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Crystals of (p-C1C6H4)2TeI 2 are triclinic with the following cell dimensions:  

a = 9.751 ±0.006 A a = 1 1 5 . 7 ± 0 . 1  ° 
b =10 .681±0.006  fl = 87.2±0.1 
c -- 9 .531±0.006 F =116 .4±0 .1  

The space group is P I  and Z = 2. 
The Te, I and C1 atoms were located by  use of two-dimensional Pa t te rson  and Fourier  syntheses 
but  location of the carbon atoms required a three-dimensional (Fo-  Fc) synthesis  based on approx- 
imate ly  2500 independent  IFo[ values. The s tructure was refined by  use of full-matrix least-squares 
procedures and was checked by  a final (Fo-  Fc) synthesis.  

The molecular s t ructure  approximates  the symmet ry  2 and is similar to s tructures already 
reported for the dichlorides and dibromides of several R2Se and l~2Te compounds. The observed 
bond distances and bond angles are:  

Te--I 1 2.947 + 0.002 • Te - I  2 2-922 + 0.002 A 
Te-C 1 2.13 +0.02 Te-C 7 2.10 +0.02 
Cll-C 4 1"75 _0"03 C12-C10 1"74 ___0"03 
I1-Te- I  2 173.5 ± 0.1 ° C~-Te-C 7 101.1 _ 1.0 ° 
C1-Te-I 1 87.3 ± 0.7 C~-Te-I 1 88" 1 ± 0.7 
C1-Te-I 2 89.1 ± 0.7 C~-Te-I 2 87.3 ___ 0.7 

Although (p-C1C6H4)2TeL is definitely not  a molecular complex of the type  found for C4HsS%. 2 I~ 
(which involves Se • • • I - I  bonding) the long Te - I  distances and the short  (3.85/~) I i - I  2 separat ion 
observed in the present  s tudy suggest some tendency toward molecular complex bonding. 

In troduct ion  

Prev ious  s tudies  on compounds  of t he  t y p e  R2SeC12, 
R2SeBr2, ReTeC12 a n d  R2TeBr2 have  shown t h a t  

* Present address: Department of Geology Carleton Uni- 
versity, Ottawa, Ontario, Canada. 

molecules  of these  subs tances  con ta in  nea r ly  l inea r  
X - S e - X  a n d  X - T e - X  bond ing  (Chris tofferson & 
McCullough,  1958). B y  cont ras t ,  t he  iodine complexes  
of 1,4 d ise lenane  a n d  1,4 d i t h i ane  have  been found  
to con ta in  nea r ly  l inear  S e . . - I - I  a n d  S - - - I - I  
bond ing  (Chao & McCullough,  1960, 1961). No corn- 
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plete structural study of a compound of the type 
R2TeI9 has, as yet, appeared in the literature. Of the 
several compounds of this type available for study, 
preliminary investigations indicated that  di-p-chloro- 
diphenyltellurium diiodide would be the most promis- 
ing. 

Experimental  

Di-p-chlorodiphenyltellurium was prepared by the 
method of Lederer (1916). The product was purified 
by recrystallization from methanol and the diiodide 
was prepared by mixing solutions of the components 
in carbon tetrachloride. Crystals suitable for the X-ray 
study were grown by slow evaporation of a solution 
in ethylene chloride. Crystals of (p-C1C6Hd)eTeI2 are 
garnet-red in color and display triclinic holohedral 
symmetry.  Weissenberg and precession camera photo- 
graphs prepared by use of Mo radiation indicated the 
following cell dimensions, based on No Ka  = 0-7107/~: 

a* = 62 ° 35'_+03' 
fl* = 79 ° 45' _+ 05' 
y* = 61 ° 59'_+03' 

V =788.8 (A) a 

a = 9.751_+0.006/~ 
b = 10-682 + 0.006 
c = 9.531+0-006 

a = 115.70 +0.10 ° 
fl = 87.20 _0-10 
y =116.35 +0.10 

The density, as determined by flotation, is 2-5 g.cm. -3 
while that  calculated from the X - r a y  data for 
2 (C1C6Ha)~.TeIg. in the unit  cell is 2.544 g.em.-3. The 
space group was therefore assumed to be P1 with two 
non-centrosymmetric molecules in the unit cell. 

Three-dimensional intensity data were obtained by 
use of a crystal elongated on c and 0.10 mm. to 0.15 
mm. in thickness. The calculated linear absorption 
coefficient for molybdenum radiation is 65 cm.-~ and 
the corresponding value for #r  is 0.5. No corrections 
were made for absorption in the specimen. Zero and 
upper level Weissenberg photographs about the c axis 
and sets of precession photographs including the hOl 
and 0kl nets were prepared. The multiple-film tech- 
nique with 0-025 mm. brass foil interleaves was 
employed in preparing the Weissenberg intensity films 
while graduated sets of t imed exposures were used 
for the precession data. The latter were used for inter- 
layer scaling of the Weissenberg data and in the 
preliminary two-dimensional trial structure determina- 
tion and refinement. 

Structure determination and refinement 

With the aid of Patterson and electron density summa- 
tions along the a, b and c axes, approximate tellurium, 
iodine and chlorine positions were obtained. Two- 
dimensional difference syntheses based on the positions 
of the five heavy atoms failed to give clearly recogniz- 
able positions for the individual carbon atoms although 
the general positions of the phenyl groups were in- 
dicated. Use of three-dimensional procedures there- 
fore became necessary. 

Table 1. Final position parameters and their 
standard deviations ( x l04) 

x y z a(x)  a(y)  a(z) 

Te 8042 9834 2412 0001 0001 0001 
I1 7757 9351 9130 0001 0001 C00] 
12 8022 0378 5692 0001 0001 0001 
Cl x 1066 3705 9802 0006 0007 0008 
Cl 2 7637 6410 4802 0009 0007 0009 
C 1 5693 8027 1802 0021 0022 0023 
C~ 5437 6762 2068 0022 0023 0025 
C 3 3993 5458 1519 0023 0024 0025 
C 4 2831 5442 0685 0023 0024 0025 
C 5 3063 6715 0469 0022 0023 0025 
C e 4543 8038 0989 0022 0023 0025 
C 7 7724 1826 3099 0017 0017 0019 
C a 6468 1961 3796 0019 0020 0022 
C 9 6500 3423 4240 0029 0030 0032 
C10 7658 4619 4060 0024 0025 0027 
C n 8876 4485 3338 0022 0023 0025 
C~ 8913 3047 2865 0020 0020 0022 

Table 2. Temperature factors in (C1C6Hs)2TeI~ 
Standa rd  deviat ions  in parentheses  

(a) Anisotropie factors for heavy  a toms  

B n  B2e Ban BI~ Bta B,,a 
Te 2.60 3.24 2.96 2.80 3"50 3.03 

(0-04) (0.04) (0.05) (0.06) (0-16) (0-07) 

