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Recently, we have reported some tetrathiafulvalene (TTF) 

charge transfer compounds1 with the intention of preparing 

molecular based electrical conductive materials. TTF is an 

excellent electron donor to form charge transfer compound 

and exhibit electrical conductivity due to the delocalized n- 

bonding through the aromatic ring in TTF stacks.

Some transition metal complexes were also used as elec

tron acceptors because the reduction potential of transition 

metal complexes can be readily modified by the change of 

chemical environments.

More recently, electrical conductive Tl(III)-tetracyanoqui- 

nodimethane (TCNQ) complexes with the formula of T1 

(TCNQ)3 and T1C12(TCNQ)2.5 were prepared and characteri

zed.2 The thermal properties were especially interesting in 

view that the ligand decomposition and reduction process 

of the central metal (Tl(III)^Tl(I)) were simultaneously oc

curred in both compounds above at 200 t. This observations 

imply that Tl(III) can be readily reduced to T1(I) in the pre

sence of appreciate reductants. This is accountable for the 

relatively high standard reduction potential of T1(III)->T1(I); 

E°= + 1.25 V in aqueous solution. Therefore, we tried to 

prepare another electrical conductive charge transfer com

pounds using TTF electron donor with T1(III)C13 and Tl(II) 

(N()3)3 in this study.

Furthermore, TTF charge transfer compounds with TiXi 

(X=C1, Br) were also prepared because ETiX5~] anions are 

stabilized in solution even Ti(IV) complexes are not readily 

reduced comparing to Tl(III) complexes. The prepared com

pounds were characterized by spectroscopic, electrochemical 

methods, and by electrical conductivity, magnetic susceptibi

lity measurements.

Experimental

Synthesis. (TTF)3TiCl5 compound was prepared as fol

lows: A solution of 0.3 mmol of TiCh in 20 mL of dichloro

methane was added dropwise with stirring to 1 mmol of 

TTF dissolved in 10 mL of dichloromethane under argon 

atmosphere. The reaction mixture was stirred for ca. 4 hours 

at room temperature and then refrigerated overnight. The 

deep-purple powder was collected by filtration and dried 

over vacuum. (TTF)4.5TiBr5 was obtained in a similar way 

using TiBr4 in dichloromethane. Oxidation of TTF in ethanol 

with hydrated T1C13 and T1(NO3)3 also yielded (TTF)i.5T1C13 

and (TTF)3T1(NO3)3, respectively. All of the products are 
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found to be stable in the air. Elemental Analysis was perfor

med by Korea Basic Science Center, Seoul, Korea. Anal. Calc, 

for (TTF)3TiCl5： C, 25.79; H, 1.43. Found: C, 25.36; H, 1.63. 

Calc, for (TTF)4.5TiBr5: C, 23.72; H, 1.32. Found: C, 23.93; 

H, 1.33. Calc, for (TTF)i.5T1C13： C, 17.84; H, 0.92; S, 29.70. 

Found: C, 17.51; H, 0.98; S, 31.16. Calc, for (TTF)3T1(NO3)3： 

C, 23.40; H, 1.51; S, 44.03; N, 3.81. Found: C, 23.85; H, 1.33; 

S, 42.44; N, 3.82.

Physical Measurements. The electrical conductivities 

for Ti and Tl-TTF compounds were determined with the 

compressed pellets using two electrode system connected 

with a potentiostat at a room temperature.3 Infrared spectra 

were obtained with standard KBr pelleting techniques by 

a Mattson Instruments Polaris FT-IR Spectrometer. The re

solution was 4 cm-1. Electronic absorption spectra were ta

ken by using a Shimadzu UV-265 Spectrophotometer on so

lution or solid/nujol mulls between quartz plates. EPR Spec

tra were acquired on bulk and solution samples at 77 K 

and at room temperature using a Bruker Instruments 

ESP-300S ESR Spectrometer at X-band frequency (9.35 

GHz). The complexes were dissolved in CH2CI2/DMF (1:1) 

and then immediately frozen in liquid The field modula

tion frequency was 100 kHz.

Magnetic susceptibility data were collected from 5 to 300 

K using MPMS7 (Magnetic Property Measurement System) 

of U.S.A. Quantum Design by SQUID method. The data were 

collected for temperature independent paramagnetism and 

for the diamagnetism an the constituent atoms using Pascal' 

constants.

Cyclic voltammetry was performed using a conventional 

three electrode system. The working electrode was a Pt disk 

of 1 mm in diameter. The working electrode was first poli

shed with an alumina powder (0.3 micron) on a polishing 

cloth attached to a glass plate and rinsed throughly in an 

ultrasonic bath. The working electrode was inserted in a 

0.5 M H2SO4 for the electrochemical pretreatment. A Pt wire 

was used as an auxiliary electrode. The reference electrode 

was an Ag wire immersed in 0.01 M AgNQj, 0.1 M TEAP 

in acetonitrile. All the electrode potentials are reported rela

tive to the Ag/Ag+ electrode of non-aqueous system. All the 

elctrochemical measurements were made with a BAS CV-50 

W Voltammetric Analyzer and computer controlled with 50W 

Electrochemical Software (version: 1.0). The cell solution 

was made from 0.1 M TEAP/DMF, where TEAP was used 

as a supporting electrolyte.

