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SUMMARY 

The hydrolysis of aryltellurium trihalides to aryltellurium oxide halides in 
neutral aqueous media is considered to proceed in a stepwise manner in which the 
first stage involves the formation of a monomeric species. In alkaline media the initially 
isolated hydrolysis product analyses as (p-EtOC,H,)TeO(OH) and on treatment 
with dilute acid, affords the known (p-EtOC,H,TeO),O. 

The infrared spectra are assigned in the low frequency region for the com- 
pounds RTe(O)X (X=halogen), RTeO(OH) and (RTeO),O. It is argued that the 
probable coordination number for tellurium in RTe(O)X is four, and that a ring 
structure is likely. The preparation of the salts (C,H,NH+) (RTeCl,) is reported and 
the anions are considered to have square-based pyramidal structures of approximately 
Cdr, symmetry_ The reaction of (C,H,NH+) (PhTeCl;) with acetone affords Ph(CHs- 
COCH,)TeCl,. 

INTRODUCTION 

The hydrolysis of aryltellurium trihalides has been the subject of some previous 
investigations1-3. There is general agreement that hydrolysis in neutral aqueous 
media affords a product of stoichiometry RTe(O)X (X = Cl, Br ; R= aryl) whereas the 
hydrolysis ofRTe1, by hot water leads to less well defined products in most cases3. 
The use of an alkaline medium has variously been said to lead to RTe(OH),’ (R= 
p-MeOC,H,-), RTe(O)OH* and (RTeO),03. In all casesf-3 the products of the 
alkaline hydrolysis were treated with dilute acid prior to analysis_ It is now generally 
accepted that the anhydride formulation is correct’. No attempt has been made to 
discuss the structure of these hydrolysis products and, apart from one speculative 
schemeq no discussion of the mechanism of hydrolysis has been given. 

In this paper we attempt to extend our previous spectroscopic investigations’ 
to the hydrolysis products. We also attempt to gain more insight into the probable 
course of the reaction. 

EXPERIMENTAL 

General 
Infrared spectra were recorded for Nujol mulls with Perkin-Elmer 457 (4000- 
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250 cm- 1 ) and 225 (400-200 cm- r ) spectrometers. Far infrared spectra were recorded 
in trip&ate using an RI.I.C_ FS 720-FS 200 interferometer. The samples were Nujol 
mulls in polythene cells and the spectra were computed to a resolution of 2 cm-’ 
with the University ICL 1905 computer. The interferometer was calibrated with water 
vapour. Raman spectra were recorded for solid samples with He/Ne laser excitation 
using a Coderg PH 1 instrument*. Analysis for tellurium was by a recently developed 
method6 using a Perk&-Elmer model 303 Atomic Absorption spectrophotometer. 

The methods we have used to hydrolyse the aryltellurium trihalides are based 
on those employed by Petragnani and Vicentim *3_ We restricted our attention to the 
cases where the aryl group was phenyl- or pethoxyphenyl- (p-EtOC,H,-). We note 
that Reichel and Kirschbaum” report products, e.g. (p-EtOC,H,)Te(O)Ci which 
decompose between 400 and 500°C whereas Petragnani and Vicentini report definite 
melting points (224-22@ )_ Our experience has been that unless scrupulous attention 
is paid to the pufification of the starting material, (p-EtOC,H4)TeC1,, hydrolysis 
products of indefinite melting points are obtained_ 

We have checked for completion of the hydrolysis reaction by precipitating 
the released halide as the silver salt. In view of the fact that previous reports have not 
been in complete agreement we give brief details of the experimental methods we have 
used to synthesise the various compounds whose spectra are discussed. 

Phefiyltellurium oxide chloride 
Phenyltellurium trichloride (0.84 g) was magnetically stirred with cold water 

(20 ml) for 45 min. The white powder-like product (0.57 g) was filtered and dried 
in cclcuu over P,O,*. (Found : C, 28.9, H, 1.99. C,H,ClOTecalcd. : C, 28.1; H, 1.95 %.) 

