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Introduction

The physical  propert ies of  a ser ies

of anthracen chars heattreated at temperatures (IlTIt)

lower than 1500'C have been extensively studied and

repo r t ed  i n  o the r  pub l i ca t i ons { t }  { z }  { 3 } .  e  non -

metal transition was evidenced and lnterpreted by

the existence of  densi ty f luctuat ions {3}

We shall report further measurements

of  the magnet izat ion betvreen O.1 and 2K, the magne-

tocalor ic  ef fect  and the speci f ic  heat  under 2K of

the sample heattreated at 700"C which lays on the

non-metal l ic  s ide of  the pseudo t ransi t ion.

Magnetizati on meagurements

The magnetization l.{ of the sample was

measured over the temperature range 0.1-4.2K under

var ious magnet ic f j -e lds H increasing f rom 0.8 to

70 kOe. We have reported in the insert  of  f igure 1

the reverse low f ie ld suscept ib i l i ty  versus te lnpera-

ture :  there is  evidence of  a CURIE-WEISS law :

c
xp = -rro-

wi th  O  =  O .B  and  c  =  38  10 -6  uem cgs  g -1  K .

Def in ing the reduced var iable x as 3

x =

urhere U is the BOHR maqneton and k the BOLTZMAN cons-

tant, we have reported the experireentál values of M

versus x for the low and high values of x on figure 1

and f igure 2 respect ively.  F igure 1 shows the expec-

ted l inear x dependence of  M.

We have drawn on figure 2 the line

calculated with the LANGEVIN relation of the masne-

t izat ion of  N dipoles of  spín l /2

Maqnetocalor ic  ef fect

A (smal l )  magnet ic f ie ld change AH act ing

oñ a perfect paranagrnetic naterial at temperature T

uncler  adiabat lc  condi t lons resul ts in a temperature

change AT such as :

ar = - -*, ,#, ^H
v P , 1 1  " ' P r H

A¡,1
where (f f i  is the derlvative of the nagnetization of

A T  H

the sanple at  constant  pressure and f le ld by respect

to temperature,  and Cn,¡¡  the specl f ic  heat  at  constant

pressure and f ie ld.C* , ,  n"1r ,q known {1}  for  the three
P r t l

magnet ic f ie ld strenghts 20,30 and 40 koer we have

1r4
¡tatcmined l$)  for  the same values of  H.

O I  D  H

o f :

vüe have reported on figure 3 the values

. . I 1 ,  - - L l L . . A "'ax'  --  kx'  '5)-  . .  
versus x

P r H  t  t E

From relati"" l-11 hte can deduce :

/U \= 'u /  2  I  2 l
l ^  I  I  x  - x /
r d x /  l e  +  e  I

which gives the theoret ical  curve drav¡n on f igure 3.

Spec i f l c  hea t  unde r  2K

The  spec l f i c  hea t  r esu l t s  be tween  0 .15

and 2K are qiven in 1og-1og cooidinates on f iqure 4.

The  p rev i ous  resu l t s  { t }  a ¡ove  1 .5K  a re  r eca l l ed .  The

present rceasurements agrce wi th á temperature depen-

dence of  the form :

C  n , T n
p

w i t h  n  n ,  0 .6  s i gn i f i can t l y  l ess  t han  1 .  Repo r t i ng  t he

resu l t s  i n  a  c ^ /T  ve rsus  t 2  p l o t  ( i nse r t  o f  f i gu re  4 )
v

the exper imental  values diverge as T decreases.  Such

a behaviour has been already reported in low HTT sof t

carbons {4}  } t i th a qui te s ln i lar  character is tLc.  But ,

zsz

M = N u t h x  t 1 _ 1



. \

there is  no evidence of  a t rue peak

reported on other anorphous carbons

D iscuss ion

The f i rs t  s t r ick ing feature which ener-

ges f rom these resul ts is  the magnet izat ion and

the magnetocalor ic  ef fect  do not  depend s inply on

the reduced variable x at very lo\^, tenperature and.

s t r ong  f i e l ds .  The  o the r  i n t e res t i ng  f ac t  i s  t he  non -

l-inear terilperature dependence of the very 1ow tenpe-

rature speci f ic  heat ,  which contradicts the l inear

Cependence found at  h igher ternperatures { t } .  Such a

non- integer exponent was al ready found in other d i -

sord.ered sol ids {0}  ¡ut  appears here as a puzzt ing

result . It seems to us that at very low ternperatures

we have a nagnet ic interact ion between local ized cen-

ters wi th an energy spectru¡ ,n due to a very short  ran-

ge order { : } .  r f r is  char therefore behaves as a k ind

of  spin g lass.  A def in i te modet has to be proposed to

explain th is behaviour.

1-G. BLOI ' IDET-GOIJTE, P.  DELIAES and ¡ t .  DAUREL, Sol  .  St
Co rnm.  10 ,  819  (1972 )

2-F.  CARMONA, P.  DELIIAES, c.  KERYER and J.p.  ¡ANCEAU,
S o I .  S t  C o n n .  1 4 t  7 l A 3  ( 7 9 7 4 )

3-F.  CARMONA and P. DELHAES to be publ ished

4-K. KAMIYA, S.  ¡ ,TROZOI{SKI and A,S.  VAGH, Carbon 10,
2 6 ' t  Q 9 7 2 )

5-S. I ' IROZOI^]SKI and A.S.  VAGH, Carbon 14,  271 (1916)

b-J.c.  LAS,JAU; ' I IAS, P.  I IAYNARD and D. THOULOUZE, SoI

Figure 3 : ruagnetocalórie results ir, .jau.ea coordi-
n a t e s ,

for  sonet ines

t 5 J .

H fua Cas gr)

.  H : E o 2  O

.  H :  , 1 0 1  O
o  H : 2 1 0 6  0
'  H : 3 2 ü  Q

t
aigure 1 : Var iat ion of  nagnet i -zat ion at  low f ie lds

and Cur ie- l le iss law (see insert )
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Figure 4 : Thermal variation of the specific heat Cp
in logar i thmic coordinates and C_,/T ver-
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2 :  Var iat ion of  magnet izat ion at  h igh f ie lds
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