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Ab Initio of Fine Structure and ®Si Chemical Shift of Binary Sodium Silicate

ZENG Hao YOU Jing-Lin* CHEN Hui JTANG Guo-Chang
(Shanghai Key Laboratory of Modern Metallurgy & Material Processing, Shanghai University, Shanghai 200072)

Abstract: Ab initio calculation method of quantum chemistry was used to optimize several typical model binary
sodium silicate clusters under restricted Hartree-Fock method with 6-31G(d) basis sets. ®Si chemical shifts of NMR
of those model clusters were also calculated and evaluated with the concept of fine micro-structure. The calculat-
ed data were compared with the experimental NMR results and the discrepancy was discussed. It shows that *Si
chemical shift of NMR depends closely on environmental fine micro-structure. It can be inferred that macro phys-
ical and chemical properties of silicates might be predominantly determined by fine micro-structure instead of

crude SiO, tetrahedron as primary micro-structure.
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Table 1

Structure characteristics of silicon-oxygen poly-tetrahedral model clusters and SIT evaluation

Model clusters Na,0(%) mole fraction Q; types 'X; value R value SIT='X +aR (a=1)
(a) SiONa, 0.667 10, 0 — 0

(b) Si,0.Nag 0.600 20, 1.000 — 1.000

() SicONap, 0.500 60405 2.000 0.250 2.250

(d) Si,0,,Nay 0.500 40405 2.000 0.500 2.500

(e) Siz0Nag 0.500 30405 2.000 1.000 3.000

() Si 0 Nay, 0333 120405, 3.000 1250 4250

(¢) SiOxNag 0.333 80:(Qs) 3.000 1.500 4500

(h) Sig01sNag 0333 604Qsn) 3.000 2.000 5.000

(1) Si.0.Na, 0333 40403) 3.000 3.000 6.000

* 333 . . 11 . . . . .
Qs indicate sillicon-oxygen tetrahedral @ connecting with three Qy(exppressed by superscript 333), and this @, also partic-

ipating in three sillicon-oxygen tetrahedral rings, while two rings are 4-member rings, the other is 6-member ring(expressed

by subscript 2g and h, respectively). Subscript express 3-member ring in table.
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Fig.1 Diagrams of model clusters containing different connections silicon-oxygen tetrahedra. Element labels are all the same as
in the diagram of SiO,Na, (a)
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Table 2 Calculated 5:0 values of silicon-oxygen poly-tetrahedral model clusters
Model clusters (a) (b) (c) (d) (e) 0] (2) (h) (i)
&%(absolute value) / ppm 493.60 503.12 51856 51647 51327 52433 52170 51858  513.75
&% (relative value)” / ppm -43.60 -53.12 -68.56 -6647 -6327 -7433 -71.70 -68.58 -63.75

5. (relative value) is the chemical shift which tetramethylsilane(TMS) is adopted as the reference, 8. =45.00 ppm
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Fig.2 Relationship between 52, and SIT of binary

sodium silicate model clusters
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