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Crystal structure of a new molecular complex of fullerene with 
tetramethyltetraselenafulvalene: C60- T M T S F  - 2CS 2 
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A new molecular complex of fulterene with tetramethyltetraselenafulvalene (TMTSF), 
C60.TMTSF-2CS, ,  (1) was synthesized. The structure and composition o f  the complex 
were established by X-ray diffraction analysis. The c~'stals of Cr0"Ct0Ht2Se4"2CS 2 are 
monoctinie: a = 15.407(2). b = 12.934(2), c = 12.026(2) A. 13 = 108.39(3) ~ V =  2274.1(6) A 3, 
space group Cm. Z = 2, dcalc= 1.929 g cm -3, R = 0.047. The c~'staf structure o f  1 consists of 
layers. Layers formed by futlerene and CS 2 molecules alternate with layers of TMTSF 
molecules. Peculiarities of the crystal structure of 1 are the nonplanar conformation of TMTSF 
molecules and the absence of shortened C...C contacts between adjacent fullerenes molecules. 
The energy of intermolecular TMTSF...C6o interactions in the cry. stal was estin3ated. 

Key words: C60 fullerene, tetramethyltetraselenafltlvalene (TMTSF), synthesis, crystal 
and molecular structure, X-ray diffraction analysis. 

Molecu la r  charge- t ransfer  donor -accep to r  complexes 
based on C60 are of  great  in teres t  as possible starting 
compounds  for doping by alkali metals  with the aim of  
preparing new superconductors  based on C60 .1 C o m -  
plexes of  C60 with layer s tructures similar to those of  
organic conductors  and superconductors  have attracted 
part icular  a t tent ion.  2 

It is known that  the na ture  o f  complexes  of  C60 
(charge- t ransfer  complexes  or  radical - ionic  salts) and 
their  stability substantially depend  on the type of  the 
donor.  Thus,  s te reochemica l ly  flexible molecules  that 
conta in  he te roa toms  and can  change conformat ions  to 
adjust to the  spherical  shape o f  C60 are favorable for the 
format ion  o f  complexes  based on C60 with partial charge 
transfer .  3 We  chose  t e t r a m e t h y l t e t r a s e l e n a f u l v a l e n e  
( T M T S F )  as a donor  componen t .  This compound  was 
widely used in 1980s in the synthesis o f  radical-cat ionic  
salts with meta l l ic  and supe rconduc to r  properties, z Mol-  
ecules of  T M T S F  are planar  4 and form layer struc- 
tures.S, 6 

As part o f  our  studies, we synthesized new molecular  
c o m p l e x e s  o f  C60, C60- T M T S F "  2CS 2 and 
2C60" 2 T M T S F ' C r H r .  In this work, we describe the 
syn thes i s  and s t ruc tu re  o f  one  o f  t hem,  namely ,  
C60. T M T S F -  2CS 2 (1). To our  knowledge,  1 is the first 
c o m p l e x  o f  C60 wi th  t he  s e l e n i u m  ana log  o f  
te t ra thiafulvalene (TTF)  s t u d i e d  by X-ray diffraction 
analysis. Recent ly ,  several charge- t ransfer  complexes  o f  
C60 with T l r F  and its pr incipal  derivatives have been 

p repa red )  However,  the data on the complex  of  C60 
with t e t r ame thy l t e tmth ia fu lva lene  ( T M T T F )  are un-  
available. 

Experimental 

Preparation of crystals o f  complex 1.. Fullerene C60 was 
prepared by evaporation of graphite in an electric arc and was 
purified according to a procedure reported previously. 7 CS~ 
was purified by distillation under argon. A solution of C60 
(0.02 tool) and TMTSF (.nddrich, 0.02 tool) in CS~_ (30 mL) 
was stirred under argon at 30 ~ for 40 rain. The red solution 
was filtered and slowly evaporated at ~20 ~ for 7--10 days. 
Dark-brown rhombohedron-shaped crystals formed on the 
bottom of a flask. The crystals had dimensions of  up to 
2x2• ram. The crystals were filtered off, washed with 
anhydrous EtOH, and dried i~ vacuo. 

The composition of complex 1 was established by X-ray 
diffraction analysis. The data of elemental analysis are consis- 
tent with the results of X-ray diffraction analysis. Found (%): 
C, 65.52; H, 1.0. C72H~2S4Se 4. Calculated (%): C, 65.47; 
H, 0.9. According :o the data  of electron microprobe X-ray 
analysis, the S : Se ratio was 1 : 1. 