3 M-p. 226-228” (shrank), 280” (lit. , _ ?XP). Analysis of the filtrate for chloride indicated 
the release of two moles of chloride per mole of PhTeCl,. 

Phenyltellurium oxide bromide 
Phenyltellurium tribromide (0.53 g) was stirred with cold water (25 ml) for 2-S h. 

The pale yellow product (0.29 g) was filtered and dried in ttclc~lo over P,O,,. (Found : 
C, 26.8 ; H, 2.20. C,H,BrOTecalcd. : C, 24.1; H, 1.8 %.) M-p. 218-222” (1it3, 247-249O). 
Analysis of the filtrate for bromide ion confirmed the release of two moles of bromide 
per mole of PhTeBr,. 

Attempted preparation of ~he~~lte~~u~iurn oxide iodide 
When phenyltellurium triiodide5 was stirred with cold water, only slight 

reaction had occurred after 46 h_ The use of hot water gave a mixture of products 
including some tellurium metal. 

Pure (p-EtOC,H,)TeCl,’ (1.0 g) was stirred with cold water (40 ml} for 30 min. 
The white product was filtered and dried in vacua over P.+O,,. (Found: C, 32.5 ; H, 
2.83. C’,H,CiO,Teuafcd. :C, 32.0; H, 3.OOxJM.p. 222-225O (lit.3,224-2260).Analysis 
of the filtrate confirmed the release of two moles ofchloride per mole of (p-EtOC,H,)- 
TeCl,. 

* We thank Dr. D. M. Adams, University of Leicester, for access to this instrument. 
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(p-Ethoxyphenyl)teZlurium oxide bromide 
(~Ethox~henyl)tellu~um tribromide (0.59 g) was stirred with cold water (50 

ml) for 45 min with no visible change in colour. The mixture was warmed to 50° 
causing a rapid change in colour to pale yellow of the solid material. The warming was 
continued for 30 min after which the product (0.35 g) was filtered and dried in zxxuo 
over P40,,. (Found: C, 29.8; H, 3.34. CaH,Br02Te czalcd.: C, 27.9; H, 2.6%.) M-p. 
210-215” (lit.” 233-236”). Analysis of the filtrate for bromide confied the stoichio- 
metry of the reaction. We also found that the same product was obtained if the tri- 
bromide was stirred overnight with cold water. 

(p-Etho~yphenyZ)tellurium oxide iodide 
(p-Ethoxyphenyljtellurium triiodide* (1.7 g)was heated under reflux with water 

(50 ml) for 4 h. The black crystals changed to red-brown and the product (1.0 g) was 
filtered and dried in ttacuo over PaOlo. (Found : C, 24.8 ; H, 2.27, CaH,IO,Te calcd. : 
C, 24.5 ; H, 2.32 %.) M-p. 170°. The same product may be obtained by stirring the tri- 
iodide with cold water for a minimum of 48 h. 

Attempts to isolate intermediate products 
The reaction times were varied over wide ranges for the above experiments. 

For short reaction times erratic analytical data were obtained and infrared analysis 
of the products suggested mixtures rather than new compounds. In one experiment 
with (p-EtOCgH4)Te13 it was found that only one mole of iodide was released, how- 
ever spectroscopic analysis showed the tellurium-containing product to be a mixture 
of (p-EtOCsH,)TeI, and @-EtOC,H,)Te(O)I rather than the hoped for [(p-EtO- 
C,H4)TeIJ20. The replacement of water by aqueous ethanol in the above experi- 
ments gave the same pattern of results. 

