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CuClの非調和熱振動
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X-ray diffraction experiment
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Fourier Transform

Real SpaceReal Space Reciprocal SpaceReciprocal Space

ｒｊ ；単位胞の原点から原子 ｊ までの距離
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Crystal Structure Determination
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Structure Determination
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調和近似の式



非調和の式





最初の日本語の論文
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リートヴェルト解析の検討
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ＮｉＮｂのChemical Short Range Order
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ＭＥＭの最初の論文

精密結晶構造解析に対する一考察

ー Maximum Entropy による結晶構造解析 ー

日本結晶学会誌 ３０、135－１４３ （１９８８）

シリコンの1次元電子密度を求めた。





電子密度分布のピーク値



禁制反射
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MEM for Charge density study.

Information Entropy

Where,

Collins’s formalism is based on the entropy expression, S, obtained by Jaynes(1968):  

The probability of r’(r) and prior probability t’(r) are connected with the actual density  by

We introduce a constrain as given information.

We use Lagrange’s method of undetermined multipliers to constrain C to be unity while 
we maximize the entropy.
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experimental data : Fobs(k),σ(k)
space group
number of electron(F0)
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The Flow Chart of MEM Analysis
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Initial solution After 2nd iteration
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The process of obtaining the MEM solution



Charge density
of Silicon

for (110) plane

1D Charge densites
of (111) direction

Amplitude of 
atomic scattering factor

The process of obtaining the MEM solution
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Final results ( 775 iterations )After 10th iteration
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2 ～200, 20[e/Å3] step

MEM Fourier synthesis

Charge densities of Silicon (110) plane

5 ～100, 20[e/Å3] step



-2.0 ～2.0,0.1[e/Å3] step

MEM Fourier synthesis

Charge Densities of Silicon (110) PlaneCharge Densities of Silicon (110) Plane
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MEM for Nuclear density study.

Total Entropy of the system

Entropy of the density from Positive Scattering length  b+   :

Entropy of the density from Negative Scattering length   b- :
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An Example of MEM Charge Density: Silico

T. Saka and N. Kato
Acta. Cryst. A42(1986)

Structure Factor for Si 
by Pendellösung Method
Structure Factor for Si 
by Pendellösung Method

MEM



T. Saka and N. Kato
Acta. Cryst. A42(1986)

Structure Factor for Si 
by Pendellösung Method
Structure Factor for Si 
by Pendellösung Method