X-ray structural analysis. An approximately rhombic-right- 
prismatic crystal of I was chosen for X-ray diffraction analysis. 
The crystal had dimensions of" 0.25• ram. Crystals of 
I are monoclinic, C60- CIoHI2Se4" 2CS2, tool. weight 1320.9, 
a = 15.407(2), b = 12.934(2), c -- 12.026(2) A, 13 = t08.39(3) ~ 
V= 2274.1(6) A 3, space group Cm, Z = 2, dcaje = 1.929 g c m  -3, 
F(000) = 1288. The systematic absences indicated the space 
group C2/m, Cm, or C2. We failed to solve the structure in the 
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space groups C2/m and C2. The unit cell parameters and 1732 
reflections with I _> 2cr(/) were measured on an automated four- 
circle KM-4 diffractometer (Cu-Kc~ radiation, L = 1.5418 .~., 
graphite monochromator, ~0/20 scanning technique, 3.87 ~ < 0 < 
79.88~ The structure was solved by the direct method followed 
by a series of successive Fourier syntheses using the 
SHELX-86 8 and SHELXL-93 programs. 9 Hydrogen atoms 
were not located. All nonhydrogen atoms of the structure were 
refined anisotropically by the full-matrix least-squares method 
to R = 0.047. Absorption was ignored; a(Cu-K~) = 77.8 cm -1. 

Table 1. Coordinates of nonhydrogen atoms (x 104) arid equiva- 
lent isotropic thermal parameters (Ueq) in the crystal of I 

Atom x y Z Ueq" I03/A 2 

TMTSF 
Se(1) -7990(I) 1 3 2 1 ( 1 )  -5474(1) 45(l) 
Se(2) -9713(1) 1347(1) -4609(t) 53(1) 
C(1) -8865(4) 521(3) -5050(6) 38(D 
C(2) -8177(4) 2498(4) -4642(5) 41(i) 
C(3) -8914(5) 2523(4) -4285(5) 50(2) 
C(4) -7453(5) 3351(5) -4493(6) 62(2) 
C(5) -9197(5) 3373(6) -3618(6) 67(2) 

CS, 
S(1) -7255(2) 5000 --1155(3) 71(1) 
S(2) -5580(2) 5000 -2014(3) 81(1) 
S(3) -1511(2) 0 2771(3) 75(1) 
S(4) 106(2) 0 1802(2) 57(1) 
C(6) -704(5) 0 2327(8) 46(2) 
C(7) -6431(5) 5000 -1559(8) 48(2) 

C60 
C(8) -4863(4) 2020(4) 2330(5) 46(2) 
C(9) -4427(3) 2023(4) 1444(6) 49(2) 
C(10) -3832(4) 1100(5) 1617(6) 50(2) 
C(ll) -3921(3) 539(5) 2602(5) 48(2) 
C(12) -4562(4) 1108(5) 3063(6) 50(2) 
C(13) -3745(3) 560(4) 660(5) 44(1) 
C(14) -4247(3) 908(5) -517(6) 51(2) 
C(15) -4572(5) 0 -1271(7) 43(2) 
C(16) -5436(5) 0 -2135(7) 40(2) 
C(17) -5998(3) 914(4) -2290(5) 40(l) 
C(18) -5685(4) 1770(4) -1590(5) 45(1) 
C(19) -4793(4) 1763(4) -682(6) 46(1) 
C(20) -4883(4) 2339(4) 311(5) 45(1) 
C(2l) -6930(4) 566(4) -2556(5) 45(2) 
C(22) -7542(4) 11li(4) -2105(5) 46(2) 
C(23) -7215(4) 2012(4) -1393(5) 45(2) 
C(24) -6329(4) 2344(4) -113l(6) 47(2) 
C(25) -5814(4) 2682(3) 54(6) 44(1) 
C(26) -6249(4) 2672(3) 892(5) 42(2) 
C(27) -7191(4) 2330(4) 613(6) 49(2) 
C(28) -7664(4) 1998(4) -502(6) 48(2) 
C(29) -8167(3) 532(4) -1670(5) 44(1) 
C(30) -8239(3) 1098(4) -642(6) 44(1) 
C(31) -8321(3) 563(4) 310(5) 41(1) 
C(32) -7832(3) 893(4) 1474(5) 42(1) 
C(33) -7271(3) 1776(4) 1632(5) 44(1) 
C(34) -5775(4) 2345(3) 2060(5) 45(2) 
C(35) -5134(4) 575(5) 3490(5) 47(2) 
C(36) -6078(4) 927(5) 3243(5) 47(I) 
C(37) -6403(4) 1770(4 ) . .  2516(5) 44(1) 
C(38) -6650(6) 0 3070(7) 48(2) 
C(39) -7496(5) 0 2219(7) 40(2) 

Atomic coordinates in the structure of 1 are given in Table 1. 
The bond lengths and bond angles are given in Tables 2 and 3, 
respectively. 

