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―ガラスのスペクトロスコピーと融体の熱力学的研究―

Acid-Base and Redox Properties of Oxide Glasses and Their Melts 
Spectroscopic Investigation for Glasses and Thermodynamics of the Melts
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Takashi MAEKAWA 

The acid –base and redox characteristics of oxide glass and their melts are 
reviewed on the basis of the author’s experimental results concerning the 
spectroscopic investigations on the glasses and electrochemical studies of their 
melts. The results of X-ray fluorescence chemical shifts, radiation induced 
colorization and solid state MAS NMR for the glasses are discussed in terms of the 
basicity of the glasses. The importance of the examination of the redox properties 
of the multivalent ions on the refining process of the glass forming are also shown   

Key-words : Glasses, Acid and base, Redox, X-ray energy, Pulse Radiolysis, NMR, 
Voltammetry 
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Table 1 The Issue to be resolved in the fields of glass chemistry 
- Ideas at beginning of my research- 

Si O Si  A2O  =  2  Si O A A

Discrete

SiO4  Si O

Qn

Table 1

2．本論

1
2 X SiK SiK
3

4 MAS NMR Qn

2.1  Na2O-B2O3 融体への Ag2O の溶解度―― Na2O と Ag2O の塩基度の違い[1]

Ag2O 400

Ag  (1/2) O2  =  Ag2O (in glass) 
K = a(Ag2O) / a(Ag) p(O2)1/2

a(Ag2O) , a(Ag) , p(O2)  Ag2O , Ag Ag 
a(Ag)  1 

a(Ag2O) = K p(O2)1/2
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2.2 ガラスの蛍光Ｘ線のケミカルシフトと

光学的塩基度[2],[3]
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Fig. 1 Apparatus for the determination  
of Solubility of Ag2O in glass melts 

Fig. 2 Solubility of Ag2O in Na2O-B2O3

Melts: Oxygen Pressure = 1 atm 
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SiO2 B2O3 Si O Si  B O B
Pb2 Na Ca2

B O O2

6s 6p 6s  6p 
6s 6p

th A B ZA ZB

rA B A B

th  = 1  ( ZA rA / 2 )(1  1 / A)  ( ZB rB / 2 )(1  1 / B ) 

A B

A = 1.36 ( A 0.26) 

2.2.2 蛍光 X 線のケミカルシフトと光学的塩基度の関係
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Fig. 3  Chemical shifts of Si K  for binary 
silicate glasses. :Na2O-SiO2, :K2O-SiO2,

:Rb2O-SiO2, :PbO-SiO2, :B2O3-SiO2

Fig. 4  Relation between Si K  and Si K energy shifts for the silicate. The reference material 
is -quartz. 1. -quartz, 2. -cristbalite, 3. Silica glass, 4. -CaSiO3, 5. -CaSiO3, 6.
-CaSiO4, 7. -CaSiO4, 8.Na2Si2O5, 9.Na2Si2O5(glass), 10.Na2SiO3, 11.Na2SiO3(glass), 
12.Na4SiO4, 13.K2Si2O5(glass), 14. Mg2SiO4, 15.ZrSiO4, 16.Mn2SiO4, 17.Al2Si3O9, 18. 
Mg2Si3O8 5H2O, 19.Kaolinite 
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Fig. 5  Al K chemical shift 2 % doped  

in Na2O-B2O3, Na2O-SiO2, Na2O-GeO2

and Na2O-P2O5 glass. (Reference:Al2O3)
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2.3 放射線照射による着色現象[4]-[6]
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Fig. 7 Intensity of alkali associated electron 
Center by X-ray irradiation  
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Fig. 6  Radiation induced optical spectra of  

Na2O-B2O3 glasses. a: 33 mol %, b: 30 %,c: 

25 %, d: 20 %, e: 15 %, f; 10 % Na2O
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Fig. 8 The structure of defect centers in sodium borate glasses. (a)  alkali associated 
electron center, (b) hole center associated with the non-bridging oxygen ion, c  Hole center 

associated with the tetrahedral coordinated boron atoms. 