Hydrolysis in alkaline media 
Our experiments were restricted to the (p-ethoxyphenyl)tellurium trihalides 

which were treated with 10% sodium carbonate solution. A typical experimentin- 
volved stirring pure (p-EtOCsH,)TeC1, (1.2 g) with 10 0/o sodium carbonate solution 
(40 ml) at room temperature for 2 h. The reaction mixture was divided into two parts : 
(a) the white product was filtered and dried in tlacuo over P40,0 ; (b) the mixture was 
acidified with dilute acetic acid and the stirring was continued for 1 h after which the 
second product was filtered and dried over PAOlO. Separate experiments involving 
analysis of the filtrates for chloride established that in both cases all the chloride was 
released from the starting trihalide. Use of shorter reaction times afforded products 
whose analytical and spectroscopic data were diffticult to reproduce. (Found : product 
(a); C, 33.9; H, 3.50. M-p. 199-201° (shrank), 235-240° (dec.): Product (bj; C, 34.7; 
H, 3.47. M.p. 234-238” (dec.) Product (a), which shows v(OH) at 3060 cm- ’ (hydrogen 
bonded) has an analysis corresponding closely to that expected for (p-EiOC,HJTeO- 
(OH). CsHz003Te &cd.: C, 34.1; H, 3.6%. Product (b) corresponds to the “‘an- 
hydride” [(p-EtOCsH4jTeOfz0. CX6Hi805Te2 calcd.: C, 35.1; H, 3.3 %.) 

Reaction of aryltellurium trichlorides with pyridine in benzene 
Phenyltellurium trichloride (0.5 g) was added to dry benzene (80 ml) contain- 

ing freshly distilled pyidine (2 ml) and set aside for 48 h. The white product (0.6 g) was 
filtered and dried. The product was treated with acetone to afford an insoluble residue 
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of phenyltellurium oxide chloride. The acetone solution was concentrated and then 
treated with petroleum ether (40-60°) to give white crystals (0.15 g) (a). Further 
treatment of the filtrate with petroleum ether afforded a second crop of white crystals 
(b). Solid (u) proved to be pyridinium phenyltetrachlorotellurate(IV), (PyH+) 
(PhTeCI; ). (F ound: C, 31.5; H, 3.12; N, 3.14. v(NH) 3220, 3165 cm-l, &,(10m3 M 
in MeNG*) 90R-’ *cm2 -mol-l, mp. 245-2470 (dec.) C,,H, ,CI,NTecalcd. : C, 31.0; 
H, 2.60; N, 3.3 %_) Solid (b) contained no nitrogen and was a non-electrolyte in nitro- 
methane (_4= 7Q -I *cm2 -mol- ‘) and was identified as a reaction product of PhTeCl, 
and acetone, ie., Ph(CH,COCH,)TeCI,. (Found: C, 32.1; H, 3.34; N, 0.00. v(C0) 
1705 cm-’ vs(sharp). M-p. 113-114°. C,H,,Cl,OTe calcd. : C, 32.5; H, 3.01x.) 

A similar reaction sequence with (p-EtOCsH4)TeC13 afforded (PyH+))c(p- 
EtOC,H,)TeCl;]. (Found : C, 33.3; H, 3.27 ; N, 3.0; Te, 26.7~l,(lO-~ .II in MeN02) 
77R -l -cm2 -mol-l. M.p. 212-214O dec. CIsH15C14N02Te calcd. : C, 33.2; H, 3.20; 
N, 3.0; Te, 27-l%.) 

RESULTS 

Spectroscopic data for the compounds we consider are given in Tables 1 

(phenyl compounds) and 2 (p-ethoxyphenyl compounds)_ 
We found that in general our preparative results, all ofwhich were reproducible, 

_ parallel those of Petragnani and Vicentuu e3, however we do differ from those authors 
in some points of detail. Thus we occasionally observe different behaviour on heating 
the compounds and, whereas we agree that it does not appear possible to prepare 
PhTe(O)I pure, we did succeed in synthesising (p-EtOC,H,)Te(O)I which, apart 
from (p-MeOC,H,)Te(0)13, * IS the only oxyiodide to be prepared to date. We have 
confirmed that a product [(p-EtOC,H,)TeOJ,O is obtained from the alkaline 

hydrolysis of (p-EtOC,H,)TeCl, ajier treatment with acetic acid. However another 
product may also be reproducibly prepared which, according to infrared data, con- 
tains OH bonds and the analysis of which corresponds to (p-EtOC,H,)TeO(OH). 
The compound is converted to the anhydride on treatment with dilute acetic acid. 

