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The electric dipole moments of the diary1 ditelIurides, (RCsH4)2T& (R = H, 
4-F, 4-Br, 4-CH3, 3-F) have been measured in benzene solutions at 25 and 45°C. 
The following values were obtained (R, r_1*‘, p4’): H, l-26,2.82; 4-Br, 0.89,0.88; 
4-F, 1.05,0.36; 4-CH3, 2.16,2.17; 3-F, 1.86,0.66. These data were used to de- 
duce the conformation of these compounds in solution. The ditellurides with 
R = 4-Br and 4-CH, exhibit free rotation about the Te-Te bond at both tempera- 
tures investigated. The remaining three compounds seem to have a rigid confor- 
mation characterized by dihedral angles Qj between the C-Te-Te planes of 
89-7” (R = H), 47.7” (R = 4-F), 61.1” (R = 4-CH3) and 89.7” (R = 3-F). At the 
higher temperature these three ditellurides possess torsional motion about the 
Te-Te bonds. The Te-Te bond is much more flexible than the S-S bond in 
similar compounds. 

Introduction 

In previous studies [l-S] we examined the conformational properties of 
diary1 disulfides by dipole moment and NMR measurements. Those investigations 
showed that these disulfides adopt a rigid non-planar conformation about the 
S-S bond with a dihedral angle of -90” and can assume several conformatiqns. 
about the C-S bond depending both on the.nature of the aromatic group and 
the ring substituents. 

In the present work we have extended our studies to the correspontig 
diary1 ditellurides, (RC,&),Te2 (R = H, 4-E’, 4-Br, 4-CH3,3-F):Their electric dipole. : 

. . : : . 



monients have been measured in benzene at 25” and 45”, and analyzed in terms 
of molecular solute conformation. 

Only very few dipole moments of organic compounds of tellurium have 
been determined [6-83. While this work was in progress, Exner et al. [9] reported 
dipole moment values at 25” for some diary1 ditellurides and certain telluroesters. 
The difference between our values and their results for diphenyl, bis(4-bromo- 
phenyl) and bis(4-methylphenyl) ditelluride is discussed below. 

TABLE1 

WEXZiTFRACTIONS OFSOLUTE <cq),DIELECTRICCONSTANTS <E~~).SPECIFICVOLUMES (~~2) 
ANDREFRACT~INDEXES<n~~~OFDIARYLDITELLURIDESINBENZENESOLUTiONAT25 
AND45k 

I'=25% T = 4’.i°C 

100 Wl2 El2 “12 n12 100 w2 El2 v12 n12 

0.1254 2.2734 
0.1964 2.2740 

0.2859 2.2746 
0.2981 2.2747 
0.3516 2.2751 
0.4101 2.2756 

(4-FcgHq)2==2 
0.0571 2.2729 
0.0941 2.2731 
0.1960 2.2736 
0.2421 2.2738 
0.3162 2.2741 
0.3916 2.2745 

k+B+iH&Te2 
0.0717 2.2729 

0.1374 2.2733 
0.2766 2.2740 
0.3214 2.2742 
0.3916 2.2746 
0.4510 2.2749 

(+f-CH$WL++2 
0.0592 2.2734 
0.1074 2.2740 
0.1804 2.2749 
0.2047 2.2753 
0.2832 2.2762 
0.3515 2.2771 

&FC&&Te2 
0.0649 2.2730 

0.1520 2.2739 

0.1748 2.2742 
0.2348 2.2748 
O-3294. 2.2750 
0.4072 2.2767 

1.14196 
1.14147 
1.14088 
1.14076 

1.14041 
1.14001 

1.14242 1.49769 0.0954 2.2338 1.16734 1.48512 
1.14217 1.49772 0.1758 2.2340 1.16682 1.48518 

1.14151 1.49780 0.2565 2.2341 1.16633 1.48521 

1.14122 1.49783 0.3202 2.2342 1.16592 1.48525 
1.14074 1.49783 0.4016 2.2344 1.16541 1.48530 
1.14025 1.49794 0.4515 2.2345 1.16510 1.48532 

