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A New Approach to Bond Valence Parameters for Pb(I1)—halide Bonds

HU Sheng-Zhi
(Institute of Physical Chemistry, Department of Chemistry, Xiamen University, Xiamen 361005, Fujian Province, P. R. China)

Abstract:

The values of bond valence parameters R, for the bonds of main group metal halides are usually obtained

by systematic analysis of the crystal structure data by assuming B=0.037 nm. In this work, conversely, the values of B
were proposed to be fitted with crystal structure data on assuming the values of R, equal to the bond lengths of r,
accurately determined by gaseous electron diffraction. As an example, the new sets of R,/B for the Pb(I11)—X (X=F, ClI,
Br, 1) bonds were obtained and fitted as 0.2036/0.0382, 0.2447/0.040, 0.2598/0.040, and 0.2804/0.0386, respectively.
Compared with the values of R,=0.203, 0.253, 0.264, and 0.278 nm based on B=0.037nm for Pb(l1)—X bonds reported
in the literature, these new parameters were not only accurate and reliable for bond valence calculations, but also
revealed the physical meaning inherent in every R, as unit valence bond length.
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Table 1 Data of ryand Ry(B=0.037 nm) for certain main group metal halides
Compound PbF, BiF; GaBr, Gal, ShF, Shl, SnCl, ShCls
bond Pb—F Bi—F Ga—Br Ga—I Sb—F Sb—I Sn—Cl Sb—Cl
rg/nm® g:ggiigg 0.1987(4) 0.2249(5) 0.2458(5) 0.1880(4) 0.2721(5) 0.2281(4) ggggggg
Ro/nmf 0.203 0.199 0.224 0.245 0.1883 0.272 0.2276 0.230

ry: average distance of atomic nucleus



788 Acta Phys. -Chim. Sin., 2007 Vol.23

2 Pb(I)—X(X=F,CI,Br, 1)
Table 2 Bond valence sum analysis for Pb—X (X = F, Cl, Br, I) bonds

ICSD code Compound CN 35
(1) Pb—F 0.203(R,)/0.037  0.2036(r,)/0.037 0.2036(r,)/0.0382(B)
60372 PbF, 8 1.88 191 1.98
41178 PbAsF; 12 1.88 191 1.99
85721 Pb,ZrFg 11 194 1.97 2.03
11 2.01 2.05 2.13
67958 PbsFeF:, 11 1.82 1.86 1.93
12 2.00 2.03 211
10 1.93 1.96 2.03
74861 Pb:ALF;, 12 1.88 1.91 1.98
12 1.92 1.95 2.03
9 1.89 1.93 2.00
80105 PhsAlLFso(14 /m) 11 1.74 177 1.86
11 1.98 2.01 2.09
12 1.77 1.80 1.88
281374 PbsALFs(1-1) 10 1.88 1.91 1.98
11 1.75 1.78 1.85
10 2.02 2.05 2.13
11 1.98 2.01 2.09
11 1.68 1.71 1.76
78870 PbsFesFs 10 1.84 1.87 1.95
12 1.74 1.77 1.84
10 1.88 1.92 1.99
79073 PbsFesF2(C-1) 10 1.88 1.91 1.99
11 1.88 1.92 1.99
11 1.99 2.02 2.10
88258 PbgFesF,(C- 1) 9 1.99 2.03 2.10
10 1.86 1.89 1.97
11 1.87 1.90 1.98
11 1.98 2.01 2.09
9 194 1.97 2.04
Mean 1.89(9) 1.92(9) 2.00(9)
(2) Pb—Cl 0.253(R,)/0.037  0.2447(r)/0.037  0.2447(r,)/0.040(B)
27736 PbCl, 9 2.24 1.79 2.00
36572 PbMoCl., 6 2.36 1.88 2.05
41382 PbCs.Cly(R3c) 6 2.30 1.84 2.01
62351 PbCs,Clg(B112/b) 6 2.30 1.84 2.01
78873 Pb,PdCls 9 2.24 1.79 2.00
Mean 2.29(5) 1.83(4) 2.01(2)
(3) Pb—Br 0.264(R,)/0.037  0.2598(r,)/0.037  0.2598(r,)/0.040(B)
202134 PbBr, 9 2.01 1.79 2.00
15594 Pb;T1;Brs 7 1.98 1.76 1.95
65300 PbRb,Brs 6 2.24 2.00 2.17
78874 Pb,PdBr 8 2.07 1.84 2.04
300100 Pb,AgBrs 8 1.97 1.76 1.96
Mean 2.05(11) 1.83(10) 2.02(9)
(4) Pb—I 0.278(R)/0.037  0.2804(r)/0.037 0.2804(r,)/0.0386(B)
688194 Pbl, 6 1.79 1.91 2.00
1199 PbTII; 6 1.89 2.02 211
6067 PbRbl; 6 1.86 1.98 2.07
85309(86859) POTIls 7 1.56 1.67 1.76
100069 PbTl4ls 6 1.82 1.95 2.04
Mean 1.78(13) 1.91(14) 2.00(14)

CN: coordination number
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