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radial distribution function, r. d. f.  

Fig. 8 Real space correlation function for a 
monatomic amorphous solids.

The number of neighbours between r and r+dr is 
given by                                        .� �rrdrrg �� 24)( �

� � � � rQdQQiQrrrrr
Q

Q
sin244 max

min
0

22 � �	�
�
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Fig. 5 Schematic illustrations of the atomic-level structures and pair-
distribution function (D(r) versus r in Å)  for a crystal, a glass, and a gas, 
all, with one type of atom. (Modified after Waseda, 1980.)A.C.Wright: “Neutron and X-Ray Amorphography”, Chapter 8, 

Experimental Techniques of GLASS SCIENCE, ed. by C.J. Simmons and O. 
H. El-Bayoumi, The Am. Ceram. Soc., Westerville, Ohio, 1993, p.205-314. G.E. Brown, Jr., F. Farges and G. Calas: “X-Ray Scattering and S-ray 

Spectroscopy Studies of Silicate Melts”, Chapter 9, Reviewa in Mineralogy Vo. 
32, ed. By J.F. Stebbins, P.F. McMillan and D.B. Dingwell, Mineral. Soc. Am., 
195, p.317-401.
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A.C.Wright: “Neutron and X-Ray Amorphography”, Chapter 8, Experimental 
Techniques of GLASS SCIENCE, ed. By C.J. Simmons and O. H. El-Bayoumi, 
The Am. Ceram. Soc., Westerville, Ohio, 1993, p.205-314.
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Experimental techniques
X-ray diffraction         SPring-8

Wide-range X-ray diffraction (WAXD)
Energy dispersion X-ray Diffraction (EDXD)

Neutron diffraction J-PARC
Time-of-flight (TOF) neutron scattering
Isotopic substitution

X-ray absorption fine structure (XAFS)       SPring-8
Extended X-ray absorption fine structure (EXAFS)
X-ray absorption near edge structure (XANES)

Anomalous X-ray scattering (AXS)       SPring-8
Solid State NMR spectroscopy
Raman and Infrared spectroscopy
XPS , Mössbauer Spectroscopy, ESR



H. Ohno, K. Igarashi, N. Umesaki and K. Furukawa: “X-Ray Diffraction 
Analysis of Ionic Liquids”, Molten Salt Forum Vol. 3, Trans Tech Publication, 
Switrzerland, 1994, p.1-230.

The radial distribution function (r.d.f.)



SiO2 X
interference function

Q· i(Q)  

Figure 20 The neutron interference function for vitreous silica [47].
• experimental points;                       , cubic spline fit.
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Structural Models of Oxide Glasses 

Modeling of oxide glasses
Debye scattering equation

Molecular dynamics (MD) simulation

Reverse Monte Carlo technique
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Structural Models of Oxide Glasses 
by MD Method 



Motives of research
A) Network structure of B2O3 glass 
B) Structural relationship between 

borate glass and melt 
C) Structure of alkali/alkaline earth 

borate glasses 
D) Effect of the alkali/alkaline 

earth oxides on the short-range 
order structure of borate 
networks 

Structure of Alkaline-Earth Borate Glasses

Fig. 9 Superstructural units occurring in anhydrous binary 
crystalline borates.

a BO3 unit

a BO3
- unit with 

one NBO
a BO4 unit

The 5th international conference on BORATE GLASSES, 
CRYSTALS AND MELST, July 10-14, 2005, Trento, Italy



HIGH ENERGY X-RAY STUDY ON THE STRUCTURE 
OF VITREOUS B2O3

K. Suzuya, S. Kohara, Y. Yoneda and N. Umesaki: Phys. Chem. Glasses, 41 (2000), 282.

The High energy X-ray (40-300keV) diffraction (HEXRD) measurement on the B2O3 glass has been 
carried out at 41keV, using a bend magnet beam at SPring-8 and a plate sample, 2.6mm in thickness. 
The sample is investigated in transmission geometry. Thus, the accurate structure factor S(Q) of B2O3
glass in the Q range of 0.9 -1 – 24.3 -1 is on obtained with very systematic corrections, especially for 
very small absorption correction for the sample.

The 5th international conference on BORATE GLASSES, 
CRYSTALS AND MELST, July 10-14, 2005, Trento, Italy



HIGH ENERGY X-RAY STUDY ON THE 
STRUCTURE OF VITREOUS B2O3

K. Suzuya, S. Kohara, Y. Yoneda and N. Umesaki: Phys. Chem. Glasses, 41 (2000), 
282.

Fig. 7 Total and partial structure factors S(Q) of vitreous B2O3. wij: neutron 
weighted partial coefficient, wij(Q): X-ray weighted partial coefficient

Neutron data from A. C. Hannon, D. I. Grimley, R. A. Hulme, A. C. 
Wright and R. N. Sinclair: J. Non-Cryst. Solids, 177 (1994) 299.

