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Synthesis, crystal structure, and conducting properties of a new 
molecular conductor (DBTTF) 11 (TeCi6)4 
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Tile structure and conducting properties of a new radical cation salt of dibenzotetra- 
thiafulvalene (DBTTF), viz., (DBTTF)II(TeC16) a (1), were studied. According to the X-ray 
diffraction data, the crystal of 1 contains six crystallographicatly independent DBTTF radical 
cations alternating with stacks of the ITeCI6)2- anions. At room temperature, the conductivity 
of the crystals is 15 S cm -t  and it changes exponentially as the temperature decreases. It was 
found that an increase in the size of the anion in compounds of type I results in the 
appearance of interactions between the stacks and in an enhancement  of the two-dimensional 
character of the conductivity. 
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The  problem of  the  design of  organic  compounds  
with unusual  physical  proper t ies  I requires studies aimed 
at the prepara t ion  o f  radical  cat ion salts and  thei r  com- 
prehens ive  inves t igat ion.  Low-d imens iona l  conduct ing  
c o m p o u n d s  at t ract  in teres t  because of  the i r  specific physi- 
cal propert ies ,  such  as the  q u a n t u m  Hall effect, the 
t ransfer  of  the spin dens i ty  wave ini t iated by the  magnetic 
field, quan tum osci l la t ions,  etc. z Dibenzote t ra thiafulvalene 
(DBq~I'F) can  s e ~ e  as a donor ,  fo rming  quas i -one-  
d imens iona l  radical ca t ion  salts. 3 The  one -d imens iona l  
charac te r  of  D B T T F  salts  with bulky oc tahedra l  anions. 
for example .  (DBTYF)8(SnCI6)  3 (2), made  it possible to 
exper imenta l ly  reveal t he  effect of f luc tuat ions  of  the unit 
cell parameters  on  the  Peierls  t ransi t ion and  to de termine  
the  true t empe ra tu r e  o f  this  t ransi t ion.  4 W h e n  the CI 
a tom is replaced by the  Br a tom in the  double-charged  
(SnCI6)2- an ion  o f  salt 2, equid is tan t  stacks typical of the 
s t ructure  of  2 are d iv ided into tr iads in the  b romine-  
conta ining salt and,  as a consequence ,  the  composi t ion 
and structure are changed.  5 The  replacement  o f  the double- 
charged (SnCI6) 2- a n i o n  by the s ingle-chained  (NbCI6U 
an ion  leads on ly  to  a c h a n g e  in the  com pos i t i on :  
(DBTTF)7(NbCI6)  3 (3). 5 The  unit  cell of  salt 3 contains 
seven donor  molecules ,  which  are located at equal but 
substantially l a ~ e r  d is tances  than  those in salt 2. 5 

In the  p resen t  work ,  we synthes ized  a new radical 
ca t ion  salt ( D B T T F )  I L(TeCI6)4 (1) based on  the  D B T T F  
d o n o r  and  the  (TeCIo)  2- a n i o n  and  s tud ied  t he  effect of 

the  size o f  the  oc tahedra l  an ion  on  the  c o n d u c t i n g  
p roper t i e s  of  the  cr3.'stals, the i r  c o m p o s i t i o n ,  and  the  
crystal  s t ructure .  

Experimental 

Single crystals of tile (DBTTF)tt(TeC16) 4 salt were ob- 
tained as elongated black parallelepipeds from a mother liquor 
by electrochemical oxidation of a solntion of DBTTF 3 in 
acetonitrile (1.3- 10 -3 tool L - l )  on a platinum anode under 
conditions of constant current (1 = 0.4 ~tA cm -2) at 22 ~ for 
three weeks_ The (BuzN)2TeCI ~ salt (3.8. 10 -3 tool L -I)  was 
used as a supporting electrolyte. 