11 4.53 5.42 3.16 4.5 5.6 4.6 
(0.05) (0.06) (0-05) (0.1) (0.2) (0-1) 

12 4-32 4-74 3.25 3.8 3.3 4.0 
(0.05) (0.06) (0"06) (0-1) (0-2) (0-1) 

Cll 3.9 4.8 6-8 0.9 5-6 4.2 
(0.2) (0.3) (0.3) (0.4) (0.4) (0-5) 

C12 9-6 4-3 6.7 9.6 0-3 3-4 
(0"4) (0"2) (0"4) (0-6) (0-6) (0.5) 

(b) Isotropie factors  for carbon a toms 

C 1 3.9 (0.3) C 5 4.0 (0.3) C 9 5.7 (0-5) 
C 2 4.2 (0.3) C e 4.2 (0.4) C10 4.7 (0.4) 
C a 4,1 (0.4) C: 3-0 (0.3) C1~ 4-3 (0-3) 
C a 4-0 (0-4) C s 4.0 (0-3) C1~ ' 3-6 (0-3) 

Table 3. Amplitudes and orientations of atomic 
vibration ellipsoids in (C1C6Hd)2TeI2 

Root-mean-square  Direct ion Cosines of ellipsoid 
displacement  along axes with respect to or thogonal  

axis of v ibra t ion  axes 
ellipsoid (A) X Y Z 

Te 0.208 0.436 -- 0.899 0.052 
0.195 0-185 0.146 0.972 
0"178 0"881 0"41~ -0-230 

I x 0.272 0-448 -- 0.866 -- 0-225 
0.238 0.879 0-380 0.289 
0.191 0.165 0.327 --0-931 

12 0-261 --0-724 0-669 0-166 
0.231 --0.687 --0.721 --0.092 
0.200 --0.058 0.180 --0.982 

C11 0.335 - 0-542 0.672 -- 0.504 
0.284 - 0 . 5 0 6  0.218 0.835 
0.206 - 0 . 6 7 1  - 0 . 7 0 8  - 0 . 2 2 2  

C12 0-374 - 0 . 7 1 7  --0.561 0.414 
0.306 --0.488 --0.021 -0 -873  
0-173 --0.498 0.828 0-258 
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T a b l e  4 .  Observed and calculated structure factors 
T h e  d a t a  a r e  s e p a r a t e d  i n t o  g r o u p s  h a v i n g  c o m m o n  v a l u e s  o f  k a n d  l 

T h e  t h r e e  c o l u m n s  i n  e a c h  g r o u p  l i s t  v a l u e s  o f  h Fo a n d  _Fc, i n  t h a t  o r d e r  
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3 1 1 3 . )  109 .2  
111 .6117 .1  

S 1 9 . 3  - 1 . . ?  
6 1 1 3 . 6  - 109 .1  
7 *? .8  - • * *5  
98 .~7.7 ' . ~ . 6  

' . 7 . 7  ' . 9 . 9  
11 ) 1 . z  - 2 9 . ~  
1 2 / ? ; :  -9.5 

- 12  2 ~ . 3  32".0 

- 1o  l Z . ,  . 
-9  5 ' * .7  -~ .8  
- 820 .5  - 19 ,9  
- ?  3 9 . 8  ~ 6 . 8  
- e  6 9 . 8  6 % 6  
-5 ) 8 . 9  -33.: 
- *  97 .1  - 87 .3  
I 1o.6 1o.2 

7O.6 75 .5  
- 173 .6  66.0 
o 39 .0  - ) 7 . 2  
166 .1  - 6~ .~  
Z ~2 .7  - 19 .8  
3 3 ) . 3  3 • . 6  
• 17 .9  z5 .9  

ICe -k. L ° 3 
-6 17 .7  17 .5  
- ' .  1 8 * 8  - 1 5 . ' ~  

20 .2  1 9 . 6  
-oi 6 1 . 8  6 6 . S  

1 8 . 8  1 9 . 4  
1 1 1 9 . 2 - 1 ~ Z . ~  

8 9 . 2  - 9 4 * . 9  
5 • . 6  5 0 . 9  

136 .8  14.c. ~. 
5 19.3 17.z 
6 93.6 - 8 5 . 8  
7 5).] -48.9 

* 0 . 3  37 .0  

11 )2.0 -3o.5 

.12 3]'[°. ; .... 
- 1 2  12 .9  16 .1  
- 1112 . ]  20.~ 

- 9  4 8 . 0  -4*5.Z 
- 7  ~7 .8  3 6 . ~  
-6  58 .5  5 6 . 9  
- 5  8 7 . 5  - 2 6 . 3  
- *  9 3 . 2  -8'..~ 
-3  13 .a  - 1 1 . I  
-2 , 9 . 1  , 9 . 1  
- I  2 9 . 1  2 9 . 7  

o 2 3 . 6  -Z5 .5  
13 ] . 6  - ) 3 . 6  
211 .0  7 .a  
3 Z8.6 75*e 

11 .1  16 .5  

_) 313.~, ~ . . . .  
-4. 1 6 * Z  - 1 6 . e  
- )  9*3  - 7 . 2  
I •6.2 . . . .  

3 6 . 9  ) ) . 7  
o 21 .7  2'*.S 

8.4* - 12 .1  
76 .8  - 77 .2  

3 e.4* - 5 . 9  
4 78 .9  74 *5  
5 ) 1 . 1  2e . z  
6 58 .6  - 56 .~  
? 39 .2  - 57 .~  
8 2 9 * Z  18 .~  
9 5 1 . 3  ~0 .8  

1Z 31.~ -27.5 

12  6 1 6 [ e  ; . . . .  
. 

- 1217 . *  20 .5  
- 1118 .9  15 .8  
- 1010 .1  - 18 .5  

- 9  ~3 .Z  - 3 1 . •  
- ?  . .1 .1  ~9 .3  
-5 ) . * . 7  -3~.0 

30 .0  -Ze.4*  
: ;  161 161 

* 0 . 3  3~ .6  
-oz 10 .5  9 .9  

13 .5  - 11 .0  
i 811~0 3 -9 .1  C - -  . - 

- *  1 8 . 6  - 1 7 . 9  
- 2  1 6 . 4  - 1 0 0 4  

1 9 * 6  - 1 2 . 1  
9 . *  - 9 . 8  

3 ) • . *  2 7 . 7  
4* ) 7 . 6  " 38 .8  
628 .9  - 28 .7  
7 , 3 . 3  -~1 . )  
o 9 3 1 . 6  3 1 . 1  

z 1 , . ?  z • . 5  
1112*7  - 1 6 . 3  
12 I ) . 6  - 13 .3  

K" 7 .  L "  3 
-190 22 .3  - 1%5  

1~.7 -I?.6 
- v  29 .?  2 6 . 1  
- 5  2 2 . 3  2 2 . 0  

i ~2 .~  - 12 .0  
2 21.0 - 2 3 . 6  
3 Z 6 . 7  - 2 3 . 1  
* 17 .1  16 . )  
6~ 3 8 , 0  3 3 . 6  