MEM



k l h k l h k l
1 1 1 -60.4 (1) -60.0 (1) -60.13 (5) 10 6 0 14.8 (3) 11.5 (3) 15 3 1 -5.8 (2)
2 2 0 -68.3 (1) -67.2 (1) -67.34 (5) 11 3 3 10.0 (3) 7.8 (3) 9 9 9 -5.5 (6)
3 1 1 -44.3 (1) -43.4 (1) -43.63 (3) 9 7 3 -10.1 (2) -7.8 (2) 13 7 5 5.8 (2)
2 2 2 1.6 (3) 1.6 (3) 12 0 0 -13.8 (6) -10.6 (6) 15 3 3 -5.6 (3)
4 0 0 -57.7 (2) -56.0 (2) -56.23 (4) 8 8 4 -14.0 (3) -10.9 (3) 11 11 1 5.6 (3)
3 3 1 39.7 (1) 38.5 (1) 38.22 (3) 7 7 7 -9.4 (5) -7.2 (5) 14 6 4 8.1 (2)
4 2 2 51.3 (1) 49.3 (1) 49.11 (4) 11 5 1 9.6 (2) 7.4 (2) 12 10 2 8.1 (2)
3 3 3 34.5 (2) 32.9 (2) 32.83 (2) 10 6 4 -13.2 (2) -10.0 (2) 11 9 7 -5.5 (2)
5 1 1 34.5 (1) 32.9 (1) 32.94 (2) 12 2 2 13.1 (3) 9.9 (3) 15 5 1 -5.5 (2)
4 4 0 45.5 (2) 43.1 (2) 42.88 (3) 11 5 3 -9.2 (2) -6.9 (2) 11 11 3 5.5 (3)
5 3 1 30.7 (1) 28.9 (1) 28.81 (2) 9 7 5 -9.2 (2) -6.9 (2) 13 9 1 5.5 (2)
6 2 0 40.3 (2) 37.4 (2) 37.59 (6) 12 4 0 12.3 (3) 9.3 (3) 16 0 0 8.2 (7)
5 3 3 -27.5 (2) -25.5 (2) -25.36 (4) 9 9 1 -8.3 (3) -6.5 (3) 13 9 3 5.5 (2)
4 4 4 -36.5 (3) -33.4 (3) -33.18 (5) 10 8 2 -12.1 (2) -8.8 (2) 15 5 3 5.5 (2)
5 5 1 -24.6 (2) -22.5 (2) -22.42 (3) 13 1 1 8.2 (3) 6.0 (3) 10 10 8 -7.3 (4)
7 1 1 24.6 (2) 22.5 (2) 22.37 (3) 9 9 3 -8.2 (3) -6.0 (3) 14 8 2 7.5 (2)
6 4 2 -32.7 (1) -29.5 (1) -29.42 (4) 11 7 1 -8.3 (2) -6.0 (2) 16 2 2 -7.3 (4)
7 3 1 -22.2 (1) -19.9 (1) -19.90 (3) 11 5 5 -8.2 (3) -6.0 (3) 11 11 5 -5.2 (4)
5 5 3 -22.2 (2) -19.9 (2) -19.98 (3) 12 4 4 -11.1 (3) -8.2 (3) 13 7 7 -5.2 (4)
8 0 0 29.1 (4) 25.8 (4) 26.23 (4) 9 7 7 7.7 (3) 5.5 (3) 12 8 8 -7.2 (4)
7 3 3 -20.1 (2) -17.6 (2) -17.83 (3) 13 3 1 7.8 (2) 5.6 (2) 16 4 0 -7.2 (4)
8 2 2 -26.9 (2) -23.6 (3) -23.48 (4) 11 7 3 -7.8 (2) -5.6 (2) 15 5 5 5.1 (4)
6 6 0 -26.9 (3) -23.6 (2) -23.48 (4) 12 6 2 -10.7 (2) -7.6 (2) 13 9 5 -5.2 (3)
7 5 1 -18.4 (1) -16.1 (2) -15.98 (2) 9 9 5 7.2 (3) 5.2 (3) 15 7 1 5.2 (3)
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8 4 0 -24.5 (2) -21.4 (2) -21.15 (3) 8 8 8 10.3 (5) 7.0 (6) 15 7 3 4.9 (3)
7 5 3 16.8 (2) 14.5 (2) 14.43 (2) 13 5 1 -7.3 (2) -4.9 (2) 11 9 9 -4.8 (4)
9 1 1 -16.8 (2) -14.5 (2) -14.46 (2) 11 7 5 7.3 (2) 4.9 (2) 16 4 4 6.6 (4)
6 6 4 22.8 (2) 19.4 (2) 19.13 (3) 10 8 6 10.1 (2) 7.0 (2) 12 12 0 6.5 (5)
9 3 1 -15.5 (2) -13.1 (2) 10 10 0 -9.9 (4) -6.8 (5) 17 1 1 -4.5 (4)
8 4 4 20.9 (2) 17.5 (3) 14 2 0 10.0 (3) 6.9 (3) 11 11 7 -4.5 (4)
7 5 5 14.3 (2) 11.9 (3) 11 9 1 -7.0 (2) -4.7 (2) 13 11 1 4.6 (3)
7 7 1 14.3 (2) 11.9 (3) 13 5 3 -7.0 (2) -4.7 (2) 14 10 0 6.4 (4)
9 3 3 14.3 (2) 11.9 (3) 12 8 0 -9.2 (3) -6.8 (4) 14 8 6 -6.5 (3)
8 6 2 19.2 (2) 16.0 (2) 11 9 3 6.6 (2) 4.3 (3) 16 6 2 6.5 (3)
0 2 0 -19.2 (2) -15.9 (3) 9 9 7 6.5 (3) 4.2 (4) 13 9 7 -4.5 (3)
9 5 1 13.4 (2) 11.0 (2) 14 4 2 -9.2 (2) -6.2 (3) 17 3 1 -4.5 (3)
7 7 3 13.3 (2) 10.9 (3) 12 6 6 9.1 (3) 6.0 (4) 13 11 3 -4.5 (3)
9 5 3 12.4 (2) 9.9 (2) 10 10 4 9.1 (3) 6.0 (4) 15 7 5 -4.5 (3)
0 4 2 16.7 (2) 13.6 (2) 13 5 5 6.4 (3) 4.2 (4)
7 7 5 -11.5 (3) -9.1 (3) 11 7 7 6.4 (3) 4.2 (4)
1 1 1 -11.5 (3) -9.1 (3) 13 7 1 -6.6 (2) -4.3 (3)
8 8 0 16.2 (4) 12.8 (4) 12 8 4 9.2 (2) 6.0 (3)
1 3 1 10.9 (2) 8.6 (2) 15 1 1 6.2 (3) 3.9 (4)
9 7 1 10.9 (2) 8.6 (2) 11 9 5 6.3 (2) 4.0 (3)
9 5 5 -10.9 (3) -8.5 (3) 13 7 3 6.3 (2) 4.0 (3)
8 6 6 -14.8 (3) -11.5 (3) 14 6 0 -8.5 (3) -5.1 (4)
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MDM
(Minimum Distance Mthod)

