Korean J. Crystallography
Vol. 14, No. 1, pp.13~15, 2003

Three Kinds of Reflections with Phase Angle 0 or ®t In Triclinic,
Monoclinic and Orthorhombic Systems

Young-Sang Kim, Jaejung Ko, Sang Ook Kang, Young-Joo Lee,
Eugene Kang and 1I-Hwan Suh
Department of Material Chemistry, Korea University, 208 Seochang, Chochiwon, Chungnam 339-700, Korea

Triclinic, Monoclinic % Orthorhombic SystemsHAl Phase Angle 0
= nE AT 3EEFES| Reflections

S48 - 7S - THEME - FTkE - TXE - HRER
[ PR Sl Yl ac s

Abstract

For all primitive centric space groups in the triclinic, monoclinic and orthorhombic systems,
either phase 0 or 7 can be allocated to three different kinds of reflections in order to specify the
origin at one of the eight centers of symmetry, and the same holds for all primitive acentric space
groups belonging to the point group 222. If these phased reflections are used as a basic set, more
and more phased reflections with better accuracy could emerge in the process of direct methods.

1. Introduction Therefore the phases of A(hkl) are either O or .

In the typical centric space group PI, there are

Up to the early nineteen sixties, the principal  eight inversion centers: 0 00, 1/200,01/20,00
method of structure determination was by interpre- 1/2, 172 1/2 0, 1/2 0 172, 0 1/2 1/2, 1/2 1/2 1/2, and
tation of the Patterson function. Since then, the they are not identical because the structural sur-
phase problems of X-ray crystallography have been  roundings around each of these points are different,

solved mainly by the so-called “Direct Methods”.  in contrast to centers of symmetry related by unit
The application of the direct methods requires a set  cell translations. Therefore the choice of origin at a
of reflections with phases. center of symmetry can be made in eight different
Fortunately, up to three known phases can be  ways.
obtained by the definition of the unit cell origin.” In order to see how the phase shifts according to
different. center of symmetry, a point x + 1/2, y + 1/
2. Theory 2, z+ 1/2 is substituted into the structure factor
n/2
The structure factor is given as foilows: A(hkD) = 2 2f; cos[2m(hx; + W2 + ky, + ki2 + [z, + [/2)]
j=1
- . . n/2
F(hkl) = !;fJ exp[Zn l(hXj + kyj + Zj) =A+i1B — Z; 21:J 005[2(hxj+kyj+lzj)+ (h+k+l)]
iz
. n/2
For centric space .grou.ps, only. the .real part of the _ 2 (—1yr k! 2f; cos|2m(hx, + ky, + Iz,)
structure factor remains since the imaginary part B =0. j=1
n/2 . . . .
AChK]) = 2 cos 21 i(hx, + ky, + Iz) From this equation, the relations between the ori-
=1

i gin shifts and the phase shifts of eight different re-
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Table 1. Phase shift in PI (E = even, O = odd)
. ) Phase Shift for Reflection (4 k [) Parity
No Origin shift
EEE OEE EOE EEO OOE OEO EOO 000
1 0,00 0 0 0 0 0 0 0 0
2 1/2, 0, 0 0 14 0 0 n n 0 T
3 0,172, 0 0 0 T 0 n 0 b b
4 0,0, 12 0 0 0 T 0 T T T
5 172, 172, 0 0 b n 0 0 b b 0
6 1/2, 0, 172 0 i 0 b e 0 T 0
7 0, 172, 172 0 0 T T b4 T 0 0
8 172, 1/2, 172 0 T i T 0 0 0 T

flection parities are obtained as in the Table 1.

2.1. The 21 primitive space groups of Laue
groups 1, 2/m, mmm

All space groups belonging to Laue groups 1, 2/
m, mmm satisfy the conditions shown in Table 1.

If, for example, an EEO reflection such as (021)
is defined as being 0, this reduces the possible num-
ber of origins to four 1, 2, 3, 5. The phases of all
the EEO reflections are now fixed as 0 and no fur-
ther choices can be made from that set. Next the
phase of an OEE reflection such as (102) may be
set 0. This narrows the choice to origins 1 and 3.
One of the parities EOE, OOE, EOO, QOO can be
finally chosen as an origin determination. So if an
EOE reflection such as (210) is fixed as 0, the coor-
dinate 0 0 O is defined as an origin and all the
reflections of the parities EEO, OEE and EOE have
phase 0.

