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ABSTRACT

The magnetic susceptibility of Qn(TCNQ)2 was measured on single
crystals and on powder (obtained by crushing) by static and ESR methods.
The low temperature upturn is demonstrated to be due to chain ends, the
susceptibility characteristic of infinite chains suggests a non-magnetic
ﬂpound state. The temperature dependence of x is qualitatively different
«rom that observed in less conducting complex TCNQ salts.

AHHOTALNA

I3mepsinacb MarHMTHas BOCMPUUMYMBOCTb Ha MOHOKpUCTas//ie U MpeccoBaHHOM
nopowke Qn (TCNQ)- cTaTtuvyeckmm m ICP-meTogamu. [JoKa3aHO, 4YTO yBe/IMYEHME Mar-
HUTHOMA BOCMPUUMYMBOCTM MNPU HU3KUX TemnepaTtypax SBMSeTCcHa CreACTBMEM KOHLUOB Le-
nei. MarHMTHas BOCNPUMMUYMBOCTb, XapakKTepHas And O6eCKOHe4yHOoW uenu, YyKa3biBaeT
Ha HEeMarHMTHOEe OCHOBHOE COCTOsiHMEe. 3aBUCMMOCTb OT TemnepaTypbl N0 CBOEMY XapakK-
Tepy oOT/AmM4yaeTcsa OT Habnogaemoi Ha NA0OXONPOoBOAAWMX KOMMAMEKCHbIX TCNQ consix.

KIVONAT

Qn(TCNQ)_ magneses szuszceptibilitasat mértuk egykristalyon és
/préseléssel nyert/ poron sztatikus és ESR médszerrel. Az alacsony hémérsék-
letd novekedésrél megmutatjuk, hogy a lancvégek kovetkezménye, a végtelen
lancra jellemz8 szuszceptibilitds nem-migneses alapallapotra utal. x hémér-
séklet fuggése jellegében kiulonbozik attél, amit rosszul vezetd complex TCNQ
sokon figyeltek meg.



Opinions on the unusual properties of the well con-
ducting charge transfer salts based on the organic accep-
tor tetracyano quindimethane (TCNQ ) are still widely diver-
ging. Quinolinium (TCNQ)2t one of the best organic conduc-
tors has been variously claimed to be a metal’™' with negli-

p’ a semiconductor having loca-

gible Coulomb correlations
lized electron states even at room temperature3 or under-
going a transition from disordered Mott-insulator to disor-
dered metal at lower temperatures”™. These concusions were
reached partially on the basis of the behaviour of the mag-
netic susceptibility. The nearly temperature independent

part observed above around 100°K is in broad agreement with

a one dimensional metallic behaviou?, and with that expec-
ted for a regular Heisenberg chains, available experiments
were not able to distinguish between these two cases. The
low temperature upturn observed In these salts was attributed
to impurities or to chain end effects'™' and also to iIntrinsic
behaviour due to iInherent disorder™. We have performed high
precision static susceptibility and low frequency (24 MHz )
ESR experiments to try to distinguish between these descrip-
tions. Qn(TCNQ)2 was prepared according to Melby”~. The salt
was obtained in form of long needles having a blue-black
colour , the Qn and TCNQ chains are parallel to the needle
axis as confirmed by dc resistivity measurements. The static
susceptibility and ESR measurements were performed on randomly
oriented needles and on powder obtained by pressing. The
measurement of the susceptibility by low frequency ESR 1is

.
based on the Schumaker-Slichter technique . However instead



of comparing the ESR and NMR signal intensities at all tem-
peratures, the temperature dependence of the apparatus sen-
sitivity was determined by measuring the temperature depen-
dence of the fluor resonance signal iIntensity of teflon,
the iIntegrated ESR and NMR intensities of Qn(TCNQ)E were
compared only at room temperature« Care has been taken to

avoid saturation effects of the NMR signal«

The temperature dependence of the static susceptibili-
ty measured before (single crystal ) and after (powder )
crushing is shown In Fig« 1, the inset shows the low tem-
perature part iIn log-log scale, corrected for the diamagne-

tic contribution (see below)«

The temperature dependence of the susceptibility mea-
sured by ESR in shown in Fig. 2« Single crystals show a
Lorentzian ESR line at all temperatures with a peak-to-peak
width of the derivative signal 200 mG slighly iIncreasing
with iIncreasing temperature, and the susceptibility was ob-
tained by integrating the resonance curve. The ESR signal of
a heavily crushed sampled consits of a sharp central com-
ponent and long tails, the intensity of the central peak de-
creases, while that of the wings increases with decreasing

temperature.

The difference of the magnitude of the susceptibility

measured by the two methods i1s due to the diamagnetic con-



tribution of the susceptibility measured by a magnetic
balance but not with ESR, A comparison of ) shown 1iIn
Pigs 1 and 2 gives a temperature independent diamagnetic
contribution *dia = -3*7 emu/mole in good agreement with

that calculated from Pascal’s constants -3,5 emu/mole"”.