1.14227 1.49771 0.1308 2.2330 1.16735 1.48500 

1.14175 1.49780 0.2489 2.2336 1.16646 1.48412 
1.14066 1.49797 0.3841 2.2342 1.16536 1.48529 

1.14031 1.49803 0.5012 2.2348 1.16445 1.48542 
1.13976 1.49812 0.5671 2.2351 1.16393 1.48550 

1.13929 1.49819 0.6510 2.2355 1.16327 1.48559 

1.14228 1.49775 0.1071 2.2339 1.16740 1.48506 
1.14197 1.49779 0.1373 2.2342 1.16718 1.48509 
1.14152 1.49783 0.2481 2.2356 1.16642 1.48518 
1.14135 1.49785 0.2910 2.2362 1.16612 1.48522 
1.14087 1.49789 0.3230 2.2365 1.16590 1.48524 

1.14044 1.49794 0.4921 2.2386 1.16473 1.48539 

1.14247 1.49764 0.0611 

1.14189 1.49771 0.0977 

1.14175 1.49772 0.1823 

1.14136 1.49777 0.3032 

1.14073 1.49786 0.4164 

1.14022 1.49791 0.4916 

1.49777 0.0944 2.2337 1.16738 1.49512 
1.49785 0.1636 2.2349 1.16701 1.48516 
1.49794 0.2940 2.2380 1.16613 1.48526 
1.49797 0.3638 2.2394 1.16567 1.48532 

