
307 

Journal of Organometalk Chemrstry, 91 (1975) 307-313 
0 Elsevier Sequoia S.A., L,ausanne - Printed in The Netherlands 

IDENTIFICATION OF TELLURWM-CONTAINING COMPOUNDS 
BY MEANS OF MASS SPECTROMETRY 

MICHAEL ALBECK+ and SASON SHAIK 

Department of Chemishy. Bar-llan Uniuersity, Ramat-Gan (Israel) 

(Received November 19th, 1974) 

A general mass spectrophotomc!tric method for the identification of tellurium- 
containing compounds is described. The method is based on the analysis of the typ- 
ical pattern of cluster peaks containing tellurium due to -Te-, -Tel- or :TeZ$* 
(X = Cl, Br). A comparison of the computer calculated and experimental mass 
spectra of some of the compounds containing tellurium is given. 

Introduction 

A diffic’dty in organotellurium chemistry is the identification of the vari- 
ous tellurium compounds formed in the reaction of organic substrates lvith TeiV 
compounds such as TeX, (where X is a halogen), R,TeX4 - ,, (R = organic residue, 
n = 1,2) or with Ten compounds, such as TeX, and RTeX. 

Although the mass spectra of several organotellurium compounds are re- 
ported in the literature [l-5] the data are often presented Lv-ith inadequate de- 
tail. In our work on the reactions behveen TeX4 (X = Cl, Br), R,TeX4- n (R = 
phenyl, p-anisyl) and anthracene, Ph3P and various olefins [6] it was found that 
a detailed mass spectra cluster peak analysis based on the functional groups 
-Te-, -TeTe-, >TeXr, and TeX3 (X = halogen) can serve as a general finger- 
print for the identification and characterization of organic and inorganic 
tellurium compounds. 

Results and discussion 

The mass spectra of tellurium compounds are characterized mainly by the 
relative intensities of the eight naturally occurring isotopes of tellurium [7]. The 
intensity of a spectra! line in the spectrum is the sum of the probabilities of all 
combinations of the different isotopes having the same m/e value. For example 
for the group TeX, (X = Cl, Br) the probability of the i* combination is p, = 
(n/m)am 6”- “qi(qi = abundance of the Tel isotope, a = of the X” and b = of 
the Xk+? isotope). 
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TABLE 1 

CALCULATED PEAK INTENSITIES OF THE VARIOUS ISOTOPIC COMPOSITIONS OF Te. Tez. 
TeErz. T~CIZ. TeC13. Te5r AND TeCl 

QXCLEd Peak intenotzs (tib) 
Ime= 

Te -2 TeEr; TetZl~ T&I) TeBr TeCl 

Sf 0.09 “0 0.02 “0 1.04 0.05 =0 
.tr+ 1 0.37 
dl + 2 2.47 =0 0.66 1.7 2.98 1.28 1.8 
.I3 + 3 0.89 ‘0 0.22 0.05 3.32 0.45 0.7 
nr + 4 4.74 0.07 2.44 3.5 10.18 3.6 3.9 
M + 5 7.03 0.056 2.20 4.3 3.07 3.96 5.25 
JI + 6 18.52 0.3 7.67 12.5 21.99 11.73 18.1 
JS + 7 0.4” 3.74 2.7 1.00 3.51 17 
M + 8 31.75 1.33 18.48 25.3 30.66 25.2? 28.7 
I1 + 9 =1 1.76 0.04 0.11 
Jf + 10 34.2’1 3.9 29.12 32.6 19.31 33.01 35.8 
M + 11 3.2 
_I? + 12 8.2 15.3 14.9 5.3-a 17.13 8.6 
Jf + 13 5.1 
Ill + 14 15.1-l 8.7 2.2 0.54 
ar + 15 4.82 
JI a 16 22.9 1 
,If + 17 
.1f + IS 22.05 
M + 19 
dl + 20 11.74 

QM = ’ “TekX, fka = 35. kg, = 79). 

The calculated data for Te, Te?, TeBr, TeBr?, TeCl, TeCl? and TeC13, are 
given in Table 1 and Fig. 1. The experimental spectra for comparison are given 
in Fig. 2. (For the cakulation we used a computerized program (APL) based on 
the above probability equation, and the published values for isotopic composi- 

m/e 241 244 260 280 292 
Te TeCl TeCI, TeBr TeCI, Tea T&r, 

Fig. 1. Calculated mass spectra of Te. Tez. TeBr. TeCI. TeBrl. TeClZ and TeCl3. 
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Te 

Te + TeCl, 

LA 
121 130 155 166 192 204 241 260 

120 130 202 212 244 260 280 292 

m/e 

Fig. 2. Expenmenral mass’spectra of Tc. Te 7 TeCl2 md Te + TeBr?. 

tion of tellurium and the halogens.) As can be seen from Table 1 and Figs. 1 
and 2 each tellurium functional group mentioned above has its characteristic 
pattern of spectral lines which can serve as a fingerprint for its identification. 