X-ray diffraction data were collected from a parallelepiped- 
shaped c~'stal of dimensions 0.5•215 ram. The crystallo- 
graphic data are as follows: M = 45825, a = 15.035(5) t~,, c = 
38052(10) A, 1/= 8602(4) A 3. tetragonal system, space group 
P4,/m, Z = 2, doric = 1.77 g c m  -3. The unit cell parameters 
were determined on a four-circle automated KM-4 diffracto- 
meter (Knma Diffraction, [Cu-Kct) radiation, L = 1.5418 A, 
graphite monochromator). A total of  1316 independent  reflec- 
tions with 1 >_ 2s(/) were collected using the 0/2e) scanning 
technique in the angle range 2.2 <_ 20 _< 161.6 ~ The structure 
was solved by tile direct method followed by a series of succes- 
sive Fourier syntheses with the use of the SHELX-866 and 
SHELXL-93 program packages. 7 The positions of the hydrogen 
atoms were not located. All nonhydrogen atoms were refined 
anisotropically by the full-matrix least-squares method. The 
final value of the R factor was 0.052. Absorption was ignored, 
p.(Cu-Ka) = 128.3 cm - l .  The atomic coordinates, the bond 
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lengths, and tile bond angles in the cry. sml structure of 
(DBTTF} I l(TeCl6) 4 were deposited with the Cambridge Struc- 
tural Database (CSD). 

The conductivity of the (DBTTF~ l j(TeCIs) 4 salt was mea- 
sured along and crosswise the crystal by the standard four- 
contact method with a direct current of I gA. 

Results and Discussion 

In the single crystals of the (DBTTF) I I(FeCla)4 salt, 
the DBTTF radical cations and the (TeCI6)2- anions are 
packed ill infinite stacks along the c axis of the unit cell 
(Fig. 1). hi the structure of 1. there are fllree cry'stallo- 
graphically independent (TeCI6) 2- anions, which occupy 
special positions, viZ., atl anions are located on a fourfold 
symmet~" axis, one of them being additionally located on 
a mirror plane m. Six crystallographically independent 
DB'IT"F cations (denoted A, B, C, D, E, and F) also 
occupy special positions, namely, a twofold symmetry 
~xis. In addition, the cation A is located on a mirror 
plane m. Therelbre, there are I/4 of two anions each, 1/ 
2 of one anion, 1,"4 of one DBTTF cation, and 1/2 of 
five DBTTF cations each per asymmetric unit. The 
overall composit ion of the asymmetric unit  is 
(DBTTF)2.75(TeC16). On going to integer coefficients, 
the composition of the salt can be written as 
(DBTIF)I  i(TeCI6) 4. Since the charge of the anion is - 2 ,  
the cha~e of each DBTTF cation is approximately F0.73. 

In one of the octahedral (TeC16)2- anions, the 
Te(l)--Clax bonds (2.635(8) A) are longer than the 

. Te(l)--Cleq bonds (2.480(6t and 2.496(5) A). In the 
second anion, one axial bond length (2.522(9) A) and 

Fig. I. C~stal structure of the (DBTTF) 1 cTeC16) 4 salt. 

tile equatorial bond lengths (2.526(3) and 2.535(3) X) 
are equal within the experimental error, whereas the 
second axial Te(2)--Cl bond (2.655(7) ,-~) is longer than 
tile other bonds. In the third anion, the axial Te(3)--Cl 
bonds (2.500(10) A) are shorter than the equatorial 
bonds (2.56414) A,). The equality of the axial and equa- 
torial Te--Cl bond lengths in tile (TeCl~) 2- anions as 
well as the observed elongation of the equatorial bonds 
compared to the axial bonds are well known for the 
(TeCI6)2- anions. 8-11 In each anion, the equatorial 
atoms are in a single plane and fomt CI...S contacts 
(3.17--3.47(I) .&) with the DBTTF cations, which are 
shorter than the sum of the van der Walls radii of the S 
and CI atoms (1.85 and 1.90 A, respectively). 12 Appar- 
ently, the difference in the Te--Cl bond lengths in the 
anions is associated with cation--anion interactions. 
Note that the CI atoms do not form short contacts in 
the anions. 

In the stacks, the DBTTF cations alternate '-as follows: 
F"... E"... D"...C"... B"...A... B...C.. D..E... F... F ' . . .E ' .  The 
distances between the mean planes of the cations are 
3.47(I) A (A...B), 3.48(t) A (B...C), 3.51(1) ,.~ (C...D), 
3.23(1) .*~ (D...E). 3.48(1) 3, (E...F), and 3.5 I(1) A (F...F').  
In the stack, the mean planes of the cations are coplanar 
and the cations in the stack are rotated with respect to 
each other. The angles between the long axes of the 
cations (parallel to the central C=C bond) are as follows: 
A/B, 23.4(5)~ B/C, 6.4(5)': C/D, 20.6(5)~; D/E, 25.2(4):': 
E/F, 16.8(5)~ and F / F ' ,  0.0(61 ~ No correlation between 
the angles of rotation of the molecules and the distances 
between their mean planes was found. The short S...S 
contacts between the radical cations, which vary, from 
3.37(1) to 3.65(1) A, are present only in the stacks. Each 
cation tbrms four S...S contacts, which are shorter than 
the st, m of the van der Walls radii of the S atoms. 12 