1.49802 0.4570 2.2414 1.16509 1.48539 

1.49809 0.5895 2.2442 1.16425 1.48548 

2.2341 

2.2344 
2.2351 
2.2361 
2.2370 

1.16798 
1.16761 
1.16676 
1.16554 
1.16440 

2.2376 i-16363 

1.48489 

1.48498 
1.48519 
1.48549 
1.48477 
1.48596 
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ExperimentaI 

~~~er~~ls 
Diphenyl ditelluride, bisf4-fluorophenyl) ditelluride, bis(4-bromophenyl) 

ditelluride, bis(4-methylphenyl) dikelluride, and bis( 3-fluorophenyl) ditelluride 
have been prepared by the method previously described [lo] _ The purify, as 
checked by differential scanning calorimetry [ll,lZ], was 99% for all samples 
errramined. Benzene used as solvent was purified as described in the literature [13], 

Dipole moment measurements 
The dielectric constant measurements were made with a Dipolmeter WTW 

DM 01 Type. Densities and refractive indexes of the solutions were measured as 
described earlier Cl J . 

The total solute polarization was obtained by extrapolation to infinite dilu- 
tion (P,,) with the Halverstadt and Kumler method [14]. The value of Rn (for 
the sodium yellow line) has been found experimentally from measurements of 
the refractive index and of the density of solutions of the compounds under in- 
vestigation. The average of the values of Rn (constant at the two temperatures) 
obtained from solutions of different concentration was used as P, + P, in calcu- 
lating p from the usual Debye formula. 

In order to decrease to the limit the number of parameters to be determined 
experimentally for calculating the dipole moments of the solutes dealt with, 
Guggenheim’s method [lS’J has also been used. This is a convenient procedure 
in that it eliminates precise measurement of solution densities as well as the de- 
termination of R, . Results of both methods are equivalent; differences are with 
in the expected error in the moments, with the Guggenheim moments slightly 
fOWer, 

The estimated error in fi is +O.OZ D at 25°C and -1-0.03 D at 45°C for values 
of p > 1 D. For moments smaller than 1 D the error clearly increases because 
small changes in properties with concentration must be determined in order to 
calculate OL, 0, y. In these cases errors in ,V are estimated to range from +0.03 to 
rtO.04 D at 25OC and from t0.04-0.07 D at 45°C. 

Duplicate determinations of ~_t have shown the level of reproducibility to be 
ltO.01 D, 

Experimental results at 25% *O.Ul and 45°C ztO.01 are summarized in 
Tables 1 and 2. 

Results and discussion 

The expected dipofe moments for the possible conformations of the com- 
pounds under examination have been calcul~ed by vectorial addition of bond 
and group moments. The bond moment pt(C-Te) = 0.89 D was deduced from 
the observed moment of diphenyl telluride 161 (1.14 D), using 101” as the 
C-Te-C angle LlS] and JA(C?F) = 1.47 D, Ir(&l3r) = l-57 D and &C~H~) = 
0.37 D were employed as the aryl-halogen group moments 1173. The angle 
C-Te-Te was kept fixed at the value 0 = 99” reported for crystalline diphenyl 
ditelluride [18] _ 

The results of these computations show that the experimental moments at 
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25°C (Table 2) for the diary1 ditellurides (RC,H,),Te, (R = H, 4-F, 4-Br and 
4-CH3) are in agreement with those calculated for non-planar conformations 
having dihedral angles 4, between the C-Te-Te planes of 89.7” (R = H), 47.7” 
(R = 4-F), 95.5” (R = 4-Br), and 61.1” (R = 4-CH& As discussed below, this 
agreement does not necessarily imply that a ditelluride will assume in solution a 
rigid conformation characterized by the calculated dihedral angle. The calculated 
dihedral angle 4r of 89.7” for diphenyl ditelluride is in very good agreement with 
the value of 88.5” reported for this molecule in the solid state [X3]. The smaller 
angles in the 4-fluoro and 4-methyl derivatives may be in error because the 
mesomeric interaction moments between the tellurium atoms and the substituents 
have been neglected in the calculation. 

A surprisingly high dipole moment of 2.82 D has been obtained for diphenyl 
ditelluride at 45°C. This moment is, in fact, considerably larger than the maxi- 
mum expected for the fixed conformation with a dihedral angle @ = 0 (p,,ic = 
1.77 D). The observed moment is also in strong disagreement with the value of 
1.27 D calculated under the assumption of “free rotation” about the Te-Te 
