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5f .  In t roduc t ion

Turbostrat ic carbon has been known to exhibit
dist inguished negative nagnetoresistance at l iquid
nitrogen tenperature(i) but i ts electronic strúcture
as well  as origin of the negative nagnetoresistance
has not been ful ly understood yet. In the present
work, the effect of boronation on the galvanomagnetic
propert ies and diarnagnetic susceptibi l i ty of tuibo_
strat ic carbon is investigated with a part icular
emphasis on the variat ion in magnitude of the nega_
tive nagnetoresistance with boronation.

52. Experinentals and results

A Texas coke heat treated at 2l00oC for l0 nin.
was used as a turbostrat ic carbon specimen in the
present work. Boronation was carr ied out at 1650 -
1800oC by  us ing  bor ic  ac id  powder (2) .  Ga lvano-
nagnetic propert ies were neasured at 77 K by a usual
DC anpli f icat ion technique and diamagnetic suscepti-
bi l i ty was deternined by Farady method using a Cáhn
electrobalance as a function of tenDerature between
77 K and 300 K.

The result reveals that the Hall  coeff icient rat io
increases up to 2.2 and the resist ivi ty rat io anounts
even to 230. 0n the other hand, the nagnitude of
negative nagnetoresistance is quite insénsit ive to
boronation and, in part icular, i t  does not vary at
a l l  when the  Ha l l  coe f f i c ien t  ra t io  i s  sna l le r  than
1.5 ,  suggest ing  tha t  the  negat ive  magnetores is tance
is a phenornenon insensit ive to the posit ion of Fermi
l e v e 1 .
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Fig. I  sunmarizes effects of boronation on the
galvanonagnetic propert ies. The abscissa indicates
ratio of the Hal1 coeff icient after boronation
[ (nH) ¡ ]  to  tha t  be fore  boronat ion  [ (nH)O] ,  showing a
rneasure of effect ive concentrat ion of substi tut ional-
ly ionized boron. Each ordinate shows a sini lar
ra t io  o f  the  zero- f ie ld  e lec t r i ca l  res is t i v i t y  and
the rnagnetoresistance measured at 7 kOe respectively.

Fig, 2 shows the average dianagnetic suscepti-
bi l i ty as a function of the reciprocal of ternpera-
ture. The sol id l ines are theoretical ones develoned
by Haer ing  and Wal lace(3)  on  the  bas is  o f  a  band
nodel of two-dimensional graphite. The paraneter
indicates the Fermi level depression at 0K (A ) which
is  es t ina ted  to  be  f rom 0 .0ó5 eV up to  0 .40  eV fo r
the present specimens

The above-nentioned Fer¡ni level depression is
suff iciently large for one to regard electronic
structure of the specinens as a one-carr ier systen
at l iquid nitrogen tenperature.
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This indicates that the band nodel cannot be applied
to  the  spec inens  hav ing  ¿ \  la rger  than 0 . t  eV án¿
that A is merely a phenomenological pararneter
hav ing  no  proper  phys ica l  s ign i f i cancé fo r  these
spec inens .  0n  the  o ther  hand,  app l i ca t ion  o f  the
band nodel seems fair ly reasonablé when ¿\ is smal_
le r  than 0 .1  eV but  the  phys ica l  s ign i f i cance o f  A
is  s t i l l  no t  so  c lear  as  i s  o r ig ina i l y  ind ica ted  by
the  mode l .  There fore ,  the  e lec i ron ic  s t ruc tu re  o f
turbostrat ic carbon befo¡e as well  as after doping
is  -no t  fu1 ly  exp la ined in  te rns  o f  the  r ig id  bánd
model of two-dinensional graphite. The negative
nagnetores is tance pecu l ia r  to  tu rbos t ra t i c  carbon
is  cons idered c lose ly  re la ted  to  d is tu rbance o f  the
band structure and should be interpreted by taking
disturbed structure into account,
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Fig ,  3  revea ls  var ia t ions  as  a  func t ion  o f  A
in  the  zero- f ie ld  e lec t r i ca l  conduct iv i t y  (  do  ) ,
the magnetoresistance (A?/ f" )  at 7 kOe and the
Hal l  nob i l i t y  ( / l i  ca lcu la téd  by  convent iona l
fo rmulae  fo r  one-car r ie r  sys tem.  These quant i t ies
are found to change in a drastic h¡ay at I  of about
0 .1  eV but  they  are  qu i te  insens i t i ve  to  the  chanqe
of  ¿ \  above and be low 0 .1  eV.

5 3 .  D i s c u s s i o n

The nob i l i t y  (FU)  i s  expressed by

Pu =  (e /n* )  T

where n* denotes the effect ive mass and ? the
re laxa t ion  t ime respec t ive ly .  Accord ing  to  the
uncer ta in ty  p r inc ip le ,  the  energy  uncer ta in ty  ( lE)
is  es t ina ted  by

AE * f r / t  =  eT  /  ( ^ " . / t t )  .

To the f irst approximation, the effect ive mass can
be re la ted  to  the  Fermi  leve l  depress ion  as  fo l lows;

2 t

A '= lt R, /zr.

where K¡ represents the Ferni wave nunber. More-
over, the Fenni wave length ( Ao ) nay roughly be
cor re la ted  to  c rys ta l l i te  s ize  (  L l  o f  the  present
spec imen as  fo l lows;

),, = ur/ke {

The es t imat ion  in  con junc t ion  w i th  the  nuner ica l
va lues  fo r  

f -1 ,  shown in  F ig .  S  leads  to  the  fo l low ing
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