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Summary 

Triethyltelluronium chloride and triethyltelluronium iodide have been synthesized 
and their structures determined by X-ray crystallography. Crystals of Et ,TeCl are 
cubic, space group I43m, u 12.383(4) A, V 1899(l) A’ and Z = 8 and those of 
Et,TeI are monoclinic, space group P2,/n, a 7.404(2), b 12.780(3), c 11.163(3) A, /3 
90.57(2)“, I/ 1056.2(5) A’ and Z = 4. In Et,TeCl, the tellurium and chlorine atoms 

form isolated cubane-type tetramers with Td symmetry where the monomeric units 
are held together by secondary interactions. The structure of Et ,TeI consists of pairs 
of triethyltelluronium cations which are combined through pairs of bridging iodide 
ions. Much longer Te - - - I interactions between the dimers result in the occupation 
of the sixth position of a distorted octahedron around the tellurium atom. 

Introduction 

Crystal structures of a few triorganotelluronium salts have been determined [l-4]. 
All of the compounds, with the exception of Me,Te+ BF,- [4], show cation-anion 
interactions. We have recently published the structure of a telluronium halide, 
namely Et ,TeBr [5], in which each tellurium atom is involved in three weak 
secondary bonds with bromine atoms to form a cubane-type tetramer. We decided 
to study the X-ray structure of the chloride and iodide to compare the structural 
features of the three halides. 

Experimental 

Et,Te and Et1 were purchased from Strem Chemicals Inc. and the Fisher 
Scientific Co. respectively and used as supplied. Ag,O was prepared from AgNO, 
and NaOH. IR spectra were recorded in Nujol mulls on a Perkin-Elmer 180 
spectrophotometer in polyethylene disks. ‘H NMR spectra were recorded at 60 MHz 
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TABLE 1 

SUMMARY OF CRYSTAL DATA”. INTENSITY COLLECTION. AND STRUCTURAL REFINE- 

MENT FOR Et,TeCI (A) AND Et,TeI (B) 

A B 

Cell constants 

Cell volume (A3) 

Crystal system 

Space group 
Mol. wt. 

L 

Crystal dimensions (mm) 

P,, p. (g cm-‘) 
Abs coeff, p (cm- ’ ) 
Min abs. corr 

Max abs. corr 

Radiation 

Monochromator 

Temp. (“C) 

2 0 angle (“) 

Scan type 

Scan width 

Scan speed (” min-‘) 

Bkgd time/scan time 

Total reflcns. measd. 

Unique data used 

No. of parameters (NP) 

R=(CIIF,I-IKlI/I:IW 
~~=~~~~lF,I-IF,I~2/C~lF,I*l 
Ap,,, (e A-‘) 
Shift: error (max) 

a 12.383(4) Ah a 7.404(2). h 12.780(3) 

c 11.163(3) k. B 90.57(2)” 

1899(l) 1056.215) 
cubic monoclinic 
I43m P2,/n 
250.1 341.6 
8 4 

0.23 x 0.25 x 0.27 0.15x0.19x0.31 

1.75.1.73 2.15, 2.18 

31.04 52.95 
1.725 2.328 

1.982 3.085 

MO-K,. X 0.71069 b, 

highly oriented graphite 
a. 

‘1 

4-50 4-45 

coupled 0 (crystal)/20 (counter) 

K,,-lOtoK”,+10 

variable. 2.02-4.88 

0.5 
726(+h, ik, +l) 1785(+h. +k. ?I) 

157[1>30(1)] 976 [I> 30(I)] 
15 68 

0.0447 0.0384 
0.0499 0.0503 

0.7 0.7 
0.02 0.2 

” Standard deviations in parentheses. ’ Et;TeBr. a 12.595(4) A 

atoms were obtained from direct methods using Shelx. The positions of carbon 
atoms were determined from a difference map. Anisotropic refinement of all atoms 
gave a chemically unreasonable Te-C(5)-C(6) bond angle as well as TeeC(5) and 
C(5)-C(6) distances so that it appeared that there was disorder. However, when the 
Te-C(5) and C(5)-C(6) distances were constrained at 2.14 and 1.44 A respectively, 
the refinement resulted in reasonable bond lengths and angles with two C(6) 
positions having 75 and 25% occupancy. In the final cycles of refinement. these 
atoms were refined isotropically while all others were refined anisotropically. The 
refinement converged to R = 0.0384 and R,,. = 0.0503. 