bond. Such a large increase of the dipole moment can not be caused by 
rapid torsional oscillations of the Te-Te linkage about the equilibrium posi- 
tion with a dihedral angle of @ = 89.7”. The expected mean moment can be cal- 
culated by means of eqn. 1 provided that each p(C-Te) vector can be considered 
constant at 0.89 D during the oscillations and that the expression employed for 
calculating theoretical II values is a continuous function of the variable ip in the 
range 0” <@=G 180”. 

0+x 

ji = 21-((C-Te) sin f3 
_i 
0--x 

cos z d+/2ae (1) 

In this equation, 6, -x and Cr, + x correspond to the limiting values of the am- 
plitudes of the oscillations. Coincidence of the experimental with the calculated 
moment, however, cannot be achieved by means of equ. 1. In our opinion, the 
following alternative hypotheses can account for the experimental dipole moment 
at 45°C: (i) the incre,ase in temperature produces dissociation of the compound 
into two C6H5Te- radicals; (ii) the conformation of diphenyl ditelluride at 45°C 
in benzene is more flexible than at 25”C, at the higher temperature the internal 
motions of rotation about Te-Te and Ar-Te bonds cause a variation in meso- 
merit and inductive interactions which invalidates the assumed component bond 
moments. 

In the case of bis(4-fluorophenyl) ditelluride the decrease of P,,* with in- 
creasing temperature can be accounted for by considering that at 45°C both 
halves of the molecule oscillate about the Te-Te axis. Use of eqn. 1, in fact, 
shows that F,,~ becomes equal to pcalc for x = 156” assuming @ = 47.7” in the 
equilibrium conformation. Furthermore, the difference between the calculated 
moment of 0.80 D for “free rotation” (eqn. 2) and the experimental value at 
45°C (0.36 D) rul es out “free rotation” in this molecule at this temperature. 

The constancy of the experimental moments of the 4-bromo and the 4- 
methyl derivatives within the temperature range studied could be interpreted 
in terms of an-essentially rigid conformation. However, an explanation based on 
“free rotation” about the Te-Te bond seems to have more merit. 



Fig. 2. Coordinate system for bis(3-fkorophenyl) dit&.&de. The Y axis runs perpendicular to the plane of 
the paper and intersects the Te-Te linkage at its mid-point. The conformation CO”. 0”) is shown. 

The average values of the dipolte moments which would result from free 
rotation about the Te-Te bond iu the ditellurides (4-ECsB&Te2 (R = Br, CW, and 
also F) were calculated employing the Fuchs-Tiganik formula (eqn. 2) [X9,20& 

si = (2& f 21Jrn2 cos*a cos o)* (9) 

. Here, pR is the resulting dipole of the two polar groups that are assumed to rotate 
freely about the Te-Te axis. The angle formed by the direction of the axes of 
rotation and vectors of the group moments is (Y = 180” - 8, and these axes form 
with one another an an&e w = X80*. 

The free rotation moments were thus found to be 0.95 D and 1.77 D for 
the 4-bromo and the 4methyl compounds, respe&iveIy. The experimental dipole 
moments of 0.89 D for the bromo derivative and 2.16 for the methyl compound 
agree well with these calculated values. The difference of 0.4 D between pexp and 
ficale for the b~(4-me~ylphe~yl~ ditelluride is probably caused by the inductive 
effect of the methyl group which increases the dipole moment over the value ex- 
pected in tire absence of this effect. 

The moment of bis(3-fluorophenyl) ditelluride has been analyzed in terms 
of two additional angles of internal rotation about the C-Te bonds. For a fixed 
dihedral a&e Q the possible rotational isomers are defined by the pair of angles 
(w,y) described by each phenyll ring in clockw%e direction starting &om the 
struetnre (O”, 0”) (Fig. 1). In order to calculate the dipole moments for the vari- 
ous conformations of bis(3-fluorophenyl) ditelhrride the external tangent to the 
angle Qr was chosen as the x axis, the line perpendicular to it in the plane of the 
paper and bisecting the angle Cp as the y axis, and the Te-Te axis as the z axis 
(Fig. 1). The component moments on the x, y and z axes in the orientation cor- 
responding to this scheme are expressed by eqns. 3-5. 

fi, = J@~---F) sin SO” sin (90” - B)(sin o - sin r) cos 
180” -*+ 

2 

+ p(C-F) sin 60° siu 
180” - @ 

9 (cos r - cos W) (31 



179 

py = 2p(C-Te) cos (90” - 0) cos 2 - 

2,u(C-F)cos 60” cos (90” - 0) sin 
180" -* 

- 2 

y(C-F)sin 60" sin(90" -O)sin 
180” - 0 

(sinw+siny)- 