9 . *  - 7 0 3  
7 28.2 - 28 . I  
9 Z 6 . *  26 . .~  

11 1 5 . 7  - 1 1 . 9  
12 819 .1  ~16 .9  

r .  , C- 
- lO  16.S - 16 .2  

- 717 . *  16 .3  
- 3  1 8 . 8  -1..1 

,~- - 8 ,  L"  3 
- 123 .1  - 1 9 . 3  

] 27.6 26 .1  
2 Z0 *0  17 .1  
328 *7  - 26 .6  

19 .9  - 16 .~  
30*2  30*3  

7 10 .3  - 11 .1  
30 .7  - 27 *6  
1 1 . 5  8 .0  

1 27 .2  23 .7  

6 9 . 2  9 . 9  
7 ) 1 . 8  - 3 4 . 1  

- ] 0  Z ? * I  - 1 2 . 7  8 27 .4*  - 2 , . 7  
- 8  1 3 . 0  l ' . . O  10 1 2 . ' .  1 5 . 6  
- 5  12 .6  - 12 .6  ~ -  * ,  L .  * 
- )  18 .a  13 ,9  - i n  ] a , 7  

• -1-918L- 313.5 -9 25 .6  - 2 7 . ,  
• - 7  z? . *  1o . ]  

,. 1 7 . 6  - I " . 1  - 6  1 7 . 6  15. ' ,  
6 2 8 * 7  Z * . O  - 3  2 5 . 8  - 2 ' . . 2  
7 10 .8  - 7 . 3  - 4  2 5 . 9  - 26 .2  
8 2 5 . 2  - a ' . . 6  - 3  3 2 . 3  3 3 . 9  

101023[2 / 0 . 6  - I  . . 3  37.1 
uc.- . 27 . .  - 26 .o  

1 ~1 .6  8 .0  ~ ) 3 . 0  - 37 .4  
312 .1  - 23 .3  1 9 .8  6 . . .  

. . . . . . . . .  z I ; . ;  . . . .  5 19 .0  17 .3  . - 9 . '  
6 23 .1  19 .6  ~0 - • *  Lo * 

l . . o  - 11 .~  - 1o  18o4. 18 .~  
O8 1 1 . 8  - 1 1 . 4  -9  11*a  1 3 . )  

1 16 .0  1 2 . 9  -e  22 .e  - 27 .1  

" ' ;11DL"  )11.o . . . . . . . . . .  s - 5  8 9 . 7  8 e . z  
3 1 1 . 8  - 1 2 . 7  - ' .  76 .0  72 .0  
4 16 .7  - ] 1 . 9  -~  72*3  - 72 .7  
8 23 .?  20 .6  -2  1 1 , * *  - 121 .6  
8 2 5 . 8  - 2 ) . 4 .  - 1  1 1 . 6  1 8 . ?  

1016 . ]  1 6 . 0 0  1 3 1 . 8 1 2 9 . 4  
1 5 4 . 2  ~ 7 . ~  

~ .  o .  L= 4. 2 95 *9  - I ' ~ l . .  
- 10  26 .5  29.4. • 113 .2  - ] 2~ .9  

- 9  ]Z .3  ? .5  * 19 .9  17 . *  
-8  ) 0 . '  - 33 .3  5 90 .5  93 .1  

] 6 . ' .  - ] 8 . 2  6 4*6.Z 44 .~  
- 620 .0  22 .9  732 .C  -33 .2  
-5  *8 .Z  17 .8  84 .1 .1  -~0 .~  
-4* 7 . 6  - 8 . 3  10316 .9  18 .6  
- 368 .6  - 69 .9  ~ .  . L "  4 

: I  . . . . . . . . . .  Io . . . . . . . . .  47 .1  " 9 . )  14 *7  - 23 .?  
o 27 .8  27 .8  -8  1 1 . 6  11.~ 
] 15 .6  15 .6  -7  27.5 ) o . 1  
z 2 . . 6  ao .9  -~  18 .4  - 28 .4  
3 6 . )  -?.9 -4. ] o . z  -5.0 
• 21 *5  - ] 7 . 5  - 324 .7  23 .Z  

19*1 -I'..3 -1  iz.? - 13 .9  
2o .9  29 .o  ~ .o  ) ] z .~  - 22 .~  

9 .9  2 .9  • c * 

; . . . .  11 ;2  1 o  . . . . . . . .  
111 .7  14 .8  i ? .o  

. L" 4. * -8  16 .e  - 15 .6  
- 1o  2o .5  22 .9  -?  ' . 2 . 6  - ' . 5 .~  
-9 14..9 - 11 .1  - 611 .8 '  - 1 0 . 8  
- 6  ) 7 . 9  -~9 .~  - 563 *9  65*Z 
-7  1 " . 5  - 1'~.9 -4 4.9.2 4.?.6 
-6  3~ .2  34 .2  -3  60 .0  -~8 .8  
-~  8 . ' .  ] 5 . 5  -Z  Z09 .3  - 116 .1  
- *  z s . e  - 26 .4  - 1  18 .9  21.-6 
- )  z s . 9  21 .9  0 15 ) . 2  15 ) . 6  
-2  21*1  2).I 186 .2  8e .o  
- 1  6 . 5  5 . 8  2 1 v l . 8  - 1 1 0 . 8  
o 3 0 . 6  -)3.9 3 119.0 - 13006  

6 .8  - 8 .Z  ~ 8 .6  10 .~  
2 2 2 * 9  20.4. 5 95 .2  95 .6  
3 8 . 6  - 8 . 8  6 ' . 6 . 3  ~ 8 . 7  
4. 30.4* - 29 *2  ? 46 .1  -~ .6 .5  
6 2~ .a  18 .4  8 43 .9  -~1 .~  
? ]0.4* 14..6 x lO  631 .6  31 .1  
810 .8  - 9 . 8  • . L -  4* 
911 ; . ?~  - 12 .9  - 9 1 2 . 7  - 16 .~  

.c. - . . .. - 7  2 3 . 9  2"..Q 
-1o  15 .6  z g . z  -5  26.0 - 23 .9  

- 9 1 2 . 5  7.7 °4* 22 .0  - 1 8 . 0  
o8 )4 .0  - 36 .7  - 3  Z t *O 8 .2  
- 7  '.7.7 -'6.5 -2  26.3 ZO.t  
- 623 .8  2Z .8  - 111 .6  11.? 
- 590 .7  81*1  
-4* 21 .9  23 .~  . c .  - 6 .  L -  4 

