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Abstract

The multiplicity factor, which is defined as the
number of different planes in a form having
identical interplanar spacing and identical in-
tensity, is tabulated here for the eleven Laue
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groups on the basis of their symmetries.

1. Introduction

The multiplicity factor, which is one of the six
factors affecting the relative intensity of the
diffraction lines on a powder patterns'’, has been
reported in many literatures. They are, however,
neither described in detail nor easily understand -
able.'™®’

In the present paper, the multiplicities for all
crystal forms of the eleven Laue groups are’
tabulated explicitly.
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2. Theory

The equivalent plane relation in each Laue
group can be deduced from its symmetry and
there are fourteen different kinds of planes for
positive Miller indices: £k ¢ , AkA, Akk, Ak £, ARA,
Ok ¢, 0 ¢ , AkO, Okk, KOA, ARO, AOO, OO, 00 £ . The
substitution of these planes into the equivalent
plane relation results in the multiplicities for the
crystal forms.

Table 1 shows the information on the 11 Laue
groups(column 2) where alternative possibilities
are separated by dashed lines. Crystal system is
given in column 1. Column 3 describes the equi-
valent plane relation, but only one of each ce-
ntrosymmetric pair is given®, Column 4 shows
the different kinds of crystal forms and all the
corresponding multiplicities are given in the last
column. Substituting the crystal form given in
column 4 into the equivalent plane relation in
column 3, a set of all symmetrically equivalent
planes is obtained.

Since there is only one Laue group in triclinic,
monoclinic and orthorhombic systems, the mul-
tiplicities for their crystal forms are unique. Ho-
wever, for the monoclinic crystal, its unique
axis must be confirmed before referring to the
table 1.

In each of the tetragonal, trigonal, hexagonal
and cubic systems, there are certain planes which
are equivalent by the higher-symmetry Laue
class but not by the lower-symmetry Laue class.
Since such forms have the same interplanar sp-
acing, they give rise to the same line in a powder
diffraction pattern even in the lower-symmetry
Laue class. Therefore, the intensities of the forms
in parentheses in the lower-symmetry Laue class
are stronger than their own ones. In order to ob-
tain their real intensities, the crystal forms which
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are not connected by the symmetry of the
lower-symmetry Laue class must be found by
comparing the two equivalent plane relations(in
column 3) of the lower-symmetry and the hi-
ghest-symmetry Laue classes in a system and
then, the intensities of the additional forms with
the same interplanar spacing but with the dif-
ferent intensity must be subtracted from the
experimentally obtained ones.
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Table 1, Multiplicity for the powder method

Crystal | Laue Equivalent plane Crystal form “Multi-
system group (only one of each plicity
centrosymmetric
pair is given)
triclinic| 1 hkl all planes 2
mono- 2/m hkl, hkl hkz,ﬁkz;hhl,ﬁhz,hkh,ﬁkh,hkk 4
clinic [(b-axis hkk, hhh, hhh, Ok, Kk0, Okk, hhO
: unique) - — -
hO1, hO1, hOh, hOR, KOO, 00, 001 2
2/m hkl, Rkl hkl, hk1; hhl, hhl, hkh, hkh, hkk 4
(c-axis hkk, hhh, hhh, Ok1, hO1, Okk, hOh
unique) - =
hk0, hk0, kRO, khO, 0O, 0kO, 001 2
ortho- .| mmm hkl, Rkl, hkl, Rkl | hkl,hhl, hkh, hkk, hhh 8
rhombic '
OkI, hO1, hkO, Okk, hOh, hhO 4
h00, 0k0, 001 2
tetra- | 4/m hkl, khl, hk1, khl | (hkl), (hkh), (hkk) 8
gonal ' hhl, hhh, hOl, hOR
(hk0), hhO, OO 4
001 2
4/wmm | hkl, khl, hkl, khl | hkl, hkh 16
hkl, khl, hikl, khl hhl, hhh, hO1, hkO, hOh 8
hhO, hOO 4
00! 2
tri-. 3(R) | kkl, lhk, kih' (hkl), (Bk1), (RR1), (hkO) 6
gonal (hk0) and all other planes
hhh 2
3m(R) | hkl, lhk, kih hkl, hkl, hhl, hkO, hkO 12
hik, lch, khl hhl, hkk, hhh, hhO, BhO, hOO 6
hhh 2
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tri- 3(H) hkil, ihkl, kihl (all planes)expect hOhQ, hh2h0
gonal 0001
3im(H) { hkil, ihkl, kihl [(hkil), (hkil), (hkih), (hkih) 12
khil, hikl, ikhl | hOhl, hkiO, hOhh
(hh2hl), (hhO1), (hh2hh), (hhOh) 6
hhZh0, hOhO ‘
0001 2
3ml(H) | hkil, ihkl, kihl (hkil), (hkih), (hkik) 12
(Okk1), (hOhl), (Ohhk), (hOhh) 6
hh2h0, hOhO
000! 2
hexa- 6/m hkil, kihl, ihkl | (hkil),(hkih), (hkik) 12
gonal hkil, kikl, - ihkl | hh2hl, hh2hh, hOhl, hOhk
(hki0), kh2h0, hOhO 6
000! 2
6/mmm hkil, kihl, ihkl hkil, hkih 24
hkil, kihl, ihk! hh2hl, hh2hh, hki0, hOR!, RORR 12
‘khil, TkRl, hikl o A e TR
khil, ikhl, hikt | PORO hhZhO 6
000! -2
cubic o3 hkl, hkl, hki, hkl | (hkl),hhl 24
IRk, Thk, Thk, TRk " 10y pro 12
klk, klh, k1h, klh .
hhh 8
hoO 6
n3m hkl, hkl, hkl, hkl | hkl 48
lhk, lhk, lhk, Lhk [ pp1 pio 04
klh, kih, kih, klh G-
hik, hik, ik, hik | PRO 12
lkh, 1kh, lkh, lkh | hhh 8
khi, khl, khl, khl [ o0 6
R : rhombohedral coordinate axis
H : hexagonal coordinate axis
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