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1. When a distinguished but elderly scientist states that something is possible, he is
almost certainly right. When he states that something is impossible, he is very
probably wrong.

2. The only way of discovering the limits of the possible is to venture a little way past
them into the impossible.

3. Any sufficiently advanced technology is indistinguishable from magic.
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|deal Electron number: 360(C,) +2(H,)

No. of el. of H,@Cqo
r<2A  1.9(4)
r<5A 361.8(5)

No. of el. of Cyg
r < 2A 0]
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A layered ionic crystal of polar Li@C,, superatoms
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1.  When a distinguished but elderly scientist states that something is possible, he is almost

certainly right. When he states that something is impossible, he is very probably wrong.

2. The only way of discovering the limits of the possible is to venture a little way past them
into the impossible.
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3. Any sufficiently advanced technology is indistinguishable from magic.
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\/ —  Comparison with DFT calculation
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OH - < Calculation >
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be seen in the DFT result.
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— 3 —H— 250’ 8
2.25 A © 2s 41 — 25 L g
. a4 —H— 280
valence (experiment) valence(experiment)—0-bond(theory) | =~ —
> zonly 2 theory
A 1.5 y— Y
f . f 2p, —H— 1s0”
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o E all 6 1s 1s
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\/ Mysterious behavior of VED for bond orders

N’
"’
C2
®
cl | No difference
Curve (1D) plots on the C—C bonds - Curve (1D) plots on the C—N bonds
3.5 I 5 """"""" N1 -
3.0 Cytidine HO : ='.° 3
P 0 R 3
< 25 C5 < < s
) . /(':3 C4/ o 9 T o
2 ol C2 - OH 2 37, ','
SO Ci C}L\ OH & st &
1.5 HZI)I “a N O 2 ':..’. 4
1.0-----'----|----|---- [EEm————— \/
-0.8 -04 0] 0.4 0.8 9, o) 0.5 , 1.0 1.5
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\/ Chemical resonance in hetero ring

—
In a crystal

1.98(3) A

Proton exchange between O and H

~_=

[ Chemical resonance by proton exchange]

HO HO
O
iy
B o i
- HNT N | HN OH !

B L e e e e L I

“"OH

Experiment

No difference

DFT calculation

No difference /\

Based on experimental
structure parameters

Precise crystal structure obtained experimentally

.

—

Highly reliable theoretical calculation

Nt

~
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1.  When a distinguished but elderly scientist states that something is possible, he is almost

certainly right. When he states that something is impossible, he is very probably wrong.

BATHEEORNPENTRTHEILE -GS . TOERIXIFETMELVE
A
=AU THILEE>-BAICIX. TOERITEFTHEEHLTLS

2. The only way of discovering the limits of the possible is to venture a little way past them
into the impossible.

AIREEDRAZAOME— DAL, TORFAZDLIEZITHEB I 2FTHRRT H_LTHD

3. Any sufficiently advanced technology is indistinguishable from magic.
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Spinel Oxide : FeV,0,

& R-1ERAES

3 3 o6

SRR HERER

D. B. Rogers et al.; J. Phys. Chem. Solids. 24 (1963) 347-360.
M. Tanaka et al.; J. Phys. Soc. Jpn. 21 (1966) 262-267.

S. Sarker et al.; Phys. Rev. B 84 (2011) 235112.
J.-S. Kang et al.; Phys. Rev. B 85 (2012) 165136.
S. Nakamura et al.; J. Phys. Soc. Jpn. 85 (2016) 014702.
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S. Kawaguchi, et al J. Phys Condens Matter 25 (2013) 416005

lllnllllxll!lulll]nllllln

...............................

T TR T O O O T

£
(31 1ouy/r)

11

r(

C

\
\

140 K

120

D

80 ™

20 40 6b 80 10d 120 I40\|60 180 200

K)

N( -K M

1 tetra.

HT tetra.

PM

cubic

Y. Nii et al.; Phys. Rev. B 86 (2012) 125142.
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Spinel Oxide : FeV,0,

S. Kawaguchi, et al J. Phys Condens Matter 25 (2013) 416005

VO6 FeO4 A 2
Octahedron tetrahedron
6000+ 120
& 4000} 80"
E 3
O i ‘:' PR W RS
0 20 40 6b 80 IOd 120 140\ 160 180 200
V3t(3d*:S =1) Fe?*(3d%: S = 2) | T (K) N
€) — _A.AA Z I | N,
ty —— A 70K 110K . 140 K
A N || &
tzg [r— e 2 - .| -
v HT tetra.|cubic
2 sites have degree of orbital Y. Nii ez al.; Phys. Rev. B 86 (2012) 125142.
Z B fE B EMERZ I & B NS
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Spinel-type vanadium oxide MnV,0,

