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The 4:1 complex formed between tetracyanoquinodimethane (TCNQ) and dibenzylbipyridylium 
(DBBP) crystallizes in the triclinic system with the space group P1 and lattice constants a = 7"15, b= 
16.82, c= 12-10/~, e=  99.5 °, fl= 83.8 °, y= 91"8 ° and having Z=  1. The structure was solved by Patterson 
methods and refined by block-diagonal least squares using 1936 reflexions measured on a linear diffrac- 
tometer. The four TCNQs are packed plane-to-plane to form a column along the b axis. The char- 
acteristic overlap and short interplanar spacings indicate charge transfer interaction between the four 
TCNQ moieties stacked as tetramers. 

Introduction 

Molecular complexes containing TCNQ ions and mole- 
cules include some of the best electrically conducting 
organic compounds known. TCNQ is a powerful 
electron acceptor and forms T C N Q -  by accepting an 
additional electron. The T C N Q -  forms simple salts 
with cations of many types and complexes containing 
neutral TCNQ in addition to T C N Q - .  These complexes 
of the type M + T C N Q -  TCNQ have been found to ex- 
h i n t  higher electrical conductivity than most simple salts 
M+TCNQ -.  In most crystal structure determinations 
of this type of complex the TCNQs have been found 
to be indistinguishable moieties with a formal charge 
½ - .  The 4:1 TCNQ DBBP complex salt is a member 
of the same series of complexes since it has equal num- 
bers of TCNQ ° and T C N Q - .  Its structure determina- 
tion was undertaken to see how it is related structurally 
to M + T C N Q -  TCNQ ° complexes and in general to 
provide data for relating structures to conductivity. 

Experimental 

Crystal data 

(C24H2zN2) (ClzH4N4)4, M.W. 1155.2. 
Triclinic, 
a=7 .15+0 .03 ,  b =  16.82+0.04, c =  12.10+0.04 A, 
e=99 .5  + 0.1 °, f l= 83.8 + 0.1 °, ~,= 91.8 + 0.5°; 
U = 1422.8 A3; 

Din= 1"341 g.cm -3, Z--- 1, De= 1"348 g.cm -a, 
F(000) = 596. 
Mo Kc~ (2=0"7107 A),/z=0"91 cm -1. 
Space group PT (assumed). 

Black plate-like crystals of the complex were depos- 
ited when equimolar solutions of Li+TCNQ - and 
TCNQ were dissolved in a minimum qunatity of hot 
acetonitrile, and added to a concentrated solution of 
DBBP C12 in water, the mixture being allowed to cool 
very slowly. The space group and the cell constants 
were obtained initially from oscillation and Weissen- 
berg photographs taken with the crystals rotating 
about all the three crystallographic axes using Cu Kc~ 
radiation and were subsequently refined on a Hilger 
and Watts linear diffractometer. Intensity data for the 
layers Okl to 7kl were collected with the crystal rotating 
about the a axis on the diffractometer using a scintil- 
lation counter and molybdenum Kc~ radiation with 
balanced filters. Out of the 4750 reflexions measured, 
significant counts were recorded for 1936. No absorp- 
tion corrections were made because of the small size 
of the crystal, (1 x 0.5 x 0.1 mm). The intensities were 
corrected for Lorentz and polarization factors. 

Structure determination 

If the space group is PT, the single DBBP ion in the 
cell must occupy a centre of symmetry, while the four 
TCNQ moieties may lie in general positions as two 
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cen t rosymmet r i ca l ly  re la ted pairs.  A three-d imens iona l  
Pa t t e r son  m a p  was c o m p u t e d  using Fo 2 as coefficients. 
Vectors  typical  o f  T C N Q  were recognized r o u n d  the 
origin and  round  peaks  at  (1) x = 0 . 0 0 0 ,  y = 0 . 2 3 0 ,  z =  
0.043; (2) x = 0 . 0 1 4 ,  y = 0 . 2 9 6 ,  z =  - 0 . 1 2 0  and  (3) x =  
- 0 . 0 1 4 ,  y = 0 . 4 5 2 ,  z = 0 . 0 8 5 .  These peaks  could  all be 
in te rpre ted  in terms o f  a trial s t ruc ture  in which the 
T C N Q s  are s tacked a long the b axis, spaced roughly  
b/4, as shown in Fig. 2. The s t rong peak  at  (1) was 
t aken  to represent  the combined  vectors  between the 
two crys ta l lographica l ly  independent  T C N Q  moieties 
(A and  B) and  also the cen t rosymmetr ica l ly  related 
pai r  o f  T C N Q s  (A'  a n d  A), while the peak  at  (2) was 
t aken  to represent  the vectors  between the o ther  pair  
(B and  B ' )  o f  cen t rosymmet r ica l ly  re la ted T C N Q s .  
The relatively weaker  peak  at  (3) was t aken  to represent  

