Korean J. Crystallography
Vol. 12, No. 1, pp.37~54, 2001

Direct Methods

2,
|1$\

H

g

e o))

(=]
o

gf

1960 174 wbAA F22 d)4 8 b 2. Patterson W22 %A heavy atom)E FT
o] FdAlel] 23t YA el 7|23l FEE s3] St AR YA e oR AA s A
74 (direct method)-2- 19481 Harker &} Kasperol 2]3]A] #Z29] =F-o] UxH o]F, 50~6041
el o] =9l 7|27} FE= 9o, 70AW e F5E L2 a3 sk o] 45| AlRFEgeh &
A Fe A= 2ol AME-EE AFEE 2 )R (normalized structure factor) 2} unitary 7%
zle] Ao E avfgt &, AW 7] 244l Sayre WAA L2 HE R E v 22 AF
A1 (centric) Q] 7454 A3 sl 3% A7 (sign relationship) W Z,-THA] (Z,relation) £+ ¥]9E

- glA E 3LA)

. r— o 71

) (acentric) 73-Fol| A A7 3]

(tangent formula)$] = AL Agslgi, #35 &

Ak AE FAo] Bo = = A5 E NS A A4S Asle A= B

1. Normalized Structure Factor and
Unitary Structure Factor

245 34 7kxd] W5k A}5 W3k(data reduction)

S- 433t ¥ w2 Akl Ho| &4 “A3Hnor-
malization)o|2R= o]t} o] koA SJAke] AA]
of F838 AT 3= B0 FrHE, o AES
‘el 72 UAHnormalized structure factor)” 2}

] o) 7ol HEA E(Z*)_e_ SER SR

“E-ZH(E-value)” o]z} 22} let. st sl
o Fol E-72) AH-E ¥ ZlolA, At 2
oA = e AR fsh] Ysjed, AR W)
Pl e A2 W F FA] AFE SR o] B
#olct.

E-gte] 4ol iel) A 2:59) Beisal v
& A 2A 3 A F(d ) 2% Dlen-

perature factor) £H O AWHE= I3 5L 3}
= et =719 Y A O AR HEES 2
= NS AAES] B3l Z1ase] gt o EH
THE $I5le] IA 5% 3 Y= S53Hunique)
Az =2 A DA (point-atom) E2 & o)
R3S PR Zlo] Hesi)

A 7= o&}(quasi-normalized structure fac-

37

Y

o) £'(d ) o Aoz goae?

Y5

ji=1

(1.1)

714 FL(C?) = ifj exp(Zni;k-rj)i%Zﬂ o

A} exp(— Bsin*9/A2e] AH = QAfe|e}. 1 vt
] AE el 9= BB ARIEo] U3 fi=f0
3 AAA (1.1)-2 theel €.

, F

N 2 o ?
zexp(QTCid -rj)
i=1

2

e(d) 7
28] 3 o) 7re] "o
# ()
weby E-he TSk
=l

W 9 S50l e ol

3% 4 9t

1| i
== Zexp(ZTtid -rj)

j=1

R
mRe] T Al



38 - I
Askd 7 ot w BT Thew el
Al
N 2 % 2
e E’(d) Fe d
E(d"‘) =

(1.2)

8 N
(2 J
TV (hkD) 2] 55t

A7|AM e= (FZF 7o dut

W R 7bedt 3 2 1 %}—% 7] St 4
AHenhancement factor) Z I 27} 72| Al <]
e 2R ofe] Apolvt. Al dubEQl A
Aetds 13 2ot diAe] welr ofd s
(reflection classes)el] H3ld= & e 7 o
et A e Bl T 7 P2,2,20014 R0O,
0k0, 001 Al Ael] 3} £=20]3L, RE & 3|3
Sl H3led go] 1o]o. BE Zﬂ -] 7 3
of Hjgt AEst e-FhE2
ray Crystallography, Vol. II, edited by J. Kasper &

K. Lonsdale. D. Reidel Publishing Company, pp.
355-357, 1985¢] 715=] it

WA (Lot (1.2)% E-3 32 -3 S
/\LQ_ ;(-15—}.;(]‘— 1‘]_14 F_q] _?,]}\]-_CL 71—0 3?‘4;(—1;@_9]
E-3oll E3hs o] HHlel=z, E9 94 2
A Fol $Pde] AA= A= g3l 4
T2 A} AR T2 AAES ot Ak ent
o] BErz £k ¥eld e E-3e) A
Bsieh A9A02 §530 ol B3k Al
£ U, 27 E2 54) A scale factor) 19} 25
QA B7E GeiAA) ] Al efelge] ek
24" T2 A B} 2ol Ealg)

= N 2 >
Fa(d) =1 zfjexppnid : r_,-]exp[—(Bj sin’0) /1]
J=1
3 iR 7R BE 4] Brt A &, 4
S BEo] ‘51 (overall isotropic)” BE

o) des de
P
[4)

%
Fo(d*) = texp[—(B sin’0)/A\’]

Ll
s =l

dxAg A

N 2
2 Fg(d*)

2 . 2 2 (13)
" exp[—(2B sin"0)/A1°]

IF-> E-3E2] AAbE: S1ste] B et F =AY
z}s:&—rEﬂ HojAlet, ofx] B2i= 2 19} Beld),

=2 Alekst vhig- weir 4= 5
ole}? ¥ s =sin /AE E3]8k _)ﬂ Folz] g9l o)

3} ugﬁk <IFe( )lz>?+ <F,,(d ) >3 o=
A o g
F(Zj )