We failed to isolate any product of the hydrolysis corresponding to a stage 
intermediate between RTeX3 and RTe(O)X thus the intervening stages appear to be 
fast, the limited solubility of RTeX3 in water is probably the rate determining factor. 
In an attempt to use a Lewis base other than water to break the bridging halogen 
bonds in RTeX,, we reacted pyridine with phenyl- and @-ethoxyphenyl)tellurium 
trichlorides. Although our reagents were supposedly -dry” they contained su@cient 

water to hydrolyse some RTeX, to RTe(O)X. The hydrogen chloride released reacted 
with RTeX3 to afford RTeCl, which was subsequently isolated as a pyridinium salt 
having a molar conductivity in nitromethane solution characteristic of a l/l electro- 
lyte. Recrystallisation of (PyH)(PhTeCl,) from an acetone-containing medium led to 
the isolation of the new compound Ph(CH,COCH,)TeCl,. The condensation of 
mono-organotellurium trihalides with methyl ketones is well known yet surprisingly 
this example of the reaction has not been previously reported_ Interestingly enough 
the p-ethoxyphenyl salt did not give the corresponding compound when treated under 
the same conditions. We made attempts to prepare the analogous sulphur compounds, 
RTe(S)X, by treating alcohol solutions of RTeX3 with dry H2S but immediate reduc- 
tion to ditelluride was observed. 
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DISCUSSION 

A possible scheme for the hydrolysis of an aryltellurium trihalide is given in 
eqn. (1). 

Hz0 - HCl 

RTeX, - [RTeX, . H, 0] - 

Hz02 - HCl 

RTe(O)X (1) 

We had hoped to isolatecompoundscorresponding to (III) but found that either 
only RTe(O)X or mixtures of RTeX, and RTe(O)X were obtained by varying the 
reaction time and conditions. Thus if stages corresponding to (II) and (III) are involv- 
ed, the intermediate must be short-lived. Compound (I) should be monomeric and 
would arise from nucleophilic attack on tellurium in RTeX3 by water leading to the 
breaking of the halogen bridge bonds. We felt it should be possible to use other nu- 
cleophiles, L, and demonstrate the feasibility of forming monomeric compounds 
RTeX, -L direct from the trihalide. We did in fact achieve this, but not in the way we 
expected. Thus we prepared RTeCl, by the reaction of RTeX3 and HCI which had 
been generated in situ from the hydrolysis of another portion of RTeX,. Further 
support for the concept of a monomeric first intermediate is derived from the work of 
Wynne and Pearson who recently demonstrated that the reaction of MeTeCl, and 
tetramethylthiourea (Tmtu) afforded five coordinate complexes MeTeCl,(Tmtu)‘O. 
The hydrolysis of RTeX3 or RTe(O)X in alkaline media leads to the formation of 
similar compounds, hence the initial stage of the reaction probably fol!ows a scheme 
similar to eqn. (1). However the product isolated directly from alkaline medium has the 
composition (p-EtOC,H,)TeO(OH) and this, on acid treatment, is converted to [(p- 
Et 0C,H,)Te0]20, therefore a scheme such as eqn. (2) is appropriate : 

OH- - *Hz0 
RTe(O)X - RTe( OH), - RTe(O)OH - 

Hz0 - Hz0 
H+ 3C(RTeOLOl (2). 

Reichel and Kirschbaum’ did in fact claim, with good analytical support, to 
have isolated compounds formulated as RTe(O)OH but their materials were treated 
with sulphuric acid. However in several of our experiments we did obtain products 
after alkaline hydrolysis which prior to treatment with dilute acetic acid afforded 
materials whose analyses were intermediate between RTe(OH), and RTeO(OH). 

