
This article was downloaded by: [Tomsk State University of Control Systems
and Radio]
On: 20 February 2013, At: 12:40
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

Resistivity and Upper Critical
Field of (TMTSF) 2clo4 in
Various Intermediate States
H. Schwenk a , C.-P. Heidmann a , K. Andres a & F.
Wudl b
a Walther Meissner Institut für
Tieftemperaturforschung, 8046, Garching, FRG
b University of California at Santa Barbara, Santa
Barbara, California, 93106, U. S. A.
Version of record first published: 17 Oct 2011.

To cite this article: H. Schwenk , C.-P. Heidmann , K. Andres & F. Wudl (1985):
Resistivity and Upper Critical Field of (TMTSF) 2clo4 in Various Intermediate States,
Molecular Crystals and Liquid Crystals, 119:1, 53-57

To link to this article:  http://dx.doi.org/10.1080/00268948508075133

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268948508075133
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

2:
40

 2
0 

Fe
br

ua
ry

 2
01

3 



Mol. Cryst. Liq. Cryst. 1985. Vol. 119. pp. 53-57 
0026-8941/8511194-00531$10.00/0 
0 1985 Gordon and Breach, Science Publishers, Inc. and OPA Ltd. 
Printed in the United States of America 

RESISTIVITY AND UPPER CRITICRL FIELD OF (TMTSF)2C10q IN VARIOUS 
INTERMEDIATE STATES 

H. SCHWENK, C.-P. HEIDMA" and K. ANDRES 
Walther Meissner Institut fiir Tieftemperaturforschung 
8046 Garching, FRG 
F. WUDL 
University of California at Santa Barbara, Santa Barbara, 
California 93106, U. S. A. 

ABSTRACT 

The intermediate state of (TMTSF)2C104, obtained by quenching the 
sample from several temperaturesTqaroundtheanion ordering tempe- 
rature T~o=24 K with a rapid cooling rate (>60 K/min), was investi- 
gated by electrical resistance, magnetoresistance and ac-suscepti- 
bility measurements. The effect of frozen anion disorder is dis- 
cussed within a model of an inhomogeneous mixture of superconducting 
and spin density-wave regions in the sample. 

It is well established now that a very rapid cooling rate below4oK 
prevents the anions from ordering in (TMTSF)2C104(TCl) thus leading 
to a qin-gensity-wave (SDW) groundstate below TsDw=~X)~ Kwhereas a 
relaxed sample exhibits superconductivity with Tc=1.2 K /1-4/. In 
this paper we discuss results of measurements on TC1 in various in- 
termediate states of partially frozen anion disorder that have been 
prepared by quenching the sample with maximum cooling speed from 
different temperatures Tq in the critical region around the anion 
ordering temperature T A O = ~ ~  K. 

tunnel diode oscillator circuit operated at 125 kHz, where the a- 
axis of the single crystal sample was always oriented parallel to 
the ac-field so that the induced supercurrents had to flow in the 
b*-c* plane. The sample together with the tank coil was cooled by a 
3He evaporation cryostat and could be rotated in a magnetic field 
while it remained at low temperatures with an angular alignment 
better than lo. The resistivity measurements have been carried out 
in a dilution refrigerator with a standard low-frequency (30 Hz) 
ac-method. 

field as determined from the ac-susceptibility (which is proportio- 
nal to the frequency shift of the oscillator circuit) is shown in 
fig. 1. TC is defined here as extrapolation of the linear part of 
the transition to zero. The temperature dependences of He2ar Hc2b* 

The measurements of the ac-susceptibility were performed in a 

The superconducting transition of a relaxed sample in zero 
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200 - 

mo- 

F i g . 1 T r a n s i t i o n  curve  of a re- 
laxed  sample of (TMTSF)2C104 as  
determined from t h e  ac-suscept i -  

i n d i c a t e s  t h e  d e f i n i t i o n  of T c a s  
l i n e a r l y  e x t r a p o l a t e d  o n s e t .  F ig .  5 Temperature dependence of 

t h e  magnetores i s tance  
I 1 * + t  hR/&=(R(8.6 kG)-R(o))/R(o) of t - *  - (TMTSF) 2C104 i n  v a r i o u s  intermedi* 

'th t e  states and i n  a magnetic f i e l d  
.O -.5 t h a t  i s  roughly o r i e n t e d  a long  

t h e  a -ax is .  The l i n e s  are j u s t  a 
-.L guide  t o  t h e  eye.  