No attempt was made to include hydrogen atoms in either of the two structures. 
In both cases the function minimized in the least-squares refinement was (1 F,, I- 
1 F, 1)‘. Unit weights were used in the initial stages, while in the final cycles, a 
weighting scheme of the form w = l/[a’( F) + O.OOOlF’] was employed. Computer 
programs and the sources of scattering factors were those reported previously [S]. 
Positional and thermal parameters are given in Table 2 and interatomic distances 
and angles in Table 3. Structure factor tables may be obtained from the authors. 
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TABLE 3 

INTERATOMIC DISTANCES (A) AND ANGLES (“) ‘* 

A. Er,3TeCl 

Te Cl A 

Te-Cf 1) 

C(l)-C(2) 

Te Te ’ 

B. Et,Tel 

3.448(4) Cl d . Te Cl h 97.2(3) 

2.15(3) Tc. Cl d . . Te c 82.3(3) 

1.42(6) Te-C(I)-C(2) 116(Z) 

4.538(4) C(I)-Te-C(I) If 85.8(6) 

C( I)-Te Cl -) 80.2(6) 

C(I)-Te.. Cl h 165.3(h) 

Te I 3.813(5) 
Te..,I’ 3.861(S) 
Te . 1” 4.494(5) 

Te-C(1) 2.16(l) 
Te-C(3) 2.11(l) 

Te-C(5) 2.16(3) 

Te . C(6A) 2.92(3) 
Te . ’ Te’ 4.908{5) 

C(l)-C(2) X40(2) 

C(3)-C(4) 1.46(2) 

C(S)-C(6A) 1.36(3) 

C(5)-C(6B) 1.29(3) 

Te, . . f -,-& 

-j-e . 1 . . Te h 

Te’ * . Te h 

I...Te . ..I’ 

I Te I” 

I’ Te I” 

C(l)-Te-C(3) 

C(I)-Te-C(5) 

C(3)-Te-C(5) 

C(I)-Te C(6) 

C(3)-Te . C(6) 

Te-C(l)-C(2) 
Te-C(3)-C(4) 

Te-C(S)-C(6A) 

Te-C(5)-C(6B) 

C-Te t t &mean) 

C-Te I’(mean) 

79.5(4) 

1 S&2(4) 

118.8(4) 

100.5(4) 

108.0(4) 

121.4(4) 

99.0(6) 

96.6(8) 

101.217) 

91.8(6) 

80.9( 7) 

119(l) 

715(l) 

1 lO(2) 

140(3) 

89(2) 
168(2) 

” Symmetry equivalent positions: a -0.5+x. 0.5--_v, 0.5-z; b OS-x, -0.5+y. 0.5-2: c -.xX, J. 
-z;d z, .<. I’:’ -xx, -y. -2;” 0.5-x,0.5+):.0.5-z. 

Discussion 

Et,TeI was prepared in a manner similar to Et,TeBr [5]; by the oxidative addition 
of Et1 to Et,Te. However, Et,TeCI was prepared from the iodide by hydrolysis with 
Ag,O and subsequent neutralization with hydrochloric acid. Both the products are 
highly soluble in polar solvents and completely insoluble in non-polar solvents. 

The structure of triethyltelluronium chloride is similar to that of the bromide [5]. 
Thus, in Et,TeCI the tellurium and chlorine atoms are involved in secondary 
interactions and alternately occupy the corners of a Te,Cl, cubane skeleton (Fig. 1). 
The resulting Te,CI, unit is slightly more distorted from a regular cube than the 
Te,Br, skeleton in Et ,TeBr. This is clear from the difference in X’TeX” and TeXTe” 
(X = Cl or Br) angles which is 14.9 in the former and 12.1” in the latter. However, 
both the units are more distorted than the Te,Cl, unit of Te,Cl,, [9] for which the 
average difference in the angles is only 10.2’. The maximum deviation observed in a 
cubane-type compound, is 23.8” which is found in [(Et,P)CuX], [lo]. The Te . * . Cl 
distance of 3.448(4) A in Et,TeCl is reasonably close to those reported for such 
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Fig. 2. ORTEP diagram of (Et,Tel), (50% probability ellipsoids) showing the disordered methyl group. 

distorted octahedron about each tellurium atom because it is approximately tram to 
the Te-C(1) bond with the C(l)-Te-I” angle being 160.1(2)“. This apparently gives 
rise to weakly linked sheets of dimers normal to the a axis as shown in Fig. 3. The 

structure of Et ,TeI can be related to those of Et ,TeCl or Et ,TeBr by visualizing that 
the cubic unit is cut into two along the a axis, so that each tellurium atom now still 
has three primary bonds to carbon atoms but only two secondary bonds to halogen 
atoms. This is demonstrated by the unit cell parameters (Table 1) where it can be 
seen that the b and c axes of Et,TeI are similar to the cubic axes of the other two 
halides but the a axis is reduced by nearly one half when the increased size of the 
iodine atom is taken into account. 