MEM
(Maximum Entropy Method)
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Charge Density by MDM and Fourier

Fig.1  The (110) Fourier
electron density distributions of  
Si based on the data measured 
by Saka and Kato

Fig.2  The (110) MDM
electron density distributions 
of  Si based on the data 
measured by Saka and Kato



Difference MDM and Fourier

Fig.2  The (110) Difference
Fourier electron density
distributions of  Si

Fig.1  The (110) Difference
MDM electron density 
distributions of  Si



MEM (Maximum Entropy Method)
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Imaging of Diffraction Data 
by the MEM

MEM

X-Ray 
Diffraction Data

Neutron 
Diffraction Data

Reciprocal Space
Real Space Image

Imaging
Processor

Electron Density

Nuclear Density

Fine Structure
Prediction



Silicon (110)

Electron Micrograph

Charge, Nuclear Density

Electromagnetic LensElectromagnetic LensDiffraction Pattern

Diffraction DataDiffraction Data
Imaging of XImaging of X--ray Diffraction Dataray Diffraction Data

MEMMEM

e-

XX--Ray,Ray,

Electron MicroscopyElectron Microscopy

MEMMEM
Virtual Crystallographic XVirtual Crystallographic X--ray Microscopyray Microscopy



Translation Geometry
Right Materials
(Fullerenes, Borons, etc.)

PF BL-6A2

PF BL-3A

SR Powder Method at Photon FactorySR Powder Method at Photon FactorySR Powder Method at Photon Factory

Reflection Geometry
Heavy Materials
Manganites, High-Tc Superconductors, etc.

Sample

Monochromator

Ion Chamber
Soller Slit

Scintillation
Counter

X-ray

Imaging Plate

Sample

Collimator

X-ray

Monochromator



Experimental Arrangement at BL-3A(PF)

Synchrotron
Radiation

Be-window
Monochromator

Sample
Holder

Soller
Slit

Detector

Ionization
Chamber

Sample : NdSr2Mn2O7
Temperature : R.T. & 19K
Wave Length : 1.0Å
Step in 2θ : 0.01°
Collection Time : 20s
Resolution of Data : 0.78Å



自作カメラ



超高輝度X線発生源SPringSPring--88
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The Large DebyeThe Large Debye--Scherrer Camera Scherrer Camera 
at SPringat SPring--8 BL02B28 BL02B2
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Low and High Temperature Powder DiffractionLow and High Temperature Powder Diffraction

300K300K～～1000K1000K
Dry NDry N2 2 Gas Flow SystemGas Flow System

80K80K～～300K300K
Dry NDry N2 2 Gas Flow SystemGas Flow System

15K15K～～300K300K
Displex SystemDisplex System



Powder Sample Powder Sample Sealed in Silica Glass CapillarySealed in Silica Glass Capillary
(0.2mm int. diam.)(0.2mm int. diam.)