- 814 . *  - 8 . e  
-3. 65 .9  -6.~. 2 -7  2~.6 - 2 7 . 7  
-~  •6.2 - 4 * 6 . 8  -~  57 .6  ~ 6 . 6  

4 8 . 2  5 4 . 2  
3 0 . 0  - ~ Z * 5  - 4  ) % O  ~ 7 . 1  

- 3  4 8 . ~  - 4 ~ . 5  
4*4.2 - 48 .e  - z  126 . z  -130.2 

4* 6 .6  - 5 . 1  - z  i % o  - 13 .Z  
528.6 31.4* ~ 1~2 .01~? .7  
6 1 2 . 7  20.7 184 .4 *  88 .~  
8 14.0 - 20 .8  
9210 .6  ~ - ] 0 . )  2 ~0 .5  - 97 .1  

• , . ~ 4 ~ 1 ~ 9 . ~  - 1 3 4 . z  
- 1 0  z z . ?  7 . 2  • , . , . . 1  , . 1 . 0  

5 1 1 7 0 2  119.5 
-9  14 .6  - 16 .1  6 3? .6  37 .2  
- 8 2 2 . 1  -ZO . |  ? 6? *2  - 62 .5  
- ?  17 .7  1~ .5  859 .9  - 61 .1  
-6  ) 4 . 8  )~ .Z  9 10.9 8 .0  
-~ 10 .8  - 8 . 4  10 12 .0  )~ .2  
-~  19.o - 17 .~  l] z~ . •  z1.z  
- z  3~ .9  32 .6  ~. 7. L-  4* 
-1  ) 5 . 1  - )~ .1  - 9  J6 .2  - 19 .~  
o ~Z .6  " * 2 . 2  23 .0  Z1*7 
1 1 5 . 9  17.0 
2 41 .?  4.1 .1  -6  17 .0  1 6 , 0  
• ~ 2 3 . ~  - 2 6 * e  - 5  I ~ . 5  - I * . ~  
6 | • . 2  1 6 . 9  - *  1 1 . 8  - I Z * Z  
8 1 1 . 6  - Z Z . O  ~ .  - 7 ,  L -  4 

- 8  1 5 . 3  - 8 . ~  
"92;8~ " . . . .  26.8 -~5 .3  

- 8  3 5 . 6  - ) * . 6  3 7 . )  
- 7 6 7 . 6  - 69 .0  • * . 5  •Z .O  
-6 19 .0  lB .?  -3  3Z .Z  - 30 .7  
-~ 94..9 93 .7  _~ 59 .~  - 63 . •  
-4* .~o.1 ) 7 . e  - •  a • . 7  - 21 *5  
- ~  9 1 , 6  - 9 • . 7  o 1oo.4 9 4 . 2  

7 0 . 9  - 7 2 . 4 .  1 7 9 . ?  8 0 . 1  
- 161 .9  5 6 . 7  2 6 6 . 3  - 6 , . 5  
o 1o3.1 IO6.O 3 111.3 - 1 2 0 * 3  
? 82 .1  - 9o . )  4 17 .o  - 17 .5  

2 3 . 1  -26.2 5109*5110.6 
26,3 2 8 . 0  6 ~ 9 * 6  5 6 . 1  

6 2 9 . 3  2 6 . 3  7 5 0 . 1  - 5 0 . 2  
8 3 2 0 ~ 0  - 2 1 . I  8 65 .0  - 63 .6  

r .  . 4 9 10.9 1o.1  
- 9  ] 2 . 2  - 13 .3  ]o ) 3 *1  37.I 
-8 11.0 -10,3 II lS.l 15.2 

Z0 .8  18 .~  ~ -  - 8 .  L -  ~. 
_-629.012"0 -30.311"0 - 7  1 8 . 5  - 1 6 * 8  
- *  25 .6  - 2 ' . . 8  - 518 .0  19 .1  

- *  22 *1  a • *Z  
- 3  • 5 . 7  •3 .4  - )  1 6 . 8  - 11 .3  
-02 25 .9  27 .7  - 2  56 .6  - 5~ .7  

8 .3  - 6 . 3  -~  1o.5 - 6 . 0  
Z 2 * .Z  21 *3  ~ 83 .~  8 • . 6  
• Z0*2  - 20 . *  • 3o** 5..1 
5 9 .9  - 6 . 2  a 36 .0  - ~ ? . ~ .  
610 .6  ~.S 3 e* *e  - 8 ) . 6  

?.8  L'" 6 . . . . . . . .  
- 9  28 .7  7 3 7 . 6  - ~2 .1  
-S  29 .~  - a ? . a  8 •9 .7  - *6 .2  
- 751 .1  - 5 0 . ~ .  911 .2  - 0 . 9  
- 6  I 0 * 5  10 .9  1o 33 .5  31 .8  

- ,  49 .2  .~6 .1  K 
- 3  1 0 0 . 3  - 1 1 1 . 3  - S  1 7 . 6  1 6 . 3  
- 2  1 ~ 6 . 8  - 1 ~ 4 . 9  - 4  1 9 . 3  19 .1  
"]0 a6 .S  Z6*a  - 3  12 *7  - 9 . 3  

183 .6162 .6  - 2  42 .6  - 41 .0  
3 61 .2  - 7 8 . 4  

1 8 . 6  2 0 * ?  - 1  - 1 6 . 4  - 1 6 . 9  
1~ 3 1 . 5  3 4 . 3  

55 .~  69 .9  " 6 . 8  " 5 . 6  
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Table 4 (cont.) 
Z 16 .8  - 1~ , •  
) 7 . ' ° "  - 68 *Z  

v , -  - 7 . )  
', 68o3  6?*6  
6 b.'.. 3 ~o . •  

' . Z .9  - ' . Z . 2  
8 * 8 . J  - )C .8  

II 16L5 18.I 

- z  I s . ~  - 1~ .~  
- 1  12 ,6  - 6 . O  

Z l , 6  •OoZ, 
I 18 .8  30.*. 

'~G.O -)2.) 
'. z,.a -71.." 
'~ 3 1 . 9  )3.3 
6 ' , ¢ , 8  ~ . 8  
• 1 ¢ . 1  - 8 . •  
8 ~.%6 - ) 9 . •  

: 3 . 8  - 9 .Z  
1 2 . . . 0  ~ 6 . Z  
|1 | ) . I  19 . z  

~ , - 1 . ,  ~ -  *. 
11o )  1~ ,o  

i 1 - . 1  ZOo2 
1 0 . 8  - 6 . 1  
19 .6  -Z~ .~  
1~*~ - 9 •9  

6 ZO*? 2 • . 1  
8 76 .~  - 16 .0  
9 1. . •~ -~ . ' .  

' ~  | ~ . 3  1~ . ' .  
[1 12 .1  | ~."~ 

1., "* . , . -  . t . .  

