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Abstract Optical characteristics and structural changes depending on CuO content in phosphate glasses that
are used in near-infrared (near-IR) filters were investigated. With phosphate glasses that contain 1~9 mol%
CuO, changes in optical transmittance, optical absorption, and color coordinate were measured with a UV-
VIS spectrophotometer. An XPS (X-ray photoelectron spectroscopy) analysis was performed to determine
valence of copper ion that influences optical characteristics in near-IR filter glasses. Structural changes in
glasses depending on CuO content were also analyzed by FT-IR (Fourier transform infrared) and Raman
spectrophotometers. From the UV-VIS spectrophotometer results, strong absorption peaks at 220 & 900 nm
were found and transmittance was decreased. The color coordinates of the glasses were shifted to the green
color direction with CuO addition for increasing absorption of long wavelength range spectra, in spite of the
amount of Cu®', which gives a blue color to glasses, and which was increased in XPS results. Also, structural
de-polymerization of glasses with CuO addition were found by FT-IR and Raman results.
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Table 1. Glass compositions used in this work.

Glass Glass composition (mole %)
ID BaO CuO0  ALO; PO,  Others
a 10 0 10 62 18
b 9 1 10 62 18
c 7 3 10 62 18
d 5 5 10 62 18
e 3 7 10 62 18
f 1 9 10 62 18
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Fig. 1. Optical transmission spectra of phosphate glasses with
various CuO concentration: (a) none, (b) 1 mol%, (c) 3 mol%,
(d) 5 mol%, (e) 7mol% and (f) 9 mol%.
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Fig. 2. Absorption spectra of phosphate glasses with various
CuO concentration: (a) none, (b) 1 mol%, (¢) 3 mol%, (d)
5 mol%, (e) 7 mol% and (f) 9 mol%.
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Fig. 3. Color coordinates of phosphate glasses with various
CuO concentration: (a) none, (b) 1 mol%, (c) 3 mol%, (d)
5 mol%, (e) 7 mol% and (f) 9 mol%.
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Fig. 4. XPS spectra of Cu ion of phosphate glasses with
various CuO concentration: (a) none, (b) 1 mol%, (c) 3 mol%,
(d) 5 mol%, (e) 7 mol% and (f) 9 mol%.
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Fig. 5. FT-IR spectra of phosphate glasses with various CuO
concentration: (a) none, (b) 1 mol%, (c¢) 3 mol%, (d) 5 mol%,
(e) 7mol% and (f) 9 mol%.
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Fig. 6. Raman spectra of phosphate glasses with various CuO
concentration: (a) none, (b) 1 mol%, (¢) 3 mol%, (d) 5 mol%,
(e) 7mol% and (f) 9 mol%.

P2o] Fo WEAME AATE WOl PO, FAHEA)
AaApe] RZ H P-O 1EL, 880-

900 cm™ 2o F4 W= P-O-P A vt A
EFEEE, 775 em’ H29 sPgelE tid 2549 p-

O-P 23S Yerith 1050 cm™ 3} 480~530 cm™ 9 <
FHo] e PO, 189 A&y WY Revt B
QAT BEF CuO o] F7hetel wel po, Bt Al
24 A% aiFdeh= 1270 cm™ F2¢] =9} PO 2

9 A=y Wy 2ol AEE 490 em™ ¥ =}t
e Zi% = g doer CuO gl 9mol%sl (f)
T a7t BF AR AS B 5 Utk ols
CuO & 57}011 w2t A frE] 2 W F 7R
P-O-P chain?+S 7141 metaphosphate Z5<! (P,0g)” 7}
A zo]‘:.l‘ 3t 7)le] P-O-P chain ¥+ 7FAI&= pyro-
phosphate &<l (P,0,)" 7} S7}she ZAow 2 4= 9]
') Fig, 691 CuO H7Fe] w2 Raman A¥Eg)
W2 Bk F 939 1170 em™ & 1270 cm™ oA
o] Fae 77 vzt kAo A vgA 2lE &2
=9} dAAE 700 cm” 2HolM YERE A 2 v3E
Q* Q1AFAA AQ1e] Tt Abxe] A AE: REo] 7)
Qlstt}. o]& A 79 I A EL Nelson?} Exarhos®]
Tol B3® 1267, 11659 698 cm™ ¢ 7k & LA}
w f2] £327F POy B9 E 7|20 sl 71 A4l
Aol o8 Fz FAH Avke AL vtk
CuO 3 Z7hell what Hl7kal 4AhAe] By REgp o
AE 1170 cm ol A2} 700 cmToA ¢ WiEE 2 WIS
Ho|x 2o} 1270 cm™ oA ] M7k AbAe] M)A

A BEE Cuo T A felol e EA
E l we} 2202 900 nm
7]"-"]’)\1\——-‘:‘1 o]oﬂ
AL SE2ZA AGZR o)
%E}E‘rﬂ i‘“ﬁl‘*‘i | XPS #4747} CuO I
Fs7tl we FEMS UrE‘rlH% CuPol L] ope =
7Fersl et
FeAE B she A 499 F7t AR o
‘j)r giA o Felade AALE o5 Ao
]l ;M FT-IR, Raman 54 A3} CuO 3 =7}
A fr2l 22 HZ1E<Q0 de-polymerization
o7 FxAQ WalE olsfd & AUstt.

I~

f

s g fé.
UAtel 2

B ATE AYAAR RELAAE 7eA A S

FojHon ol AL Euyth

1. J. Koo, B. -S. Bae, H. -K. Na, J. Non-Cryst. Solids, 212,
173 (1997).

2. E. Metwalli, M. Karabulut, D. L. Sidebottom, M. M.
Morsi, R. K. Brow, J. Non-Cryst. Solids, 344, 128 (2004).

3. B. H. Seo, H. Kim and D. H. Suh, Kor. J. Mater. Res.,
19(10), 533 (2009).

4. G Lakshminarayana, S. Buddhudu, Spectrochim. Acta Part
A, 62, 364 (2005).

5. A. Mekki, D. Holland, C. F. McConville, J. Non-Cryst.
Solids, 215, 271 (1997).

6. P.Y. Shih, T. S. Chin, Mater. Chem. Phys., 60, 50 (1999).

7. E. Metwalli, J. Non-Cryst. Solids, 317, 221 (2003).

8. M. A. Salim, G. D. Khattak, M. Sakhawat Hussain, J.
Non-Cryst. Solids, 185, 101 (1997).

9. C. R. Bamford, Colour Generation and Control in Glass,
p-48, Elsevier Scientific Publishing Company, Amsterdam
1977).

10. P. Y. Shih, T. S. Chin, Mater. Chem. Phys., 60, 50 (1999).
11. A. Chahine, M. Et-tabirou, M. Elbenaissi, M. Haddad, J. L.
Pascal, Materials Chemistry and Physics, 84, 341 (2004).



