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Bond valence sum (BVS)

A A VEEPTEAF A > TWBER (BREM) qi 1XBfIL TWLWB
BT EICEYIRDAZ ENTES

Mn 4
Mn 4

-2 1.750 0.37 j 'from transition metal complexes'
-2 1.762 0.34 ap 'RO fixed by Mn207 Small sample'

Mn2 O -2 1790 037 a ?
Mn2 O -2 1740 0.417 bs?
Mn2 O -2 1.765 037 j ?
V = V; Mn2 O -2 1.762 0.40 ap 'RO fixed by Mn207'
Mn2 S -2 222 0.37 e unchecked
Mn2 F-1 1.698 037 a ?
Ry — R; Mn2 CI-1 2133 037 a ?
Vi=exp\—— Mn2 Br-1 2.34 0.37 e unchecked
b Mn2 | -1 252 0.37 e unchecked
Mn2 N -3 1.84 0.37 bq 'high spin’
Mn2 N -3 1.68 0.37 bq 'intermediate spin’
Mn2 N -3 1.53 0.37 bqg 'low spin'
Mn2 N -3 1.849 0.37 | 'from transition metal complexes'
Mn3 O -2 1760 037 a ?
Mn3 O -2 1.823 0.247 bs ?
Mn3 O -2 1.732 0.37 j 'from transition metal complexes'
Mn3 O -2 1.762 0.35 ap 'RO fixed by Mn207'
Mn3 F-1 166 037 b ?
Mn3 F-1 1.666 0.36 at?
Mn3 Cl-1 214 037 b ?
Mn3 N -3 1.82 0.37 bqg 'high spin’
Mn3 N -3 1.71 0.37 bq 'low spin'
Mn3 N -3 1.837 0.37 | 'from transition metal complexes'
Mn4 O -2 1.753 037 a ?
Mn4 O -2 1.750 0.374 bs ?
0]
0]

https://www.iucr.org/resources/data/datasets/bond-valence-
parameters
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CRYSTALLOGRAPHIC DATA

BOND VALENCE PARAMETERS
INFORMATION ABOUT 'BVPARMXXXX.CIF' (xxxx 1S THE YEAR OF REVISION OF THE FILE)
bvparmxxxx.cif files are text files that list the parameters R, and B in the equation:
bond valence = exp((R, - R)/B) (1)

where R is the length of a bond between the two given atoms and the bond valence is a measure of the strength of the bond. The bond valence has the property
that its sum around each atom in a compound is equal to the valence (oxidation state) of that atom. The bond valence is frequently used to validate newly
determined crystal structures, but it has many other uses in the analysis and modelling of crystal structures.

Full details of the bond valence model can be found in I. D. Brown, The Chemical Bond in Inorganic Chemistry: The Bond Valence Model, published by Oxford
University Press, 2002.

I have compiled this list from values of bond valence parameters reported in the papers cited in the file. The list is reasonably comprehensive, but I omitted
some earlier parameter determinations that did not differ significantly from values that were already in the list. Where significantly different values have been
reported in the literature, I have listed them in what I believe to the decreasing order of reliability. In that way a reading program can default to a bond's first
occurrence in the list. In some cases, where no parameters are available in the literature I have suggested values. These carry the comment 'unchecked' and
should be used with caution.
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Tpip = A1g + ey + 2ty +tyg + toy + ot Q1 a1y (X; — X4+ Y, — Y5 + 23 —26)/V6
Q; e (x1—x4—Y,+ys)/2
Qs e (2z3—2z— X1+ x4 — Y, +5)/2V3
L Qs tag (z2—2z5+Y3—Y6)/2
X3 V3 Qs tag (x3—xg+ 2y —24)/2
Qe t2g (V1 —Yat+x3—x5)/2
Q7 tiy (X +x3+ x5+ x6)/2
Qs tiu 1+ y3+yat+ye)/2
Qo tiy (z1+2;+24+25)/2
Qo tiy (x1+x)/V2
Q1 thy (yy+ys)/V2
Q2 tiy (z3+26)/V2
Q13 tou (xz + x5 —x3 —x6)/2
Qua trzu (V3 +Ye—Y1—Ya)/2
Qs tau (21 +24— 23 —25)/2
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X, 1 1 1

A 0 0 0

2, 0 0 0

X, 0 0 0

v, 1 1 1

Z, 0 0 0

X, 0 0 0

Y, 0 0 0

z 111 1/ 0 1] 2
Ar:Zi:aiQi: xj =a1% 1 +a2§ 1 +a3m LT

Y, 0 0 0

, 0 0 0

Xe 0 0 0

Y, 1 1 -1

. 0 0 0

X, 0 0 0

Y, 0 0 0

Zg -1 0 -2
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SmBaMn,Og Hsetal, Physical Review B 90(24), 241113(R)(1)-(4) (2014.12).
Crystal structure analysis at 150 K (LT ferroelectric)

