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I just wondered how things were put together.

by Claude Shannon

American mathematician and
electronic engineer known as
"the father of information theory"

Information Entropy:
S=->"p np,
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as a measure for the uncertainty
of information (data)

DEDICATED TO: EDWIN THOMPSON JAYNES
July 5, 1922 to April 30, 1998

Jaynes’ Entropy (1968)
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Innovation of the idea:
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Basic Concept: MEM Analysis

The formalism of the constrained entropy is given Si Si
by using the method of Lagrange undetermined
multiplier in order to constrain the function C to be
unity while maximizing the entropy.
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Electrostatic Potential Formalism based on MEM
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Nuclear charge contribution term
Advantages Ewald’s Technique

» Parameter free (in practice)
» Direct method

-0.2e/A~0.0¢e/A -0.9e/A~0.9¢/A PbTiO,
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Problem: The Influence of the Data Completeness
Si MEM Charge Density by Takata & Sakata

Acta Cryst. (1996). AS2, 287-290
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Abstract

The charge densities derived with the maximum-entropy
micthod (MEM) may be influenced to some extent by the
completeness of the data set. In order 1o examine the
effects of the incompleteness, structure-factor data of Si
measared by the Pendefitoung method [Saka & Kato
qu Acta Crysi. A42, 469-478] were re-analysed by

the MEM. This data set is incomplete: it comlains all
space-group-allowed  reflections  with  sinfifi =
086 A°", and in addition 844 and 830 with sin6/i =
104A"", Results of 3 MEM analysis of the complete
subsset of data are compared with those from the full bul
incomplete set published previously [Sakata & Sato
(1990). Acta Cryst. Ad6, 263-270]. The smaller but
complete set was found to give a smooth charge-density
distribution that is consistent with previous theoretical
work. It is found that the sharp peak maximum a1 the
bond midpoint reponed previously is exaggemted owing
10 the highest-order reflection S80. The completeness of
the data se1 appears to be one of the key factors for
obtaining reliable charge densities with MEM. The
incompleteness of the data set may cause non-physical
fine features of the MEM densaty distribution.

Therefore, the reliability of the data is very important and
will direcaly influence the results. Significant systematic
ermors in the observed data are expected 1o anificially
deform the resultant MEM density. They will always
tend to deteriorate the MEM map. Recently, Jauch
{1994} has pointed out that MEM maps are susceplible o
exhibiting similar artifacts to those inherent in Fourier
inversion depending on data completeness, emor accu-
mulation at special pesitions ere, Consequently, it is very
imporiamt 1o reduce all kinds of systematic errors as
much as possible in order 1o construct an ‘accurate”
electron demsity from observed data with the MEM.
Recently, it has been claimed that non-physical fine
features found in the MEM density are probably due 1o
the non-uriform residusl diswributions. of x° (Jauch &
Palmer, 1993). From the simulaiion using the model
charge density of 3 hypothetical crystal, De Vries, Briels
& Feil (1994) have proposed a weighting scheme that
leads 1o more uniform residual distributions and gives a
smoother density. It is plausible that many factors may
inflence the MEM charge densities. [t is necessary 1o
sudy all these factors as much a5 possible before
reaching a full understanding of the meaning of the
MEM charge densities. In this paper, the influence of the




A way for reliable data measurement for MEM analysis
- SR Large Debye-Scherrer Camera -
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A way to estimate net charge of atoms

Extended Mulliken Scheme for MEM CD Analysis

Net charge of A atom
~AQ, = ZQI —Z, Za:Atomic Number
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lonic Valence investigation from MEM charge Density

BaTiO, PbTiO, PbZro,
tetragonal cubic | tetragonal | cubic cubic
A:Pb,Ba| +1.9(3) +1.8(3) +1.1(3) +2.0(3) +1.2(4)
B:Ti,Zr | +1.9(4) +2.1(4) +2.4(4) +2.2(3) | +2.7(5)
O (1) -1.6(3) -1.3(3) -1.4(3) -1.4(3) -1.3(2)
0 (2) -1.1(3) - -1.0(3)

0.1~5.5¢e/A3, step = 0.2 e/A3

Gas Adsorption in MOF  [Cuy(pzdc),(pyz)], : CPL-1
/=\
. Na H20 N\\_IQN _
S.Kitagawa cu?t + [;&2 —_— _/ 2, L=y
Nazpzcoiza [Cu(pzdc)], [Cuy(pzdc)a(py2)], Pyrezine
Cu,(pzdc)
éheet ’ CH,
0,
H C N 0 Cu




MEM/Rietveld Analysis

Final MEM Charge Density of CPL-1 & CPL-1/0, Q
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First Visualization of One Dimensional Array @
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Refinement by Omit-Difference MEM Mapping Method

Prof. E.Nishibori

4. Nuclear Density Study by MEM

4. Appl Cryst. (1993). 26, 159165

Fundamental Equation of Neutron Diffraction
to treat negative scattering length

Information Entropy Equation of Nuclear Density
based on Neutron Diffraction
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Two MEM equations for Nuclear Density

Maximum-Entropy-Method Analysis of Neutron Diffraction Data
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MEM Solution

Fig. 1. Third approach: schematic illustration of the lterative procedure
used to solve the two MEM equations.




MEM Nuclear Density of TiO,

@o Ti: negative scattering length
Fig. 1. The rutile structure and the principal axes representing atomic
displacements for the Ti and O atoms.
1A

(b)

Fig. 2. The MEM nuclear density maps of rutile analysed with
128 x 128 x 128 pixels. (a) and (b) are (110) and (002) planes,
respectively. The contour lines are on a logarithmic scale at 0.01 x 5"
(n=0,1,...8) (NA").

MEM can just visualize

the information included in data. —

Poor MEM Susie
Counting Statistics Based on (b)

Better MEM Susie
Counting Statistics Based on (d)
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