Results and Discussion
The powdered electrical conductivities of all TTF-metal 

(Ti and Tl) compounds are in the order of 10-5-10"6 S*cm-1 

as shown in Table 1. These values lie in the range of semi

conductors, implying that the partially ionized (TTF)„ in each 

compound may be stacked in a low dimensional form. The 

low dimensional phenomena are discussed in spectroscopic 

and magnetic properties.

IR spectra of the prepared compounds exhibited very 

broad intense band in the range of 1,000-4,000 cm-1, and 

a limited number of vibrational band of TTF in the TTF- 

metal salts were found in the absorption tail in the range 

of 400-1,400 cm-1. The vibrational modes of these band were 

assigned by comparing the frequencies and intensities with
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Table 1. Physical Properties of TTF-metal compounds

(TTF)3TiCl5

Compounds Ort vibrational Electronic

(S*cm_1) frequencies frequencies

(cm 7) (入”心,nm)

(TTF)45TiBr5

(TTF)13T1C13

7.16XW5

2.00 X IO6

437X10-5

vcch： 1074(w) 316, 

vcs： 829(s) 359,

vscc： 819(m)

Vcch： 1074(w) 316, 

vcs： 830倍)358, 

vscc： 818(m) 

vcch： 1088(w) 317, 

vcs： 831(s) 455,

vscc： 821(m)

436, 579 (CH3CN) 

531 (soild/nujol)

435, 575 (CH3CN)

553 (soild/nujol)

435, 578 (CH3CN)

537 (soild/nujol)

(TTF)3T1(NO3)3 5.69X107 Vcch： 1072(w)

니cs： 830(m)

vscc： 820(w)

318, 435, 579 (CH3CN)

347, 544 (soild/nujol) 

s; strong, m; medium, w; weak 

reported spectra of one-dimensional TTF compounds.4 The 

spectra assignments are listed in Table 1. The observed va

lues of V15 (vcch bending), Vi6 (vCs stretching), and v25 (니sec 

bending) modes are between those reported for the TTF 

molecule (%: 1090, \% ： 781, v2s: 794 cm-1) and the TTF 

free radical (vi5: 1072, % : 836, v25: 825 cm-1). Inoue et al.s 

pointed out a linear relationship between the shift in the 

vie band and the charge on TTF in TTF-metal compounds. 

The shifting of Vi5, Vi6 and、腿 modes may support the partial 

oxidation of the TTF molecule.

Electronic spectra of the TTF-metal compounds were re

corded in the range of 200-800 nm in both solution and solid 

state. The results are also summarized in Table 1. The abso

rption maxima (从心)of the TTF radical are shown at 340, 

435 and 575 nm in H2O and that of neutral TTF molecule 

exhibited only at 310 nm.6 These electronic transitions are 

comparable to the results observed from the TTF-metal salts 

in this work and such low-energy absorption bands are usua

lly come from the spectra of conjugated n-molecular radicals 

with intramolecular interaction.7 TTF2+ ion shows a charac

teristic frequency at 445-460 nm in the s이id state.8 In this 

work, the 爲心 in (TTF)i.5T1C13 complex exhibits at 455 nm. 

This supports that (TTF)i.5T1C13 is regarded as a similar co

mposition of the material containing dicationic TTF2+.

EPR spectra were obtained by using powdered samples 

at room temperature and 77 K. The EPR line shapes for 

each compounds exhibited good resolutions of parallel 皿) 
and perpendicular (g丄)components at 77 K. The physical 

parameters of EPR are summarized in Table 2. The average 

〈g〉values of these compounds are similar to <g〉= 2.00838 

of TTF+ radical in solution6 and that of TTF-copper halide 

salts containing partially ionized (TTF)n entity.5 This means 

that the〈g〉values of the EPR signal is arisen from the 

unpaired electrons distributed on TTF. A signal attributed 

to metal ions was not detected in any compounds. The obse

rved 〈g〉values and the absence of metal ion signals are 

strongly indicated that any unpaired electrons resided on 

TTF radicals and the metal atoms in TTF-T1 compounds 

exist in diamagnetic T1(I) W10s2) and Ti(IV) (d°) state. There-

Table 2. EPR parameters and magnetic properties of powdered 

samples of TTF-metal compounds

Compounds
EPR parameters Magnetic 

moment 
(BM)<g>" 打 EPR linewidth5

(Gauss)

(TTF)3TiCl5 2.0043 2.0090 2.0019 6 0.88

(TTF)4.5TiBr5 2.0062 2.0100 2.0047 8 1.09

(TTF)15T1C13 2.0040 2.0079 2.0020 7 0.70

(TTF)3T1(NO3)3 2.0045 2.0090 2.0022 3 0.83

12the listed g values were measured at 77 K. ”the values are 

peak to peak linewidth (里/加).cthe magnetic momenta were ob

tained at room temp.