Results and Discussion 

In the crystals of I (Fig. 1), molecules of  C60, 
TM'I'SF, and CS 2 are packed in layers of  two types: 
homomolecular layers consisting of  T M T S F  molecules 
and heteromolecular layers formed by Ca) and CS 2 
molecules. Both types of layers are parallel to the ab 
plane and uniformly alternate 'along the c axis. In the 
heteromolecular layer, each C60 molecule is surrounded 
by four fullerene molecules, which form a quasi-square, 
and eight CS 2 molecules, which form a quasi-square 
prism inscribed in the "fullerene square". The distances 
between the center of the C60 molecule and the centers 
of  the four adjacent fulterene molecules are equal 
(I 0.06(7) A), which is typical of molecular complexes of 
C60 I~ in which these distances are in the range of 
10.01--t0.12 A. 

It is remarkable that there are no shortened contacts 
between the C60 molecules in the structure of  1 (the 

Table 2. Bond lengths (d) in complex 1 

Bond d/~, Bond ~A 

Se(I)--C(t) 1 .894(6)  Se(1)-C(2) 1.893(6) 
Se(2)-C(1) 1 .888(6)  Se(2)-C(3) 1.919(6) 
C(t)--C(ta) 1 .347(8)  C(2)-C(3) 1.334(9) 
C(2)-C(4) 1 .539(9)  C(3)-C(5) 1.507(9) 
S(1)--C(6) 1.497(9) S(2)-C(6) 1.572(9) 
S(3)--C(7) 1.500(9) S(4)--C(7) 1.565(9) 
C(8)--C(9) 1 .428(9)  C(8)--C(12) 1.458(8) 
C(8)--C(34) 1.402(9) C(9)--C(I0) 1.480(8) 
C(9)--C(20) 1 .383(8)  C(IO)--C(I 1) 1.433(9) 
C(10)--C(13) 1.388(9) C(I 1)--C(1 la) 1.395(9) 
C(11)--C(12) 1.472(9) C(12)--C(35) 1.342(9) 
C(13)--C(13a) 1.448(9) C(13)~C(14) 1.454(8) 
C(14)--C(15) 1.471(8) C(14)--C(19) 1.366(8) 
C(15)--C(16) 1.407(9) C(16)--C(17) 1.442(7) 
C(17)--C(18) 1,382(8) C(17)--C(21) 1.441(8) 
C(18)--C(19) 1.462(8) C(18)--C(24) 1.478(9) 
C(19)--C(20) 1.451(9) C(20)--C(25) 1.439(8) 
C(2l)--C(22) 1.415(9) C(22)--C(23) 1.440(8) 
C(22)--C(29) 1.442(9) C(23)--C(24) 1.369(9) 
C(23)--C(28) 1.447(9) C(24)--C(25) 1.462(9) 
C(25)--C(26) 1.375(9) C(26)--C(27) 1.452(8) 
C(26)--C(34) 1.428(8) C(27)--C(28) 1.377(9) 
C(27)--C(33) 1.459(9) C(28)--C(30) 1.439(8) 
C(29)--C(29a) 1.376(9) C(29)--C(30) 1.471 (9) 
C(30)--C(31) 1.377(9) C(31)--C(31a) 1.456(9) 
C(31)--C(32) 1.430(8) C(32)--C(33) 1.408(8) 
C(32)--C(39) 1.454(7) C(33)--C(37) 1.422(8) 
C(34)--C(37) 1.458(9) C(35)--C(35a) 1.487(9) 
C(35)--C(36) 1.463(9) C(36)--C(37) 1.388(8) 
C(36)--C(38) 1.464(8) C(38)--C(39) 1.380(9) 

Note. The symmetry operation for generation of the equivalent 
atoms (a) x, -y,  z. 
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Table 3. Bond angles (cot in complex 1 