the vectors  be tween the  T C N Q s  A'  and  B. The presence 
o f  s t rong vectors  between the two crys ta l lographica l ly  
independent  T C N Q s  (A a n d  B) suggests tha t  the 
T C N Q s  are packed  parallel  to each o ther  and  thus  the 
c o m m o n  or ienta t ion  o f  the T C N Q s  was deduced  f r o m  
the vector  pa t te rn  a r o u n d  the origin. 

Us ing  the signs o f  the s t ructure  fac tors  ca lcula ted on 
the basis o f  the trial s t ructure  for  the T C N Q s ,  a three-  
d imens iona l  Four i e r  electron densi ty m a p  was com-  
puted.  This conf i rmed the posi t ions o f  T C N Q s  a n d  
showed six o f  the thi r teen a t o m s  o f  the D B B P  ion. 
Three  subsequent  s t ructure  fac tor  calculat ions  fol- 
lowed by Four ie r  m a p s  showed the remain ing  seven 
a toms  o f  the D B B P  ion. F o u r  cycles o f  leas t -squares  
ref inement  o f  the posi t ional  and  isotropic  the rma l  
pa rame te r s  o f  all the 45 a toms  gave an R value o f  

Table  1. Final positional and thermal parameters (all x 104) of  non-hydrogen atoms 

The figures in parentheses indicate the standard deviations. 

Temperature factor = exp [ -  (hZB11 + kZB22 +/2B33 + hkBl2 + hlB13 + klB23)] 