- | ? .~  
,, I 0 , 9  - | ~ . , .  
s ~9.i 18 .6  
6 1 ' . ~ .  19 ,0  
8 z !** .  - • 3 . ~  

- 1 .  c~ ) . 8  18 .~  
- 8  z~ .~  - z~ . . .  
- 6  ~':.. ~ ~9 •6  

-~  39 . )  - ~ . . . s  
-3 ) 3 . 8  - 3 = . ' .  
-~ 19.6 17.2 
- l  ~4 .9  1~o l  

.. ~ z . z  - • 9 . . .  
6 19 . *  2 • . 2  
8 1 ) . )  - 1 ) . 3  

{ -  , L "  52 . •  - 1 )  " • 1o8  
- e  2~ .8  -~O . I  
- ?  1~.~, - 1 , . 8  
- 6  1 6 . 1  1 ~ . 9  

- ' .  | ) , *  - I ~ . ~  
-~  1~ .3  - 1 0 . 9  
:, 1o.~ 1 . . , .  
1 20,0 18 ,9  

~8 •3  - , ' , * )  
1~ .1  - 16 .6  

6 2 8 , 2  30 , )  
,~- - | ,  t . ,  
- 1 ~  1 6 . 1  14o8 

- e  ~ • ~  - • ~ . ~  

26 .?  ~6 .8  
-*. 3 ) . ~  - 3 1 . 9  
- )  . . ) . 9  - . . 6 . 1  
- z  ~o.~ 18 ,8  

o )0.3 - 1 6 * 1  
1 ' , 2 . •  - *~ , •9  

16 ,6  1***z 
3 ) ' , * 8  )6.~ 
) 16 ,?  1 8 . 2  
9 1~ .1  - 16 .8  

- : ~  • . ~  1 6 , 1  
: ;  1,.) -16., 

l * . * *  - I ? . 8  
- 6  1 ) . )  l ) . z  
- ~  ) ) . ?  ) • . 8  
-* .  14o~ 1 1 . 7  
- )  • 3 . ~ '  - 2 • . 1  
- ?  Zg ,Z  - 79 .1  
-1  20 . )  - 19 .?  

t; 11 .4  11 .6  
1 ) 8 , ~  ) S * 8  
3 )O . ' ,  - 1 9 . 8  
• 1 ) . o  - 21 . z  
8 20 .Z  1 9 . 8  
6 • •~  6 26o9  

: , -  h ! ;  -',o.1 
- 7  I ) .G  -17o •  
- )  10o6 1 • . 9  
- 6  10 .9  - 1 ' . 0  
- )  39 .1  - ) 7 . 6  
- z  ) 6 . 0  ) 8 . 6  

2 3•.~ - ) 8 . 6  

1 11o8 1 6 . 8  

6 9.) - 6 . )  
• 1 ' . 6  510 .1  

o 12 .6  16 .1  
- 9  1 1 . ' *  8 .8  
- 7  17 .9  - I ) . 9  
- •  3 ~ . !  3 6 . •  
-Z  • ) . I  - • 3 . 6  
- 1  ) 9 . z  - ) 8 . 9  

o . . o . e  ) • * 8  
1 6 • . 1  6S ,Z  
) ) l , z  -81 ,~ ,  

19* ' *  - Z • . 6  
$ 1 6 . 8  2 1 . 1  

c -  - ) .  t- ) 
- 8  1 2 o l  - 6 , )  
:~ 18.8 19.1 

1 9 . 0  2? . *  
-~. Z6 ,1  -Z6 ,3  
- 3  ~ ) , 3  -~ ,8  
- ~  1 , . 8  1 ~ . Z  
o l a . 9  - 10 .3  
) 86 .3  6 ) . ~  

) ) ~ . 6  - 39 .1  
6 ZV* '*  - ~ ) . 3  
? 9 . 9  l ) . 0  

1 ) . a  1 , . o  
11 . •  - 7 . 6  

1~ 1~ .1  - 1 . . . 9  

< ' 9  ~'" L "  r , 1 ) . e  ' - 1 1 , 9  
- 8  IS .9  - 13 •0  
- 7  3 1 . ?  - ) 1 .  c) 
- 6  • ) * 9  -Z | . 6  
-~  3 ' . . 9  3 '.., O 
-~. 60 . •  60 .?  

3 6 . •  - ) '~ . ,~  
o * .o .~  3 8 . ~  

1 ] . 3  - 17 .8  
3 -~ *1  - ' . 6 . 8  

s 7 5 . )  2 8 . ~  
6 73 .0  516 .6  

- •  . 8  3 - 1 8 . 2  
- ~  2 1 . 9  2 ) * )  
-3 Z l , 8  - 2 : . ' *  
- 1  ~2 , ' *  5 • . )  

17 .1  - 31 . ' .  
3 ~ ) , o -  ~8 .3  
~. • 1 . )  ',,3.• 

3 8 . 2  -3a .~, 
6 32 .1  - 32 .9  
? 1 . . .8  1~ .~  

)0.8 )3.0 
1 19..3 -Z3.0 

~ -  ~ .  L "  ~ z o . e  - 9  21 .0  
- ?  , z . . .  - , | . 6  
- 6  1 5 . ~  - 1 6 . 1  

-** ) 9 . 2  ' .O .8  

2 8 . 0  - ~ 5 . )  
0 38 . '*  3 ) . 3  

1~ .3  - 1 , . 6  

6 1~..o ) 1 ~ . 5  
.~- - ) .  L "  

- 6  1 6 . 1  - 16 .?  
-1  17 . )  17 . *  

z 18 , •  -~o.o 
~ ,6  - 9 , )  

* 19 ,1  ~0 .~  
$ 3~,,G -32 ,~  
?6 37 .?  - ) ? *6  

11.** 1 • . )  
o 8 3 1 . 8  ) 6 . 1  

1 1~ .6  - 1 9 . 9  

~ -  6 .  L= " )16 . ' ~  Io 1 ) . )  
- 9  17 .8  Z0 .8  
- 7  , • . 1  - ) ) . 9  

) 2 . 6  ) ) . O  
- 6  • 0 . * *  • I . 9  -~ . . . . .  )i.? 