Angle ~/deg Angle ~/deg Angle co/deg 

C(1)--Se(t)--C(2) 93.2(2) C(27)--C(28)--C(30) i18.9(6) C(t 8)--C(17)--C(21) 121.1(5) 
Se(2)--C(1)--C(Ia) 1 2 4 . 5 ( 2 )  C(23)--C(28)--C(30) 110.1(5) C(I 6)--C(17)--C(2I) 106.7(5) 
Se(1)--C(I)--Se(2) 112.4(2) C(30)--C(29)--C(29a) 1 [9.9(3) C(175--C(18)--C(24) 118.9(5) 
Se(1)--C(2)--C(3) ll8.5(4) C(28)--C(30)--C(3 l) 1 2 1 . 6 ( 6 )  C(14)--C(19)--C(20) 120.7(5) 
C(2)--C(3)--C(5) 1 2 7 . 6 ( 6 )  C(29)--C(30)--C(28) 107. l (5) C( 18)--C(19)--C(20) 107.5(5) 
Se(2)--C(3)--C(5) 114.2(5) C(30)--C(31)--C(3 la) 1 2 0 . 2 ( 3 )  C(9)--C(20)--C(19) 120.6(5) 
S(1)--C(6)--S(2) 178.7(7) C(31)-C(32)--C(33) 1 i9.1(5) C( t 75--C(21 )--C(22) 119.8(55 
C(95--C(8)--C(34) 119.9(5) C(3 t)--C(32)--C(39) 109.9(5) C(I 7)--C(21)--C(21a) 108.2(3) 
C(9)--C(8)--C(12) 108.5(5) C(27)--C(33)--C(32) 119.7(5) C(2 l)--C(22)--C(29) 118.8(5) 
C(10)--C(9)--C(20) 1 1 8 . 4 ( 6 )  C(8)--C(34)-C(26) 1 1 8 . 8 ( 6 )  C(22)--C(23)--C(24) 121.7(6) 
C(11)--C(10)--C(12) 1 1 9 . 4 ( 5 )  C(26)--C(34)--C(37) 1 0 9 . 1 ( 5 )  C(22)--C(23)--C(28) 105.7(55 
C(9)--C(10)--C(I 1) 107.9(6) C(12)--C(35)--C(35a) 120.9(4) C(I 8)--C(24)--C(23) 119.7(5) 
C(12)--C(1i)--C(1 la) 1 2 0 . 0 ( 3 )  C(35)--C(36)--C(37) 1 2 0 . 7 ( 6 )  C(20)--C(25)--C(26) 121.5(5) 
C(8)--C(12)--C(35) 1 2 1 . 6 ( 6 )  C(35)--C(36)--C(38) 1 0 6 . 8 ( 5 )  C(20)--C(255--C(24) 108.4(5) 
C(8)--C(12)--C(11) 1 0 7 . 5 ( 6 )  C(34)--C(37)--C(36) 1 1 9 . 2 ( 5 )  C(25)--C(26)--C(27) 121.1(5) 
C(10)--C(13)--C(14) 119.4(5) C(36)--C(38)--C(39) 1 1 9 . 4 ( 4 )  C(26)--C(27)--C(28) 120.3(6) 
C(13)--C(14)--C(19) 1 2 0 . 4 ( 6 5  C(36)-C(38)--C(36a) 1 1 0 . 0 ( 7 )  C(26)--C(27)--C(33) 107.1(5) 
C(13)--C(14)--C(15) t09.0(5) C(32)--C(39)--C(38) 1 2 1 . 8 ( 4 )  C(23)--C(28)--C(27) 119.1(5) 
C(16)--C(15)--C(14a) 121.0(4) C(1 )--Se(2)--C(3) 92.8(3) C(22)--C(29)--C(29a) I21.3(35 
C(15)--C(16)--C(17a) 1 1 9 . 0 ( 4 )  Se(t)--C(l)--C(la) 1 2 3 . 1 ( 2 )  C(22)--C(29)--C(30) 106.4(57 
C(I 7)--C(16)--C(17a) 1 1 0 . 1 ( 6 )  C(3)--C(2)--C(4) 1 2 7 . 1 ( 6 )  C(29)--C(30)--C(31) t 199(5) 
C(16)--C(17)--C(18) 1 1 9 . 9 ( 5 )  Se(D--C(2)--C(4) 114.3(5) C(32)--C(3 I)--C(30) 120.3(5) 
C(I 7)--C(18)--C(19) 1 2 1 . 0 ( 5 )  Se(2)--C(3)--C(2) 1 1 8 . 2 ( 4 )  C(32)--C(31)--C(3 la) 107,4(3) 
C(19)--C(18)--C(24) 1 0 8 . 0 ( 5 )  S(3)-C(7)--S(4) 1 7 7 . 3 ( 6 )  C(33)--C(32)--C(39) 118.5(5) 
C(14)--C(19)--C(18) 120.3(5) C(12)--C(8)--C(34) 1 1 9 , 2 ( 6 )  C(32)--C(33)--C(375 119.3(5) 
C(9)--C(20)--C(25) 1 1 7 . 7 ( 6 )  C(8)--C(9)-C(20) 1 2 1 . 6 ( 5 )  C(27)--C(33)--C(37) 108.7(5) 
C(t9)--C(20)--C(25) 1 0 9 . 2 ( 5 )  C(8)--C(9)--C(I0) 1 0 8 . 0 ( 5 )  C(8)--C(34)--C(37) 119.7(5) 
C(22)--C(21)--C(21a) 119.9(3) C(9)--C(10)--C(13) 120.5(6) C(t 2)--C(35)--C(36) 119.6(65 
C(21)--C(22)--C(23) 1 1 8 . 8 ( 5 )  C(10)--C(lt)--C(1 ta) 1 2 0 . 4 ( 4 )  C(36)--C(35)--C(35a) 108.1(3) 
C(23)--C(22)--C(29) 1 1 0 . 7 ( 6 )  C(10)--C(II)--C(12) 1 0 8 . 0 ( 5 )  C(37)--C(36)--C(38) 118.2(5) 
C(24)--C(23)--C(28) 120.6(5) C(I 1)--C(12)--C(35) 1 1 9 . 1 ( 6 )  C(33)--C(37)--C(36) 122.8(5) 
C(23)--C(24)--C(25) 120.9(6) C(10)--C(13)--C(13a) 1 2 0 . 2 ( 3 )  C(33)--C(37)--C(34) I07.2(5) 
C(18)--C(24)--C(25) 107.0(5) C(13a)--C(I 3)--C(14) 1 0 8 , 0 ( 3 )  C(39)--C(38)--C(36a) 119.4(4) 
C(24)--C(25)--C(26) 1 1 8 . 1 ( 5 )  C(15)--C(14)--C(19) 1 1 8 . 8 ( 5 )  C(38)--C(39)--C(32a) 121.8(4) 
C(25)--C(26)--C(34) 1 2 0 . 5 ( 5 )  C(14)--C(15)--C(16) 1 2 1 . 0 ( 4 )  C(32)--C(39)--C(32a) 105.3(7) 
C(27)--C(26)--C(34) 107.5(6) C(14)--C(15)--C(14a) 105.9(7) 
C(28)--C(275--C(33) 120.4(5) C(t5)--C(16)--C(17) 119.0(4) 