x/a y/b z/c B11 B22 B33 Blz B13 B23 
C(1) -1054 (11) 1307 (5) -635  (6) 187 (22) 25 (3) 39 (6) - 1 3  (13) - 5 9  (18) 2 (7) 
C(2) 882 (11) 1525 (4) -610  (6) 216 (21) 9 (3) 52 (6) - 1  (11) - 6 6  (19) 2 (7) 
C(3) 1872 (11) 1318 (4) 260 (6) 167 (21) 21 (3) 55 (7) 29 (12) - 3  (18) 13 (7) 
C(4) 987 (11) 928 (4) 1061 (6) 183 (21) 22 (3) 42 (6) 21 (12) - 2 2  (18) 6 17) 
C(5) -955  (11) 695 (4) 1032 (6) 215 (21) 15 (3) 35 (6) - 5  (12) - 1 2  (17) - 8  (7) 
C(6) -1920 (12) 890 (5) 139 (7) 202 (22) 24 (3) 52 (7) 26 (13) - 5 4  (19) 14 (7) 
C(7) 1763 (11) 1974 (5) -1409 (7) 171 (21) 26 (3) 51 (7) - 7  (13) - 3 5  (19) 7 (8) 
C(8) 3688 (13) 2220 (5) - 1380 (7) 283 (26) 29 (4) 48 (7) - 4  (15) - 2 7  (21) 28 (8) 
C(9) 858 (12) 2228 (5) -2260 (7) 195 (22) 25 (3) 54 (7) - 4  (13) - 4 6  (19) - 1  (8) 
C(10) -1865 (11) 282 (5) 1850 (7) 165 (21) 23 (3) 59 (7) 11 (12) - 3 6  (19) - 4  (8) 
C(11) - 9 3 4  (13) 69 (5) 2732 (7) 228 (24) 27 (4) 67 (8) - 2 2  (14) - 3 0  (21) 9 (8) 
C(12) -3796 (13) 42 (5) 1877 (7) 256 (25) 26 (4) 63 (7) 17 (14) - 7 5  (21) 7 (8) 
C(13) -1181 (12) 3602 (5) -185  (7) 226 (25) 20 (3) 88 (9) - 1 7  (14) - 6 5  (23) 1 (9) 
C(14) 770 (12) 3831 (5) - 2 2 4  (7) 254 (24) 20 (3) 65 (8) 9 (14) - 3 6  (22) 14 (8) 
C(15) 1842 (12) 3628 (5) 624 (7) 210 (23) 23 (3) 70 (8) - 9  (13) - 3  (21) - 1 0  (8) 
C(16) 1024 (13) 3206 (5) 1410 (7) 244 (25) 25 (3) 71 (8) 14 (14) - 8 6  (22) 6 (8) 
C(17) -936  (11) 2957 (4) 1420 (6) 210 (23) 21 (3) 41 (6) 28 (13) - 2 3  (18) 2 (7) 
C(18) -2002 (12) 3185 (5) 605 (7) 190 (23) 25 (3) 75 (8) - 2 6  (13) - 5 2  (20) 26 (8) 
C(19) 1623 (13) 4235 (5) -1061 (8) 278 (26) 17 (3) 82 (8) 24 (14) 4 (23) 23 (8) 
C(20) 3628 (14) 4432 (5) -1143 (8) 297 (28) 36 (4) 78 (9) 11 (16) - 1  (24) 28 (10) 
C(21) 595 (14) 4461 (5) -1907 (8) 312 (28) 21 (4) 98 (9) 22 (15) - 3 0  (25) 38 (9) 
C(22) -1756 (11) 2540 (4) 2234 (6) 175 (21) 21 (3) 36 (6) 21 (12) - 3  (17) 4 (7) 
C(23) -824  (12) 2317 (5) 3108 (6) 251 (24) 30 (4) 40 (6) - 2 3  (14) 2 (19) 17 (8) 
C(24) -3722 (13) 2304 (5) 2247 (7) 275 (26) 31 (4) 49 (7) 34 (15) -31  (21) 21 (8) 
C(25) -5010 (11) 450 (4) 5119 (6) 180 (20) 18 (3) 41 (6) - 7  (11) - 4 6  (17) 8 (7) 
C(26) -6383 (13) 925 (5) 4839 (8) 210 (25) 32 (4) 110 (10) - 7  (15) -155  (24) 37 (10) 
C(27) -6351 (13) 1750 (5) 5097 (7) 268 (25) 18 (3) 70 (8) - 9  (13) - 9 3  (22) - 1  (8) 
C(28) -3569 (13) 1673 (5) 5883 (8) 255 (26) 28 (4) 82 (8) - 1 7  (15) - 7 4  (23) 38 (9) 
C(29) -3539 (13) 847 (5) 5633 (7) 256 (25) 17 (3) 84 (8) 19 (13) - 7 8  (22) 22 (8) 
C(30) -5062 (14) 3016 (5) 6049 (7) 373 (30) 21 (3) 53 (7) 4 (15) - 7 0  (23) - 1 6  (8) 
C(31) -5360 (12) 3486 (4) 5163 (7) 246 (24) 18 (3) 48 (7) - 2 0  (13) 31 (20) 4 (7) 
C(32) -7217 (14) 3674 (5) 4999 (8) 323 (29) 23 (4) 91 (9) - 6  (16) - 6 4  (26) 5 (9) 
C(33) -7589 (16) 4135 (6) 4198 (9) 418 (35) 31 (4) 116 (11) - 2 3  (19) -131 (31) 36 (11) 
C(34) -6110 (18) 4411 (6) 3564 (9) 561 (42) 29 (4) 86 (10) 23 (21) - 1 0 2  (32) 21 (10) 
C(35) -4299 (16) 4245 (5) 3699 (8) 481 (38) 22 (4) 84 (9) - 6 0  (18) 65 (29) 10 (9) 
C(36) -3840 (15) 3794 (5) 4528 (8) 355 (31) 25 (4) 84 (9) - 1 (16) 26 (26) - 12 (9) 
N(1) 5255 (11) 2417 (5) -1400 (6) 243 (21) 42 (4) 90 (7) - 2 2  (13) - 7 0  (20) 29 (8) 
N(2) 129 (11) 2454 (4) -2949 (6) 271 (21) 40 (3) 64 (6) - 5 6  (13) -131 (18) 29 (7) 
N(3) -5355 ( l l )  - 150  (5) 1889 (7) 231 (21) 47 (4) 107 (8) - 2 6  (14) - 6 8  (20) 42 (9) 
N(4) -226  (11) - 8 8  (5) 3482 (6) 265 (22) 56 (4) 68 (7) - 6  (15) - 2 3  (19) 41 (8) 
N(5) 5194 (13) 4571 (6) -1277 (8) 334 (28) 75 (5) 132 (10) - 4 9  (19) - 2 0  (26) 93 (12) 
N(6) -137  (14) 4663 (6) -2578 (8) 373 (28) 68 (5) 113 (9) 74 (19) 20 (25) 75 (11) 
N(7) -5271 (12) 2104 (5) 2284 (7) 273 (24) 56 (4) 105 (8) - 4 2  (15) - 6 8  (22) 9 (9) 
N(8) - 9 3  (12) 2135 (5) 3830 (6) 344 (25) 47 (4) 74 (7) - 1 0  (15) - 5 6  (21) 44 (8) 
N(9) -4955 (10) 2112 (4) 5638 (5) 284 (20) 18 (3) 42 (5) 0 (11) - 4 0  (16) 4 (6) 
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T a b l e  2 .  Comparison o f  observed and f inal  calculated structure factors  ( 1 0  x absolute scale) 
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Table  3. Details of molecular planes 
x, y, z are orthogonal atomic coordinates in A where x is 
along a, y is in the (a,b) plane and z is along c*. The figures in 