A poor accuracy of determination of the bond lengths 
and bond angles in the cations does not allow us to 
perform detailed analysis. It can only be noted that all 
cations arc nonplanar  and the C atoms of the benzene 
rings deviate from the mean plane of the molecule in 
opposite directions. Only the S atoms and the C atoms 
of the central C=C bond are in a single plane. The 
exception is the cation A. whose atoms are all located 
on a symmet W plane. 

The structure of salt 1 is similar to those of the 
radical cation salts (DBTTF)8~SnCI6) 3 (see Refs. 5 and 
13) and (DBTTF)3(SnBr6) 14) ~ studiedLpreviously. How- 
ever, unlike I, the distances between the mean planes of 
the cations in the cationic stacks in the structure of 2 
are equal (3.49 A), whereas the cations in the structure 
of 4 are linked in triads. The cations within the triads 
are rotated with respect to each other. The cations from 
the adjacent triads in the stack are located exactly above 
each other. The distances between the mean planes of 
the cations within the triads are 3.47 and 3.44 A and the 
distances between the triads are 3.58 ,&.14 In compound 
1, the D...E dimer may be distinguished. In this d imer, 
the distance between the mean planes of the molecules 
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Fig. 2. Temperature dependence of the resistance of the c~,stals 
o f  (DB'FI 'F ' I I I {TcCI~I  4 measured along the custat  at p = I bar 
(l) and 0_3 kbar (2) and crosswise the crystal at p = 1 bar (3). 

is 3.23 A, which is 0.25 ~ shorter than the other 
distances. The other interplanar distances in the cat- 
ionic stack are equal within the experimental error. 

The conductivity measured along the axis of the 
crystal at room temperature (o11) is 15 S cm -I. The 
resistance of the cr~tal increases exponentially a.s the 
temperature decreases (Fig. 2, curve l): the activation 
energy AE = 0.084 eV. In addition, the resistance along 
the axis of  the crystal was measured under a pressure (p) 
of  0.3 kbar. This pressure appeared on the c~'stal upon 
cooling when a spherical drop of apiezon heated to 50 ~C 
was applied to the crystal. From Fig. 2 (curve ~ it can be 
seen that when the pressure is applied, the resistance 
curve is shifted to the right by -15 K with virtually the 
same AE = 0.080 eV. Curve 3 (see Fig. 2) corresponds to 
the resistance measured crosswise the c~,stal. The con- 
ductivity (~s,) at room temperature is 5 S cm -~. The 
temperature dependence of  the conductivity follows the 
exponential law with AE = 0.066 eV. This insignificant 
difference in the conductivity at room temperature sug- 
gests that salt I does not belong to pronounced quasi- 
one-dimensional systems and the anisotropy of the con- 
ductivity in I is small, unlike the classical quasi-one- 
dimensional systems. Is This is also evidenced by the fact 
that the conductivity of this system measured previously 
using polycrysta/tine samples (pellets) 16 changed expo- 
nentially with AE = 0.07 eV. Probably, the tact that the 
activation enemy measured crosswise the axis of the 
crystal (AE~) is smaller than the ~EII energy measured 
along the axis of the crystal indicates that the axis of the 
greatest growth of the crystal does not correspond to the 
direction of  its highest conductivity. 

Therefore,  a comparison of the conductivity of  salt 
1 with the conductivities of the salts synthesized previ- 
ously (for salts 2, 3, and 4, c~ = 350--500, 3 40--150, 5 
and 40 S cm-I ,  3 respectively) allows the conclusion to 
be made that an increase in the size of  the central 
metal atom in octahedral anions leads to a change in 
the composition of  the salt, dimerization of  the DBTTF 
radical cations in the conducting stack, and, as a 
consequence,  to a decrease in the conductivity along 
this stack. In addition, interactions between the con- 
ducting stacks are observed and the compound is some- 
what "two-dimensional." 
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