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= £  FA9 o8 A==€ MO-Si0; (M=Zn, Sn, In, Ag, Ni) oI EA Aej7l A4 F&ole] FFHel =& Az}
Fzo] Hi# XRD, FT-IR, “Si-NMRE ¥48t9c}. XRD peak& #¥% A3} Ag-SiO, AolA AgNOse) HFE=xql AMRA
57t JepdAul, 7R S50l ARst vl sl Ao o AL R A oigich FT-1R 2423 H7lse 4]
€ % Zn, Sn, In& FEAH 2 Si-0-M 4] AR A& o]Fof Si-0-Si Y AFel & F peaks] HAF P Hc). ¥5i-
NMR #el o8] Zn, Sn, In §9 F50) &2 Aeizhe] A& 4 whgol 9%& XA 3 F4HT vizNZE 2= A¥S
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Abstract MO-Si0O; (M=2Zn, Sn, In, Ag, Ni) binary silica gels were synthesized by sol-gel method and their structural
change with the kind ofmetal ions was characterized by XRD, FT-IR and *Si~-NMR. Although X-ray analysis showed
partial recrystallization of AgNQO; in Ag-SiO. gel, crystalline phase formed by the bonding between metal ion and the
silica matrix didn't appear in all MO-Si0, gels. The FT-IR analysis showed that Zn, Sn and In partially formed Si-O-
M bonding in silica matrix and made an shift of absorption peak to by Si-O-Si symmetrical vibration. In addition, *Si-
NMR studies showed that Zn, Sn and In didn't affect sol-gel process of silica and were linked with non-bridging oxy-
gen of the linear silica structure, which formed imperfect network because of low temperature sol-gel process. Ag and

Ni make a role of catalysis on sol-gel process, resulting in densifying the silica network structure.
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3.1. MO-SiO, #l& XRD 24
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Fig. 1. XRD spectra of MO-SiO, system heated at 180°C.
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Fig. 2. XRD spectra of MO-Si0O, system heated at 500<C.
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Fig. 3. FT-IR spectra of MO- SiO; system heated at 180°C.
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Fig. 4. FT-IR spectra of MO-Si0, system heated at 500°C.

[}

5

E%%

SiO,

'

1

B0 80 100 120 -140
6 (ppm)

Fig. 5. #Si NMR spectra for MO-SiO, heated at 180C.
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3.2. MO-SIOAHIS| FT-IR 24

FAYo 2 Az A7y} A9 FT-IR dajxs g
A77F A=) Zzte) Ade)zl Aol e F4ote]
o] o7 =Fell Bar¥e] r}.23 %1 Fig 3-& 180T ol
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Table. 1. *Si- NMR Chemical Shift, Q.%, line broadening for MO~ SiO, Nanocomposites.

Pure Si0; Zn-Si0, Sn-Si0, In-Si0, Ag-Si0, Ni-Si0,
Peak Peak Peak Peak Peak Peak
d Int, Q) 8 Int, Q| Int. Q| & Int. Q) ¢ Int. Qe 9 Int. Q%