parentheses indicate the standard deviations 
T C N Q  
Molecule A Molecule B 
Equation to the plane: Equation to the plane: 
0.2256x--O.7795y-O.5843z O.1984x-O.7816y-O.5914z 

+ 1.6189=0 +4.7973 =0 
Distance from the Distance from the 

plane/!~ plane/!t 
C(1) 0.048 (8) C(13) -0.037 (8) 
C(2) 0.059 (7) C(14) -0.043 (8) 
C(3) 0.047 (7) C(15) -0.066 (8) 
C(4) 0.010 (7) C(16) -0.035 (8) 
C(5)  0-019 (7) C(17)  0 .012 (7) 
C(6) 0-063 (8) C(18) -0"014 (8) 
C(7)  0 .018 (8) C(19)  - 0 . 0 1 8  (8) 
C(8) -0.011 (8) C(20) 0.050 (9) 
C(9) -0.028 (8) C(21) -0.019 (9) 
C(10) -0 .001  (8) C(22) 0.021 (7) 
C ( l l )  - 0 - 0 2 1  (8) C(23)  - 0 . 0 1 0  (8) 
C(12)  - 0 . 0 0 9  (8) C(24)  0.047 (8) 
N(1) -0-009 (8) N(5) 0"158 (10) 
N(2) -0"092 (7) N(6) -0"039 (10) 
N(3) -0"013 (8) N(7) 0-074 (9) 
N(4) -0"083 (8) M(8) -0"044 (8) 

DBBP 
Bipyridylium ring Benzyl group 
Equation to the plane: Equation to the plane: 
0.4209x+0.2301y-0.8774z -0.0766x-0.7333y-0.6756z 
+3.5626=0 + 8-0041 =0  

Distance from the Distance from the 
plane (A) plane (A) 

C(25)  - 0 . 0 5 0  (7) C(30)  - 0 . 0 1 1  (8) 
C(26)  - 0 . 0 0 2  (10) C(31)  0.021 (8) 
C(27) 0.042 (8) C(32) 0.001 (9) 
C(28)  0 .040  (9) C(33)  - 0 . 0 1 0  (10) 
C(29)  0 .006 (9) C(34)  - 0 . 0 0 5  (10) 
C(30) -0.089 (9) C(35) 0.010 (9) 
N(9) 0"037 (6) C(36) -0.016 (9) 

0.161. T h e  w e i g h t i n g  s c h e m e  used  was:  

]/w= 1 if  ]Fo] <- F* or 

F *  
l /w = ~ i f  Irol > F* 

where F* was given a value of 300 on the scale of  
Table 2. 

The 19 hydrogen atom positions were calculated 
and peaks were found at these positions in a difference 
Fourier synthesis. A further six cycles of least-squares 
refinement of  all the non-hydrogen atoms with aniso- 
tropic temperature factors gave the final residual R = 
0.080. Hydrogen atoms were given temperature factors 
0.5 A 2 greater than the atoms to which they are attached 
and were included in the final structure factor calcula- 
tion. The scattering factor curves of Cromer & Waber 
(1965) were used throughout. The final positional and 
thermal atomic parameters for the non-hydrogen 
atoms together with their standard deviations are 
given in Table 1. Final observed and calculated struc- 
ture factors are listed in Table 2. Least-squares planes 
calculated through each of the TCNQ moieties and 
through the bipyridylium and benzyl groups of the 
DBBP ion are shown in Table 3. 