The increase of the static susceptibility due to crus-
hing i1s evident from Pig 1, and strongly indicates that the
low temperature upturn is due to effect of chain ends, as
crushing the material reduces the average chain length. Below
about 20°K, the susceptibility i1s fitted well with X LT(T)= AT
in both cases (see insert of Pig 1) with oC = 0.65 and
A = 4,8 10 and 5,5 10"~ emu/mole °K respectively. The
functional dependence on the temperature is the same than
that found by Bulaevski et alo, This particular power law
results from a model, where some of the spins are weakly
coupled to the surroundings, and the distribution of the
coupling strength goes a3 co_oc, where of is a phenomenolo-
gical parameter. The good agreement with the experiments
indicates, that the origin of the power law iIs correcty
identified by Bulaevski et al, however the different mag-
nitude of the upturn obtained on samples before and after
crushing demonstrates, that i1t is due to spins localized at
ends of the TCNQ chains, and i1s not an inherent property of

the material.



The evaluation of that part of the susceptibility,
which is characteristic to an ideal QnfTCNQ” salt with
infinite chains depends heavily on the high temperature
contribution of the chain ends. In the wiev of the
possibility of having a transition from localized to de-
localized electron states any a’priori substraction pro-
cedure 1is amiguouo. We have assumed, that the low tem-
perature power law extends to high temperatures and sub-
stracted it from the measured susceptibility. The tem-
perature dependence of the inherent susceptibility
3C(T)- JTIbTCT)obtained for single crystals and for powder
is shown in Pig 3» The good agreement between the two
sets of points - In wiev of the large difference of the
total susceptibility shown in Pig 1 - strongly supports

this substraction procedure.

The behaviour displayed in Pig. 3 indicates a non-
magnetic ground state with a gap in the magnetic excita-
tion spectrum, similarly to that observed for other comp-
lex TCNQ salts™. As n/N = */2 where n and N is the number
of electrons and TCNQ molecules respectively, iIn the ab-
sence of observable alternation of distances between the
TCNQ moleculesQ the most likely explanation of the non-
magnetic ground state i1s the formation of singlet pairs
separated by two neutral TCNQ molecules, as suggested by
Beni et al”~. This picture obviously neglects the disorder

introduced by the asymmetric donor molecules, however i1If the



singlet binding energy is larger than the random poten-
tial, a nonmagnetic ground state 1is reatined. The tem-
perature dependence of X shown iIn Fig. 3 is distincti-
vely different from that expected for excitations will
well defined energy. In complex salts excitations invol-
ving triplet states, or two independent spins are of iIm-
portance. For singlet-triplet excitations X(m)=.( W KT>A
G e N where |1 the echange ocnstant. This expres-
sion gives a good overall description of the susceptibi-
lity observed in less conducting TCNQ saltsl, extensions
of this model including triplet exciton bandlO modify only
slightly the temperature dependence. When two Independent
spine are excited ~ (T) N0 N Ne \

I* the energy required to excite two independent spins.

In Fig. 3 both expressions normalized to the high temper-
ature susceptibility are shown for comparison. In contrast
to the strongly peaked susceptibility obtained from both
models, the smooth increase of the measured susceptibility
suggests either a distribution of excitation energies due
to the random disorder, or a strong wave vector dependence
of I or I 1.e. an excitation band wide compared to the

average excitation energy.

Finally we mention, that the narrow ESR line points
to delocalized electron states with rapid hopping. In the
strong exchange narrowing limit the linewidth is given by
Jn* Avo* Xa where X.a the correlation time determined by

the exchange and/or hopping frequency of the excitations,



Al | the full dipolar linewidth. In the former case rC~Vj
where O 1is the exchange coupling. Narrow (of the order of
halt GausB) ESR lines are observedll in cases of strong
exchange constant, of around 0.3 eV. For Qn(TCNQ"™2 3» alt-
hough not a well defined quantity should be considerably
less than the above value, thus exchange alone would lead
to a much larger linewidth then the measured value. There-
fore the rapid hopping should be responsible for the obser-

* -
ved narrow ESR line. With 9 f agH = 200 ra&G gives

a hopping frequency 10 B sec™t« Thiss value is between
that expected for phonon assisted hopping 10_123ec and
for a narrowband metal 10~17sec# A similar conclusion
has been reached by measuring the nuclear spin lattice re-
laxation timep T, which gives a hopping frequency again of

the same order of magnitude at room temperature.

In conclusion we have demonstrated, that chain ends
play an important role in the temperature dependence of the
measured susceptibility of Qn(TCNQ)2. The ground state of
the ideal - infinitely long - TCNQ chains is that of a non-
magnetic insulator, and x(T) 1is qualitatively different

from that observed iIn less conducting complex salts of TCNQ.

The above iInterpretation is qualitatively different
from that asserted by other authorsl***1*, We believe ho-
wever that the consistensy of our substraction procedure ob-
tained on two different samples favours our conclusion about

the temperature dependence of the susceptibility.
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FIGURES

Fig* 1 Temperature dependence of the static susceptibi-

lity# The iInset show3 3*(Tl in log-log scale

Figt 2 Temperature dependence of the susceptibility mea-
sured by ESR method. The dotted line is the static
susceptibility after correction for dia-magnetic

contribution.

Fig. 3 Temperature dependence of the inherent suscepti-
bility of Qn(TCNQ)2. Dotted line: singlet-triplet
model 1 a 5.2 10-2 eV. Full line: singlet-two iIn-

dependent spin excitation I* = 4.75 10_2 ev.
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