Q. [-109.58( 40.13 | 37.88(-110.48] 37.03 | 37.71]-109.85} 7.2

3547|-10941] 7.6 |37.48]-109.961 11 |47.83|-109.85| 10.5 |56.66

Qs [-101.46( 50.74 |47.90(-101.45] 48.79 | 49.68|-102.00| 109

53701 -102 | 103 |50.79]|-10292| 9.6 |[41.74|-101.72] 6.76 |36.48

Q. [-91.34 | 1506 |14.22| -91.46 | 12.38 [12.38] -92.03 | 2.2

10.83| -89.96 | 2.38 |11.73] -89.29 | 24 |1043]-89.73| 127 | 6.86

T, &7 Si0 Ag-Si0.dlA AdHes 43t
" peak§ ol gt} Ag-Si0.9 1383 cm oA o E
AzAdA FZE 5 e ¢ ¥ peako] #F I
1200~800 cm™'ellA FAEE peak2 A7} vjElA
Aol 9% ¥4 peakelt}d. 950~960 cm™'& Si-OH 9|
23} peak (Fig.3-a) 224 £ Si0A Aizye=
e F4-E 2o}, 800 cm™! Vel Si-0 ulgy A
Foll A3 &5 (Fig.3-b) & TR 42 & Aol
BolA] ¢xlwt &% SiO.d4 ¥EH ZA ehdo}
440~450 cm™'e| A ¢} F4=(Fig.3-d) = Si-0-Sig] A
AE-Fol g ojct. FEHNEL FFl o} peak
9] 7x o & o]z} elA%t peak ] HA7} WstE o).
4% Si0.9F Ag, Nio] 718 A=AelA 453~454
cm™'E Yelhi AR In, Sn, Zne] H7ME AzAAME
443 cm™' oA F peak o] ‘LA Hct.

1460 cm™'el4 Yehte C-HY 258 SA4AtefolA
Féoln #1870k ke Aio] sl 180T
dajz] e ofstA SAslE AR Boln &t A
FhollA B} AdHe® 3A vjehdrcl. Satyanarayana
59 A3 A} 2 RE Ag-SiO.oA veht= 1383 cm™
19} F4 peak2 NOzol| &3 Ao 2 gt} 800 cm™
A9 i ak& FEHHEY FHel wet & HEE e
W= 3 g1AuE, 440~450 cm~'el4] el Si-0-
Si¢] HAAE$EL In, Sn, Zno] 7R HAE2AA
peak 2] 91217} W& gct, In, Sn, Zno] 7%l Azl ol
Efro4 Si-0-S5i9] dZFE § 447} Si-0-M9] +
22 Wiey Yoz #¥ch Bruni Y& A¢AE
Ayt el S0l o 2R YA EHE xRzt
o S Ao EAF § AU+& B1¥ ¥} ot FeOs
-Si0;9] Aol & Bruni2] 7 22 H FT-IR Z=}e)
ofshd 590 cm™! BollA Aegieieg e FAYPE ¥
4 peake] A8t ¢]71& M-0-Si Al M-09] A
2 A% 9 Aolt}. Fig. 3004 €5 AertAd e
600 cm'elA Yehds -OEt9) #7158 Aol 98 590
cm™'9] &g F4 peako] FEEA AU FEHNMES
EZgstn e AdMde FEold FF 98 ¥
peak (Fig.3-¢) & &A1& &% < ).
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3.3. MO-SiO. Al2| *Si-NMR 24

Fig. 5= MO-SiO; o] 2A & 180°CoA <A=& A
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Fig. 7¢] Z=}o) 23l Ag, Nivl 3719 Aelst A4
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gl HEc) o AU VEYE 72E 71 & U=
Zle 2 B}, Ennas 59 ATl 93 ALA F
&d& SLEAR A7) s E20 NiE HE3te AT
Aejzte] &4k J%E & 2 NEY29l Nitte 2
o] wAYsl7) o Ao 2 oA ut.” B A7 A
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ZAEE 35 e s A}, Zn, Sn, Ine] H7}
" Azt AelA Qt 4 Q7 718k ARER
B} o]21q F&o)2Fo] Ao F4 ko2 st
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Fig. 7. Chemical shift of #Si NMR in SiO,~ MO system.

"5}, Chemical shift9) WA H7pE Z4-0]o] A
27t siEY2 o] YA FYe F3 U BHFE e
E 5353 9ok Fig. 79 98t )7l ddAdS Q.
% 9] 2e]7} wo) ‘2% chemical shifte] W3} =3 =5
vebdg & & ok 92k Ag, Nie] 3719 Ale)s) of
E2d A velds Q,, Q.9 chemical shifte A7} §
g AT TA o] oY FEol Lo o 2Rz
UL wEHE

48 &

=44 28 AxE MO-Si0, o)1 4EA) A7} A
A F&o0j9) FHol @2 Ay} v Fxo wWHE
AT 23, F7hEe F450l9 £RH 92 HE Ay
7t e 2o T2 Ho]E HAY 4 AU} 180T
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Fig. 8. Schematic representation a) silica matrix and b) MO-
Si0, system.,
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