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ABSlRACT 

The coord ina t ion  o f  Ti  i n  b o r o s i l i c a t e  g l a s s e s  have 
been s t u d i e d  by mF, xps  and Raman spec t roscopy.  The 
results show t h a t  most o f  t h e  T i  atoms are fou r - fo ld  
coord ina t ion  i n  b o r o s i l i c a t e  g l a s s e s .  

I N T R W U C T I O N  

The T i  atom is known t o  be four - ,  f i ve - ,  and s i x - f o l d  
coord ina t ion  by oxygen atoms i n  v a r i o u s  c r y s t a l  s t r u c t u r e s .  
A number o f  s p e c t r o s c o p i c  and d i f f r a c t i o n .  i n v e s t i g a t i o n s  
have been made e l u c i d a t e  the c o o r d i n a t i o n  and s t r u c t u r a l  
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1154 YAO, LI, AND SONG 

r o l e  o f  T i  i n  Ti -conta in ing  glasses The p r e s e n t  
paper  r e p o r t s  t h e  r e s u l t s  o f  the T i  coo rd ina t ion  i n  
b o r o s i l i c a t e  g l a s s e s .  

EXPERIMENTAL 

Compounds 

C r y s t a l l i n e  Ba2Ti04 was p r -pa r -d  from c e r t i f i e d  g r a d e  
ana tase- type  Ti02 and B a 0 3  a t  1300 C f o r  20 h. Its 
formation was confirmed b y  the x-ray d i f f r a c t i o n  technique .  
The T i  atoms i n  Ba2Ti04 and ana tase- type  T i 0 2  are fou r -  
f o l d  coord ina t ion  and s ix - fo ld  c o o r d i n a t i o n ,  r e s p e c t i v e l y .  

C e r t i f i e d  r eagen t  grade  S i02 ,  Earn3, H3m3 and 
ana tase- type  Ti02 were used as  t h e  s t a r t i n g  materials t o  
o b t a i n  t h e  glsses wi th  t h e  composi t ions g iven  i n  Table 1. 

The s t a r t i n g  materials were weighed, mixed i n  a roller- 
m i l l  f o r  several hour s  and p u t  i n  a p la t inum c r u c i b l e  a t  
1300-1400'Cfor 1 h. The melt were quenched on steal  p l a t e .  
The p l a t e s  o f  t h e  g l a s s e s  ob ta ined  were annea led  a t  550'C 
f o r  some times and cooled t o  room t empera ture .  

TABLE 1 

Chemical Compositions o f  B o r o s i l i c a t e  Glasses 

Glass Co muo si t  ion  ( w t  % 1 
No. BaO T i 0 2  B2° 3 sio2 
G-I 
G- 2 

(3-3 
G- 4 
G- 5 
G-6 
G-7  
G-8  

10 
10 
20 
20 
30 
30 
40 
40 

20 40 
30 30 
10 40 
40 10 

10 30 
30 10 
10 20 
30 0 
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TABLE 2 

Variance of TiKa from XRF Spectra 

Compound Variance Compound Variance 
(sq. deg. (sq .  deg. ) 

~ ~~ ~~~~~ 

Ba2Ti04 0.1 2955 G-4 0.1 2986 

Ti0 ** 0.13298 G-5 0.1 2967 

G-I 0.1 2975 G- 6 0.1 2941 

G- 2 0.1 2958 G- 7 0.12951 

G- 3 0.1 2962 G-8 0.1 2989 

* anatase-type 

Instrumental  

XRF s p e c t r a  were obtained with a RIGAKU x-ray 
fluorescence spectrometer employing C r  t a r g e t ,  TAP 
crystal  and proport ional  counter. XPS spec t ra  were 
obtained with a KRATOS x-ray photoelectron spectrometer 
employing A l  x-radiat ion.  Raman s p e c t r a  were obtained 
with a SEX RAMALJG laser Raman spectrometer employing 
A r '  laser device.  

RESULTS AND DISCUSSIOM 

The results obtained from XRF s p e c t r a  a r e  given in 
Table 2. 

I t  is seen from Table 2 t h a t  t h e  var iance o f  t h e  

TiKcl of Ba2Ti0,+ and anatase-type Ti02 are 0.12955 sq. 

deg. and 0.13298 sq. deg., respec t ive ly .  The var iances  
of t h e  TiXa of a l l  Ti-containing g l a s s e s  a r e  i n  t h e  
v i c i n i t y  of 0.12955 sq. deg.. I t  suggests  t h a t  most o f  
t h e  T i  atoms in  t h e  b o r o s i l i c a t e  g l a s s e s  a r e  four-fold 
coordination. 
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TABLE 3 

Eb and Ek of T i 2 ~ ~ ' ~  from XPS S p e c t r a  

Compound Eb Ek Half-width o f  Ek 

(ev 1 (ev 1 (ev 1 

Ba2Ti04 457.9 1018.2 2.1 

Ti0 459.3 1020.9 1.75 

G- 2 458.3 1017.7 2.0 

E 4  458.5 1018.3 2.1 

G-6 458.4 101 9.1 2.1 

G-8 458.1 1020.0 2.15 

it anatase- type  

The r e s u l t s  ob ta ined  from XPS s p e c t r a  are g iven  in 
Table 3.  

I t  i s  seen f r o m  Table 3 t h a t  Eb = 457.9 eV, Ek P 
1018.2 eV and t h e  ha l f -wid th  o f  Ek is 2.1 eV when T i  
atom is four- fo ld  coord ina t ion ,  whereas Eb = 459.3 e V ,  
Ek = 1020.9 eV and t h e  ha l f -wid th  o f  Ek is 1.75 e V  when 
T i  atom is s i x - f o l d  coord ina t ion .  The Eb, Ek and t h e  
ha l f -wid th  of t h e  Ti2P3'2 o f  the  b o r o s i l i c a t e  g l a s s e s  
are more c l o s e  t o  457.9 e V ,  1018.2 e V  and 2.1 e V ,  
r e s p e c t i v e l y .  So most of t h e  T i  atoms i n  t h e  b o r o s i l i c a t e  
g l a s c e s  are four - fo ld  coord ina t ion .  

i n  Table 4. 

b o r o s i l i c a t e  g l a s s e s  are i n  t h e  v i c i n i t y  o f  754 an", 
t h e  Ti-0 bond o f  Eh2Ti04. It  s u g g e s t s  t h a t  most o f  t h e  
T i  atoms i n  t h e  b o r o s i l i c a t e  g l a s s e s  are fou r - fo ld  

'he r e s u l t s  ob ta ined  from Raman s p e c t r a  are g iven  

I t  is seen  from Table 4 t h a t  t h e  Ti-0 bonds o f  the 
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TABLE 4 
Raman Spec t r a  o f  t he  C r y s t a l l i n e  and Glassy Compounds 

Raman s ectra -? Compound 
(cm j -- 

Ba2Ti04 546111 754vs I 058w 

Ti02* 394s 514111 638vs 

G-I 844s 101 6 w  

G-2 85 Om 11 0 8 w  

G-3  860m 1 0 3 2 ~  

G-4 856m 

G-5 840m 

G-6 

G - 7  

838m 

824m 982w 

G - 8  83 2m 

* anatase- type  

coord ina t ion .  
In  a word, w e  may conclude t h a t  most o f  t h e  T i  atoms 

i n  b o r n s i l i c a t e  g l a s s e s  are four - fo ld  coord ina t ion .  
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