Note. The symmetry operation for generation of the equivalent atoms (a) x, -y, z. 

of  the van der Waals radii of  carbon atoms is 
3.40 A,). 15 This situation is unlike that of fullerene com- 
plexes studied previously, 10-14 which have at least one 
shortened contact. Note that there are no shortened 
intermolecular contacts in the homomolecular or in the 
heteromolecular layers. Shortened contacts occur only 
between molecules of C60 and TMTSF molecules of 
adjacent layers. In this case, each TMTSF molecule links 
two C60 molecules from adjacent layers (Fig. 2). Both 
molecules of  fullerene are bonded to the TMTSF 
molecule through C atoms at double C=C bonds 
(C(21). . .Se(1)  and C(22). . .C(3) are 3.509(7) and 
3.343(8) ]k, respectively, and C(38) [x, y, z - l]...Se(1) 
and C(39) [x, y, z - I]...Se(1) are 3.540(7) and 3.539(7) ~., 
respectively). As a result of  these intermolecular interac- 
tions, the stack of  layers is cross-linked by zigzag chains 
along the c axis: 

,,060,, ,,06~, 
TMTSF" "TMTSF" TMTSF 

The C60 fullerene molecule has the molecular sym- 
metry m. The symmetry plane passes through the C(15), 
C(16), C(38), and C(39) atoms. The molecule has an 
approximately spherical shape. The minimum and maxi- 
mum distances from the atoms to the center of  the 
molecule are 3.522(9) and 3.559(9) A, respectively. The 
average value of the radius of  the sphere is 3.54(2) A. In 
the five-membered rings, the lengths of the 30 C- -C  
bonds of the type d56 are  in the range of  1.422(8)-- 
1.487(8) 3,; the average d56 bond length is 1.45(3) .h. In 
the six-membered rings, the lengths of  the 15 C=C 
bonds of  the type d66 vary from 1.342(9) to 1.4t5(9) A; 
the average d66 bond length is 1.38(4) A. In spite of  the 
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Fig. 1. Projection of the crystal structure of complex 1 onto 
the x-y0 plane. 

