lgands, 

Ph3Sn’ and Ph-, and harr two lone pairs ot alectrona. In our previous analysis 

of quadrupole splittings in A large number of compounds of types R2Te, R Te 
2 2' 

R2TeX2, RTeXj (X " Cl,Br,I) it Wan found that A consistent explanation of the 

A values in tams of a simple additive modoL could be obtained by Assumtng the 

5s' electrons to be srerrochenlcally Inactive. he present Arguements axe 

developed from the same issumption, thus the tellurium !.a considered to bond 
the Ph3Sn- and Ph- llganrls through Lts 5% And 5% OrbitAlA, with the SPA 

10nA pAit directed perpendicular to the banding p:ane. In TownAs-Dailey 

theory 

and 

when b 

where the U valuea ore the individual p-orbttal populations Anal iA tha 

Aeynanetry paranstar. 

A2sQ ('25TA, 

Tal:lng WA - 1.1, Uy - 1.3 And 02 * 2.0, And aAAumlng 

- + 24 lmn It-1 23, 
-1 

the b is cnlculated AA 9.8 mrr * (I The 
obaarved value is 9.2 mn -1 a nod thin would corrsqaond to e. U vslue tThe 

Y 
Te-SnPh3 band) of * 1.4. Cfvsn tha msny approxlm~tlons in the analysla. 

the 
119So and 125 

TA quAd::upofa Apllttlng data provide e surprlalngly conelatent 

plrem~ Of the electron dlstributlon in the Sn-Ts bond. The Agreomant is In 

oel't fortultoud, alnce A C 
119 

3nl for the compcunda Ph,SnTASl (R - Ph', p-neC6H4-, 

p-EteW6H4-) rangea Eran 1.31 ~0 l.aS mm s 
-1 , corrwqwndlnq to aftactlve o-band 

orbital populationa on t Ln In the Sn-Te bond ot 0.70 to 0.76, while the l=T. 

qoadropola eplittlnge do not ahow any elgnificant churpo. Houevet the vsrlation 

in (I( 119Sn) would correspond to a varletion of Irl 
125 

TAf Ofonly0.4AAl@ 
-1 

which iA alert within the ~r~)r~. norrover, the small varlatlon ln b(119Soi 

may in part ba osplalned bq t!w viwiatlone in the relativi3 e-p hybrid ChArActAr 

of the Sn-Ten en4 Bn-Ph !-de on R is varlml. 
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assumption of such idealised geometries generaLly leads to a 

explanation of guadrupole splittings than more sophfsticated 
22 

attempt to a ccommdate departures from ideal geometries . 

Aqms 

mace consistent 

models which 
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