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Fig. 1 (Color online) (a),(b) Total electron density distribution
of diamond calculated by the general inverse Fourier trans-
form of diffraction intensity using Eq. (1). (c),(d) Valence
electron density distribution of diamond calculated by the
CDFS method using Eq. (3). (a) and (c) are surface plots.
(b) and (d) are sectional view of the (4 4 0) planes.
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Fig. 2 (Color online) Atomic scattering factor of carbon? . Black,
blue, and orange lines indicate the contribution of the total,
core, and valence electrons, respectively.
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Fig. 3 (Color online) (a) Crystal structure of YTiO; at 25 K. (b)
Valence electron density distribution, which is calculated by
the diffraction data in 0<sin §/4<2.0 A~!, around Ti with
internal coordinates (1/2, 1/2, 1/2) obtained from the
CDFS analysis (isosurface level: 3.2e/A3). (¢) Schematic il-
lustration of the Ti3*—3d! orbital-ordered state in YTiOj; sys-
tem and the typical valence electron density distribution of a
t,g electron.
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Fig. 4 (Color online) (a)-(c) Valence electron density distribu-
tions of the (1 2 1) plane on Ti with internal coordinates
(1/2, 1/2, 1/2) in YTiO;, which are calculated by the
diffraction data in 0<sin 8/A<1.0A-1, 0<sin 6/1<1.5
A-1 and 0<sin /1<2.0 A-1, respectively.
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Fig. 5 (Color online) (a) Density of states of the Ti—4s, Ti—4p and
Ti-3d (ty, e,) orbitals. The zero—energy refers to the highest
occupied level. (b) Valence electron density distribution
around Ti obtained from the DFT calculation, which cor-
responds to valence electrons occupying the orbitals below
the Fermi level (E=0¢eV). (c) Schematic illustration of the
orbital state including the Ti—O hybridization.
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Fig. 6 (Color online) (a),(b) Molecular structures of BEDT-—
TTF and BETS molecules, respectively. (c),(d) Valence
electron density distribution of a BEDT-TTF molecule in o~
(ET),I; at 30 K and a BETS molecule in o—(BETS),l; at 30
K, respectively, which are calculated by the XRD data in the
limit 0A-1<sin /A<0.5A-!. (¢) Band dispersion of
o—(BETS),l; is seen from two directions close to the Dirac
cone on the k= (k,, k,, 0) plane, where a pair of Dirac
points are located at k= (+0.2958, 70.3392, 0).
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Electron orbitals observed by synchrotron radia-
tion X-ray diffraction

Shunsuke KITOU Department of Applied Physics, Nagoya University, Nagoya 464-8603, Japan
Hiroshi SAWA Department of Applied Physics, Nagoya University, Nagoya 464-8603, Japan

Abstract Valence electron density distribution in a crystal can be observed with high accuracy by perform-
ing electron density analysis by a core difference Fourier synthesis (CDFS) method using high=in-
tensity and high-resolution single crystal X-ray diffraction data obtained at the synchrotron radia-
tion facility SPring—8. By observing the spatial distribution of electron density proportional to the
square of the wave function, we succeeded in directly determining the quantum parameters of the
orbital state. The CDFS method, which makes the best use of recent synchrotron radiation tech-
nology, can observe the orbital state of various organic and inorganic crystalline materials. The
CDFS analysis will provide a touchstone for a complete description of the first—principles and
quantum chemistry calculations.
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