O O 
�9 � 9  

lc 

Fig. 2. Zigzag chains formed by TMTSF and C60 molecules in 
the crystal of 1 (CS 2 molecules are omitted for clarity). 

substantial variation in the bond lengths, the average 
values of  the d56 and d6s bond  lengths (1.45(3) and 
1.38(4) A, respectively) are indicative of a substantial 

alternation of the bond lengths in fullerene. The C - - C - -  
C bond angles in the five-membered tings vary from 
105.3(6) to 110.0(7) ~ The bond angles in the six-mem- 
bered tings are in the range of  117.7(6)--122.8(5) ~ 

Like the C60 molecule, the TMTSF molecule has a 
crystallographic symmetry plane. The plane m passes 
perpendicular to the C(1)--C(la)  bond through its mid- 
point (Fig. 3). The bond lengths and bond angles in the 
TMTSF molecule in complex 1 agree with the data 4 
obtained for crystals of TMTSF (2). In both structures, 
the equivalent bonds (Se(1)--C(1) and Se(2)--C(1); and 
Se(1)--C(2) and Se(2)--C(3)) are equal within the ex- 
perimental error in spite of the fact that in complex 1, 
the Se(l) atom is involved in nonbonded interactions 
with two C60 molecules. Unlike the TMTSF molecule 
in the crystal of  2, the TMTSF molecule in the crystal of  
1 is nonplanar and adopts a boat conformation. To our 
knowledge, this is the first example of  a nonplanar 
conformation of  the TMTSF molecule in a crystal. In 
the crystal of  2, the TMTSF molecule is virtually planar. 
The maximum deviation of the atoms from the mean 
plane of the molecule is under 0.005 A. In the crystal of 
1, only the C(1): C(la),  Se(l), Se(2), Se(la), and 
Se(2a) atoms of the TMTSF molecule are in a single 
plane. The molecule is folded along the Se(t)...Se(2) 
line. The dihedral angle between the plane through the 
C(1), C(la) ,  Se(1), Se(2), Se(la), and Se(2a) atoms 
(C2Se4) and the plane through the Se(1), Se(2), C(2), 
C(3), C(4), and C(5) atoms (C4Se4) is 23.8 ~ Appar- 
ently, two factors favor the occurrence of  a boat confor- 
mation of the TMTSF molecule in the crystal of  1. 
First, it is known that selenium atoms are involved in 
conjugation to only a small extent 16 and, therefore, no 
substantial expenditure of energy, is necessary for distor- 
tion of  the structure. Second. the C(3) atom is involved 
in nonbonded interactions with the fullerene molecule. 

Figure 3 shows the TMTSF molecule and the frag- 
ments of the C60 molecule of  complex 1 involved in 
nonbonded TMTSF...C60 interactions. It is readily seen 
that these interactions are different. In the first ease (see 
Fig. 3, a), atoms of  one of the six-membered rings of  the 
fullerene molecule are involved in the interaction. The 
angle between the mean plane of  the sLx-membered 
C(21)C(22)C(29)C(29a)C(22a)C(21a) ring of  the C60 
molecule and the C2Se 4 fragment of  the TMTSF mol- 
ecule is 5.9 ~ . The distance between these planes is 
3.507(9) A. This suggests that the TMTSF...C60 interac- 
tion occurs through the n orbitals of  the molecules. 
Apparently, the TMTSF molecule acts as a donor, i.e., 
this is a ~(TMTSF)...n*(C60) type bond. In the second 
case (see Fig. 3, b), the atoms of  the six-membered ring 
belonging to the d66 bond are involved in nonbonded 
TMTSF...C60 Ix, y, z - 1] interactions. The angle 
between the mean plane of the C2Se 4 fragment of  the 
TMTSF molecule and the planes of the six-membered 
C(38a)C(39a)C(32b)C(33b)C(37b)C(36b)  and 
C(38a)C(39a)C(32a)C(33a)C(37a)C(36a) rings is 65.2 ~ 
which excludes rc--n interaction. Presently, we cannot 
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a 
---~ Se(la) 

C-~ C ( 2 a ) ~ " ' ~  C'la" (-~ Se(l) 

C ( 2 4 a ) ~ ( ; 2 ; ' " C ( 2 1 ) ~  ~ (  18 ' % 

C(30a) C(30) ( ~,~'~.)C(28) 

b se(za)  i~)  c(sa) 

S e ( 2 ) ~ e ( l a  ) ~ C(4a) 

c(3> r I ,'tc(31b~ 

5b) 

~.) C(35a) 

Fig. 3. Fragments of the C60 molecule and the TMTSF 
molecule involved in nonbonded TMTSF...Cro interactions in 
1: (a) TMTSF...C60; and (b) TMTSF...Cro[X, y, z - ll- 

unambiguously assign the TMTSF...Ca0[x, y, z - I] 
contacts to any part icular  type, but it is apparent that 
the T M T S F  and C60 molecules  in the chains are linked 
to each other in various fashions. 

