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粉末回折における新しい
未知構造決定手法の提案

名古屋大学大学院工学研究科

マテリアル理工学専攻応用物理学分野

西堀 英治

High Resolution Powder diffraction data 
by advanced quantum beam source

Synchrotron X-ray Neutron

High Quality Diffraction Data
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Powder DataPowder Data

Cell and Space Group Determination Cell and Space Group Determination 
((DICVOLDICVOL1)1), , GAIAGAIA2)2), , SPSP3)3)))

Structure determination from powder diffraction data.Structure determination from powder diffraction data.

(( ,, ,, ))

Structure Determination Structure Determination 
by GA (by GA (GAIAGAIA2)2)))

Maximum Entropy Method (MEM) Maximum Entropy Method (MEM) 
Rietveld RefinementRietveld Refinement

((ENIGMAENIGMA44)) SPSP33))))

Crystal StructureCrystal Structure

((ENIGMAENIGMA44)), , SPSP33))))

1) Boultif, A. and Louër, D. (2004), J. Appl. Cryst. 37, 724-731.
2) Nishibori, E., et al. (2008). J. Appl. Cryst. 41, 292-301.
3) Nishibori, E., et al. (2007). Acta Cryst., A63, 43-52.
4) Tanaka, H., et al. (2002). J. Appl. Cryst. 35, 282-286.

実空間法による粉末未知構造決定

分子構造
Z

実空間でのモデル作成
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パラメータ数：自由度数



2010/9/29

3

Trial structures are randomly generated in real space at first.

Calculate powder data

[ ]1,1,1,1,1,1 ψφθzyxΓ [ ]2,2,2,2,2,2 ψφθzyxΓ [ ]3,3,3,3,3,3 ψφθzyxΓ

Comparison between observed and calculated data

Optimization methods.
•Monte Carlo
•Simulated Annealing
•Genetic Algorithm (GA)

Initial Population:Np

Population : Np

GAGAによるによる基本構造基本構造モデルモデル決定決定

解の評価
Rwp=

Σwi×[yi
obs―yi

cal]2

∑wi[yi
obs]2

Intermediate Population : 
(Np+2Nm)

Copy : NpMating : 2Nm

[ ]ψφθ ,,,,, zyxΓ

構造モデル

回折パターン計算

Natural Selection :
(Np-Nx)

Next Cycle Population : Np

Mutation 
: Nx
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GAGAによる基本構造モデル決定による基本構造モデル決定

Initial Population:100

Population : 100

( ) ( ) ( ) ( ) ( ) ( )[ ]1,1,1,1,1,1 ψφθzyxΓ ( ) ( ) ( ) ( ) ( ) ( )[ ]2,2,2,2,2,2 ψφθzyxΓ

Intermediate Population : 
200

Population : 100

Copy : 100Mating : 100

( ) ( ) ( ) ( ) ( ) ( )[ ]3,3,3,3,3,3 ψφθzyxΓ ( ) ( ) ( ) ( ) ( ) ( )[ ]4,4,4,4,4,4 ψφθzyxΓ

乱数により100個の構造モデルを発生

Natural Selection :
90

Next Cycle Population : 100

Mutation 
: 10

Populationの100個から

50組のペアを選択

GAGAによる基本構造モデル決定による基本構造モデル決定

Initial Population:100

Population : 100

一部のパラメータを

入れ変える

( ) ( ) ( ) ( ) ( ) ( )[ ]1,1,1,1,1,1 ψφθzyxΓ ( ) ( ) ( ) ( ) ( ) ( )[ ]2,2,2,2,2,2 ψφθzyxΓ

Intermediate Population : 
200

Copy : 100Mating : 100

Population : 100

( ) ( ) ( ) ( ) ( ) ( )[ ]2,2,2,1,1,1 ψφθzyxΓ ( ) ( ) ( ) ( ) ( ) ( )[ ]1,1,1,2,2,2 ψφθzyxΓ
Natural Selection :

90

Next Cycle Population : 100

Mutation 
: 10
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Intermediate Population 200個
から乱数により10個を選択

GAGAによる基本構造モデル決定による基本構造モデル決定

Initial Population:100

Population : 100

( ) ( ) ( ) ( ) ( ) ( )[ ]3,3,3,3,3,3 ψφθzyxΓ

分子座標と分子回転から、それぞれ
1つのパラメータを選び、乱数で値を
置き換える

Intermediate Population : 
200

Population : 100

Copy : 100Mating : 100

( ) ( ) ( ) ( ) ( ) ( )[ ]ψφy

( ) ( ) ( ) ( ) ( ) ( )[ ]3,'3,3,3,3,'3 ψφθzyxΓ

Natural Selection :
90

Next Cycle Population : 100

Mutation 
: 10

Intermediate Populationの200個から
90個のRwpの低いモデルを選択

GAGAによるによる基本構造基本構造モデルモデル決定決定

Initial Population:100

Population : 100

n=1~200

Intermediate Population

( ) ( ) ( ) ( ) ( ) ( )[ ]nnnnznynx ψφθ ,,,,,ΓIntermediate Population : 
200

Population : 100

Copy : 100Mating :100

m=1~90

Natural Selection

( ) ( ) ( ) ( ) ( ) ( )[ ]mmmmzmymx ψφθ ,,,,,Γ

Natural Selection :
90

Next Cycle Population :100

Mutation 
: 10
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遺伝的アルゴリズムを用いた構造決定

