
Anticorrelation of shubnikov-deHaas Amplitudes and Negative
Magnetoresistance Magnitr.rdes in Intercalated Graphite Fibers *+

John A. l{oollam and V. t{atarajan
Departmnt of Electrical Engineering

Univers i ty  of  l {ebraska,  L incoln, -Ng 0gSgá-OSft

and

Bruce Brandt
Frances Bitter National t{agnet Laboratory

Hassachusetts Institute óf Technoloqv 
-

Cambridge, NA 02139

Introduction

Pitch based carbon fibers when annealed to hiqh
temperatur€s and then intercalated.,are of potentiai
in terest  for  e lect r ica l  conductors ' .  They are
graphi t izable,  lovr  cost ,  and mass producib le.  The
Pl00 Unlon Carbide fibers are one eHmple^ pl00
fibers were annealed to greater than 3000uC and then
intercalated with CuCl¡ ánd with bromine. The
magnetoresistances in fields to 20 Tesla at various
temperatures were measured in an attempt to charac.
terize the electronlc properties of these inter-
calated fibers. This paper reports on maasurerents
of the s:imultaneously present Shubnlkov-deHaas..and .r
negative rrngñetoresistance effects .in' i:ntercalated
f i  bers.

Samples and Experiments

The fibers designated P100-3 and pl00-4 are
production fibers which have been further annealed
(by Pr. Leonard Singer, Union Carbide) to above
3000-C to promote the maxim¡m graphitization. In
both f ibgr  types the basal  p lanes are radia l ly
or ientedé.  In  the Pt00-4 group v i r tual ly  a l l -cross
sect ions are spl i t :  that  is ,  they look l ike a p ie
r i th  one p iece miss ing.  Samples were in tercaláted
from vapor sources. The copper chloride inter-
calat ions were descr ibed ear l ier  ,  and bromine
intercalations were done by the conventional vapor
transport technlque.

All high field experiments were done at the
FBNl.lL at MIT in fields to 20T at 4K, 78K, and 300K.
At 4K the Shubnikov-deHaas and negative magneto-
resistance effects were maximum, and it ls-these
effects which are the mar'n subject of this paper.

Resul ts  and Discussion

_. - A typical example of resistance vs magnetic
f ie ld is  shown in F igure l .  Not ice the s imul taneous
presence of the Shubnikov-deHaas (SdH) and the
negative magnetoresistance (MR) effects. In the
negative I ' lR effect the resistance first decreases
r i th  increasing f ie ld,  and then increases.  Beginn-
ing at about l0 Tesla one observes the onset oi
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Figurc l. Typical example of resistance
versus magnetic f ield.

res is tance osci l la t ions,  and these grow in ampl i_
tude wi th- increasing f ie ld.  The nelat ive componenr
is  general ly  less than 0.5 percent  ánd the os l . i l -
latory component is as largá as 4 percent of the
backgrcund. Numerous traces were taken with fibers
noninally of the same source (e.g. p100-4) and sane
intercalant .  The interest ing ' feáture js  á wide
variation. in magnitudes of tñe two effects. Figure
z shoyús that the SdH amplitude and the maqnitudé of
the negat ive MR ant icorre late.  That  is ,  ihen the
SdH osci l la t ion ampl i tude is  large the maqni tude of
the negat ive MR is  smal l

The SdH effect can arise when interca'lated
crystall i tes have c axes within +30 deqrees of the
lgpl ied f ie ld d i rect ion.  The ne-gat ive-MR can resul t
f rom two possib le causes:  l )  Smai l  regions of  un-
intercalated turbostrat ic  graphi te (Bi ight  and
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Figurc 2. SdH amplitude re'lation to
negative MR.

Singer3), or 2) Scattering from spin centers4.
Pitch based fibers are known to have regions of
d i f fer ing microstructure,  inc luding smal l  graphi te
(crysta l  I  ine) ,  tur iost rat ic ,  and arnrphous
("crumpled sheets")  par tsc.  We can expla in the
ant jcorre lat ions observed in F igure 2 i f  the SdH

, " " , , t < : 4 , F
'¡. *:q''' ::üi

osci' l lations corne from the intercalated regions:
The SdH frequences are of GIC not of graphite. If
the total vdlume of intercalatEil-grapñitic regions
is large then the volum remaining for either spin
scattering or turtostratic regions wi' l l  be smaller.
This s imple argunent  expla ins the ant jcorre lat ion.
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