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Copper Derivatives of Tetrathiafulvalene
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Summary Oxidation of tetrathiafulvalene with CuCl,.2H,0
in ethanol produced the mixed valence metallotetrathia-
ethylene (TTF)y(CuCly); containing both TTF' and
TTF?+, which was converted into (TTF), CuCl; on dis-
solution in hot acetonitrile while the CuCl,*~ and BF,~
salts of TTI'?+ were prepared using CuCl,'2H,0 and
Cu(BF,), in acetonitrile; resonance Raman spectroscopy
was used to probe the oxidation state of TTF in these
copper metallotetrathiafulvalenes, and e.s.r. and magnetic
susceptibility data indicate the presence of three-
dimensional magnetic interactions in the TTF* and
TTF?+ CuCl,>~ salts.

THE chemistry of tetrathiafulvalene (TTF) (1) and its
partially oxidized derivatives has recently been recognized
to be of considerable significance to the understanding of low
dimensional materials.! Electronic interaction of the
columnar TTF stacks in these solids is an important deter-
minant of the electrical properties of this general class of
materials. In most of the cases reported, partially as well as
fully oxidized TTF derivatives have been prepared by the

reaction of (1) with non-metal oxidizing agents such as
Cl,, I,, and tetracyanoquinodimethane (TCNQ). Following
the previous work in which transition metal derivatives of
TCNQ were synthesized,?-* we now report a systematic study
of novel TTF complexes* prepared by direct oxidation of (1)
with transition metal halides. The copper derivatives of
TTF show substantial chemical variations which depend on
the solvent employed in their preparation and the nature of
the counter-ion. We report the synthesis, electrical con-
ductivities,} and characterization of TTF-copper chloride
derivatives. In particular we note the utility of resonance
Raman spectroscopy for the characterization of the TTF
oxidation state. This information, along with e.s.r. and
magnetic susceptibility measurements on the copper halide
group, help to characterize these compounds.

Oxidation of (1) with Cu(BF,), in ethanol at room
temperature produced (TTF),(BF,), whose X-ray powder
pattern matched that of the salt obtained with AgBF,.! In
contrast, addition of ethanolic CuCly-2H,0 to TTF in the
same solvent afforded deep purple, microcrystalline
(TTF)4(CuCly);,$§ (2): Amax (KBr) = 265, 415, and 780 nm;
oc=1x1073Qcm™; yff = 1044 x 10~ cm® mol~?! at
51 K, (¢.e., 208 c.g.s. units per mole of Cu). When (2) was

1 Present Address: Central Research Laboratories, 3M Company, St. Paul, Minnesota 55101.

1 Conductivities were measured on compressed pellets by the microwave cavity perturbation technique at 9-5 GHz.

§ Satisfactory analytical data were obtained for compounds (2)—(5).

9 Magnetic susceptibility measurements were carried out down to liquid helium temperature.
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dissolved in hot acetonitrile, further reaction occurred
forming (TTF),CuCl,, (3), as small black needles: Apyax
(KBr) = 380, 500, and 880nm; o =5 x 1075 Q~1cm™1;
xo(T + 0-1) = 0-415. Direct oxidation of TTF with
CuCly-2H,0 in acetonitrile yielded a yellow salt (TTF)-
CuCl,, (4): Amax (KBr) = 310 and 445nm; ¢ = 5 x 10~
Q1 em™1; y¥(T + 0-5) = 0-530. Finally, reaction of (1)
with Cu(BF,), in acetonitrile gave TTF(BF,), (5): A
(KBr) = 380 and 540 nm.
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mode of TTF in:

(A) (TTF),CuCl, (diluted with KBr, 4579 A excitation, 40 mW
laser power). (B) (TTF)y(CuCly); (diluted with KBr, 4579 A
excitation, 40 mW laser power). (C) (TTF)CuCl, (diluted with
KBr, 4579 A excitation, 40 mW laser power). (D) (TTF)(BF,),
(neat powder, 5145 A excitation, 10 mW laser power). All
samples were sealed in evacuated 5 mm o.d. Pyrex tubes, spun,
and irradiated at low laser power to avoid photodecomposition.
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Resonance Raman and normal Raman spectroscopy can
be utilized to probe the oxidation state of TTF wvia the
frequency shifts which occur in its totally symmetric
normal modes as it undergoes oxidation first to TTF+ and
then to TTF2+.% Of the seven Ay normal modes in TTF,
the v, mode, which is predominantly the central C=C
stretch, undergoes the largest frequency shift on oxidation.

In solid TTF® v, = 1515cm™1,%¢ in solid TTFBr v, for

TTF+ is at 1413 cm~1,% and in solid TTF(BE,), v, for TTF2+
is at 1323 cm~! (Figure, D). These data are qualitatively in
accord with the magnitude and direction of the bond order
changes from the central C=C as calculated by Zahradnik.”
Thus by scanning the 1200—1600 cm~! region of the Raman
spectrum, it should be possible to identify the TTF oxidation
state from these large frequency shifts. The Figure, A—C,
illustrates the resonance Raman spectra of the TTI copper
metallotetrathiaethylenes (2)—(4). On the basis of the v,
frequency, we conclude that (2) contains both TTFT and
TTF++, (3) contains predominantly TTF,* and (4) contains
only TTF2+** To our knowledge, (2) is the first mixed
valence compound resported which contains the TTF
dication.

The e.s.r. line shapes of both (TTF),CuCl, and (TTF)CuCl,
are characteristic of two g value systems.® The parameters
for (3) are gy = 2:232(5), g, = 2-053(5), AH = 43 G, and
AH| = 41 G (half widths). The relatively narrow lines and
the spread of g values suggest the presence of a parallel
arrangement of square planar CuCl?~ units which partici-
pate in intramolecular exchange. For (4) the e.s.r. data are
8 = 2'476(5), 81 = 2'123(6), AH" = 69 G, and AHJ_ =
175 G. The linewidths are again suggestive of exchange but
the g values are most consistent with a flattened tetra-
hedral co-ordination geometry about copper. From the
equation relating linewidths, exchange fields, and dipolar
fields,? a value for the exchange field based on three dimen-
sional interactions was calculated to be ca. 10* G, in reason-
able agreement with the experimental § values. [Dipolar
fields were assumed to be several hundred gauss in both (3)
and (4)].
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** Further chemical and spectroscopic studies of the TTFE dictation will be presented elsewhere.
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