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At the twelfth biennial conference on carbon,
ne reported that highly o¡iented pyrolyt ic graphite
(HOPG) had an anonolous tenperature dependent
nagnetoresist ivi ty. l  In zero f ield, B, the electr ical
res is t i v i t y ,  f xx (0rT) ,  decreased monoton ica l l y  w i th
decreasing tenperature, T, beconing nearly constant
below 4 Kelvin. However, in an applied f ield Bz the
transverse resist ivi ty cornponent f¡¡ (82,T) went
through a naxinun as a function of tenperature at
about 25 degrees Kelvin. We now have data on a
single crystal ( f igure 1) which is very simil .ar to
the data for HOPG. That is, the resist ivi ty in high
field goes through a naxi¡nu¡n as a function of
te¡nperature, the naxinun is more pronounced at higtr-
B, and the naximum is at roughly the same te¡nperature
as for HOPG. The data in figure I are rr¡nodulatedrt

by the presence of Shubnikov deHaas (SdH) osci l-
lations which are rnore pronounced at lower temper-
atures. The last SdH osci l lat ion as a function of
f ie ld  i s  near  8  tes la ,  so  the  da ta  f ro ¡n  10  to  13 .5
tesla in f igure I i l lustrate the maxinun, unnodulated
by the SdH effect. Since we now find maxina for both
H0PG and single crystal graphite, we must conclude
that the effect is intr insic to graphite.

As a second set of experinents, we neasured the
B dependence o f  f * *  (Bz ,T)  a t  a  ser ies  o f  f i xed  T ts
fron 1 to 300oK. According to the simple two-band
rnodel for a compensated naterial
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l r  (T) is a suitably defined average-carr ier mobil i ty.
However, we f ind, as have others, l-5 that the
exponent of B2 in equation (f) is general ly less
than two and is a function of tenperature and f ield
strength, indicating that the sinple theory is
inadequate. We present results which better define
the temperature and field dependence of the exponent
for several HOPG samples and a natural single crystal
l le have deterrnined an- leffect ivetr exponent, n(T),
re la t ing  L? /?  to  B | l t l  f ron  p to ts  o f  ioe  f * *  u i . - iog
Bz. We f ind, in HOPG for exarnple, that at I  Tesla
n = 1 . 8  a t  3 0 0  K e l v i n r d e c r e a s e s  t o  1 . 4  a t  4 0  K e l v i n ,
then drops_rap id ly  to  L .2  a t  4 .2  Ke lv in .  The
nob i l i t y ,  U(T) ,  as  es t i ¡na ted  f rom p lo ts  o f f * *  vs .
B- at 1ow f ields, is roughly constant at low tenper-
a tu res ,  bu t  decreases  rap id ly  a t  h igher  tempera tures .
Qua l i ta t i ve ly ,  then,  the  max inum in  gxx  resu l t
because 1 l (T)  decreases  a t  1ow tempera tures  wh i le
:  (T)  decreases  a t  h igh  tenpera tures ,  so  the  produc t
goes through a naxinum. However, since the data
assoc ia ted  w i th  n< I .8  a re  in  o r  near  the  quantun
l i rn i t  reg ine ,  ca lcu la t ions  inc lud ing  the  e f fec ts  o f
the  quant iza t ion  o f  e lec t ron ic  no t ion  are  needed.

lVe conc lude tha t :  l )  the  max ina  are  present  in
bo th  HOPG and na tura l  s ing le  c rys ta ls ,  and,  there_
fore ,  seem to  be  in t r ins i -c  to  g raph i te ;  and 2)  The
maxirna are related to the f ield dependence of f¡*
a t  low tenpera tures ;  and 3)  ca lcu la t ions  are  needed
of the f ield dependence oi (,r^Zl/ jr ,  in graphite as a
funcrio_n of temperature ¡usl 'Uer-ór. i  an¿ in the quantrm
l im i t  fo r  phonon and boundary  sca t te r ins .
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SINGLE CRYSTAL  GRAPHITE
(scc)

Electrical Resistivity vs. Temperature for
purified natural single crystal- in a seiies of mag-
netic fields ( in units of Tesla )
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