The energy of the TMTSF.. .C60 bond was estimated 
by a method we suggested previously. 17 According to 
this method,  the energy of  intermolecular X...fullerene 
interactions (W) is equal to the difference between the 
energy of  the conformer of  the molecule X (We) that is 
observed in the crystal, and the energetically most favor- 
able conformer of  the molecule  X ( Wf): W = W e - Wf. 
With the aim of  est imating the energies of  the conform- 
ers of  the T M T S F  molecule ,  we calculated the energy of  
the planar  molecule, which is the energetically most 
favorable conformation,  (Wf) and the enemy of a boat 
conformation of the molecule  (We), which is observed 
in the crystal of 1, by the quantum-chemical  PM3 
method. The planar molecule  was calculated with full 
optimization of geometry. The bond lengths, bond angles, 

and torsion angles of the T M T S F  molecule determined 
by X-ray diffraction analysis 4 were used as starting val- 
ues. Calculations of  a boat- l ike conformation of  the 
molecule were carried out with optimization of  the bond 
lengths and bond angles. The  values of  the C = C - - S e - - C  
torsion angles, which determine  the conformation of  the 
molecule, were taken from X-ray diffraction data on the 
T M T S F  molecule in the crystal of 1 and were fLxed in 
the calculations. Other torsion angles were optimized. 
Calculations demonstrated that the difference in the 
energies of the conformers of  the T M T S F  molecule is 
3.3 kcal tool - I .  This value corresponds to the energy of  a 
weak hydrogen bond is and seems reasonable. 

The CS 2 molecules are in symmetry plane m and are 
almost collinear with each other. Both molecules are 
approximately linear. The S(1)C(6)S(2) and S(3)C(7)S(4) 
bond angles are t78.7(6) and 177.3(7) ~ respectively. 
The C=S bond lengths are in the range of 1.497(9)-- 
1.572(9) t~,, which is consistent with that observed in 
other molecular complexes containing the CS 2 frag- 
ment 19-2z (1.46(2)--1.57(2) .~). The average C = S  bond 
length (1.534 A) is close to the bond lenNh in the CS 2 
molecule (1.554(5) A) in the gas phase determined by 
microwave spectroscopy, z3 

Therefore, in this work, the molecular and crystal 
structure of  the new complex of  C60 fullerene was 
determined. A nonplanar conformation of the T M T S F  
molecule in the complex was observed for the first time. 
This conformation is to a large extent determined by 
intermolecular interactions with C60. The existence of  a 
second equilibrium conformat ion of the T M T S F  mole-  
cule and the value of  the  energy (3.3 kcal mol - l )  
required (according to the  data of quantum-chemical  
calculations) for the transit ion from the major (planar) 
conformation to a boat conformation correspond to the 
definition of stereochemically flexible molecules and, 
therefore, confirm the tendency  of C60 fullerene to form 
stable complexes with conformational ly flexible mol-  
ecules. Taking into account  the fact that Co) fullerene 
forms t2 a complex with bis(ethylenedi thio) tetrathia-  
fulvalene (BEDT--TTF or ET), which is another  well 
known donor in the class of  organic conductors  and 
superconductors, it can be suggested that s tereochemical  
flexibility is a rather impor tant  structural cri terion for 
choosing new donors for conducting systems. As a whole, 
the structure of complex 1 exhibits all the necessary 
structural characteristics (a layer structure, the absence 
of  shortened intermolecular  contacts between the CS2 
solvate molecule and the C60 and T M T S F  molecules) 
that make it possible to cont inue studies (removal of  the 
solvate, doping by alkali metals)  with the aim of  obtain-  
ing a conducting fullerene complex based on 1. 

This work was supported by the Russian Scientific 
and Technical Program "Current Directions in the Phys- 
ics of Condensed Media", the  Direction "Fullerenes and 
Atomic Clusters", and by the Russian Foundat ion for 
Basic Research (Project No.  96-03-32685a). 