装置の論文
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Science 
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MEM/Rietveld for Endohedral MEM/Rietveld for Endohedral 
metallofullerenemetallofullerene

M.Takata et al.,
Nature(1995)



2次元ＭＥＭ電子密度分布図
La@C82 Ce@C82 Eu@C82 Gd@C82 Er@C82 Lu@C82

１） 内包金属原子は、ケージ内部で半球殻状に熱運動している

２） 内包金属原子はC2v対称性の２回軸方向に主に位置する



IPRIPR--Violated Metallofullerene, Violated Metallofullerene, ScSc22@C@C6666

Top ViewTop View

Side ViewSide ViewRRFF=5.4%=5.4%
NatureNature 408408(2000)426(2000)426--427427



The MEM Charge Density of
Sc2C2@C84

Half Section of Half Section of 
MEM Charge DensityMEM Charge Density

R=1.7%R=1.7%

Structure ModelStructure Model



Sc2C2 Imprisoned in C84

AngewAngew..Chem.Int.Ed.Chem.Int.Ed. 4040(2001)397(2001)397

(Sc(Sc22CC22))2+2+@C@C8484
22

--

(1.9e(1.9eÅÅ--33))



MEM Charge Density of La2@C80

(La(La3+3+))22@C@C8080
6+6+

(1.7e(1.7eÅÅ--33))

⊗⊗ SS1010 ⊗⊗ CC22



The section of Charge Density of  La2@C80

La La –– La : 3.84(2)La : 3.84(2)ÅÅ

La La –– C : 2.39(3) C : 2.39(3) ÅÅ



Pentagonal Dodecahedral La2 Charge Density 
in Icosahedral C80 Fullerene

IIhh -- LaLa22@C@C8080

LaLa22
dodecahedrondodecahedron
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R.T. 19K

a 3.85029(6) 3.85015(7)Lattice
Parameters(Å) c 19.9540(3) 19.8867(4)

Mn-O1 1.934(1) 1.928(1)

Mn-O2 2.009(4) 1.968(4)Bond
Lengths(Å)

Mn-O3 1.925181(7) 1.925086(5)

Mn

O1

O2

O2

O3

I4/mmm

Structure Parameters of NdSr2Mn2O7 from Rietveld Analysis
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The MEM Charge Densities of NdSr2Mn2O7 for (200) Plane
0.0~4.0[eÅ-3],step:0.2 [eÅ-3]
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[R.T.] [19K]



The Equi-contour(0.6eÅ-3) Density Map of the MEM Charge Densities
of NdSr2Mn2O7 at R.T.



The Equi-contour(0.6eÅ-3) Density Map of the MEM Charge Densities
of NdSr2Mn2O7 at 19K
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The MEM Charge Densities of NdThe MEM Charge Densities of Nd0.50.5SrSr0.50.5MnOMnO3 3 at 18Kat 18K
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EquiEqui--chargecharge（（0.80.8ｅｅÅÅ‐‐３３）） MEM density map of NdMEM density map of Nd0.350.35SrSr0.650.65MnOMnO33

at R.T. and 30K for the MnOat R.T. and 30K for the MnO6 6 octahedronoctahedron
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本研究で検討した項目

溶媒領域 Disorder
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水素原子 原子の異方性熱振動
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本研究で検討した項目
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R1=14.29 %

― : MEM Density 0.7[e/Å3]

Disorderモデルの構築

― : MEM Density 0.7[e/Å3]― : Omit-差MEM-MAP 
0.4[e/Å3]

R1=14.41 %

― : 差MEM Density 0.4[e/Å3]― : 差MEM Density 0.4[e/Å3]
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炭素鎖

メチル基

― : 差MEM Density 0.4[e/Å3]
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本研究で検討した項目
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原子の異方性

原子の異方性の確認

楕円体状のMEM電子密度

― : MEM Density 2.0[e/Å3] ― : 差MEM Density 0.4[e/Å3]
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・Ｊ－ＰARC(Japan Proton Accelerator Research Complex) MLF 
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エネルギー回収型ライナック
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