_.9
.| d

£ exp|- 2Bs]

'1'1

N N -
£ > S s fuesp[2mid - (- 1)

n=1m=1

2% F(double sum)elli= n=mel AEelH. Hd-&
.9

Hahd, 35 4 o 95l go] Fas F

of] Z-e Zeo) oke] 3} 8-0] FEo] TlSoX|mE

=

ol %ol 2 Aol B2 tge] vkt

F(7)

a2 tgo] vt

(1.4)

)= 35

2 L wfa)
t exp[-2Bs7] = —) = K(s)
Sfi



A129W 13, 2001

pzo] A WS M3k el Weh

In *—2Bs*=In[K(s)] (1.5)

o] AL ¢ +ax =y FA FHE mKE)] W S5 L
g, 4] (1.5)% #Ade] Hm 71€71eA -2B
Zro] AR f=00)A In *=In[K(s)]2] THe]
olet, AAR of T ohge Fre] wEeliln.
B2 9 sin O/A IFAEe] AR 4 784 W9
TE WAE] disled o) 7S] Fgt WAe] Al
AAE AMEEN] [K(s)] ] 2 el sl 5} 3
B Fo] AAkAe} o] WPHOE In[K(s)] 7} FelE
4 9lom %) g 18k (Wilson plot). ©] I3
Aoz ofFge RN 19 7|27] -287F ‘A
A &% ¢lA}Hoverall temperature factor)” BE 5,
s7= 0049 G2 In Polm o|2HE] =7] 1Ak ¢
7} =42 4= 9Jv}. Wilson plot] gF ¢ll7} Fig. 1.1
of] RodA 9le}?
2
{d)

B} 17} =R o] WA (1.3) 024

Direct Methods 39

o] #ebel T2} $AlE] deA|A] ko wpA
AR ARE)7} o3k et AAR A
9] AE JLEES YA SR AR &
9 Az YEEED Ag HAxp) JelEkE, B-%
A= BxtsA g 71X ggre] Heiziet.
TA S B9, C Ha,02] HA} &4 AE
ol A} 4717F lvha o] DAl M 4x(CyHy) =
@3] A WEEES 7HEE sl ‘

WA (12)3 (1L4)FE B <E>-2 o3 3
o] vt

=1 (1.6)

e B-gke) 27l AlAle) el HAel,
29e) 2 s e A @ PR ok 2
B35S 3w 4ur} 2hd) v 2 E-ghol g
A% 2Aee 22 B 4 AR T oF
7 Ql=AE Helshe B2 Wk wel 8 =)
E-7F& 7zl= 3)"A o) H]—7:]1’£|U:] o] 3] A=
o= @F7F ek el A9 st

B AxkE 2 gla, aee apgal (1.2) 2RE] E- WA (1.4)3 (1.6)2] Ass} FARH, E-3E
kel vt 01 AAS 913 7F AFE ZRadL o g3t = o JEEe] A" $ 9ld E-
olg x@eA 9 AE, 3 F AR, FECE P35S B opel o HdES AA| T
Az Mg Z7 a3 eA LP—E—U}), dR] Akt Q1zp,  ojESA] 9 oL 72U ‘&ZJX—MXH 0%41] 2E
T3 A 2 2 FAE AAkelr] $lsle] 9 gk Wilson> B <E>7F H s B
AX WEEE] 2790 B d7elEe d-tE 9
1 In K(s)
in 12=3.15
# N,
L\K\;}\ KAMTRA
30 1 ‘%qﬂ%‘i“;&k‘
kw‘\l‘:ﬁ:’
25 x\“i;\,\
kN ~ \\
2.0 , , , 5
0.0 0.2 0.4 s?[A-2]

Fig. 1.1. An example of Wilson plot.
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Table 1.1. Some theoretical values related to the di-
stribution of normalized structure factors

Centrosymmetric ~ Acentric
<E™> 1.0 1.0
<E> 0.798 0.886
<E*~ 1> 0.968 0.736
Amount with 1EI> 1 31.7% 36.8%
Amount with |E| > 2 4.6% 1.8%
Amount with |El >2.5 1.2% 0.2%
Amount with |El >3 0.3% 0.01%

(E) = ﬁ = (.798 : for centrosymmetric structures

(E) = %A/;t = (0.886: for acentric structures
(1.7)
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Fig. 2.1. The shaded regions correspond to larger
values of |cos 27nx| for which cos 4nx is positive.
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Table 3.1. Probabilities for the sign relationship cal-
culated for various parameters £ and N

E N= 40 80 120 160 200

3.0 1.00 100 099 099 098
2.5 099 097 095 092 090
2.0 093 08 081 078 0.76
1.5 074 068 065 063 062
1.0 058 055 054 054 053
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Fig. 4.1. Positions of inversion centers in a centric
cell.
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Table 4.1. Relative Sign Relationships for Possible
Origins in P1

Reflection Kind

Origin  Shift
eee oce e0e ee0 00e De0 €00 000
1 0 + + + + + + + o+
2 al2 + - 4+ 4+ - - + -
3 b2 + + - + - + - -
4 cl2 + + + - + - - -
5 a+b)2 + - - + + - +
6 @a+o)2 + - + - - + - +
7 b+o)2 + - - - - + +
8 (a+b+o)2 + - - - + + -
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Fig. 4.3. (a) Geometrical representation of the parity vectors in a cube; (b) an invalid combination of parity
groups; (c) an acceptable combination for origin-fixing.
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Fig. 4.4. Distribution of the symmetry elements in
space group P4/m.
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