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Ternary alkali borosilicate glasses containing sulfur were prepared by conventional melt quenching method, and

their chemical bonding states were investigated based on X-ray Photoelectron Spectroscopy �XPS� and 29Si, 11B

Magic Angle Spinning �MAS�-Nuclear Magnetic Resonance �NMR� measurement. The glass samples changed

in color from blue to reddish brown due to the remaining sulfur and their glass compositions. These phenomena

is closely related with the glass structure. From S2p photoelectron spectra, it can be seen that the sulfur exists

with a negative charge in the glass. The formation of non-bridging oxygen components was observed from O1s

photoelectron spectra of the glasses, which colored to brown and reddish brown. Furthermore, the signal of sili-

con atoms coordinated to the sulfur was detected in these glasses by the 29Si MAS–NMR measurement. From

these results, it was considered that sulfur atoms bonded silicon atoms at the formation range of non-bridging

oxygen component, and the bond of silicon to sulfur in the glasses caused the change in the sample coloration.
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Table 1. Batch Compositions of Glass Samples in the System of

Na2S–B2O3–SiO2

Fig. 1. Glass forming range for Na2S–B2O3–SiO2 systems.
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Fig. 2. Sample coloration of Na2S–B2O3–SiO2 glass systems.

Fig. 3 Fig. 4

Fig. 3. Optical absorption spectra for Na2S–B2O3–SiO2 glass systems.

Fig. 4. Chemical analysis contents of each component. �The solid line represents theoretical values.�
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Table 2. Batch and Analytical Composition for Na2S–B2O3–SiO2 Glass Systems. �Analytical Composition was Calculated from Cation Com-

ponents Ratio by Chemical Analysis�

Fig. 5. XPS wide scan spectra for Na2S–B2O3–SiO2 glass systems.
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Fig. 6. S2p photoelectron spectra for Na2S–B2O3–SiO2 glass systems. �The broken line is S2p photoelectron spectrum for orthorhombic sulfur.�

Fig. 7. O1s photoelectron spectra for Na2S–B2O3–SiO2 glass systems.

701���� � Journal of the Ceramic Society of Japan 114 [ 8 ] 2006

1�*¯*�#£qTB�wxey{Ñ��ú�-S6�Ú168.9

eV, S4�Ú166.6 eV1�ÅÆ�ôZ
kÛÜ7
´���B�<

wxey{Ñ�¹���#2�����!*¯*�# S2p_k

ôuvwxey{£	ÝoLÅÆ�S1�*¯*�#£-Ú

164 eV1qTB<wxey{Ñ��ú��Å,î�g�"�S

1�*¯*�#£-Ú161.7 eV1�¾Þ��1#2·
�¦�

�����Ó!
ÅÆ	 S6�� S4�
qrU��ôÒ×Ø!	

U/�mÝÅÆqTBkÛÜ7
�=1<�ôÒ×Ø!�b�

�
ºö÷�
Á1×Ø!ÕÖ��1#>�x�C#2¥N


XPS¯°CD*¯*�#��Þ,�Mr S2p_kôuvwx

ey{
ß	�_T[�\'�e¯°CD���Ó�ÕÖ�#

�¸¹*�# S �
2 � S �

3 
qrU<�ô]
d}
ºF��

S 2�
x 
qrU��ô]
d}
ºF�
kÛÜ7
ß8)��

1#�+RD�#x�·
ß	0.4 eVà7�¶¦C!"#2

3���+�E�7)�
 O1s�\'�e86��2�\'

�e	 Gauss–Lorentz�áª�-Gaussian:85518�1�â

ãUä£s�U#qr�f{_�
&4
ºÒ8
µ��O{

'�å8µ��2·�D	æ�	����å�#>�x!=�

�wxey{ÑCD·���çè�¸-BO1���Èçè�

¸-NBO1���ÀS�#>�x!=#-535 eV=¾
O{

'	 Na Auger�ÀS*�#12ûüD
>�3!
³´CD�

Na2O–SiO2�����èð� Na2S–SiO2	�������S1

�B�defgÅ,J!"# Na2S8 SiO2�^Q��µ÷�	

NBOx����Na2S^Q]��B� NBO��B´Q�#>



702

Fig. 8. 11B MAS–NMR spectra for Na2S–B2O3–SiO2 glass systems.
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Fig. 9. 29Si MAS–NMR spectra for Na2S–B2O3–SiO2 glass systems. �� marks in figure represent spinning side band.�

Fig. 10. Non-bridging oxygen forming range for Na2S–B2O3–SiO2

glass systems.
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