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Fig. 1000Temperature·dependent resistivities of some 
organic conductors. 

and magnetic studies to be described show that 
the samples are relatively free of impurities. 

Magnetic Resonance Studies 

ESR is a very sensitive technique for exploring 
the properties of the organic conductor. Resonance 
experiments have been exploited as a measure of 
local and of temperature-dependent 
conductivity. L\E, the splitting of the ground-state 
energy level of an atom in a magnetic field B, is 
given by 

L\E = gs,ubMsB 

where Ms = ± 1h and ,ub is the Bohr magneton. 
The g factor for a simple electron is g = 2.00232. 
Spin-flip transitions occur when the system reso
nantly absorbs energy E from a microwave mag
netic field of frequency v , where 

E = hv = gs,uB 

The g values have been measured as a function 
of temperature by X-band microwave absorption 
at a frequency v near 10 GHz for a variety of or
ganic compounds. The principal values of g for 
TTF-TCNQ at 300 K are ga = 2.006, gb = 
2.0025, and gc = 2.008. The b-axis value corres
ponds to the free electron value, while the values 
in the other crystallographic directions correspond 
to a weighted average of the ionic values 
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(gTTF+ = 2.008, gTCNQ- = 2.0025). The observa
tion of a single absorption line with a unique g 
value is indicative of strong interchain coupling. 
By contrast, in weakly coupled insulating com
pounds, separate resonance lines associated with 
each ionic value would be observed. 

The behavior of the c-axis g values of TTF
TCNQ as a function of temperature is shown in 
Fig. 11. A sharp change is observed in the tem
perature range where the material is undergoing 
phase transition from the high-temperature con
ducting regime where the TTF and TCNQ spins 
contribute equally to the resonance, to the insulat
ing regime where only the TTF has appreciable 
magnetization. Most organic conductors show a 
similar behavior, with an averaged g value in the 
conducting regime followed by a sharp transition 
to either the anion or cation value at low tem
perature. 

A resonant absorption of radiation at a fre
quency v will occur in a field B with an absorp
tion linewidth T 1-

1
, where 

L\v 
T1 - 1 = 2'71' = 27Tgs,ubL\B/ h 

In isotropic conductors, the linewidth is propor
tional to the product (L\g) 2T - l where L\g is the 
g shift away from the free electron value due to 
spin-orbit coupling and r 1 is the scattering rate 
characterizing the phonon part of the resistivity. 
In simple metals, the phonon scattering rate is 
often so large that the line is too broad to ob
serve. In purely one-dimensional metals, the 
scattering mechanisms are ineffective, so that 
sharp spin-resonance absorption lines can be ob
served for values of T that would obliterate the 
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Fig. II-Temperature dependence of g values for 
TTF·TCNQ along the c axis. 
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Fig. 12-EPR linewidths of TIF-TCNQ and TMTIF-TCNQ 
along the c axis. 

line in an isotropic metal. As the interchain coup
ling is increased within a series of compounds, 
so is the amount of spin-flip scattering and hence 
the linewidth. The variation of the resonance 
linewidth of TTF-TCNQ with temperature in Fig. 
12 shows increased coupling as the temperature 
is decreased below 300 K. A sharp transition 
from the metallic regime with strong interchain 
coupling to the insulating regime with a narrow 
line is observable below 60 K. The room-tem
perature dependence of linewidths on (~g)2 is 
experimentally established and the linewidths in 
Table 1 suggest the trends described above16,17. 

The compound HMTSF-TCNQ, which pos
sesses the highest dimensionality in the series, is 
the only member of the class in which no spin
resonance signal is observed, implying a line
width substantially larger than 1000 G. The com
bination of magnetic experiments, crystallographic 
studies, and conductivity measurements has dis
closed the interplay between structure, dimen
sionality, interchain coupling, and the electronic 
properties of the major organic conductors. 

Summary 

The extraordinary instabilities and fluctuation 
effects characteristic of a hypothetical one-di-

18 T. o. Poehler, J. Bohandy, A. N. Bloch, and D. O. Cowan, 
"ESR Studies of TCNQ and TNAP Salts," Bull. Am. Phys. Soc. 
21, 287-288 (1976). 
11 A. N. Bloch, T. F. Carruthers, T. O. Poehler, and D. O. 
Cowan, Chemistry and Physics of One-Dimensional Metals (ed. 
H. J. Keller), Plenum Press, New York, 47-85 (1977). 
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mensional metal are rapidly quenched as the 
effective dimensionality is increased. Hence we 
should expect that the physics of a nearly one
dimensional conductor should be especially sensi
tive to the effective interchain coupling. This is 
particularly true in two-band organic systems 
based upon the prototype TTF-TCNQ, where the 
one-electron band structure in the undistorted 
state is nominally semimetallic. 

These observations suggest a way to adjust 
systematically the electronic properties. By adding 
saturated substituent groups to the molecular 
components of two-band organic systems, it is 
possible to control molecular size and interchain 
spacing without appreciably affecting ·the elec
tronic structures of the molecule, the interchain 
stacking patterns and distances, or the effective 
radii of the conducting strands. While the details 
of the interchain coupling apparently have little 
effect on the temperature dependences of the 
high-temperature conductivity and magnetic sus
ceptibility, or on the low-temperature semicon
ducting gap, they dominate the evolution of the 
metal-to-insulator transition. As the dimension
ality is lowered, for example, the multiple phase 
transitions of TTF-TCNQ give way to a single 
very weak transition (TMTTF-TCNQ), with in
dications that the width of the critical region may 
approach the magnitude of the transition tem
perature itself. Conversely, with increased inter
chain coupling, the metal-to-insulator transition is 
suppressed, and the semimetallic band structure 
fully established. The result is HMTSF-TCNQ, 
whose electronic properties appear midway be
tween those of TTF-TCNQ and a conventional 
semimetal. The crucial role of dimensionality in 
this system is emphasized by contrast with the 
more conventional TMTSF-TCNQ, which differs 
from HMTSF-TCNQ only in interchain coupling. 

The development of HMTSF-TCNQ not only 
underscores the physical importance of higher di
mensionality but illuminates the chemical means 
for attaining it. For example, preliminary studies 
indicate that the analogous series of compounds 
based on the electron acceptor TNAP (Fig. 7e) 
displays a wider range of electrical behavior than 
does the TCNQ sequence. It may not be overly 
optimistic to look forward to the emergence of a 
class of higher dimensional organic conductors 
that is much broader and more versatile elec
trically than the materials we have developed so 
far. 
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