Infrared spectra 
The assignments of the infrared bands of PhTe(O)X and (p-EtOC,H,)Te(O)X 

to the various types of vibration, i.e. “tellurium-halogen”, “tellurium-oxygen” and 
the organic group, is a reasonably straightforward matter and some confidence may 
be placed on the classifications of Tables 1 and 2. The infrared spectra of PhTe(O)Cl 
and PhTe(O)Br are very similar, as are the spectra of (p-EtOC,H,)Te(O)X (X=Cl, 
Br, I) implying that the structures may be similar within each series. The Raman 
shifts for RTe(O)Cl show virtually complete coincidence with the infrared frequencies 
implying a structure of low symmetry. The intensity of the Raman shifts ai 603 and 
425 cm-l imply these to correspond to the more symmetrical (TeO) modes. The com- 
pound described as (p-EtOC,H,)TeO(OH) in the experimental section shows a 
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TABLE 2 

LOW FREQUENCY VIBRATIONAL SPECTRA OF SOME (pETHOXYPHENYL)TELLURIUM COM- 
POUNDS (RTe COMPOUNDS) 

RTe(O)Cl RTe(O)CI RTe(O)Br RTe(O)P RTeCI, + RTeCi, + Assignment 
IR RU??Ulll IR IR 10% Na2COab 10% NazC03’ 

719 s 704s 688 m 715 s 705 s 

602 s 603m 590s 575 s 695 (sh) 1 ,680s 

500 sd 505 (sh) 482 s 568 s 555 s 
425 s 425 s 415 s 4OOm 380 m-s 393 m-s 
308 s 313 w 303 s 298 w-m 
248 s 249 YS 187 vs 115 w(?) 

1 

Te-0 modes 

145 w 

323 s 

272 s 
217 m 
205 m 
168 m 

139 w 119m 

87 m 

145 w 

323w 

271 w 

168 s= 

121 m 

v(Te-X) 
a(Te-Cl) 

321 s 318 m 302 s 312 m-s 

264m 264 w-m 236s 264 s(br) Bands arising 
218 s 218 m 218 s 227s from R = 

180 s 192 s p-EtOC,H, 
153 m 172 (sh) 174 s 172 (sh) 

I 

137 m 148w loOw-m 112m 118 m-s I 

57 w-m I 

o (p-EtOC,H,)Te(O)I absorbed at the laser frequency and it was not possible to obtain a Raman s~ctrutn. 
b Without acidification with acetic acid. c After acidification with acetic acid. d Mixed with R mode. e Overlap 
with laser line. 

broad band centred on 3060 cm-: which we assign as v(OH). The low frequency and 
the breadth of the band suggest hydrogen bonding to play an important part in this 
structure. The spectra of the two pyridium salts are very similar and are dominated 
by two strong vibrations above 200 cm-l which may be assigned as v(TeC1). The 
bands occur at lower frequency than those of the terminal Te-Cl bonds of the parent 
trichlorides. However this is to be expected for an anionic complex compared with a 
neutral species. The spectrum of Ph(CH,COCH,)TeCl, is unremarkable and is 
consistent with the established distorted four-coordinate structure of other diorgano- 
tellurium dihaliesl’. The assignment of v(Te-alkyl) at 530 cm-l may be compared 
with that of v(TeC) at 534 cm- ’ for Me3TeBr12. 

Structural considerations 
Vibrational spectroscopic data alone cannot offer definitive answers to the 

structural problems posed, however it is possible to make some progress towards a 
solution of the problem 

(u)_ Aryltellurium oxide halides. A structural model must be able to account 
for the rich spectrum associated with tellurium-oxygen modes and for the slight 
solubillty of the material. In addition the position of the tellurium-halogen modes 
are of interest since they are considerably lower in frequency than those observed for 
PhTeX, and (p-EtOC,H,)TeX 35. This may be due to one of three factors-an in- 
creased coordination number for tellurium in RTe(O)X, the involvement of the halo- 
gen atom in bridge bonds, or the formation of weakei (longer) tellurium-halogen 
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bonds in RTe(O)X. We believe the coordination number of tellurium in RTeX3 to be 
fives, thus to evaluate the hrst possibility we must invoke a coordination number for 
tellurium ofat least six in RTe(O)X. We find it difficult to visualise plausible structures 
involving six-coordinate tellurium and furthermore this coordination environment 
would violate the hypothesis of Wynne and Pearson”.which argues against the for- 
mation of bonds trams to the organicgroup. We have found this a workable hypothesis 
in the past’ and are therefore led to consider other structural possibilities_ The tellu- 
rium halogen modes appear to be too simple and too high in frequency to convincingly 
imply bridging halogen atoms, however the frequencies we assign as v(TeX) are very 
close indeed to those reported for a wide range of diaryltellurium dihalides’ r. Thus the 
tellurium atom may well in fact exist in a distorted four-coordinate environment such 
as that illustrated in Fig. 1 in which the axial bonds in the +-trigonal bipyramidal 