The structure of Et,TeI also differs from those of Me,SI [22] and Me,SeI [23]. In 
the latter two cases, the structures are built up from isolated ion pairs with linear S 
or Se I linkages. However, the structure of Et,TeI is similar to that of Ph,SeCl 
2H,O [24] in terms of the halogen bridging even though the geometry about the 
selenium atom appears to be that of a distorted trigonal bipyramid. 

The C-C bond lengths in both Et,TeI and Et,TeCl lie in the range of 
1.40(2)-1.46(2) I\. The Te-C-C angles are in the range of 115(2)-119(2)” with the 
exception of those involving C(6) as a result of the disorder problem noted in the 
Experimental section. These call for no comment, being entirely compatible with 

accepted values. 
Some comparisons among the three halides are listed in Table 4. The fact that the 

iodide has a much lower melting point than the other two halide derivatives may 
reflect its dimeric as opposed to tetrameric nature in the solid state. The ‘H NMR 
chemical shifts do show a slight trend but their similarity probably reflects the 
similarity of the structures in solution. Purely ionic triethyltelluronium compounds 



show signals in the range 2.7% 2.86 ppm for the methylene proton 151 compared to 
3.00~~3.15 ppm in these species. The Te--C‘ bond 1ength.s are \er> Gmilar in all thrrr 
compounds but the C Te C bond angles open up cc~nsidrrahl~y in the iodide. ‘This 
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may reflect the fact that the chloride and bromide essentially have six atoms 
crowded around each tellurium atom while the iodide has only five. The angle 

Te . . . X . . Te’ appears to be fairly similar in all three compounds suggesting that 
this may be the ideal at the halide for the interactions involved in secondary 
bonding. The Te . . . X distances are increasing from the chloride through to the 
iodide by an amount consistent with the large radius of the halogen atom. This 
inevitably results in the increasing Te - - - Te distance. 

Acknowledgement 

We wish to thank the Natural Sciences and Engineering Council of Canada for 
financial support. 

References 

1 J.S. Lee, D.D. Titus and R.F. Ziolo, Inorg. Chem., 16 (1977) 2487. 
2 D.D. Titus. J.S. Lee and R.F. Ziolo. J. Organomet. Chem., 120 (1976) 38~. 

3 F. Einstein, J. Trotter and C. Williston, J. Chem. Sot. (A), (1967) 2018. 

4 R.F. Ziolo and J.M. Troup, Inorg. Chem., 18 (1979) 2271. 

5 R.K. Chadha, J.E. Drake, M.A. Khan and G. Singh, J. Organomet. Chem.. 260 (1984) 73. 

6 A. Marquardt and A. Michaelis, Chem. Ber., 21 (1888) 2042. 

7 R.K. Chadha, J.E. Drake and M.A. Khan, Acta Crystallogr.. C39 (1983) 45. 

8 R.K. Chadha and J.E. Drake, Acta Crystallogr.. C40 (1984) 1349. 

9 B. Buss and B. Krebs. Inorg. Chem., 10 (1971) 2795. 

10 M.R. Churchill, B.C. DeBoer and S.J. Mendak, Inorg. Chem.. 14 (1975) 2041. 

11 J.D. Korp, I. Bernal, J.C. Turley and G.E. Martin, Inorg. Chem.. 19 (1980) 2556. 

12 G.D. Christofferson, R.A. Sparks and J.D. McCullough. Acta Crystallogr.. 11 (1958) 782. 

13 R.D. Chadha, J.E. Drake and M.A. Khan, Can. J. Chem.. 62 (1984) 32. 

14 R.K. Chadha and J.E. Drake. J. Organomet. Chem., 268 (1984) 141. 

15 R.K. Chadha and J.E. Drake. J. Organomet. Chem., 293 (1985) 37. 

16 N.W. Alcock and W.D. Harrison. J. Chem. Sot., Dalton Trans., (1982) 251. 

17 L. Pauling, The Nature of the Chemical Bond, 3rd Ed.. Cornell Univ. Press, NY. 1960. 

18 H. Pritzkow, Inorg. Chem., 18 (1979) 311. 

19 J.D. McCullough, Inorg. Chem., 12 (1973) 2669. 

20 H. Hope, C. Knobler and J.D. McCullough, Inorg. Chem.. 12 (1973) 2665. 

21 J.D. McCullough, Inorg. Chem.. 14 (1975) 1142. 

22 D.E. Zuccaro and J.D. McCullough. Z. Krist.. 112 (1959) 401. 

23 H. Hope, Acta Crystallogr., 20 (1966) 610. 

24 J.S. Lee and D.D. Titus, J. Cryst. Mol. Str., 6 (1976) 279. 


