
Direct Determination of Crystal Struchre

I. Monte Carlo Method

Hidewo Takahashi

(Received October 15, 1983)

7

Abstract

Electronic computer's program for direct determination of crystal structure by Monte

Carlo Method is made for pyrenocine analyzed by Sato, Konoma, Sakumura, Furusaki,

Matsumoto and Matsuzaki [Agri. Biol. Chem. 45,795 (1981)].　The R-value for 316

strong reaections of the structure obtained from the structure with the smallest R-value

among 61 structures which are obtained by using 52 reaections, becomes 0. 27 by succes-

sive application of the method. The list of the program is shown.

1. Introduction

Direct determination of crystal structure has been discussed by many investigators in

many respects. Although the author had been interested in the direct determination, he

had no time to study sincerely the method. Recently, his paper concerning to critiscism
●

●

against space一groupoid theory was rejected by the editor of Acta Crystallographica.

Taking this opportunity, he formed a resolution to study the direct determination.

For the beginning of the study, the author read the review of Furusaki (1982) on

Monte Carlo method applying to phase-determination. According to him, the method of

Vand (1960) applying Monte Carlo method to the direct determination has the following

defects,

(1) the probability hitting correct structure is too small,

(2) the corrections in optimal shift method are too large,

(3) there is no procedure correcting wrong structures.

The reason that the optimal shift method fails is very simple.　If we suppose a

very simple structure, Taylor series of the structure factor converges if dui-27tdxi is

less than 1.0. Unless the series converges for large dxi9　we can not obtain the structure

factor by successive approximation. The defcts (1) and (3) can be avoided if we apply

similar method with that of Metropolis (1953) in molecular dynamics.

Taking account of the recent development of electronic computer, the author judged
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that crystal structures can be determined directly by Monte Carlo method. To compare

with Furusaki's method, pyrenocine analyzed by Sato, Konoma, Sakumura, Furusaki,

Matsumoto and Matsuzaki (1981), of which the coordinates of the atoms were informed

by Furusaki (1983) was chosen as the testing material.

2. List of Program

The list of the program is shown at the last part of this paper. The program used

at the lst step of the calculation is as follows.

(1) The line 17 is deleted,

(2) the following line is inserted between the line 61 and 62,

IF(NTRY. GT. 100) STOP

(3) the following lines are inserted between the line 66 and 67,

DO 70 1-1,NA

DO 80 J-l,3

CALL RANU2 (IX, RAN, 1, ICON)

A- 0. 001*AINT(A)

GXa i)-HX(J, I)

80 CONTINUE

90 CONTINUE

(4)也e following lines′ are inserted between the line 122 and 123.

IF(NCAL.GE.100.AND.RLGE.0.2) GO TO 69

IF(NCAL.GE.300. AND.RI.GE. 0. 1) GO TO 69

3.　Result

In our calculation, the structure factors calculated with the coordinates of pyrenocme

were used instead of observed intensities.　The scattering factors were substituted for

the atomic numbers. Suitable starting structures were searched by using 52 re且ections

with ¥F(h) I>25. 0. After calculation of CPU time 1 hour by FACOM M382, we obtained

7 structures with 0. 1≦i?<0.2 and 1 structure with i?<0. 1 among 61 structures. Finaly

we obtained the structure with R-0.27 starting from the structure with the smallest

i?-value by successive application of our calculation.　The results are summarized in

the following list.
●
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initial R

lst step 0. 728

2nd step 0. 192

3rd step 0. 227

4th step 0. 285

final R reflections

0. 063　　　　　52

0. 136　　　　116

0. 215　　　　196

0. 271　　　　316

25. 0

21. 0

18. 0

15. 0

4.　Discussion

The change of the value of DX did not give any remarkable effect on the diminishing
●

of R-value. The value DX is a constant and equal to 0.2 in the author's present program.

The line 118 is to be revised to

IF (ARI.LE.0.001) GO TO 300

and the line 123 is to be deleted.

The convergence of i?-value is very rapid. We can see the tendency of the conver-

gence at very small number of NCAL. In our example, the value of RI at NCAL-100

is 0.0856, but the final NCAL is 1100 in the first step.　The decreasing of i?-value

becomes small, when the number of the reaections becomes large.　If the number of

reaections increases, CPU time increases very much compared with diminishing of /?-

value. Our method is not pro丘table for the large number of reaections. The coordinates

of atoms can be determined if the number of independent reflections is larger than 6NA,

where NA is the number of independent atoms in a unit cell. It is better to limit the

number of re丑ections within slightly larger than 6NA in the丘nal step, and to re丘ne the

coordinates by the other method for larger re且ections.

The author wished to improve his program to obtain structures with small i?-value

at once.　The attempt failed almost all.　The i?-value could be diminished, but the

increase of CPU time became very large. It is better to stop calculation and to examine
●

another structure, if i?-value is larger than the value previously determined at a given

NCAL. This is valid for the case of the re丘nement.