p(C-F) sin 60” cos 
180" -a 

2 

2 
(cos w + cos ‘y) (4) 

p, = p(C-F) sin 60” cos (90” - B)(sin w -sin y) 

The total moment is then given by eqn. 6. 

If the angle 4, is assumed to be fixed at the value of 89.7” obtained for the 
equilibrium conformation of diphenyl ditelluride and the above group moments 
and angles are used, the moments for the conformations (go”, go”), (go”, 270”) 
and (270”, 2’70”) are calculated to be 0.51 D,‘2.54 D and 0.05 D, respectively. 
These conformations, shown in Fig. 2, correspond to potential energy minima, 
since such structures clearly favor n-electron overlap between each phenyl ring 
and the respective telhrrium atom. 

By assuming that the compound is present in solution as a mixture of these 
three equiprobable conformers the average moment is obtained by means of eqn. 
7. The conformers (90”, 270”) and (270”, 90”) are equally probable and have 
the same dipole moment. The coefficient 0.50 in eqn. 7 takes account of this 
fact. 

ji* = 0.25~*(90”, 90”) + 0.50Et2(90”, 270”) + 0.25/.?(270”, 270”) (7) 

The thus calculated dipole moment of 1.81 D agrees well with the experimental 
value of 1.86 at 25°C. 

The theoretical moment for the case of “free rotation” about the C-Te 
bonds, e.g., equal probability of all possible rotamers, can alternatively be eval- 
uated by means of eqn. 2. By vector triangulation the value pa = 1.28 D is ob- 
tained for the resultant moment of each rotating fluorophenyl group. The angle 
between the vector pR and the corresponding C-Te axis of rotation is 84”. 
Keeping the dihedral angle @ at 89.7”, the angle w between the axes of rotation 

000. so- SC?. 270* a70°.27w 

Fig_ 2. The possiile conformations of bis(34luorophenyl) diteliuride having the phenyl rings coplanar with 

the C-Te-Te group. 
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has been calculated to be 9?..,1” using a procedure previously described [213 for 
model diphenyl disulfide systems, Eqn, 2 then yiefds a total resultant dipole 
moment fl of l-81 D, This result provides additional evidence that “free rotation” 
about the C-Te bonds occurs in l&(3-ffuorophenyl) ditehuride. 

The first computational approach adopted is particularly useful‘to interpret 
the measured moment at 45°C. The observed dipole -moment of 0.66 D at this 
temperature can best be accounted for on the basis of a molecuIar solute confor- 
mation in which the 3-fluorophenyl groups freely rotate about the C-Te bonds 
and the Te-Te linkage makes torsional oscillations or freely rotates about the 
equilibrium position. The amplitude of these oscillations about @ can adequately 
be evaluated by rewriting eqns,. 3-6 to give P,.,~~ as a function of the dihedral angle 
@ for each conformation (w,y). The dipole momenta for the conformations (go”, 
go”), (90°, 2709 and (270”, 270”) w-ill then be obtained through eqns. 8,9 and 10, 
respectively, with /3 representing (180” - $)/2, 

P 2 = 0.524 sinzj3 (3) 

P2 = 0.158 cos2/3 + 9.106 sin”/3 t- 6.32 (91 

Y * = 0.005 sir&3 (19) 

By assuming that the amplitudes of oscillations are the same for each con- 
former, the average dipole moment of a mixture consisting of these equiprobable 
conformers, in which the dihedral angle is rapidly changing by +X can be ob- 
tained &om eqn. If. 

Er 
-2 = o,25 s”*= (~.524~2~~ dn + o_25 I p+x (0.005sin2~) d@ e 

P--x P---x 2X 

B+x 
-t- 0.50 _r (0.158 cos*p + 0.106 sin=@ -t 6.32) d@ 

P--x 2x 

Evaluation of the above integrals shows that reproduction of the experimental 
moment is impossible for the various possible LX values from 0” to 360”. As ob- 
served for diphenyl diteliuride, this could indicate that the torsional motions 
cause changing in the bond moments or that, at higher temperature, some varia- 
tion occurs in the chemical structure of the solute. 

The results obtained during this investigation are summarized in Table 3. 
The temperature independence of the dipole moments of bis(4-bromophenyl) 
and bis(4-methylphenyl) ditelluride suggests that the two halves of each of these 
molecules rotate freely about the Te-Te linkage. A rigid conformation with 
appropriate dihedral angles as given in Table 3 is unlikely. The results for di- 
phenyf, bisftl-fluorophenyl) and bis(3-fiuorophenyl). ditelluride, indicative of 
little, if any, double bond character in Ihe Te-Te bond and of a low rotational 
barrier about such a Te-Te bond which is assured by the large covalent radius of 
