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Both the Meissner-signal (flux expulsion on 
cooling through Tc) and the shielding signal 
(obtained by turning on a field in the super- 
conducting state) have been observed in 
deuterated single crystals for fields orien- 
ted both along and normal to the chain axis. 
A possible isotope effect on TC is discussed. 
We find complete diamagnetism in normal 
fields and incomplete (% 40 % )  diamagnetism 
in parallel fields. A dramatic drop of the 
Meissner-effect in parallel fields well be- 
low Hcl is observed and not yet wellexplained 

The compound ditetramethyltetraselenafulvalene- 
perchlorate ((TMTSF) 2ClOq]is the first in the family 
of organic cliarqe transfersalts which shows super- 
conductivity at zero pressure. K. Beechgaard and 
coworkers have observed a transition to zero- 
resistance between 1.2 K to 1.4 K for different 
samples /l/. To prcve that superconductivity 
in these crystals is a real bulk property it has 
to be shown that they exhibit the Meissner-effect, 
i.e. that they expel magnetic flux when cooled 
below the transition temperature. This effect 
has already been observed by two of the authorsN 
in (TMTSF)zPF6, a compound that becomes supercon- 
ducting under pressure. 

[633]/277 
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Here w e  r e p o r t  on t h e  observa t ion  of a p a r t i a l  
Meissner-effect  both i n  t h e  normal as w e l l  as in the  
almost completely deu te ra t ed  (TMTSF)$104. 

Sample p repa ra t ion  and experimental  set-up 
have been s i m i l a r  t o  r e fe rence  /2 / .  

The diamagnetic measurements have been 
c a r r i e d  o u t  by means of a superconducting b r idge  
c i r c u i t  wi th  a SQUID-detector to monitor changes 
i n  t h e  sample magnetization. The two sample c o i l s  
of t h e  br idge  contained t h e  organic  c r y s t a l  and 
a t i n  c a l i b r a t i o n  sample of s imi la r  shape. A 
Permendur s h i e l d  around t h e  c r y o s t a t  reduced t h e  
E a r t h ' s  f i e l d  t o  below 2 m i l l i o e r s t e d s .  

The high q u a l i t y  of t h e  deu te ra t ed  c r y s t a l s  
could be demonstrated i n  a mechanical twinning 
experiment. A t h i n ,  needle-shaped sample w a s  
clamped on one s i d e  t o  a g l a s s  s l i d e  wi th  a dab 
of g lue ,  and p res su re  was exe r t ed  on t h e  o t h e r ,  
f r e e  end i n  t h e  d i r e c t i o n  of t h e  a-axis (= sample 
a x i s ) .  Twinning of t h e  c r y s t a l  could thus  be in-  
duced as was obvious by a kink forming a t  a d e f i -  
n i t e  angle .  The f a c t t h a t  t h i s  kink could be moved 
freelyback and f o r t h  over t h e  whole length  of t h e  
c r y s t a l  by small  l a t e r a l  forces i n d i c a t e s  t h a t  
t h e  c r y s t a l  cannot con ta in  a high d i s l o c a t i o n  
dens i ty .  I t  is  s u p r i s i n g  t h a t  t h i s  e f fec t ,normal ly  
seen i n  whisker c r y s t a l s ,  can be observed a t  a l l  
i n  a molecular c r y s t a l  l i k e  (TMTSF)2C104. 

t r a n s i t i o n  of two samples each of t h e  deu te ra t ed  
and undeuterated (TMTSF) 2 C l O 4  one ob ta ins  a 
s l i g h t  i so tope  s h i f t  of t h e  t r a n s i t i o n  temperature 
of ATc 2 0 . 0 9  K .  The compound wi th  t h e  g r e a t e r  
mass, t h e  deutera ted  (TMTSF) 2C104 has  t h e  lower Tc 
a s  one would expect  w i t h i n  t h e  framework of t h e  
BCS theory.  (D12-TMTSF) 2C104 :  Tc = 0 . 9 9  K .  

The r e s u l t ,  however, i s  very  prel iminary 
s ince  w e  observe a s l i g h t  scatter i n  Tc of t h e  
d i f f e r e n t  samples of t h e  same batch.  (Maximum 
d i f f e r e n c e  i n  T, of t h r e e  samples w a s  0 . 0 4 K . T c w a s  
determined from magnet izat ion versus  temperature i n  
a cons t an t  f i e l d  w e l l  below Hcl. Tc i s  def ined  a s  
t h e  i n t e r c e p t  of t h e  e x t r a p o l a t i o n  of t h e  l i n e a r  
p a r t  of t h e  magnetization curve wi th  M = 0.) 

e f f e c t  due t o  d e u t e r a t i o n  more observa t ion  wi th  
b e t t e r  s t a t i s t i c s  a r e  necessary.  