Y. Nii et al. Phys. Rev. B 86.125142 (2012) MnO, g
tetrahedron Mn”*(3d*:S =5/2)

. ’ ¥ 53 K 56 K :, #
- _ [

quenched

VOg
octahedron

Driving force

of phase transition

Orbital degrees of freedom

62



Spinel-type vanadium oxide MnV,0,

Y. Nii et al. Phys. Rev. B 86.125142 (2012)

/ Compressed along c-axis direction \

Cubic phase Tetragonal phase
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Ground state of spinel-type oxide AV,0,

v VOg¢ octahedron

/Compressed along c-axis directim\

Cubic phase Tetragonal phase

Magnetic transition and orbital degrees of freedom
in vanadium spinels

H.Tsunetsugu and Y. Motome, Phys Rev B 68.060405(2003).

X be e
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Spinel-type vanadium oxide MnV,0,

Y. Nii et al. Phys. Rev. B 86.125142 (2012)

/ Compressed along c-axis direction \

Cubic phase Tetragonal phase
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Spinel-type vanadium oxide MnV,0,

Y. Nii et al. Phys. Rev. B 86.125142 (2012)

C-FM

53 K 56 K Regular octahedron of VOyg

M

C-FM
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Spinel-type vanadium oxide MnV,0,

Y. Nii et al. Phys. Rev. B 86.125142 (2012)

FeV,0, Y. J5fatH Fd3m
V313 d 2O AR

B0t ¥ - 2

T Manjo et el., Materials Advances, 3, 3192-3198 (2022).




Valence electron density of V3*in cubic phase

s ~N
QO €)f
~ s oo 96

IRPINE N S

7> FHNZHES LR RE | 0.5 2 05|¢2|2
’ — ¢+2 &QQ

H Y
= (IyZ> + |zx) + |xy)) AR

¥p = 2.3e/A3

N G

‘.IF Yal? + 051,17 + 0.5l |”

BRIEDBEFIISENEIC
HFHEXRTHE !

T. Manjo, S. Kitou, N. Katayama, S. Nakamura,

T. Katsufuji, Y. Nii, T. Arima, J. Nasu, T. Hasegawa,

K. Sugimoto, D. Ishikawa, A. Q. R. Baron, and H. Sawa,
Materials Advances (2022), 3, 3192-3198 (2022). .
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IR EE” AU
= 2,3

1 = —(ly2) + |z2) + [xy) — SIEIEIEHAS b
f

1
Y, = Ve (lyz) + |zx) — 2|xy))
Y, EOFKE B RM S ) \
L Y3 = ﬁam — |zx))

Py L 3 DEAZRAHY

e 92
Yy, Y3 DIEN [ Funique TIEZRVY | @5 =P, cosO + P3sin6 ' Kﬁ( '
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ALFHIE 6 — Hl(r, t) [EIFTSEBR IS A R D1 x"L’ Y ::
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1

py,(1r) =— Yy ‘4 Y, cos 0;(t) + P4 sin B;(t) ?
N Z (| 1]| | 2 J 3 J |) \Qolzlwlg@lﬁﬁ%ﬁ:/

1 2T 1 1
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FEFRIT D T2 b DAt

¢ SRERERFBRIN. BT INDESEIT
® ZRELUCERE * 8IXRILF—DXHR
EFEIRTE—F. by TPy &R
TS EE. EBRBICIE d>0.25A DoRZEE
€ LU WIS FZEEDBIRE (completeness ~ 100%)
FeV,04 Glycine Cytidine
X-ray energy: ~40 keV :,zr————-/—“: ”—’
Detector: PILATUS3 X CdTe Crystal shape . k’
Temperature: ~30K
Size[am?3] 40X30X10| 90X60X30 |100 X60X60




Core Differential Fourier Synthesis method

Single crystal XRD P:phase term

f:atomic form factor
p (1) = lz |Fops (K)|P — z f] COI‘eTj oK Prore elKT| 4 & T: atomic displacement prm.
v = 7 v N,: numbers of valence e
/\ V: cell volume

{Valence ED(experimental) = Total ED(experimental) — Core ED(model) } ~ Atomic form factor of C~

