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ABSTRACT

(Ge-Ga-S glasses, contrary to other well-known chaleogerude glasses. show high vare-earth solubility. Ra-
man spectra of GeS;-GasS, glasses showed that two peaks at 260 cm” and 385 o™ increased in intensily
with the addition of GasSs. These pealis are associated with the vibralion of Ge-Ge bonds and edge-shared
[GaS,] tetrahedra, respectively. In GeS;Ga,5rLa,S; glasses, the peak at 260 cm’ decreased in mtensity
with addilion of LasS, and the one at 375 ¢m™ due Lo the vibration of tetrahedra with non-bridging sulfurs in-
creased. It mdicated that La, or rare-earths m general, can easily be dissolved inte the glass network as
charge compensators for non-bridging sulfurs which were [ormed through the dissociation of Ge-Ge honds
and edge-shared [GaS,] tetrahedra. Since no such slructural modification is expected in glasses as Ge-As-§,
these pecubiar transions on the connmection scheme m Ga-contaming chalcogenide glasses secm to be play-
ing the most important rcle on the enhanced rave-earth selubility.
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Fig. 1. Separations of the Raman spectra recorded
from {a) 0.6GeS;0.4Ga,S; and (b) 0.65[0.6GeS,
0.4Ga,5:1-0.35La,5; glasses in mole fraction
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Fig. 2. Reduced normalized Raman spectra of (1-X}
GeS;XGayS; plasses (X mole fraction) with
(a) X=0 (h) X=0.1 (c) X=0.2 (d) X=0.3 and
(e) X=0.4
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ig. 3. Reduced normalized Raman spectra of (1-X)
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[0.6GeS,-0.4Ga,8;1-XLa,S; glasses(X : mole
fraction) with {a) X=0 (b) ¥=0.05 (c) X=0.15
{d) X=0.25 and (&) X=0.35

U3 v{(E)= 110cm’, Blth 2Eed 212 v,(F,), v,
(Fz2i& 2bt 390 c™, 150 cm el A wERATR 7 3
Xy, o9 A ATe] Ad uha @ BRE Phel 2ag



v LAY v A{B] ¥ a2} v 4lFs)

Fig. 4. Normal modes of intra-vibration i telrahedral
XY, molecules.™
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Fig. 5. Possihle connection schemes of XY, tetrahedra.
(a) Corner-sharmg (b) edge-sharing and ()
mixed sharimg mode.
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Table 1. Raman Shifts and Thewr Assignments m GeS
-GSy and GeS,-Ga,Sy-La,S; Glasses™

Raman shift(cm™) Assignments
~112 em™® v [GeS,y], [GaS,]
~148 cm‘i v, [GeS,], [GaS)]
~220 cm’ La-S
~260 em™ S,Ge-GeS;
~270 cm? S,Ga-(GaS;
~340 cm™ vi-[GeS,], [Gas,]
~370 cmt A" companion-[GaS,]
~375 cm NBS-[GaS,], [GaS,]
~385 cm? A" companton-[GaS,]
~390 cm”’ v-[GeS,], [GaS,]
~425 cm ' SGe-5-GeS,
~475 em™ S:Ge-5-GeS,

Table 2. ['requency and Intensity of Lhe Peaks n the

Raman Spectra” of (1-X)GeS,~XGa,S,

Glasses
X=0 X=01 X=0.2 X=0.3 X=04
112 w 112 w 112 w 112 w 112 w
148 m 148 m 143 m 148 m 148 m
260 w 260 w 260 m 260 m 260 s
340 vs 340 vs 340 vs M0 vs | 340 vs
370 sh 370 sh 370 sh 370 sh | 370 wsh
- 385 w 385 w 385 m 3855
390 w 390 w 390 w 300 w 390 w
425 m 425 m 435 m 425 m 425 m

vs; very strong, s; strong. shi shoulder, wshi weak
shoulder, m; medium, w; weal

Table 3. Frequency and Intensity of the Peaks in the
Raman Spectra of (1-X)[0.6GeS,0.4Ga.S,]-
XLa,5; Glasses

X=005 X=0.15 X=0.25 X=0.35
112 w 112 w 112 w 112 w
148 m 148 m 148 m 148 m
220 wsh 220 m 220 m 220 m
260 m 260 w 260 w 260 w
340 vs 340 vs 340 s 340 s
370 wsh 370 w 370 w 370 w
I7a w 375 m 375 s 375 vs
385 s 385 m 385 w 385 w
390 w 390 w 390 w 390 w
425 m 425 m 425 m 125 m

Vs, very strong, s strong, sh; shoulder, wsh; weal
shoulder, m; medium, w; wealk
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Fig. 6. Intensity ratios of the peaks in the Raman
spectra of GeSyGa,S, glasses. (a) 260 cm /340
em™ and (b) 385 cm /340 em™.