Space group: Pmc2,
a=7.5814(3) A

b = 5.5435(2) A

c = 11.0957(5) A

V = 466.32(3) A3
GOF = 1.036

R, (/>2.0 o(/)) = 0.0420
wR, (all data) = 0.1321
Reflection number: 7718



3.13668 (r, = 1.732 (Mn*) BV — Zexp( h —'ﬁj
3.78675 (r, = 1.750 (Mn*) i1 0.37

: d=c0os(¢/2)|d3z2-r>> + sin(op /2)|dx>-y>>
Mode analysis

Q,
3 2_r2
A
Q, Q3
Distortion mode
Mn3+ Mn4+

Q2 -0.172113 -0.0199958 N w
Q3 -0.129564 -0.021337 HKENEIEL



Bond valence sum

L r—r
BV = Zexp( 8.37

.879(8)
. 888 (06)
.8883 (16
.987 (7)
.943(8)
. 9480 (8)

3.13668 (Mn3*)
3.78675 (Mn%)

N e e S

H RN R RN

j r, = 1.732 (Mn3*), 1.750 (Mn**)

.123(6)
.8915(13
937 (7)
.091 (8)
. 928 (8)
.9229(9)

A
A
) A
A
A

A
)

A
A

A

A

A

A



Ba,MgReO, D. Hirai, HS, et al., Phys. Rev. Research 2, 022063(R) (2020).
Crystal structure analysis at LT phase

. o Qyz_,2(02)
1.947 A l 1.903 A i Qs,2_.2(09) - <(fX)2y — (j)?)
= (3()2 — j2)/V3

Qyz (Oyz) (\? sz (Oxz)

~ (/2 = G772

BT DIFEMEIL



Mode  Amp. (,&) oP

8u 0.045 Q322-r2
g, 0.006 Q)2
&y O Q,,
e, O Q,
€z 0 Q Xz

Antiferro (00 1) Q. Ferro (000) Qs,,.,,
(0.045 A) (0.006 A)
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AEVEELBEFE M. Blume and D. Gibbs, Phys. Rev. B 37, 1779 (1988).
80 — e2 2(_i ha) j <M>cr'd <M>0"ﬂ
aQ mCZ mCZ <M>7z'0' <M >7r’7r

(e (hwj
mc? ) \mc?

S => exp(2miQ-r)als|a)

2

E (sin20)s, —2[sin? 0)(cosd)s, — (sin 6)83]j
2

sin? 0)(cos6)s, + (sin 0)S, | (sin20)s,




X R UBUEL D IR SR 77 14

<|\/| >_ <Mm>cc <Mm>m —sin20 82 —Slsin9+833inetan9
" UM, M., B S,sin0+ S.sinOtan 0 S
(Mo (). oS, 2

Incident X-ray scattered X-ray

Incident X-ray scattered X-ray




Incident X-ray scattered X-ray

Incident X-ray scattered X-ray




scattered X-ray
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RHC

scattered X-ray
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Experimental details

o Sample
o 1k
Double / w \E
Transmission i
Monochromator

Si(111) Crystal Phase-retarder

Diamond (2,2,0)
Phase-retarder

BEIBEA4%

\W\W/‘

P

nalyzer

Single crystal : FZ method
Size g 4mm, t=2.5mm
Electric Field cooling

= 10.9968

circ



MnWO, Simple Spin-Spiral Multiferroics
K. Taniguchi et al., Phys. Rev. Lett. 97, 097203 (2006),
A. H. Arkenbout et al., Phys. Rev. B 74, 184431 (2006).

Crystal structure

14 MaWO,

L

cooling (3K /min)| : P
| H/b E=S00kV/m | 12-Hi®
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AF2 Helical Spin
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Y/ ©

G.Lautenschlager et al., PRB (1993).

Monoclinic P2/c
Quasi 1D spin system




Intensity (counts/sec.)

MnWO,

HS et al., JPSJ 79, 043711(2010).

MnWO, (-102)+q T=8.5K, E; =8.4 keV
4.0

- P,>0 o RHC|r P <0
- m LHC||

o~

3.0 . *

T L L1 ]
0.48 0.50 0.520.48 0.50
k of (-1.216 k 2.456) [r.l.u.]

|, 1=7

M E my/m,,,,= 0.9

\

Right-handed Screw

L s ¥

Left-handed Screw
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