§) | S
S. Kitou et al., Phys. Rev. Research 2. 033503 (2020). ‘ core + valence
core (1s?)
Valence ED (e.g. 2p,) Total ED Core ED -4 el ek S
¢ .-g "I\observable
2~ — S o —
4 //J | I— ‘ ~ 2 unobservable|
20 <20 12 0 - . P
2§22 p27? C: 1s?2s22p [He](1s?) I 05 025 0167 0.125

d (A) 71



BAPUEZ RS 7DITX? o
QO
i o 1%1..?9:‘ T HED OD
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41T sin 6 B 21T
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®© >10DF L FIv 2LV @ BEEXRIZ L™y r—4
HU%: YTiO; : &FEH: 39+22+8X3=85

3¢/43 T — * N
“h
H ® . o’ 0.8 A
*
Oe/A3 - ‘ -
] » | | |
dinin (A) 0.5T 0.33 o.st
dmin = 0.38 A B e X
JIREROXHLE Mo K.) (1= 03584, 20 = 91.4°)
1(K) o (47 70 4= OTLA 20 = 10 - (2
. A BT1DOZHMT 57T i 2sinf\ [K|/ i
12 1 T
= ~107*
852 7225

Phys. Rev. Research 2 (2020) 033503
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|Glycine]

High
Resolution
d > 0.30A

Low
Resolution

d > 0.50A

QR I3 54
|Cytidine]

Low
Temperature

30K

High
Temperature
100K
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PrTHRREN? ;5 YTiO,

| =l i 0.346 > d > 0.3;37 3d orbital
7l i JM \{M A REAL - 264 & | 0 ’
I N ! 1800 |- ]
=
g H | : W‘WMWW g y |
»L b | 0.5A
10 2 20 }Iopeme 20 % slo 52 625 e /6:;’:” 635 o4

Y4 X: 20 x 20 x 10 pm3
BlIEEE: 35 keV
AERE: 100K
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PILATUS3 X CdTe prH! g5 2O18ES BA

‘\_ L ' /
— \“‘i“‘ .' : /
\ "1& ) ‘ / \
) L\ g
j".‘"\‘\ A

-
o
L[S

HAZFEL:130~397.13 mm
20 : -30~0°

W e ] BRI A
d>0.32A(E=35keV,L=130 mm, 26 = -30° )
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PILATUSE A THE U I-BIEORAL

() o FPERES (TMTTF),PF, D& 5
22filfE: P1 W “*_ogo;o P
BT a=697A b=7534, c=13134, 7 > o s

a = 83.48°, B = 86.93°, y = 71.00° g0 %

JEEIST AL © d > 0.4 A e ER g ]

W Ui - 2RMaERo#E ¢ ~100% | L. .o ™

LG S S D BE R - ~ 14[0]
(17 L—2%70) (17 L—A%7-0)
Z&ERF]: 10 min (Aw = 10°) Bkl 9 sec (Aw = 3°)
[P AHL Y IFf[E]: 6 min [P H V) RFfE]: 0.95 msec
ZL—L%: ot x 10ty b =90 #& 7L —L8: 60 x20k > b = 1200

&3+ # 90 hour &3 + # 3 hour

“1/30” DOIFETIPEFRREDBRIENTEE |
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PILATUSE A THEUBIEOEIL D2

A — s Bl T O His
CCD PILATUS

Cu,TiSe,DCu- 7 VRIAIRAE ? streakIR D ELEEEL D
X v BRIz Bl e |

Physical Review B 101, 094108 (2020)
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Seeking higher resolution and precision

(TMTTF),PFy

Imaging Plate
\ detector

S. Kitou
(2017).

4 Direct observation of charge
ordered state in (TMTTF),PFg

etal., PRL. 119, 065701

PCDFS (QZ\_S)

B A,
- ~
/| ( e
| )
N’ 4
i\
~y ”\ \
‘ L

o
o

resolution:

intensity

0.40A

LT

Box summation

~

4 Unveiling the Nature of Chemical

Bonds in Real-Space
T. Hara et al., JACS.

. 10.1021/jacs.4c05673. . ..
Glycin Cytidine

/

intensity

Photon counting

Profile fitting

\ detector




Profile fitting ( by CrysAlisPro ) v.s. Box summation ( Rapid )

@ :0=1°/ CrysalisPro @ 2w =1°/ RAPD

Sample : MnV,0,(0432b-003)
Log A —)b

iR DA R -7 L X

10°L

1041

|[Fol?

R=113%

10°

|Fel?

profile fitting Box summation

10° K 3.0e/A3 / K 4.5e/A3 /

/Aa) =1°/ CrysAlist /Aw = 1° / RAPID \

R=161%

CrysAlisPro® MK E DI 5D X /NI & BERDIBIRDE LT .



Fine slicing and Protfile fitting
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profile fitting Tfr> T\ 5%
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heoretical result
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