Descr ipt ion  and discuss ion of  the structure 

Fig. l (a)  shows the d imens ions  of  the two crystal lo-  
g raph ica l ly  i n d e p e n d e n t  types  of  T C N Q  moiety.  Aver-  
aged b o n d  lengths  of chemica l ly  s imilar  bonds  of  bo th  
the  T C N Q s  are summar i zed  in Table  4. Owing  to rather 
large s tandard  dev ia t ions  o f  a t o m i c  c o o r d i n a t e s  it is 
difficult  to dec ide  f r o m  these  d i m e n s i o n s  w h e t h e r  the  
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Table 4. Comparison of mean bond lengths (uncorrected for libration) 

Bond Reference a b c d e 
TCNQ ° 1 1"344 (4) 1.443 (3) 1.373 (4) 1"436 (3) 1.138 (3) 
TCNQ- 2,3,4 1.362 (18) 1.424 (10) 1.405 (16) 1.416 (4) 1.156 (5) 
TCNQt/2- 5,6,7,8 1.356 (4) 1.434 (6) 1.393 (9) 1.423 (6) 1.145 (5) 

Molecule A 1.349 (8) 1.426 (6) 1.400 (8) 1.416 (6) 1.152 (6) 
Molecule B 1.351 (8) 1.432 (6) 1-379 (8) 1"436 (6) 1.137 (6) 

1. Long, Sparks & Trueblood (1965) / 
2. Hanson (1965) / e  
3. Fritchie (1965) \ b i  d 
4. Hoekstra, Spoelder & Vos (1972) 
5. Hanson (1968) 
6. Goldstein, Serf & Trueblood (1968) 
7. Kobayashi, Marumo & Saito (1971) \ 8. Sundaresan & Wallwork (1972) 

N(1) 

1-16~11(~ 1-35(1) / -16(1)  
4 77"3~ 0(4) ~ 0(3) 0(8) 177"5(9) 
",, ,  O ( 1 1 )  1.43(1)/120'5 120'7~1"42(1) / 

t~J ~ . . . . .  120"5 Y (7) (7) \ 121 "0  120'7/1"43(1) 
1"41(1) . . . .  * \ (7) (7) / 

) ~  (7) (7) ^7,118'3 119'3 C t 2 ) - -  0(7) 115"0(7) 
114.3(7) C ( 1 0 ) ~ , t ~ )  (7) (7) "~ 1.41(1) \ 

//1233 121 2 \  - /119"6 124.3\1"40(1) 
2-1-z  " "~\121"2 120"1 /  (7) ( 7 ) \  

!.4 [ y (7) (7).43(1 ~ (7) (7)/1'42(1) 0(9) 178'5(9) 

N(3) 

N(8) N(5) 

1.15(1)~ /1"14(1) 
178"9(9) C(23) O(16) 1.35(1) O(15) C(20) 175.8(10) 

\ 1.45(1)/1 21.1 120.0\1.43(1 ) , 
1.41 (1) 124.9 120.4 (8) (8) \120.2 121.9 1.46(1 ) 

) \ ~  (7) (7) ~ 118"6 118 '4 "  (8) (8) ,~/'1 
115"1(7) 0 ( 2 2 ) ~ 0 ( 1 7 )  c7~ 7 0(14) ~.-'~q-n~,C(19) 116"3(8) / , 'o,~,j \ , • ( ) / ,',~o~,j x 

1.45(1)/120"1 120:9~120.3 121.7//121. 5 121-8'~ "43(1) 
/ ( 7 )  ~/~ \ '8' (8) / (8) [ ~ \  

177"9(9) 0(24) 1'41(1) ~ J ,,,,~,1.43(1) 0(21) 176"6(10) 
1"15(1)/ 0(18) 1.35~; ' ° '  ~.11(1) 

N(7) N(6) 

1"37(1) 
C(28) C(29) 

1"34(1)/122.9 118"6\1.38(1) 
121 "4 ,, / (8) (8)\118"1 

cc30~ 1.62(1) , / ,1199 116 9 ~,~, (7)1.49(1) 
1"47(i)/113.7 118.5\  t-J ,7, /125.0  