1420 Russ.Chem.Bull., Vol. 46, No. 8, August, 1997 Konovalikhin et al. 

References 

I. A. Otsyka, G. Saito, T. Teramoto, Y. Sugita, T. Ban, A. A. 
Zakhidov, and K. Yakushi, Mol. Cry, st. Liq. Cryst., 1996, 
284, 345. 

2. I. M. Williams, I. R. Ferraro, K. D. Carlson, U. Geiser, 
H. H. Wang, A. M. Kini, and M.-H. Whangbo, Organic 
Superconductors (Including Fullerenes), Printence-Hall, 
Engelwood Gtiffs, New Jersey (USA), 1992. 

3. G. Saito, T. Teramoto, A. Otsyka, Y. Sugita, T. Ban, 
M. Kusunoki, and K. Sagaguchi, Synrh. Met., 1994, 
64, 359. 

4. J. Kistenmacher, T. J. Emge, P. Shu, and D. O. Cowan, 
Acta Crystallogr., 1979, B35, 772. 

5. M. Pope and C. E. Swenberg, Electronic Processes in 
Organic Crystals, Oxford, New York, 1982. 

6. M. R. Bryce, Chem. Soc. Rev., 199l, 20, 355. 
7. N. G. Spitsyna, L. I. Buravov, and A. S. Lobach, ZIt. Anal. 

Khim., 1995, 50, 673 [Russ. J. Anal Chem., !995, 50 (Eng/. 
Transl.)l. 

8. G. M. Sheldrick, SHELX-86, Program for Crystal Structure 
Determination, University of Cambridge, 1986. 

9. G. M. Sheldrick, SHELXL, Program for Crystal Structure 
Determination, University of Cambridge, 1993. 

10. L. I. Buravov, O. A. D'yachenko, S. V. Konovalikhin, 
N. D. Kushch. I. P. Lavrent'ev, N. G. Spitsyna, G. V. 
Shilov, and E. B. Yagubskii, 1~'. Akad. Nauk, Ser. Khim., 
1994, 262 [Russ. Chem. BulL, t994, 43, 240 (Engl. Transl.)]. 

I1.A. 1. Kotov, S. V. Konovalikhin, R. V. Pisarev, G. V. 
Shilov, O. A. D'yachenko, and E- B. Yagubskii, Mendeleev 
Commun., t994, 180. 

12. A. lzuoka, T. Tachikawa, T. Sugawara, Y. Suzuki, 
M. Konno, Y. Saito, and H. Shinohara, J. Chem. Soc., 
Chem. Commun., 1992, 1472. 

I3. U. Geiser, S. K. Kumar, B. M. Savall, S. S. Harried, K. D. 
Carlson, P. R. Mobley, H. H. Wang, J. M. Williams, R. E. 
Botto. W. Liang, and M.-H. Whangbo, Chemistry of Mate- 
rials, 1992, 4, 1077. 

14. J. Osterodt, M. Nieger, and F. Vogtle, 2". Chem. Soc., 
Chem. Commun., 1994, 1607. 

15. S. S. Batsanov, [zv. Akad. Naulc, Ser. Khim., 1995, 24 
[Russ. Chem. Bull., 1995, 44, 18 (Engl. Transl.)]. 

16. I. Hargittai and B. Rozsondai, in The Chemistry of Organic 
Selenium and Tellurium Compounds, Eds. S. Patai and 
Z. Rappoport, J. Wiley, New York, 1986, 1, 63. 

17_ S. V. Konovalikhin, O. A. D'yachenko, and G. V. Shilov, 
Zh. Fiz. Khim., 1997, in press [Russ. J. Phys. Chem., 1997 
(Engl. Transl.)]. 

18. J. Sadslej, in Semi-Empirical Methods of Quantum Chemis- 
try, PWN-Polish Scientific publ., Chichester, 1985, 304. 

19. M. H. Moore, L. R. Nassimbeni, and M. L. Niven, 
Z Chem. Soc., Dalton Trans., 1990. 369. 

20. V. J. Studel, R. Steudel, and A. Kotoglu, Z. Anorg. Allgem. 
Chem., 1981, 476, 17l. 

21.J. Sletten, Acta Chem. Scand., 1975. A29, 436. 
22. C. G. Pierpont and H. H. Downs, J. Am. Chem. Soc., 

I976, 98, 4834. 
23. A. H. Guenther, J. Chem. Phys., 1959, 31, 1095. 

Received November 26, 1996; 
in revised form January 24, 1997 


