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Electrostatic Bond Valence Principle
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Bond Valence — Example 2

Consider the rutile form of TiO,. What is the
valence of the Ti-O bonds?

First lets calculate the valence of
the Ti-O bonds.

Vi = Zs;;
4 = 6(sij)
si; = 2/3

Now use this to determine the
coordination number of oxygen.

Vi = Zs;
2 = n (2/3)

n=3
Other rutile MX,: SnO,, PbO,, RuO,, MgF,, NiF,, efc.




Bond Valence — Example 3

What is the oxygen coordination in the mineral
zircon (#5ify, #59:4) ,ZrSiO,, where Si*t is
tetrahedrally coordinated and Zr** is eight

coordinated?
First lets calculate the

valence of the Si-O bonds.
Vi = Ls;
4 = 4(s5_0)

Ssi-0




Now lets calculate the valence
oT The £Zr-0 bondads.

Vi = Ls;
4 = 8 (sz.0)
Sy..0 = 1/2

Now lets calculate the
coordination number of oxygen.

Vi=n; S50 *+ Ny Sz 0
2 =n; (1) +n, (1/2)
n1=1 n2=2

Figure 9.4 Distortion of a cubic m




A new Li-ionic conductor: Li;OCl

Ocl@o0oLi

REBTERARGMAS T
AL ?

Vii = Ny Siio * N Sig

1=n,(1/3) +n, (1/12)

-

12 =4n, +n,
Fig.1 (a) The erystal structures of LiEOCl with LizO octahedron, (b) LilzCICLI'Joctal'wdron, and (c)
Li0,Cl, octahedron coordination environments. The cube enclosed by solid black lines denotes a unit cell.
The small purple balls denote Li ions, while the medium sized red and big sized green balls are O ions and

Clions, respectively. All Li, O, and Cl atoms are represented with the spheres of the same color and size in l ence n - 2 n _4
e 'Y pa

the following of this paper.

An antiperovskite structure: L1,0, L1,,Cl, L10,Cl,

J. Mater. Chem. A, 2018,6, 1150



§ Pauling®f — NI i) & &I NLA
—EEEM A (Quantitative Bond Valence Method )

- :

Bond
valence

1+

s 0 15

Bond length (A)

A5 T EHE T Na, Mg, Al, Si, P, SZ A s -# K5 & (LD.
Brown, 1978) [O-M##K: 1.43(S0,); 1.60,1.62(Si0,); 2.65(Na,0)]

AFREZEK, Ryv NAEE (R BN FIEE |
S EERERIILER, Ry=1.622, N=4.290.




A powerful advance on Pauling's bond valence method is to

(rather than the oxidation state). While a nhumber of
scientists have helped in this endeavor the principle driving
force has largely been I.D. Brown from McMaster
University. 12 The bond valence is calculated using the
following relationship:

sij = exp [(R; - d;;)/b] Ry~ d;in A)

Where d; is the distance between atoms i and j, R;; is the
emplmcally determined distance for a given cation-anion pcur' and
b is also an empirical value generally set equal to 0.37. Values of
R;; that give bond valence sums near the oxidation state have

been tabulated.345

L.D. Brown, Chem. Soc. Reviews 7, 359-376 (1978).

I.D. Brown, "The chemical bond in inorganic chemistry: the bond
valence model” Oxford Univ. Press, New York (2002).

Brown & Altermatt, Acta Cryst. B 41, 244-247 (1985).

Brese & O'Keeffe, Acta Cryst. B 47, 192-197 (1991).

O'Keeffe, Acta Cryst. A 46, 138-142 (1990).




Example of Bond Valence Parameters

1466 0.37 a ? Mg 2 1.693 037 a ?
1.062 0.642 bs ? Mg 2 1.608 0.443 bs ?
1.29 048 o ? Mg 2 1.636 042 o ?
194 037 b ? Mg 2 2.18 037 b
1.4607 0.656 c¢ '6 A cut-off Mg 2 232 037

?
?
209 037 b ? Mg 2 2.53  0.37 ?
?
?
?

1.6272 0.681 c¢ '7 A cut-off Mg 2 1.578 0.37
230 037 b ? Mg 2 2.08 0.37
1.7340 0.717 c¢ '7 A cut-off Mg2 Br-1 228 0.37
1.360 037 a ? Mg2 1 -1 246 037 ?
1.0968 0.503 ¢ '6 A cut-off' Mg2 N -3 1.85 0.37
Cl-1 191 037 b ? Mg2 P -3 229 037
Cl-1 194 037 e unchecked Mg2 As-3 238 0.37
Br-1 2,02 037 b ? Mg2 H -1 1.53 0.37
Br-1 1.5150 0.674 c¢ '7 A cut-off
I -1 222 037 b ? H1 O -2 0957 035 az 'From gas and
I -1 1.6754 0.722 c¢ '7 A cut-off' symmetrical bond
N -3 161 037 b ?
N -3 1.15 0.631 ay '6.5A cut-off*

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




=1.622/4.29
=0.378

Therefore Sij = exp [(R|J - d|J)/b]




Uses of the Bond Valence Method

To examine experimental structures for accuracy, determine
oxidation states, or identify bonding instabilities.

To locate light atoms (i.e. H or Li) that are hard to find by X- ray
diffraction methods by examining the valences of the surrounding
atoms.

To predict bond distances, as an alternative to ionic radii. This can
be done by inverting the equation:

dj = R; - b('"(sij)}

Advantages over ionic radii include
- Independent of coordination number.