121 "1 (8) f f  (7) (7) \119 '1  122'5 f f  (7) 
. . . . .  1"40(1) / 1 1 9 " 4  1"33(1)\ (8) (8)/1.'39(1) 
~(~e) -- O(31) ._. O ( 2 7 ) - -  C(26) 
/116"2 119"4\ (~) 1"37(1) 

1 '42( ly  (9) (8),.~'42(1) 
t 122"6 122'1 

0(35)\(9) (9 ) ; (32)  

1"36(1)\121"5 118'1/1"39(1) 
C(~ (10) ( 1 0 ) C /  (34) ~ (33) 

Fig. 1. (a) Bond lengths (/~,) and bond angles (o), with their standard deviations (in parentheses), for the two independent TCNQ 
moieties (b) Bond lengths (/~) and bond angles (o) with their standard deviations (in parentheses) for the DBBP ion. 



T. S U N D A R E S A N  AND S. C. W A L L W O R K  2479 

TCNQs occur as TCNQ ° and TCNQ-  or whether they 
are really indistinguishable as TCNQ ~/2-. The bond 
lengths mostly tend towards the interpretation of mol- 
ecule A as TCNQ and molecule B as TCNQ ° but a 
multivariate significance test (Cruickshank & Robert- 

Y 

, "X'--~ 
N(6'" N(5) ! ~C(33) ~ 

i "7 

A X"""~---'~~N2 (6:)Y C (29 ' cslr 1 3 % .  

Fig. 2. The molecular arrangement, viewed along the a axis. 

Q. Q 
"'~[) . . . .  .*°" 

0" 

O" (a} 

' "~ ...... 4 "  

. "~ 

Q"Q C ~ - - - - ~ , ~ ~  

.o" '~_.~<~ "~, 
o b (c) 

Fig.3. Nearest neighbour overlap. (a) molecules A( - )  and 
B("  ") (b) molecules A(- )  and A'(. . .)  (c) molecules B ( - )  
and B'(. • .). 

son, 1953) of the differences in dimensions between the 
the two TCNQ moieties gave a value of T2=0.31 which 
is not significant for five degrees of freedom. There is 
also evidence from the ultraviolet, visible and infrared 
spectra of the complex that the TCNQs are indistin- 
guishable. 

The least-squares planes through the TCNQs indicate 
that they are not quite planar, the C-(CN)2 groups being 
twisted out of the planes so as to increase the short 
contacts N(1). • • C(30) = 3.43, N(5).  • • C(34) = 3.48 and 
N(8 ) . . .C (32 )=3 .46 /~  with the benzyl group of the 
DBBP ion. The contact N(5) . . .C(34)  probably con- 
tributes also to the non-linearity of the C-(CN)2 group 
C(19)-C(20)-N(5) and C(19)-C(21)-N(6), the bends 
being mainly in the plane of the molecule in such a 
direction as to reduce the distance between the 
nitrogen atoms of the C-(CN)2 group. 

The dimensions of the DBBP ion [Fig. l(b)] are in 
agreement with values reported in the structure of 
DBBP diiodide (Russell & Wallwork, 1971). The 
dihedral angle between the planes through the benzyl 
group and the pyridylium ring of the ion is 66.9 °. 

The structure viewed along the a axis is illustrated in 
Fig. 2. It consists of columns of TCNQs packed almost 
parallel to each other (dihedral angle between mole- 
cules A and B is 1.6 °) along the b axis which is 16.82 A 
long. The average interplanar spacings between 
A . . . B  and A . . - A '  are 3.16 and 3.24 A respectively, 
indicating charge-transfer interaction between the 
pairs, but the separation B . . - B '  is 3.62/~ suggesting 
that here there is no appreciable molecular interaction. 

Fig. 3 shows the three types of overlap, B on A, A' 
on A and B'  on B. The first two overlaps are virtually 

Table 5. 

(a) Molecule A to 

C(li)-C(181 ) 
C(2~)-C(17 t) 
C(3i)-C(161 ) 
C(41)-C(231) 
C(51)-C(22 l) 
C(51)-C(23 i) 
C(6i)-C(24 i) 
C(71)-C(14 i) 
C(8i)-C( 15 i) 
C(9t)-C( 13 l) 
C(99-C(14 ~) 

i 
ii 
iii ( -  1 -x) ,  )7, ,~ 
iv (-1-t-x), y, z 

Short intermolecular contacts 

molecule B (b) Molecule A to molecule 
A' 