~**.5 - ~ ) . 6  
o )6 ,6  ) ? .~  
]3 3 ) . 9  38 ,6  

26 *9  -)O.S 
¢ -  - 6 ,  L- 3 

- 6  1 . * .o  - 1~ .7  
- 6  ~6 ,6  22 ,6  
:~ ,.6 . . ~  

? • , ?  - I ? , 8  
o I ) , ?  - 13 , •  
j 1 1 . 6  - 1~ .3  

Z0 .6  2~ .8  

) 6 *?  * .0 .1  
b 18 *1  - ) I . C  
6 1 4 . 6  - 1 9 . b  
? 1• . * *  2 0 . 2  

O8 1 8 . 8  Z l . Z  
1 18 . . .  - z z . o  

¢ .  7o L "  ~14 . *  
- 1~  1 ) . 6  

~0 ,6  Z Z , l  
- 8  1 ~ . ~  - • , ' ,  
- 7  ) ) . 8  - ) 6 * •  
- 6  1 ' . . 7  - 19 .~ .  

-*. ) 9 , 6  '.).8 

- 1  1 ~ , . ,  - 1 1 . 8  
c 30.) 28 ,0  
1 16 , )  2 1 . 3  
z 1 ) . 8  - l Z . )  
) zc . ,  .~?o.o  

r . ,  - • .  L "  
- 6  1~o7 - z ) * *  
- •  29 .6  )Co~ 
- 3  ?s , ' ,  z~ , * .  
- 1  3 ) , ?  -~9 ,8  

o 17 .8  - 18 .6  

• * ' ,  11 .1  
1~ .8  I , . 9  

8 , 1  - 8 . 1  

7 1 9 . 9  18 .9  
8 18 . ' .  18 .~  j o / ) : 1 . .  ; . . ~  

- 9  1 6 . 6  20.~ 
- 7  29 .O  - )O . I  
- ~  ~3 ,8  Z~ . l  
- . .  2 c . 3  ~ .3  
- )  1 ~ . 8  - 1 ) . ~  

zo .6  2 0 . ~  
1 1 "~. ,, 1 7 . 6  
3 818 .6  ~ 1 3 , 5  

( ,  - , , . .  
- 6  19 ,~  - ?3 ,?  
- ~  18 ,1  - 20 .1  
-z. 1 . . •7  1~ .6  
- )  -~1.8 33 .0  
-Z  38 .6  - * . 1 . 0  

0 16 .8  -Z ) .~  
~5 .?  ' * 6 , 6  
3? *3  36 .3  
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The three-dimensional da ta  consisted of zeroth 
through ninth  level Weissenberg photographs  about  c, 
supplemented by several intersecting precession nets. 
~'ome 2500 independent observed reflections were 
used. Before carrying out a three-dimensional differ- 
ence synthesis to locate the carbon atoms, two cycles 
of three-dimensional least-squares refinement on the 
heavy  a toms were computed by  use of the ful l-matr ix 
routines on the IBM 709. During this refinement,  
it became apparen t  t ha t  some ad jus tment  of the 
inter layer  scaling was indicated. The following factors, 
derived from •lFcl/•JFo] for a given level, were 
accordingly applied for the remainder  of the refine- 
ment :  hk0(0.910), hk1(0.976), hk4(0.923), hk6(0.916) 
and hk7(0.943). The indicated changes on the remain- 

ing five levels (representing approximate ly  half of the  
data)  were less than  2% and no changes were made.  

The rescaling could not have caused more than  small 
shifts in the positional and vibrational parameters of 
the heavy  atoms• In  the cycle of least-squares refine- 
ment  immedia te ly  following the rescaling, the max-  
imum shift in the positional parameters  of the iodine 
a toms was 0.0004 with an average shift of 0-0002• 
All other shifts in positional and vibrat ional  param-  
eters were less t han  the corresponding s t andard  
deviations of the final values listed in Tables 1 and 2(a). 

Following one more cycle of refinement of the  
heavy  atoms, these were used as the basis of a three- 
dimensional (Fo-Fc) synthesis. All twelve carbon 
atoms were clearly resolved with little false detail and 
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ano the r  cycle of leas t -squares  r e f inemen t  was carr ied  
out  on the  heavy  a toms  inc luding  the  ca rbon  a toms  
wi th  f ixed pos i t ions  and  a f ixed isotropic  t e m p e r a t u r e  
fac tor  of 5.0 Ae. 

I n  the  nex t  step, two th ree -d imens iona l  least  squares  
cycles were c o m p u t e d  for r e f inemen t  of the  ca rbon  
a t o m  posit ions.  I n  these cycles, i nd iv idua l  isotropic  
t e m p e r a t u r e  pa r ame te r s  ( in i t ia l ly  5 . 0 / ~ )  were appl ied  
to  the  ca rbon  a toms  while the  h e a v y  a t o m  pos i t iona l  
a n d  an iso t rop ic  t e m p e r a t u r e  pa r ame te r s  were held  
fixed. A final,  fu l l -ma t r ix  leas t -squares  cycle was t h e n  
c o m p u t e d  which  s imul t aneous ly  ref ined all  94 pa ram-  
eters,  9 for each h e a v y  a tom,  4 for each ca rbon  a t o m  
a n d  the  scale factor .  The  resu l t ing  a tomic  pos i t iona l  
pa rame te r s  and  the i r  s t a n d a r d  dev ia t ions  are shown 
in Table  1 a n d  the  t e m p e r a t u r e  pa rame te r s  are 
shown in  Table  2. A f inal  (Fo-F~)  synthes is  based 
on all  17 a toms  showed numerous  smal l  m a x i m a ,  
some of which  were h igh  enough  to  correspond to 
h y d r o g e n  a toms.  However ,  i t  was no t  surpr is ing t h a t  
the re  was l i t t l e  cor re la t ion  be tween  the  pos i t ions  of 
these  m a x i m a  and  those  expec ted  for hydrogen .  The  
m a x i m u m  f luc tua t ions  in the  difference synthes is  
were w i th in  the  range  _+ 1-5 e lectrons  pe r /~s  and  there  
were no s igni f icant  m a x i m a  or m i n i m a  in the  vic ini t ies  
of the  a tomic  posi t ions.  

The  observed s t ruc tu re  fac tors  are compared  in  
Table  4 wi th  those  c o m p u t e d  on the  basis of t he  f inal  
pos i t iona l  a n d  t e m p e r a t u r e  pa ramete r s .  The  a tomic  
sca t te r ing  factors  used for t e l lu r ium a n d  iodine were 
those  of Thomas  & U m e d a  (1957), those  for chlor ine 
were the  values  of Dawson  (1960) while  for  carbon,  
the  g raph i t e  values  of McWeeney  (1954) were used. 
The  a tomic  sca t t e r ing  factors  were no t  corrected for 
d ispers ion  as the  correct ions for Mo K ~  would  have  
been less t h a n  the  unce r t a in t i e s  in the  ind iv idua l  
values.  The  f inal  va lue  of R = ~ I [ F o l -  IF~[]/X[Fo[ was 
7.2% for all  ob se rved  reflections.  