the teflurium atom, supports the explanation of the observed dipole moments on 
the basis of ‘“free rotation”. 

In comSast to the bromo- and methylphenyl derivatives, the dipole mo- 
ments of diphenyl, bis(4-fluorophenyl) and bis(3-fiuorophenyl) ditellutide are 
temperature dependent. Free rotation about the Te-Te bond can, therefore, not 
be involved. At the present time the assumption of a rigid conformation at 25°C 
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TABLE 3 

SUMMARY OF CONFORMATIONS ASSUMED BY DIARYL DITELLURIDES <R;?T+) IN BENZENE 
SOLUTION AS DERIVED FROM DIPOLE MOMENT MEASUREMENTS 

R 25OC 45% Dihedral h,~c (D) pLcac (D) Conformation of RzTez 

<D) <D) angle 4(O) free rotation 4 = 0 
at 25OC 25Oc -45°C 

%Hs 1.26 2.82 89.7 

4BrCgHq 0.89 0.88 95.5 
4FC6Hq 1.05 0.36 47.7 

4CH3CbH4 2.16 2.17 61.1 
3-FCgHq 1.86 0.66 89.7O 

1.27 

0.95 
0.80 

1.77 

1.77 Q, = 89.7O. rigid free rotation 

(2) 
free rotation free rotation 
9 = 47.7O;rigid torsion Q = 

47.7O f 156O 
free rotation free rotation 
@ = 89_?;rigid torsion @ = 

free rotation 89.7O i x <?) 
about C-Te free rotation 

about C-Te 

a Assumed in cakulations. 

and of rotational motions about the Te-Te bond at 45°C best reproduces the 
experimental dipole moments. In the 3-fluoro compound the fluorobhenyl groups 

rotate freely about the C-Te bonds at 25°C and 45%. 
The reason why free rotation about the Te-Te bond occurs in the bromo 

and methyl derivatives but not in the other three ditellurides investigated, might 
be found in a more extensive electron delocalization involving the tellurium 
atoms and the bromo or methyl substituent, than possible in the fluorophenyl 
compounds and in diphenyl ditelluride. Such a delocalization will lower the 
barrier to rotation. More definite statements concerning the influence of sub- 
stituents on this rotation barrier must await the investigation of many more 
diary1 ditellurides. 

These studies have, however, shown that the diary1 ditellurides differ with 
respect to their conformations adopted in solution from the corresponding sulfur 
derivatives. Diphenyl disulfides are characterized by a high rotational barrier 
about the C-S bonds, which is caused by effective 3p-2p overlap,- and the 
“rigidity” of the S-S bond, for which the repulsion between the lone electron 
pairs on adjacent sulfur atoms can be made responsible. The high degree of ro- 
tational freedom found in tellurium derivatives clearly suggests that the extent 
of n-electron overlap between the phenyl groups and the chalcogen atom de- 
creases in the series 0 > S > Se > Te. The “flexibility” of the Te-Te linkage is 
indicative of a low rotational barrier. Such rotational barriers are expected to 
decrease in dichalcogenides from oxygen to tellurium because of decreasing re- 
pulsion between lone electron pairs with increasing bond length. The chalcogen- 
chalcogen bond lengths in their crystalline diphenyl derivatives, C6HS-X-X- 
C6Hs, have been determined to be 2.03 A (X = S), 2.29 A (X =Se) and 2-71 A 
(X = Te) [l&22,23]. On the basis of these considerations, the Te-Te bond in 
the diary1 ditellurides de&t with in this investigation possess essentially single 
bond character. 

Recently, Exner et al. reported dipole moments at 25” for three diary1 
ditellurides.- Their experimental results seem to be less accurate than ours, mainly 
because the Rn values employed were calculated by Vogel’s additive increments, 
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which are not well suited for molecules containing muItiple bonds. Errors from 
this source are, however, not important provided that the measured moment is 
not too smaII. This may be the case with bis(4-methylphenyl) ditelluride, for 
which Exner’s moment of 2.09 D agrees well with our value of 2.16 D. The error 
introduced by Rn is expected to be larger for diphenyl and bis(4-hromophenyl) 
ditelluride, which have smaller moments than the methyl derivative. However, 
the disagreement between our values (1.26 D for diphenyl ditehuride, 0.89 D 
for the 4-bromo derivative) and the reported moments (1.62 D for the phenyl 
compound, 1.21 D for the bromo derivative) [97 cannot be solely caused by 
errors in Rn values and discrepancies between the respective polarization data, 
which have been noted, might also be partially responsible. 
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