There are three kinds of ways for improvement of our calculation,

(A) to find more effective parameter than i?-value,

(B) to make slow the convergence of i?-value,

(C) to consider the set of reaections.

We can not丘nd any parameter at present.　There are two ways for the re丘nement

concerning to (B). (1) The order of calculation between the line 125 and 185 is changed.

This can be done by using random numbers. Although the result of the calculation by
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the author did not show any effect, it should be effective for the re丘nement. (2) The

calculattion between the line 125 and 188 alternates between that by using LNR re月iec-
●

tions and that by using LNR*c reflections with large rh, rh-¥¥E｡トEC¥¥I¥E｡¥. In the

author's example, R-value did not converge when c-0. 5, and was improved considerably

when c-0.75　and NCAL-10^-50n, but when NCAL-5^, R-value did not converge

eventhough c-0.75. Eventhough (C) is not for the improvement of the program in the

proper sense, it is very important for practical sense.　We should choose lower order

reaections in general.
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GO TO　255

?52　CONTINU!

oF(K)壬HF(0-SF★(OCOSUH★CX)*DSIN(AK*CY)★DSIN(AL*CZ)

1-DCOS(AH*AX)*DSIN(AK*AY)*DSIN(AL*AZ))

GO TO　255

253　CONTINUE

oF(O=HF(く)-SF★CDSIN(AH*CX)★DCOS(AK*CY)*DSINCAL詛C7)

1-OS川(AHtAX)*DCOS(AK*AY)*DSIN(ALOAZ‖
GO TO　255
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000165　　　254　CONTINU写

り0016も　　　　　　DF(K)ォHF(0-SF*(DSIN(AH*Cn●DS川(AK*CY)*OCOS(AL詛CZ)

1-DSIN(AH*AX)★DSINCAく★AY)*OCOS(AL★AZ=

000167　　　255　CONTINU【

り0り16年　　　　　　　99王AFCK)-DA9S(DF(K))

ウ09169　　　　　　　ABB壬DA9S(弓申)

0001?つ　　　　　　　SU^DF王SUMOF◆Aq3

000171　　?40　CONTINU【

0ウ0172　　　　　　IP(SU*DP.G!�"SUォIHF)　GO TO　210

nnq171　　　　　　SUWHFモSUォIDF

qOn174　　　　　　HX(J#I)*SX(J′Ⅰ)

り09175　　　　　　DO　269　K*1,LqR

つ00176　　　　　　GF(K)SDFCK)

つりつ177　　　260　CONTINUE

OOO17弓　　　210　CONTINUE

900170　　　!?0　CONTINU5

つOn13つ　　　　　　HX(J,I>=HX(J,I)-DINTCH‡(J′日)

つ09181　　　　　　00　270　K王1,LNR

OOOl*2　　　　　　HF(K)*GF(K)

へ9つ181　　?7D CONTINUE

つり01牢も　　　210　CONTINU写

り0〔日汚　　　　200　CONTINU【

�"IillILI?　　　　　　正知Era正im

nOO187　　　　　　XF(*OD(NCAL′109).【Q.ウ) GO TO 129

000138　　　　　　　GO TO 170

∩90189　　　10〔　CONTINU?

ウ9010　　　　　　　wRITEC6′550)

000191　　　660　FOR*AT(1Hl)

000102　　　　　　URIT∈(6,518)RI

OOO193　　　ろ1号　-ORWAM/′5X<　中　空○′FIO.5)

000104　　　　　　wRIT【(6,856)NCAL

q00195　　　656　FOR*AT(/′5X,fNCAL　　′Ⅰ占)

つ00196　　　　　　WRIT!(6,652)

000197　　　652　FOR�"IATC/′SX′�"HX(I)′Ⅰ�"W3)J　王1,NA)f)

nOOIQR wRIT【(6,601)(SC(J)′(HX(X,J),I*1,3)#J王1,NA)

つつ0190　　　　　　wRIT【(6,与53)

っOO?00　　　65? POR*UT(///′SY′�"COMPARISON qETWE【M FI AND HF')

り0り?ql WRIT?(6,654)

nq0?Q?　　　55i POR*IAT(/′SX′　　　　　　　　　　　　　　　　　　　　　　　　　　　　　HFf)

正aoi正Era

つ09204　　　　　　DO　450 Iォ1,LNRT

IOO205　　　　　　II*IォーLNRT

つつ0?05　　　　　　WRITEC6,503)IH(1,I)′IMC?′Ⅰ)′IH(3,I)′F(I)′HF(I),

1IHCl,II)′IH(2#II)′IH(ち′ⅠⅠ)′FCII)′HTCII)

つつつ?07　　　603　FOq1AT(2(5X#3I5#5X#2Fl(I.5))

900208　　　i59　COHTINU∈

つ00209　　　　　　　STOP

つつウ21つ　　　　　　　てNO
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