By comparing t h e  magnet izat ion and r e s i s t i v e  

For a b e t t e r  de te rmina t ion  of t h e  i s o t o p e  

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:
39

 2
1 

Fe
br

ua
ry

 2
01

3 



MEISSNER ANISOTROPY [635]/279 

'f u:-j 0 0.2 0.4 0.6 0.8 1 

Fig. 1 Observed diamagnetic magnetization of 
(DI~-TMTSF)~C~O~ for a magnetic field perpendi- 
cular to the linear chain axis. 

Fig. 1 exhibits a typical transition curve of the 
magnetization of a (D12-TMTSF)$104 single crystal 
in a constant magnetic field perpendicular to the 
chain axis. First the sample is cooled well below 
Tc in zero field, then HAis applied (see arrow) 
and the decrease of the shielding signal upon 
warming the sample above Tc is observed. On subse- 
quent cooling the Meissner-signal is monitored. 

In parallel fields the diamagnetic shielding- 
signals are quite incomplete, only % 40 % (as de- 
termined by comparison with a Sn reference. The 
uncertainty of thisestimation is about 15 % ) .  The 
Meissner-effect (here determined as the ratio of 
the Meissner-signal and the shielding-signal) 
drops from about 50 % in very low fields 
( %  0.02 Oe) to about 15 % at 0.1 Oe, a field 
still belcw Hc.. At higher fields this value is 
slowly decreasing below 10 %. (Fig. 2 ) .  On the 
other hand the shielding-signal in a field 
transverse to the chain axis (but without 
SFecified orientation with respect to the S and 
c axis) shows the full diamagnetic value. The 
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Meissner-effect is about 80 % in the lowest field 
and decreases only slightly to about 70 % in the 
higher fields . 

40 

20 

0 
0 0.2 0.4 0.6 L-4 

Fig. 2 Meissner-ef f ect of (D, 2-TMTSF) 2C104 vs. 
applied field at T = 0.125 K for fields oriented 
parallel and perpendicular to the linear chain 
axis of the crystal. 

In Fig. 3 the shielding magnetization is plotted 
versus the applied field both for HI and HII and 
the Meissner magnetization for H,I at T = 0.15 K. 
The field at which the first clear departure 
from linearity of the shielding magnetization 
occurs is taken to be Hcl. 

At T = 0 .2  K we find HcfL= 5.6 Oe (after 
correction due to demagnetizing effects) and 
Hcl ,, = 1 Oe. 

H c 1 ~  and Hc21 versus temperature are 
plotted in Fig. 4; Hc21 (0) is estixmted to 
about 1 .4 kOe. 

The behaviour of the Meissner-effect in 
parallel fields, especially the dramatic drop in 
fields well below Hcl is not yet well understood. 
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MEISSNER ANISOTROPY [637]/281 

T = 0.150 K 

[@I 0 5 10 15 20 

Fig. 3 Diamagnetic shielding and Meissner-magne- 
tization for H I  and HI, at T = 0.150 K of 
(Diz-TMTSF) 2ClOq 

0 0.2 0.4 0.6 0.8 -1 -f DC] 

Fig. 4 H, - T, phase diagram for perpendicular 
field. H , ~ L  ( 0 )  % 1.4 kOe 
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W e  specu la t e  t h a t  both t h i s  e f f e c t  a s  w e l l  a s  
t h e  reduced sh ie ld ing - s igna l  i n  p a r a l l e l  f i e l d s  
have t o  do wi th  a n i s o t r o p i e s  of both coherence 
length and London pene t r a t ion  depth i n  t h e  
b-c plane normal t o  t h e  chain a x i s .  High e f f e c t i v e  
masses i n  t h e  c -d i r ec t ion  might lead t o  a macro- 
scop ica l ly  l a r g e  f i e l d  pene t r a t ion  i n  t h e  
b-d i rec t ion ,  which might s t a b i l i z e  a s o r t  of 
in te rmedia te  s ta te ,  except  f o r  t h e  very lowest 
f i e l d s .  

I n  conclusion,  w e  have shown t h a t  t h e  
deutera ted  (TMTSF) C l O 4  is a bulk superconductor 

f i e l d s  appl ied  t r ansve r se  t o  the cha in  a x i s  and 
a r a t h e r  incomplete one i n  p a r a l l e l  f i e l d s .  The 
drop of t h e  Meissner-effect  i n  low f i e l d s  and 
t h e  p o s s i b i l i t y  of macroscopically l a r g e  penetra-  
t i o n  depth w i l l  be s tud ied  i n  f u r t h e r  i nves t iga -  
t i o n s .  

wi th  p e r f e c t  s h i e l  2 i n g  behaviour i n  magnetic 
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