.03- (TMTsF)ZClOL 

.02. AEva.f3ht0 

0 0 Eeer-sW 

~ 1 -  OE~~ i -s ta to .Tp .2 tSK a.1 

O ti5 i B  67 oil i9 lo  
T/ k- 

F i g .  3Temperature dependence of 
t h e  an iso t ropy  parameters  Ecub*= 

a s  determined from t h e  ac-suscep- 
t i b i l i t y .  

H,2cu/Hc2bu and EbUa'Hc2bu&2ar D
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F i g .  2 T e m p e r a t u r e  dependence o f  
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F i g .  4 R e s i s t a n c e  vs t e m p e r a t u r e  
( t a k e n  upon s l o w  warming) of 
(TMTSF12C104 i n  s ta tes  w i t h  
v a r i o u s  d e g r e e s  of a n i o n  d i s o r d e r ,  
c h a r a c t e r i z e d  by  TQ. 0 t o  @: Tq=O 
( r e l a x e d  s t a t e ) ;  T,=22 K; T,=23 K ;  - T 

Tq=24 K; TQ=24.5 K; Tq=25 K; t h e  uppe r  c r i t i c a l  f i e l d  Hc2- as 
de te rmined  from t h e  ac-SusceDtibi-  Tq=26 K; Tqz28.5 K; Tq=35 K. 

l i t y -  of (TMTSF)zC104 i n  t h e  re- 
l a x e d  and v a r i o u s  i n t e r m e d i a t e  ( i) 
states a l o n g  the a ,  b* and c* d i -  
r e c t i o n s .  
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56 H. SCHWENK er nl. 

and Hczc* for the relaxed and some intermediate states as deter- 
mined from Tc(H) (temperature sweeps in constant fields) via the 
ac-susceptibility are shown in fig. 2a, 2b and 2c. The fields in 
the ab plane are very reminiscent of thin film behavior 
(HC2%(Tc-T) 112). The anisotropy in the b*-c* plane, q,*c* is very 
temperature dependent whereas cab* is almost constant (fig. 3). 
These results are in contrast to Hc2 data obtained from the re- 
sistivity /5/ that indicate temperature independent anisotropy for 
all three crystallographic directions. Details will be discussed in 
a forthcoming paper /6/. 

The temperature dependence of the resistivity for several in- 
termediate states is presented in fig. 4. The data are consistent 
with a model of an inhomogeneous mixture of superconducting andSDW 
regions /7/.  Growing frozen disorder increases the size of the SDW 
regions at the expense of the superconducting regions. Superconduc- 
ting regions in the sample in states with a high degree of anion 
disorder (T~>25 K) have been identified by the typical magnetic 
field dependence of the resistance at constant temperature. Forthe 
Tq=35 K state we still detected a 5 % contribution of superconduc- 
ting regions to the sample resistance, an indication of the fact 
that for a completely quenched state still much higher cooling 
rates would be necessary. At t h e  percolation threshold 
(24 K<Tq<24.5 K) , no complete superconducting path through the 
sample exists any more. 

along a is shown in fig. 5 .  The negative magnetoresistance in sta- 
tes with a higher degree of frozen disorder is explained withinthe 
beforementioned model by the decreased probability of the carriers 
not to hit the interfaces between superconducting and SDW regions 
and thus reducing the scattering rate, when the cyclotron radius 
decreases in an increasing magnetic field. A calculation of the 
cyclotronradius within an isotropic free electron model of TC1 in 
a field of 10 kG yieldsrc=4.4*10-6 m, which is an order-of-magni- 
tude-wise estimate of the diameter of the superconducting and SDW 
regions and corresponds to several thousand lattice constants. A 
negative magnetoresistance in a state with a small degree of frozen 
anion disorder has previously been reported / 8 / ,  but with a diffe- 
rent explanation, viz. the suppression of the SDW gap by the magne- 
tic field. 

The magnetoresistance in a field of 8.6 kG oriented roughly 
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