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Magnetoresistance is a transport property and defined as:

Dr=r0 ¼
rðBÞ � r0

r0
¼ RðBÞ � R0

R0
.

Dr/r0 is measured at 77 K as functions of the magnitude and rotation angle 4 of
the magnetic field from the Z-axis to X-axis (the field rotation transverse to the cur-
rent (T)) and also the rotation angle w from the Z-axis to Y-axis (the field rotation
from transverse to the current to longitudinal to the current (TL)). From
the maximum and minimum values of Dr/r0, ðDr=r0Þmax; ðDr=r0ÞT min, and
ðDr=r0ÞTL min; measured at 4 ¼ w ¼ 0, 4 ¼ �p/2 in T-rotation, and w ¼ �p/2 in
TL rotation, respectively, the magnetoresistance parameter ðDr=r0Þcr and either
the integral ratio I3/I1 or the magnetoresistance ratios rT and rTL, which are defined
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following, are determined for the characterization of crystallinity and orientation
schemes of carbon materials.

ðDr=r0Þcr ¼ ðDr=r0Þmax þ ðDr=r0ÞTL min þ ðDr=r0ÞT min

¼ ðDr=r0Þmaxð1þ rT þ rTLÞ;

I3=I1 ¼
�
ðDr=r0ÞTL min þ ðDr=r0ÞT min

�.
ðDr=r0Þcr

¼ ðrT þ rTLÞ=ð1þ rT þ rTLÞ for planar orientation;

I3=I1 ¼
�
ðDr=r0Þmax þ ðDr=r0ÞT min

�.
ðDr=r0Þcr

¼ ð1þ rTÞ=ð1þ rT þ rTLÞ for axial orientation;

rT ¼ ðDr=r0ÞT min

.
ðDr=r0Þmax and rTL ¼ ðDr=r0ÞTL min

.
ðDr=r0Þmax.

Merits of using magnetoresistance parameters for characterization of various
carbon materials are summarized:

1. High sensitivity to the structural and microtextural changes in most carbon ma-
terials, particularly at a range of high graphitization, more sensitive than X-ray
diffraction (d002 < 0.337 nm).

2. At 77 K magnetoresistance is negative for carbon materials with turbostratic
structure while it is positive for materials with graphite structure.

3. Possible to characterize both structure and microtexture using a single specimen
of plate, film, or filament.
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