b -“cl 

Fig. 1. Suggested environment of telhnium in RTe(O)X. 

Fig 2 Illustration of a possible ring structure for RTe(O)X. 

arrangement are longer than the equatorial bonds. We believe that a ring structure is 
most probable since this would account for the complexity of the tellurium+xygen 
vibrations and such a structure may also account for the slight solubility rather better 
than a highly polymeric modeL Thus we conclude that the model which most reason- 

TABLE 3 

THE LOW-FREQUENCY VIBRATIONAL SPECTRA OF ORGANOTETRACHLOROTELLURATES(TV) 

(C,H,NH)(PhTeCl,) (C,H,NH)[(pEtOC,H,)TeCL,] (Ph&s)(PhTeCl,~ 

ZR’ R0JlURl IR Rm IR RW7Uln 

Ph,AsBr Assign- 
IR ment 

284 m 

227vs 

280 s 284s 284 s 280 s(sh) 284 vs A: 
249 m-s 254s 248s B: 
220 (br, sh) 231 vs 228 (br, sh) 227 (sb) 220 (br, sh) Ef 

396 w 398 w 
363 s 363 s Ph.&s+ 
347 s 348 s 

342 s 
264s 256 (sh) 262 s 262 (sh) 260 s 
182 (sh) 211s 250 Ill 
152m 147 m 235 m-s I “R” 

modes 

* The salt (Ph&)(PhTeCi,) was prepared by the direct reaction of tetraphenylarsonium chloride and phenyl- 
telhxium tricbloride in abs. etbanoL (Found: C, 49.6; H, 3.6. C,,H,&CI,Te calcd.: C, 49.5; H, 3.4x.) 
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ably accounts for the available data is one which involves four-coordinate tellurium 
atoms in a ring structure_ The feasibility of this model is illustrated in Fig. 2. We do not 
believe that the complex spectra of (p-EtOC6H4)TeO(OH) and of [(pEtOC,H,)- 
TeOlzO justi@ further discussion at this stage. 

(b). C,H,i’VH*RTeCf~ (R=Ph or pEtOC,H~). The anions of these salts 
are analogous to the well known MeTeI; which occurs in the /3 form of Me,TeI, 
[(Me,Tef)(MeTeI,)]14 and consequently a square pyramidal structure is most 
probable. Assuming free rotation about the tellurium-carbon bond the symmetry of 
the anion approximates to Cdso for which two infrared-active tellurium-chlorine 
stretching vibrations are anticipated (A, +E) together with three Raman bands 
(A, + B, + E). In Table 3 we isolate the infrared and Raman spectra of the pyridinium 
salts but offer more complete assignments for (C,H,NH)(PhTeCI,) in Table 1. We 
have also prepared the salts (Ph,As+ )(PhTeCl,) and include data for this compound 
in Table 3. Careful comparison of the spectra suggests that the complex anions have 
essentially the same structure in the three compounds. The band close to 280 cm- ‘, 
a tellurium-chlorine stretching mode, is strong in the Raman spectrum; it is there- 
fore probably the A, mode. The strong infrared band below 230 cm-’ is weak in the 
Raman spectrum and is probably the E mode, thus leaving the medium to strong Ra- 
man band at approximately Av 250 cm- ’ to be assigned as the B, mode. These assign- 
ments offer reasonable support for the proposed square-based pyramidal structure 
but interpretation is complicated by the unfortunate overlap of v(TeC1) with R modes 
in RTeCI,. 
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