3.32 A C(li)-C(11 it) 3.36 A 
3.32 C(2i)-C( 10 li) 3.22 
3-29 C(21)-C( 11 ti) 3.39 
3 -29 C(31-)C( 10 li) 3.39 
3- 24 C( 3 l)-C( 12 u) 3.36 
3.39 c(41)-c(6 li) 3.21 
3-36 C(5~)-C(5 u) 3.33 
3.28 
3.29 (c) Other intermolecular 
3.36 contacts 
3 . 3 3  C(6i)--N(3 m) 3.35 

C( ! 81)-N(l iv) 3.35 
C(20~)-N(5 v) 3.31 
C(27')-N(8 l) 3.35 
C(27~)-N(2 v~) 3-36 
C(28i)-N(I v~) 3" 34 
C(281)-N(2 vti) 3.27 
C(29~)-N(4 vtu) 3.36 
N(5~)--N(5 v) 3.18 

Superscripts indicate equivalent positions as follows: 
x, y, z v (1-x),  ( l -y ) ,  e 
,~, y, z7 vi x, y, (1 + z) 

vii (l+x), y, ( l+z) 
viii ( l -x ) ,  )7, ( l - z )  
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identical and similar to that found in most of the 
TCNQ complexes. But the overlap B'  on B is a new 
type of overlap involving a diagonal shift of centres. 
Thus the different modcs of overlap combined with 
different interplanar spacings suggest that the TCNQs 
are packed as tetramers with a gap between B' and B. 
This situation has been observed in crystal structures 
of N-(n-propyl)-quinolinium 2TCNQ (Sundaresan & 
Wallwork, 1972), triethylammonium 2TCNQ (Kobay- 
ashi, Ohashi, Marumo & Saito, 1970) and 1,3,3-tri- 
methyl-2-(p-N-methyl-N-fl-chloroethylstyryl)indolenin- 
ium 2TCNQ (Shibaeva, Atovmyan & Rozenberg, 
1971). In the last complex quoted, however, the 
4TCNQs tend to form two dimers. The short inter- 
molecular contacts are listed in Table 5. 

We wish to thank the Science Research Council 
for the provision of the linear diffractometer, Dr F. R. 
Ahmed for the computer programs used, the Director 
of the Cripps Computing Centre of the University of 
Nottingham for computing facilities and Mr G. J. 
Ashwell for preparing the crystals. 
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Structure Cristalline du Bis(bromo-4 ph6nylsulfonyl) M6thane 
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(Recu le 23 fdvrier 1972) 

The crystal structure of bis-(4-bromophenylsulphonyl)methane has been determined from diffractom- 
eter intensity measurements (779 reflexions) by means of the heavy-atom technique and refined by 
the full-matrix least-squares method, with anisotropic thermal parameters, to an R of 0-06. Crystals 
are orthorhombic with a=30.05, b= 5.015, c= 11-455 /~, fl= 118 °, space group C2/c (No. 15), Z=4.  
The binary axis of the molecule coincides with the twofold axis of the space group. The molecules form 
layers approximately parallel to planes {001}. The slightly different surroundings of the two oxygen 
atoms of the SO2 groups may explain some features of the infrared spectrum of the substance. 

La d6termination de la st6r6ochimie pr6f6rentielle du 
carbanion c~-sulfonyle RSO2C-RIR2 a donn6 lieu 5. de 
nombreux travaux, depuis la mise en 6vidence de l'ap- 
titude du groupement SOz 5. retenir la configuration, 
sur un carbone adjacent satur6, dans les r6actions de 
substitution 61ectrophile (Cram, 1965; Wolfe, Rank & 
Csizmadia, 1969). Le cas du carbanion bis(sulfonyle)- 
m&hanique (RSOz)zC-H, a 6t6 discut6 dans le cadre 
de ces 6tudes (Cram, 1965; Corey, K6nig & Lowry, 

1962). Cependant, la structure mol&ulaire des fl-di- 
sulfones n'a jamais 6t6 examin6e avec pr6cision. 

Au cours d'une 6tude dans l'infrarouge moyen des 
compos6s (X-C6Ha-SOz)zCH2 (J6minet, 1969), nous 
avons observ6 une structure complexe des bandes de 
vibration de valence du groupement SO2, dans la r6- 
gion 1100-1350 cm -I, en solution ou ~ l'6tat solide. 
La recherche d'une explication sur l'origine th6orique 
de ce ph6nom~ne nous a conduits h pr6ciser les con- 