Figure 1. Temperature dependence of the magnetic susceptibi

lity (xm) and magnetic effective moment (财)of (TTF^TiCk

fore we can propose that the formula of (TTF)3TiCl5 and 

(TTF)4.5TiBr5 are presumed as [TiIVCl5]~ and ETiIVBr5]-, 

whereas (TTF^TICL and (TTF)3T1(NO3)3 as [TKL了一 and 

[T1'(N()3)3了-，respectively.

The temperature dependence of the magnetic susceptibility 

(Xm) for (TTF)3TiCl5 is shown in Figure 1. xm is almost tem

perature- independent and rapidly changes down to 10-20 

K as Curie-like tail, but 아le data do not follow the Curie 

law. This weak temperature-independent paramagnetism may 

come from the strong interactions between the stacks of 

TTF. The effective magnetic moments (财)decrease gradua

lly as decreasing the temperature as shown Figure 1, which 

are small values compared to that of single unpaired electron 

(1.73 BM). This relatively small values and the temperature 

independent paramagnetism provide the evidence of the sig- 

nifi(湖it magnetic interaction between the unpaired electron 

re 용ides on the TTF stacks. Such interstack interactions are 

also supported by the narrow EPR linewid사is. Linewidths 

below ca. 15 Gauss are usually expected in low-dimensional 

TTF compounds due to the spin-orbit interaction of sulfur 

in TTF columnar chains.

Cyclic voltammograms of TTF and TTF-metal (Ti and Tl) 

complexes were performed in dimethylformamide (DMF)/0.1 

M tetraethyl-ammonium perchlorate (TEAP) using an Ag/
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Figure 2. Cyclic voltammograms of (a) 5X10-4 M T1(NO3)3 and 

(b) 5X10T M (TTF)3.5T1(NO3)3 obtained in 0.1 M TEAP/DMF 

at the scan rate of 100 mV/s.

Ag+ reference electrode. The mid-peak potentials (£1/2) of 

the complexes were estimated by averaging the anodic and 

cathodic peak potentials. The i-V curve of Tl(NOa)3 아)ows 

only cathodic wave, but not for anodic process as shown 

in Figure 2. This is responsible for the fact that T1(I) state 

is much more stable than Tl(III) state. Thus redox couples 

are irreversible process. However, cyclic voltammogram of 

(TTF)3T1(NO3)3 complex exhibited two waves at —0.05 V 

(Ttf+/ttf°) and +0.20 V (TTF2+/TTF+) as shown in Fi

gure 2. Similar results were observed for other TTF com

pounds in this work. The peaks related to metals (Ti and 

Tl) were not detected, hence redox processes of the comple

xes may be localized to the ligands rather than the metal 

center. The observed Em value of TTF were —0.05 and 

+ 0.20 V. These values are assigned to TTF+/TTF0 and TTF2+ 

/TTF+ couples, respectively and support the assignment in 

all compounds. Thin films of TTF polymer also show two 

waves at nearly the same potentials.9 The values of Epa and 

Epc should be identical for simple reversible couple, Epa/Epe— 

I.10 The values of Ep』E供 were nearly equal to 1. Cyclic volta

mmograms were scanned several times and there was no 

change in the appropriated ranges of the potentials. This 

result means that the redox couples are quite reversible.

Conclusion

(TTF)3TiCl5, (TTF)4.5TiBr5t (TTF)15T1C13, and (TTF)3T1(NO3)3
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charge transfer compounds were prepared from the reaction 

of TTF with TiX4 (X=C1 and Br), TIX3 (X=C1 and NO3). 

The experimental results reveal that TTF is partially ionized 

and stacked in low-dimensional chain in each compound. The 

absence of metal ion signals in EPR and the magnetic susce

ptibility measurements support the diamagnetic Ti(IV) and 

T1(I) oxidation state, indicating that charge transfer has occu

rred from (TTF)” to Tl(III) center in TTF-T1 compounds and 

to the -TiXt- entity in TTF-Ti compounds. This results are 

responsible for the fact that Tl(III) compounds are strong 

oxidants and are easily reduced to the +1 oxidation state, 

whereas titanium chloro- and bromo-anions, ETiX5] - can be 

obtained by interaction of TiXj with other cations in solution.11 

Kondo K. et al also reported (TTFUlSriX^ (X=C1, Br) com

pounds were made from the reaction of TTF and S11X4 as 

a result of the stable SnXe2- anion in solution.12 This synthe

tic results could be used to presume and design the electri

cal conductive TTF compounds with prescribed electroche

mical properties.
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