D i s c u s s i o n  of the s tructure  

The observed  molecular  s t ruc tu re  of (C1C~Ha)eTeIe is 
shown in Fig. 1 a n d  the  pack ing  a r r a n g e m e n t  is shown 
in Fig. 2. Tables  5, 6 and  7 list  the  bond  dis tances,  
bond  angles a n d  the  more  s igni f icant  n o n - b o n d e d  
separa t ions  respect ively .  I a  order  to  s impl i fy  the  
c o m p u t a t i o n  of i n t e r a tomic  dis tances ,  bond  angles, 
leas t -squares  p lanes  a n d  re la ted  quant i t ies ,  i t  was 
found  conven ien t  to  t r a n s f o r m  the  a tomic  coordina tes  
to a set  of i sometr ic  o r thogona l  axes, X,  Y and  Z. 
The  origin is t a k e n  coinc ident  w i th  t h a t  of the  crystal-  
lographic  axes a n d  the  l a t t e r  are so o r ien ted  t h a t  a~ 
is a long X and  b is in  the  p lane  X Y. The  t r ans fo rma-  
t i on  equa t ions  are then"  

X (h)  = ax ÷ (b cos ~,)y-t- (c cos fl)z 

Y (t~) = (b sin y ) y -  (c sin fl cos ~*)z 

Z (h)  = (c sin fl sin ~*)z 

The  molecular  s t ruc tu re  of (C1C6Hd)eTeIe is s imilar  

to  t h a t  found  in (CH3)2TeCI2 (Christofferson, Sparks  
& McCullough,  1958) and  o ther  chlorides a n d  bromides  
of R2Se and  R2Te compounds ,  bu t  is in  sharp  con t ras t  
to  the  molecular  complex t ype  of bonding  observed  
in d ibenzylsu l f ide . I2  (Romming ,  1960) and  in the  
iodine complexes  of d i t h i ane  a n d  dise lenane (Chao & 
McCullough, 1960, 1961). 

Table  5. Bond distances in (C1C6Hd)2TeI2 in t~ 
Standard deviations in parentheses 

Te-I 1 2.947 (0.002) Te-I 2 2-922 (0-002) 
Te-C l 2.13 (0.02) Te-C2 2-10 {0.02) 
Cll-C 4 1 -75  (0.03) C12-C10 1.74 (0.03) 
C1-C 2 1.39 (0.03) C7-C s 1-40 (0.03) 
C2-C s 1.38 (0.03) C8-C 9 1.42 (0-03) 
C3-C 4 1.41 (0-03) Cg-C10 1.35 (0.03) 
Cd-C 5 1.38 (0.03) C10-C11 1.38 (0.03) 
C5-C s 1.41 (0.03) Cll-C12 1.42 (0.03) 
Cs-C 1 1.40 (0.03) C12-C ~ 1 . 4 1  (0.03) 

Te-C Average 2.115 (0.015) 
C1-C Average 1.745 (0.020) 
C-C Average ].39 (0.02) 

Table  6. Angles in (CIC6Hd)2TeI2 in degrees 
Standard deviations in parentheses 

(a) Bond angles 
I1-Te-I 2 173.5(0.1) C1-Te-C 7 101.1(1.0) 
I1-Te-C 1 87.3(0.7) I2-Te-C 1 89-l (0-7) 
I1-Te-C ~ 88.1(0.7) I~-Te-Cv 87.3(0.7) 
Te-C1-C ~ 120.6(1.8) Te-CT-C12 114.6(1.8) 
Te-C1-C 2 115.8(1.8) Te-CT-C s 122.9(1-8) 
C6-C1-C ~ 123.0(2.5) CI~-C~-C s 122.5(2.5) 
C1-C2-C s 119.2(2.5) CT-Cs-C 9 114-3(2-5) 
C2-Ca-C 4 118.5(2.5) C8-C9-C10 123.7(2.5) 
C3-C4-C5 122.4(2.5) C9-C10-Cll 122.5(2-5) 
CI1-Cd-C a 118.5(2.0) CI2-C10-C 9 1 ] 9.1 (2.0) 
Cll-C4-C 5 119.1 (2.0) C12-C10-Cll I 18.5(2.0) 
C4-C5-C 6 119.6(2.5) C~0-Cn-C12 I 16.6(2.5) 
C5-C6-C1 117.2(2-5) Cll-C12-C 7 120.5(2-5) 

(b) Angles showing distortion from 'ideal' molecular structure 
Te-C 1 • • • C a 171.6(1.2) Te-C 7 • • • Clo 173.7(1.2) 
Cll-C 4 • • • C~ 174.4(1.5) C12-C10 • • • C 7 176-1(1.5) 
C11. . .Te- . .C12 111.I(0.2) 

Tab le  7. Packing distances in (C1C6Ha)eTeI2 
Sum of Figure 

Atoms Observed van der Weals showing 
involved distance radii atoms involved 

Te-I 1' 4.13 A 4-35 A 2(b) 
Te-I2" 4.46 4-35 2(b) 
Te-Cl1'" 3"91 4.00 2(c) 
I1-C11' 4.09 3.95 2(c) 
I1-Cl2" 3.92 3-95 2(c) 
I2-C11' 4-06 3.95 2(c) 
I2-C12" 3.79 3.95 2(c) 
I i - I  1' 4.14 4.30 2(b) 
I1'-12"' 3.85 4.30 2(b) 
I2-I2" 4.32 4-30 2(b) 
CI~-CI 1' 3.65 3.50 2(c) 

*H12-C11' (2.7) 3-0 2(c) 
C2-C 8' 3.40 3.40 2(c) 
C3-C s' 3.45 3.40 2(c) 
Cll-Cl1" 3-40 3.40 2(c) 
C12-Cl1' 3.48 3.40 2(c) 

* On the assumption that H12 
line from the center of the ring. 

is 1.1 A from C12 on the 
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Fig. 1. The molecular  s t ruc tu re  of (p-C1C6H¢)2TeI 2. 

As in all molecules of the Re(VI)X~ (non complex) 
type, the axial bond distances are longer than the sum 
of the single-bond covalent radii. In (C1C6H4)2TeI2, 
the average Te-I  distance of 2.93 /~ is 0.23 /~ longer 
than the radius sum, 2.70 /~. The difference in this 
case is considerably greater than the 0.15 A and 
0.17 • lengthenings observed in (CHs)2TeCb and in 
(C6Hs)~TeBr9 (Christofferson & McCullough, 1958). 
This effect is probably due to the greater tendency 
for the iodide to be like the molecular complexes with 
( V I ) . . - I - I  bonding. Further  evidence of this ten- 
dency is found in the short Ii-I~ distance of 3-85 A. 
:No short C1-C1 or Br-Br  contacts were observed in 
the chloride and bromide. 

