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Sn**/Sn** Redox Equilibrium in the Oxide Glasses

Hirohisa MASUDA*, Yoshihiko FUKUMOTO** and Kenji MORINAGA*

The valency and morphology of tin ion doped in various oxide glasses have been studied.  Determination
of the ratio Sn’*/Sn** in compounds and glasses have been done by measuring chemical shift of SnL B2 spectrum
with a high resolution X-Ray spectrometer. ~ When the melting temperature, oxygen partial pressure of atmos-
phere, and content of tin ion are fixed, the ratio Sn®*/Sn** in various oxide glasses can be related with "pO”
values calculated from the oxygen ion potential in glassy state.  There are two types in the redox equilibrium
of the cation. One is called R-type in which the proportion of the redox ion in the higher valency state de-
creases with increasing the oxygen potential, the other is called O-type in which it increases.  In results, redox
equilibrium of the tin ion doped 10 mol% in oxide glass shows both type and the region can be devided by the
value of pO. It shows R-type when the value of pO is lower than 0.3 and in which tin ion exists as cations.
On the other hand, it shows O-type when the value of pO is higher than 0.3 which is caused by the formation of

complex anion species such as SnO3?~ or SnO4*~.
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Table 1 Conditions for the measurement of
chemical shift of SnL fe.
SnL B2
X-ray tube Cr (50kV, 40mA)

GeX?2

PR Gas, Proportinal counter
0.001°(10/10000°)

40 s/channel

Analyzing crystal
Detector
Width of step scan

Storing time interval

3. & S

3.1 t&¥HHhD SuLB, DT I AN T b

Fig. 1 \24£J8 Sn (B-Sn) & SnO B X T S$n0O; @
SnL B, DARY M VORIERREFRT. Sul B2 1213
FNEFNOFEFMIHE - THER Y I ANY 7 2R
FTIeHFROLNE.

Table 2 {2 3-Sn @ SnL B, ###E L L, EEfise
BEMTHhAEZEEA X LEYDr I ANV 7 bERT.
EOOBEL PR X HIZ, SnO, SnFy %2 & @ Sn*t @
SnL Bz iFFHED B-Sn DEF NI NRTERIVFICL AL
iZHBHDD 0.1~0.2eV iF EBFL 3L F—fAl~N
7+ L, SnOz SnCly % & Sn*t @ SnL B, 135 X

D0.1~0.2eV BEEZANVF—[~T T LTS,

E% 24T b R UEFMIRECH L, 12IZFRLE
MBIZTFIANT 7 VT HERER 72,

AE | eV
0.4 0.2 0 -0.2 -0.4

Intensity

SnO Snmetal  SnO;
|

PR ‘ PR L !

-0.005 0 0.005
a26 / deg (Ge)
Fig. 1 SnL B2 spectrum of Sn-metal, SnQ, and SnQ,.

Table 2 The chemical shift of SnL B2 in various
compounds.
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Fig. 2 SnL B2 spectrum of tin ion in the silicate
glasses.

Table 3  The chemical shift of SnL 32 in various
glasses.
AE |/ eV
-02 -01 0 01 02
Sn-metal : ;
Sn0
Sn0,

8Na;0 - 7Ca0 -755i0; -105n0
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Fig. 3 Relation between the chemical shift of SnL Sz
and glass compositions.
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Fig. 4 The calibration line for the determination of
the ratio Sn?*/Sn**.
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Fig. 5 Relation between Sn**/Sn** ratio and glass
compositions.
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Fig. 6 Relation between the chemical shift of SnL B2
and the parameter pO-values.
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Fig. 7 Relation between the valence state of tin ion
and the parameter pO-values.

W5 POS™ S NM—TDP DEERZIF, Sn-0 OFEL
BAF W ERET DR EEZLONS,

Sn DEFHiKEE & pO EDE{R % Fig. 7 IZR7.
BUSRT &5 12, 79 20%, MBS TEILDR

f5 AZBITB Sn 4 F Y OBEFHRESBFETE B,
Thbb, pO EI/NES EEIECT T ATHRME
iz Snizowntid, i VlissiizEL vwiss
ZoTBY, pOEAFKE (% BITHEN Sn*t OEHN
WL, pO fE4%0.3%/R$ 45 X T Sn’t DEIEKR
b, BXENN%D Sn RIUMTHEEL TS, &
52 pO EMRKEL 2D E Sntt OEMNEML, pO
fEAS0.50 # 5 ATl Sn®* & Sn** AITITHEHELEL,
pO {EA1. 0BT DIE M ATR I A BT Sn*t @
BEEPTRIIZE o TV A,

4.3 Sn 1 F>DikkE

BALR T 5 2 2 AT A B L OBz, B,
YN B X TSR LA H B, EEMER LY 2 AT
LA+ i Sitt, P°F, Bt R ED A F EEHNUN
L, BRLOLERBAUITRVIOTH A, EEN
Bt R T BB A A+ ~ ik Na*, K*, Ca**, Ba’*
LEDAF VEEPKEKERLOA 4 AT
Wb DTHDH. WY EEET 5 Fe**, APY,
Titt ZEBA 4 Y EEF LBROTMEOPEOMBEE b
5, IEEMEOBVRZIIE WV TIE Fe05'™, AlO,T,
TiOf™ R EDEEEHBEA 4~ 2R L, BEOHEY
RIZBWTIE FS*, APY, Ti*" OB+ &L
TEETE. 14 EEPSHEEL T, Sn®f 2
BB E R T ABA 4> THY, —F, Sn*t ik
TRt EER T ABA > THO, FIAPIH



—178 —

B LB 5 A D Sn?t/Sn't Redox

I I I |
R:0-R’0-Si0,-105n0x System
AL
‘ S0 S|>i0f'
o Silehy —_— —
g Sn0#” Sn0.”
o p0=0.52 I
= |
g p0=0.7l6
[
o |
= l
p0=0.93
|
1500 1000 500

Wave Number / cm™
Fig. 8 Infrared absorption spectra of silicate glasses
containing Sn-ion.
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Fig. 9 Relation between the redox type of tin ion and
the parameter pO-values.
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