Fig. 8 Slice through a RMC configuration (10Å� 10Å�10Å) of vitreous B2O3.

B2O3 glassB2O3 glass
High-Energy X-ray (40.9keV) Neutron The fraction of 

planar boroxol 
rings B3O6=0.19
( � 20%)

Fig. 6 Bond angle distribution for B2O3 glass

B-B-B B-O-B O-B-B

O-O-BO-B-OO-O-O

FSDP

FSDP:First Sharp Diffraction Peak

The 5th international conference on BORATE GLASSES, 
CRYSTALS AND MELST, July 10-14, 2005, Trento, Italy



Structure functions Q·i(Q) for BaO·4B2O3 glass by neutron 
diffraction and MD simulation

11B (b=6.1�10-13cm); O (5.804);  Ba (5.2)
cicj/(Scibi)2 B-O O-O B-B M-O
BaO·4B2O3: 0.224 0.320 0.157 0.022

0 2 4 6 8 10 12
-4
0
4

Q/( )-1

-4
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4
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Ba-B

Ba-Ba
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Q
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Fig. Interference functions Q i(Q) for BaO·4B2O3
glass by MD simulation. The dotted line denotes
that by neutron diffraction.
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The 5th international conference on BORATE GLASSES, 
CRYSTALS AND MELST, July 10-14, 2005, Trento, Italy



Table 2 Short-range order (SRO) parameters for K2O-B2O3 glasses and melts obtained from 
neutron/X-ray diffraction, EXAFS and MD results.

Glass/Melt i-j ri-j/Å Ni-j/atoms (�i-j
2)1/2/Å Method

[B2O3] B-O 1.38/1.37 3.0/3.0 0.14/0.18 ND [10]
1.37 3.0 0.126 XRD
1.36 3.0 MD

O-O 2.40/2.38 ND [10]
2.38 4.0 MD

B-B 2.64 3.0 MD
�O 
 B 
O � 119.32 � 4.34 �B 
O 
 B � 151.07 � 13.52

[10%K2O-B2O3] B-O 1.39/1/39 3.1/3.1 ND
O-O 2.40/2.39 ND

[K2O·4B2O3] B-O 1.37 (1.48) 3.0 (4.0) 0.143 (0.155) XRD
1.38 3.2 MD

�O 
 B 
O � 118.92 � 5.07 �B 
O 
 B � 150.15 �14.47
O-O 2.36 4.0 0.15 XRD

2.40 4.2 MD
K-O 2.86±0.02 6.8±0.5 0.153±0.02 EXAFS

2.83 6.0 0.182 XRD
2.74 6.1 MD

[30%K2O-B2O3] B-O 1.42/1.40 3.4/3.4 0.23/0.23 ND
[K2O·2B2O3] B-O 1.38 3.3 MD

O-O 2.40 4.6 MD
�O 
 B 
O � 115.23 � 6.41 �B 
O 
 B � 148.70 �14.52

K-O 2.83±0.04 5.9±0.4 0.100±0.02 EXAFS
2.74 6.6 MD

XRD: X-ray diffraction; ND: neutron diffraction

K-O: rK
++rO

2-=2.73Å

The 5th international conference on BORATE GLASSES, 
CRYSTALS AND MELST, July 10-14, 2005, Trento, Italy

Fig. 3 Stereoscopic snapshot of the 
ions in K2O·2B2O3 glass at 
298K.

STRUCTURAL STUDIES OF xmol%K2O-B2O3 (x=0, 10 and 30)
GLASSES AND MELTS
N. Umesaki, D. A. H. Cunnigham, K. Handa and Y. Iwadate: “Cation and Network Structure in Binary Potassium Borate Glasses”, Borate Glasses, 
Crystals & Melts, ed. By A. C. Wright, S. A. Feller and A. C. Hannon, The Society of Glass Technology, Sheffield, (1997), p. 99-106.



Fig. 2 Three-dimensional atomic view
of the initial NaCl type structure
(left-hand side) and relaxed structure 
by RMC moves (right-hand side).

XRD EXAFS RMC  

T. Arai, M. Sato and N. Umesaki: “Structural
change of crystalline and amourphous
Ge2Sb2Te5 by reverse Monte Carlo analysis of x-
ray diffraction data and extended x-ray
absorption fine structure data”J. Phys.: Condens. 
Matter 19 (2007) 335213 (11pp).

Ge2Sb2Te5



RDF PDF atomic pair density function
 

Short- vs. long-range correlations: molecular solids
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