Population : Np

Initial Population:Np

GA for Structuer Determination ( K. D. M. Harris et. al.,)

単成分分子からなる
分子性金属

11

Intermediate Population : 
(Np+2Nm)

Population : Np

MutationNatural Selection :

Mating : 2Nm Copy : Np
・Ni(dt)2,Pd(dt)2
・Co(dt)2
・Zn(tmdt)2 ,Au(tmdt)2
有機伝導体関連物質
D-A共役接合錯体
・1‐4‐Fc2Bz2Aq
医薬品

Next Cycle Population : Np

Mutation 
: Nx

Natural Selection :
(Np-Nx) 医薬品

・プレドニゾロン

坂田 誠、西堀 英治 特願 2005－350770,
PCT/JP2006/324614

6～15自由度を持つ物質の構造決定

Structure determination of Pharmaceutical

Prednisolone Succinate 
(11b,17-dihydroxypregna-1,4-diene-3,20-dione-21-succinate)( , y yp g , , )

Steroid drug

molecular formula: C25H32O8

molar weight: 460.52
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Powder Diffraction Experiment

SPring-8 BL02B2

Sample sealed in 0.4mmφ capillary
Wave Length λ = 1.0 Å
Range: 2θ = 2 ~ 75° (d > 0.82 Å)
Exposure Time 145 min.
Temperature 100 300 400 K

IP
SampleX-ray

Gas Flow 
temperature 
Device

Temperature 100, 300, 400 K

300 K

100 K

400 K

Peak position, 2θobs, used in indexing.
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Cell Cell & & Space Group Determination: Indexing.Space Group Determination: Indexing.
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100K
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Program DICVOL

In
te

ns

2θ [º]

400K
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Lattice Constants refined by Le Bail method.
Monoclinic   :
a=21.13906 [Å], b= 9.16104 [Å], c=24.58806 [Å],
β= 98.1434 [º]

2θ [º]

In
te

ns

Multi-temperature data were 
used for confirmation.
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Initial Population:Np

GA for Structure 
Determination 

( K. D. M. Harris et. al.,)
+

BLX-a
MGG

Partial minimization
etc.

Intermediate Population : 
(Np+2Nm)

Population : Np

Mating : 2Nm Copy : Np

Single component molecular metals.
・Ni(dt)2,Pd(dt)2

M. Sakata and E. Nishibori,
JP 2005－350770,

M. Sakata and E. Nishibori,
PCT/JP2006/324614

Next Cycle Population : Np

Mutation 
: Nx

Natural Selection :
(Np-Nx)

・Co(dt)2
・Zn(tmdt)2 ,Au(tmdt)2
D-A conjugated compounds  
・1-4-Fc2Bz2Aq
Pharmaceuticals
・Prednisolone Succinate 
・Prednisolone (2-polymorphs )

Structure determination by GAStructure determination by GA

Space Group I2
Cell Volume 4622.4(2) Å3 DOF = 25

Initial population = 1000)

Originally developed GA system

Number of molecule
in asymmetric unit = 2

Initial population = 1000)
GA by 4CPU Cluster

Evolutionally progress plot

Number of Torsion angle = 7

DOF=25
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Initial Structure model determined by GA

400 K

RWP= 8.20 %
RI= 18.23 %

Model reconstruction by difference omit-MEM analysis

Initial
structure model

Rietveld fitting

omit
Initial model 

Example of the difference omit-MEM map analysis

MEM / omit-MEM model 
reconstruction

structure factor F

charge density ρ

MEM
blue: ρ
green : Δρ = ρ − ρmolel

ρ : structure model

final
structure model

inconsistent

consistent
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Rietveld refinement using flexible rigid bodyRietveld refinement using flexible rigid body.

8 additional rotation axes 
for a molecular deformation

It is still difficult to obtain a proper solution without relatively longer and shorter bond distances.

f f

7 internal rotation axes

flexible rigid body

We carried out the rigid-body Rietveld refinement to refine these angles as parameters. 

In order to allow slight deformation 
of the molecular structre, we 
introduced additional rotation axes .

Final result of RefinementsFinal result of Refinements

400 K

RWP= 1.29 %
RI= 4.80 %
d > 1.03 Å

There were no unreasonable bond distances 
and bond angles in the refined structure. 
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Final result of Rietveld refinementsFinal result of Rietveld refinements

100 K
RWP = 1.33 %
RI = 3.81 %

300 K
RWP = 1.30 %
RI = 3.88 %

MEM

SDPD assisted by MEM

MEM

Requires better initial structure model.

SDPD for large & complicatedSDPD for large & complicated 
system

Improvement of the Structure Determination System
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Crystal structure & Charge Density at 100 K
layered structure MEM charge density 

surface (0.5e/Å3)

No charge density overlap in between M1 and M2 planner structuresNo charge density overlap in between M1 and M2 planner structures. 

Arrangements both M1 and M2 form the planner structure 
parallel to 101 direction.

Three oxygen atoms surrounding the edge of succinate part.

M1 layer
C-O-H···O=C hydrogen bonds (0.3e/Å3)

Charge density overlaps 