However all centered space groups can not be
applied to Table 1 due to their reflection conditions.
In other words, only applicable parity groups in A-
centered space group are OEE, EOO, OOQO; in B-
centered one EOE, OEQ, OOOQ; C-centered one
EEO, OOE, O00; I-centered one EOO; OEO, OOE,
and F-centered one only OOO. Therefore the reflec-
tion parity groups remained are too few to be appli-
cable to Table 1.

2.2. The 4 primitive space groups of the point
group 222

The four primitive acentric four space groups,

P222 (16), P222, (17), P2,2,2 (18), P2,2,2, (19),

derived from noncentric point group 222 have three

different kinds of reflections, whose phases are
either 0 or just like in the centric space groups.”
Their phases can be fixed by means of Table 1 and
at the same time the origin is defined as follows.

Because of the reason mentioned in 2.1, the cen-
tered space groups derived from the point group
222 are excluded here too.

2.2.1. P222 (16)

Reflections having phase of 0 or m and their
applicable parities:

(Okl): EOE; EEO; EOO
(h0D): EEQ; OEE; OEO
(hk0): EOE; OEE; OOE

If a phase of an EEO reflection with A =0 such
as (021) is defined as being O, this reduces the pos-
sible number of origins to four 1, 2, 3, 5. The
phases of all the EEO reflections with 7=0 are
now fixed as O and no further choices can be made
from that set.

Next a phase of an OEE reflection with k=0
such as (102) may be set 0. This narrows the choice
to origins 1 and 3.

Finally if a phase of an EOE reflection with /=0
such as (210) is fixed as 0, the coordinate 0 0 O is
defined as an origin, and all the reflections of par-
ities EEO with A=0, OEE with k=0 and EOE
with /=0 have phase 0.

222, P222, (17)

Reflections having phase of either O or and their
applicable parities:

(Okl): EOE; EEO; EOO
(hOD) with [ =2n: OEE
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(hk0): EOE; OEE; OOE

The process to fix phases of reflections is same as
that for P222, and only (h0l) with [=2n is added.

223, P2,2,2 (18)

Reflections having phase of either 0 or and their
applicable parities:

(Okl) with k=2n: EEO
(hOD with [=2n: OEE
(hk0): EOE; OEE; OOE

The process to fix phases of reflections is same as
that for P222, and only (Okl) with k=2n and (hOI)
with I =2n are added.

224. P2,2,2, (19)

Reflections having phase of either O or and their
applicable parities:

(Ok) with k =2n; EEO
(hOI) with [=2n: OEE
(hk0) with h =2n: EOE

The process to fix phases of reflections is same as
that for P222, and only (Okl) with k = 2n, (h0l) with
[=2n and (hk0) with h=2n are added.

3. Conclusion

The following 21 space groups, PI (2), P2/m
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(10), P2/m (11), P2/c (13), P2,/c (14), Pmmm (47),
Pnnn (48), Pccm (49), Pban (50), Pmma (51), Pnna
(52), Pmna (53), Pcca (54), Pbam (55), Pccn (56),
Pbcm (57), Pnnm (58), Pmmn (59), Pbcn (60), Pbca
(61), Pnma (62), are derived from Laue groups 1, 2/
m, mmm. If the phases of the reflections with par-
ities EEO, OEE, EOE for the 21 space groups are
fixed with 0, a position 0 0 0 is specified as an ori-
gin.

Similarly the 4 space groups, P222 (16), P222,
(17), P2.2.2 (18) P2,2,2, (19), are derived from a
noncentric pomt group 222. If the phases of EEO
reflections with #=0 and &k =2n, OEE reflections
with k=0 and /=2n and EOE reflections with /=0
and h=2n for the 4 space groups are fixed with
phase 0, a position 0 0 0 is defined as an origin.

If these previously phased reflections are used as
an input data for the direct methods,” better Fourier
synthesis would be obtained.
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