- Can handle unsymmetrical coordination environments.




Bond Valences & Structural Analysis
FeTnOs (Ilmenrl'e) AIOOH (Diaspore)

K E A

Bend Distances Bond Distances
Fe-O = 3x2.07, 3x2.20 O1-Al = 1.85,1.85, 1.86
Ti-O = 3x1.88, 3x2.09 02-Al=197,197,198
Bond Valence Sums Bond Valence Sums
Fe = 3x0.40 + 3x0.28 = 2.04 Al =275
Ti = 3x0.84 + 3x0.48 = 3.96 01:=160
0=040+028+084+048=2.00 Q2 =116 —— OOH

R;. ,=1.734, b=0.37 — sp. o= exp((1.734-2.07)/0.37)=0.40



Bond Valences Predictively

Two types of Oxide ions -
‘Bridging - 110
*Terminal - 10
Pauling's 2" rule gives the expected
bond valences
Cr-110 — Su =1.0
r-10 - Sij = 2.0
Inverting the bond valence
calculation we can estimate distances
Cr-T0 —» 1.79 A
Cr-I0 — 1.54 A
The observed bond distances are
Cr-I0 5175 A
Cr-I0 - 1.57 A




Bond Valences Predictively

oL- Mﬂ03 ﬁ-MﬂO3
Space Group = P-1 Sp. Group = P2,/n
Chains of edge-sharing octahedra Corner sharing octahedra
Mo-0O Bond distances = Mo-0O Bond distances =
1.67,173,195,195,225,2.33 Mo(1) 1.65,1.79,1.81, 2.09, 2.12, 2.20
Mo(2) 1.80,1.87,1.91,192,2.01,2.23




a-MoQO; A closer look

The Mo®* ions shift away from the shared edges.

Bond Valence Sums
Me=2x090+190+032+160+040=6.02
10:-1.90
I =-160+040=2.00
g =-090+090+0.32=2.12




Distorted Coordination Environments

Ca-0O Distances

: * ; > /j—\‘: .

1 x2.46 A
Can you tell from the ionic radii of Ca?* and OZ-? -

2 x2.62 A
Ca2* (CN=12) r = 1.48 A Q- (CN=2)r=121 A 2 265 A

Ca?* (CN=8) r=126A  O>(CN=z=6)r=126A 4>30A
Ca?* (CN=6) r=1.14 A

R., =1.967, b=0.37 — s, o= exp((1.967-3.0)/0.37)=0.06

CaTiO 3




Distorted Coordination Environments

o 0

Ca-0Q Distances Ca-0 Valences

1x2.36 A 1 x 0.345

2x237 A 2 x0.336
1=<246 A 1=0.264

2262 A 2 x 0.171
2 %265 A 2 % 0.157
V., = 1.94
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ABO3H'\J%1M§¥EEJ&B’H’E

ALK IEgZ:, WiLaMnO —»La Sr MnO
R} I-x x R}

Lk (3-38Y) LMo3 (ABO3)%E£)§F_\‘L:

+La,0, +3Mn,O, = LaMnO,(La;, +Mnj,, +30])
A-{ﬁSrPé;kLM% (ABO3)E'939&BﬁﬁFi :

2SrO +Mn,O, =2Sr,, +2Mn;, +505 +V.°

or 2SrO+ Mn,O, +%Oz(gas) =2Sr_ +2Mn, +60; +2h

Sr is an
acceptor
dopant

A- DML, TASrTiO »>Sr  La TiO
. 3 |
La is a donor dopant.




> ABO3EI’\JA-\ B-\L Rt & FFRPE S MY

L1,Sr,  Ta Zr, O,

SrZr(5

[31’ - ,1':]Li[}]_,.-j +|1'T.‘:IU5_..-1 ;[E_T —_ 1]|_1£1r

+ yTaz,® +(v—x)Vg,

Similarly, LiSrZrNbOg, Lij,La,;,TiO;, ...

Nernst-Einstein /7%




3 IR R R SR R 454

=MUE:

@ LiCoO,: ENRZHEHERRY)
e.g. LiNiO.scoQZoZ, LiNi1/3CO1/3MI‘I1/302, Li-l‘iCh,
Li,MnO;

@ LiMn,0,: RERAEEFLY
e.g. LiNiy :Mn, :O,, Li,Ti;O,,

® LiFePO,: RSB EY
e.g. LiMnPO,, LiFe,Mn,_ PO,,
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@ LiCoO,: ENZHEHERERY
e.g. LiNiO.8C°0.202' LiNi1/3CO1/3MI‘I1/302, Li-I‘iCh,

LiCoOL L Go-NaFeQA b, B %,
R3mS[EIEE, Joheeli L0 N TR,
N ALARTBBCO AR f B\ AL,

{E[LLT) R - AR, AR b
A,

LiCoQ?2 (larered gtructure R3m)




2 AR R RIS

Eih (NaCl) 544
(/O’Cnoo T
Q ) Q ORClp
()O OO O o Na*

Anions-fcc, all O occupied and all T (T and T-) empty.
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Li, Ti<O.,
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e.g. LiNiy :Mn, :O,,

@ LiMn,0,:
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® LiFePO,: #itif (olivine)IZ8ILEH((1/1 02, Fo24),010,)
e.g. LiMnPO,, LiFe,Mn,_ PO,,




Sm it fHYBa,Cu,0, A gaiksEia
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