Te. The mass spectrum of elemental tellurium (Fig. 2) is composed of two 
main zones, m/e 120-130 (Te’) and 244-260 (Te,‘). Peaks at 61.5,62.5,63-E& 
124.5,125.5, 126.5 and 127.5 due to m/2e of low intensity are typical for the 
spectrum. There is good agreement between the calculated and the experiment- 
ally found intensities of the peaks. 

TeX2 f Te. It was found [6] that the “tarry products”, which are formed in 
most reactions between TeX, and olefins [8-l l] and which were never com- 
pletely analyzed, are composed of TeX, and Te, in various proportions. The 
spectra obtained are shown in Fig. 2, and it can be seen that the cluster peaks 
are as follows: Te, (m/e 244-260), Te (m/e 120-130), TeX (for Cl: m/e 157-167; 
Br: m/e 201-211), TeX2. (for Cl: m/e 192-204; Br: m/e 280-292). 

From a comparison of the relative abundance of the peaks at 244-260 and 



310 

I 
PhpTeClp 

AlI 
70 122 130 

I (p-Ar~)~TeCl, 

ILLL 
107 122 130 156 1 

198 208 234 245 276 285 312 323 

m/e 

I 

223 228 238 265 274 336 345 374 362 

SCHEhlE 1. FRAGhlENTATION OF Ph,TcCI~ 

PhlTeCIz+ 
-Cl’ 

c PhlTeCI+ 

m/e 312- 322 

Ph,’ 
(IYZ- f371* 

/ l;281x_ _ 
Ph,Te+ TeCI* - 

- Pi-l’ 
PhTeCI+ 

m/e 154.155 
-Te 

m/c 276-284 m/e 160-167 m/e 234-245 

Ph+ 

m/e 77,76 mje 198-200 m/e 122-130 
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122-130 in the spectrum of TeX, with the spectrum of elemental rellurium it ap- 
pears that the fragment Te* is derived from both TeX,: ad Te?; (Te-, is the main con- 
stituent of free tellurium in the _W phase [ 121). The secondary spectrum (m/2e) 
characteristic of TeX? is present. In the case of Te + TeCl,, only tellurium con- 
tributes to the secondary spectrum (see above on Te), whereas in the case of the 
TeBrl + Te the TeBr? is also a contributor. For TeBrz + Te additional secondary 
peaks appear at m/2e: 100.5, 101.5, 102.5,103.5,104.5 and 105.5, which are 
at relative intensities corresponding to TeBr’:, and at 141.5, 142.5, 143.5 due 
to TeBr, ‘*. 

Replacement of X by an organic residue, e.g. in Ph,TeCI,, p-An?TeCl, 
@-An = p-Anisyl), Ph,Te and p-An,Te, does not change the general pattern of 
the cluster peaks from the various functional tellurium groups present in the 
molecule. The naturally occurring ’ 'C of the organic residue does not change 
the typical tellurium pattern, although it changes the relative peak intensities 
(Table 1) and introduces some more lines between those from the tellurium. 
Examples of mass spectra of some organotellurium compounds are given in Fig. 3. 

Ar,TeX, (Ar = phenyl, p-Anisyl). The fragmentation pattern of the 
ArzTeX2 on electronic impact is expected to be the sum of the patterns from 
the TeX, and Ar,Te components. The fragmentation schemes for PhzTeClz and 
p-Xnz’f’eC1, are given in Schemes 1 and 2 respectively. In both Ph,TeCl, and 
p-An2TeClr, the molecular peaks are absent and the highest nz/e observed is due 
to ItI - Cl. Tellurides such as PhlTe and p-An?Te have fragmentation patterns 
like those of the corresponding Ar,TeX?, including metastable peaks, but with- 
out the halide-containing peaks. As can be seen from the examples given above 
of the many organotellurium compounds analyzed by us, the presence of 
tellurium-containing groups can be detected in all cases. 

Esperimental 

Instrumention 
Mass spectra were recorded on a Hitachi--Perkin-Elmer RMU-6 spectro- 

meter at 70 eV. 

Materials 
Te f TeX,, (X = Cl, Br) were obtained from the tarry residue of the reaction 

reported in ref. 6 by a CC& solvent Soxhlet extraction of the organic materials. 
The inorganic residue was dried in vacuum. The TeCl, was identified by its dis- 
proportionation to TeCL + Te on refluxing in ether [ 131. The disproportiona- 
tion product was identified as its pyridine comples [ 141. Elemental analysis 
showed only tellurium and chlorine or bromine to be present. Mass spectra of 
TeCi? + Te were recorded at a probe temperature of 220” and sample tempara- 
ture of 220-240”, while for TeBr? + Te the probe and sample temperatures were 
190”. 

p-An,TeCl? and p-An2Te were synthesized as described by Bergman [15]. 
Mass spectra of p-An,TeCl, were taken at a probe and sample temperature of 
200” and that of p-An>Te at a probe and sample temperature of 110”. 

Ph,TeCl, was made from PhHgCl and TeC14 in dioxane [15]. Mass spectra 
were taken at a probe and sample temperature of 250”. 
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2% was of 99.99% purity (Merck, Darmstadt). Mass spectra were taken at 
a sample and probe temperature of 250”. 
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