In (C6Hs)gTeBr2, (C6Hs)2SeBr~ (McCullough & Ham- 
burger, 1941) and the di-p-tolylselenium chloride and 
bromide (McCullough & Marsh, 1950), the molecules 
are required crystallographically to have a 2-fold axis. 
Although the molecular structure of (C1C6H4)2TeI~ 
approximates the symmetry 2, there are significant 
and interesting deviations. In the first place the 
distances Te-I1(2.947 A) and Te-I2(2-922 A)- differ by 
more than 10a. This difference may be due to the fact 
that  an I~ atom is only 4.13/~ from a second Te atom 
and the fact tha t  pairs of I~ atoms are only 4.14 _~ 
apart. The sums of the corresponding van der Waals 
radii are 4-35 /~ and 4.30 /~ respectively. Although 
these 'non-bonded' interactions of I~ are weak, there 
are no compensating interactions involving I2, hence 
it is not surprising tha t  the Te-I~ distance is slightly 
longer than that  for Te-I2. 

An analysis of the molecular structure in terms of 
the least-squares planes in Table 9 also revea]s 
distortions from ideal symmetry.  If the molecule had 
the symmetry  2, then Plane 1 through Te, CI and C7 
should divide the molecule into pairs of atoms equi- 
distant from the plane. In fact, one might have 
expected the atoms C4, C10, Cll and Cb to be in Plane l, 

Fig. 2. (a) P ro jec t ion  of the  s t ruc ture  down the  a axis. 
(b) P ro jec t ion  of the  s t ruc ture  down the  b axis. Only the  
central  por t ion  of the  molecule is shown in order  to em- 
phasize certain features  of the  packing.  (c) P ro jec t ion  of 
the  s t ruc ture  d o w n  the  c axis. 

@) 

g 

(b) 

a sin~ ~ ~ ,  
(c) 
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Table  8. Equations of least-squares planes expressed in 
the form" 

A X + B Y + C Z + D = O  

Plane 
num- Atoms in 
ber L.S. fit 

(Orthogonal coordinates) 

1 Te, C 1, C7 0.00484 

2 Phenyl 
group I 0-50043 
(Ct-C6) 

3 Phenyl 
group II  0.43432 
(C7-C12) 

B C D 

--0.33677 0.94158 8.557 

--0.00519 --0.86576 --7.501 

-- 0.05922 0.89881 10.715 

Table  9. Distances of atoms from L.S. planes, in A 

(a) Plane 1 (Te, C 1, C7) 

Te 0.000 C 1 0.000 C~ 0.000 
11 - -  2.941 C 2 0.660 C s 0-608 
I s 2.918 C 3 0.559 C 9 0.552 
C11 -- 0.506 C a -- 0.228 C10 0.000 
C12 0.118 C 5 --0.844 C n -0-632 

C 6 --0.776 C12 --0.612 

of p lane  b y  several  degrees,  t he  r ings  t hemse lves  
r e t a in  the i r  p l a n a r i t y .  

A s t u d y  of the  d i s to r t ion  of t he  molecules  in  rela-  
t i onsh ip  to the  in t e rmolecu la r  pack ing  shows t h a t  t he  
observed  d i s to r t ion  p e r m i t s  a more  eff icient  packing .  
I f  one keeps  the  Te, I1, I2, C1 a n d  C7 a toms  f ixed in  
the i r  observed  pos i t ions  a n d  t h e n  a r ranges  the  r emain-  
ing a t o m s  accord ing  to  an  ideal  (undis tor ted)  model ,  
t he  shor t e s t  I-C1, C1-C (and C1-H) pack ing  d i s t ances  
become some 0-25 to  0 . 3 5 / ~  shorter .  

I n  rev iewing  the  s t ruc tu re  of (C6Hs)2TeBr2, a s imi la r  
d i s to r t ion  of t he  molecu la r  s t ruc tu re  was  noted .  I n  
t h a t  case, the  Te a t o m  was observed  to  be 0.134 A 
out  of the  leas t - squares  p lane  of the  six ca rbon  a toms ,  
while  t h e  r ing  is aga in  p lanar ,  w i th in  s t a n d a r d  devia-  
t ions.  Also the  angle  C a ' ' '  T e - - - C ~  is 97-7 ° com- 
pa red  to t he  C1-Te-C~ angle  of 93.9 °. The  difference 
in  th i s  case is more  t h a n  th ree  t imes  the  s t a n d a r d  
dev ia t ions  of 0.7 ° a n d  1.2 ° respec t ive ly .  

F u r t h e r  s tud ies  of a p p r o p r i a t e  R2SeX2 a n d  R2TeX2 
compounds  are p l a n n e d  in  order  to  l ea rn  more  a b o u t  
the  'd iha l ide '  versus  t he  'molecular  complex '  rela- 
t ionsh ip .  

(b) Plane 2 (Phenyl group l) 

C 1 0"002 C a 0"020 Te 
Cu -- 0"005 C 5 -- 0-023 C11 
C a --0.006 C 6 0.012 

Mean distance of C atoms from Plane: 0.0l 1 /k. 

0.279 
0.203 

(c) Plane 3 (Phenyl group II) 

C~ 0.006 C10 0.019 Te 
C 8 0"000 C n --0.012 C12 
C 9 -- 0.013 C12 0.000 

Mean distance of C atoms from Plane: 0.008 A. 

0-110 
0.137 

even  t h o u g h  no t  r equ i red  b y  the  s y m m e t r y  2. N o t  
on ly  are th ree  of t he  l a t t e r  a t oms  out  of P l ane  1, 
t he  a toms  do no t  pa i r  off as an t i c ipa ted .  I n s p e c t i o n  
of the  d a t a  for the  p lanes  t h r o u g h  the  two p h e n y l  
groups  shows t h a t  the  r ings  themse lves  are p l ana r  
w i t h i n  the  s t a n d a r d  dev ia t ions  of the  carbon  a toms.  
However ,  the  Te a n d  C1 a toms  are s ign i f i can t ly  ou t  
of the  p lanes  of the i r  respec t ive  rings.  F u r t h e r  evidence 
of molecular  d i s to r t ion  is found  in the  compar i son  
of the  C l l . - . T e - . . C 1 2  angle  of 111.1+_0.2 ° w i th  
t he  C1-Te-C~ bond  angle  of 101.1_+l.0 ° a n d  th i s  
emphas izes  the  danger  of us ing the  former  as a measure  
of the  bond  angle  a t  the  cent ra l  a tom.  All of the  
i r regular i t ies  n o t e d  above  are so m u c h  grea te r  t h a n  
the  s t a n d a r d  dev ia t ions  invo lved  t h a t  the i r  r ea l i ty  
can  scarce ly  be doub ted .  I t  is in te res t ing  to no te  t h a t  
a l t h o u g h  bonds  to the  p h e n y l  groups  m a y  be ben t  ou t  
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