Fig. 9 The composition dependence of the 
3.7 eV peak (Cl2  center) in K2O-B2O3-KCl 

glasses with 1 mol % KCl 
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Fig. 10 Schematic diagram of the pulse radiolysis system 
1. e lamp 2. slit 3. chopper  4. lamp  5. photodiode  6. LINAC (45 MeV)  7. sample 
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Fig. 11 Typical pulse radiolysis curve for  
3Na2O-7SiO2 glass 
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2.4 固体 MAS NMR による構造単位の見積もりと塩基度[7]-[10]
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Fig.13 Experimentally determined Qn 
distributions in Li ( ), Na( ) and K( )

silicate glasses as a function of mol% of Alkali 
oxide. 
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Fig. 12  Pulse irradiated absorption spectra of lithium-, sodium-, and potassium silicate 
glasses.  ―●― :  5μs， ―○― :  100 ms， ―― ： 1s after irradiation 
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Fig. 15 The relation between fraction of 
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Na2O-SiO2-P2O5 glasses and optical 
basicity 
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Si(Q3) B(Q3)  Si(Q4) + B(Q4)

K = [Si(Q4)] [ B(Q4)] / [Si(Q3)] [B(Q3)]
K MgO (0.04 0.04) < CaO (0.3 0.1) < SrO (1.1 0.3) < BaO (4.0 0.4) < Na2O (8.0

3) < K2O (18 5) B2O3 B2O3 SiO2

B2O3

2.5 ガラス融体の酸塩基と酸化還元―清澄作用[11],[12]

Fig. 2) Na2O

K2O Na2O

BaO

SrO

CaO

MgO

% of Si(Q3)

%
 o

f B
(Q

4)

-20020
Chemical shift / ppm

M'=Na

Sr

Ba

M=Ca

In
te

ns
ity

Fig 16 11B NMR spectra of 0.188MO
0.673SiO2 0.077Al2O3 0.062B2O3

glasses 

Fig. 17 Relation between fractios of B(Q4)
and Si(Q4) in 0.139MO 0.673SiO2 (0.188

)Al2O3 B2O3 glasses 



12
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Fig. 19 Variation of peak potential with 
oxygenpressure over the 16Na2O 10SiO2

74SiO2 glass 
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Fig. 21 Schematic model of fining used 
 antimony ion as a refining reagent 

Fig. 22 The bubbles in glass : upper. no 
Sb,  lower, 01 g Sb in 100 g glass 



14

3. まとめ

Table 2

P2O5 Al2O3 B2O3 iO2 Al2O3

6
X Al NMR

Al2O3

Na2O
Al2O3 Na2O Al2O3 Na2O SiO2 B2O3

SiO2 B2O3 NMR

Table 1

Table 2  The strength of acids and their conjugated bases of various oxides [14]

        
P2O5  PO3 P2O5  Si2O52 Q3 = 2 SiO2 (Q4) + 2 PO3
Al2O3  AlO2

B2O3 B8O132 4 B2O3 +  Si2O52 Q3 =  2 SiO2 (Q4) + B8O132

WO3 WO42

B8O132 B4O72

SiO2 Si2O52   2 SiO2 (Q4)  Na2O = Si2O52 Q3  2 Na
PO3 P2O72

H H2O
Si2O52 SiO32   Si2O52 Q3  Na2O = SiO32 Q2  2 Na
B4O72 B2O54

CO2 CO32

P2O72 PO43

SiO32 Si2O76   2 SiO32 (Q2  Na2O = Si2O76 (Q1) 2 Na
Si2O76   SiO44   Si2O76 (Q1) 2 Na2O = 2 SiO44  (Q0) 2 Na
Fe2 FeO 
Mg2 MgO 
H2O  OH
Ca2 CaO
Na Na2O
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