M 7zt okl wh, 2Ae] T4 [GaS,] A g
A Zoll A VFERLTE 385 em™ ¥ 27} GaSy el whek
Z7Vele Aoz ol [GaS] AFAAE [GeS,) AFAA
o g ZHEE Fhebe APl 2 Ao BETL
b Ge-Ga-S Al €8 T3E [GeS,]9 1GaS,] A
WA 2 o] Folxl WE P2 71202 GaS7t [GaS,]
APEAE ol F e Bl dlE S HF G4E Ge
(Ga)-Ge(Ga) HFe] 94& Fall agst= Aa= a9
g}, £ [GeS,] Al A3l [GaS,] AFaAE 24
2] 22 24 dAEE Ago] 2L 3o HHErh

4.2, Ge-Ga-La-8 /|2 7F Zd
712 A7 2d® Ge-Ga-S F2ld HE 54
1?]' Hr e AR F40e] ol Fola] wivtw 3
E 7H2 BAH 4 AdaEr) 39=s Ao E el
alck Ge-Ga-S -#29 LaS,& #713t Ge-Ga-La-S #
29 aher A ER(Fig. 3) 24 dneses i
Aol Vehdg & 4= 29ich WA LaS.el d7b ot
% Ge(Ga)-Ge(Ga) 2%= #g« 2 TAdsh= 260
le #39) Fyerl F43] Ase, ddiE ez |5t
2 2§ A FBo 2)3 375 cm” ¥ 3L
701'5:'} Z7)Ele AL 8 4 9k Fig. 7 (o), (b=

E £20 (y

§ 044~ () ‘:uz

= = 1.5}

= 2

g D40 H

: 2 10f

a =

= ]

T E
n L L D 5 " L L L i L 1
a 5 10 5 10 15 20 25 30 35

La,&, concentration (mol %)
Fig. 7. Intensity ratics of the peaks in the Raman

spectra of GeSy,GagSyLaS; glasses. (a) 260
em™/340 em™ and (b) 375 cm /340 cm™.



G852 Ga;,SJ LELgSa ‘FT‘EJ

Z+ 340 cm™ ¥ 2o o1 260 cm® =29} 375 em™ ¥
2] AA A7E FAFR Felth ©A Fig 7 (a)el
viER-= 260 cm™ RHe| A= LaS, A7 2704 &
25 7hAaabs F 10 mol %2 LaS7t 2718w A8
=g ok 4= gl ¥ Fig. 7 (€] 375 cm™ A,
w7t 8¢] Aol 2| A 271 e vHaE =
A28 La.S, ] 15 mol% o4 A5 &
=5)sld ). wlebd Ge-Ga-S el ol LaS:3 H7F
A4 Ge(Ga)-Ge(Ga) Aol AR ol & A&
ol La,S, araF Z7tol e} [GeS,] ®i& [GaS,] A4
A Apele] Azte] s HAEA ¥7lE S AHAEE 2
F glch Lag o5 Alold] La™ 42 ZA|sha], ¥)7}
o 52| Al B4 42E ol des At 5
La,S, &k Z7to) 2 Apd A zhe] A% ot B o LA
AR 7E B BajE] 2 [GaS,] AHA Ale]g] it
A BarslA deoid Aoz gzhE, H)rla 58 71
AlAAL 375 cm™? A28 248 FH [Gas,] AFA
9] 385 cm' HE7) AAA gt AF Enle s FAE

gigith. 28} Pauling® Al 383 <] 9w 72
2] U= AEE teAzke] g Al o) ARE
o}, 2, 248 £ dEie) A e 4o 94
gkl &zte] A2|F} fhagtm o] 2 glE)] el &7
vty e] A F-F Aol a8 #AA Bk wetAl
2AE F5 oeAE Ex3e] 2HE o) 94 ¥
gl W8] oA AEF ol A)E ez Bl 4
g A2 fAEl 9e e R fug 22aR o)
A o] dBukdd A 2AYE FHE [GaS,] AFEAlE
d Hls} =2 AUA e A =0
LaS:2l A7HE gls) LolalA sl se] a1y T8
P2 Walg Ao s AE 4 gk

olz 28319 Ge-Ga-S #2lo A EF i) &5
g = Ge(Ga)-Gel(Ga) 23 A2 3 [GaS;] AF
olg] o] FolXHA B)7lm & 717 A7) ¥
AY R FER dit o) Aleld A3l BaA=A &
sls Aoz o]s}]:g_q_

é

i[r'

o oy P I

_,d
s

L %
o

. O
HaE P

43. 5|Ex7 1Es 717

Ge-Ga-5A FeEldlM 3 EF $4%=7) e ARG
frelel Hlel ol AUE Ge-S Al Ffel Ga,
St Al A ArlE 558 FE& 7903 Ge-
Ga-SA| freje] 22 S F shde Geb, ‘ITE] ol Ga,
87t A7l AAHE GelGa) GelGa) 74 AT
Haolth A EF diE Uafdo® olyF 35 2
B sty b)7la §E FHAstA dal Badw =
=z e £8id Fle g 47 29 Ge-S 7]]
frelel A A, 57t BEF 2N Ge-Ge F

o]t

2

fax 5 875

HEg WA, o] Ay JEE"] R =
o| & Ge- Ga S Al feEldAlge 22 mAae TR A
Haflel o] glv] e é;lﬂ“% T U =, 75
Ft AFo] v % s3E Fol e dufa] defrt 2 24
2 T [GaS,] AAE lh7~]7\4 o gz HEA 7
| o] AAefa] Hl7kar SE B Gao) TREA &
& freldMe ol F 0372 F27F dAEk] @) i
olt}, WA Ge-Ga-54 Sl ZAEF a7 &= o

o] F AR o A Bl HE AR
g F= o ElE ?JE’-EE. o2 #Z2A g = f
glol] vlajA] B ERe] =2 L5 E Ho|= Aoz A
ZrE Tl HA 2 Ge-As-SA FHolAe Ase] AHH e
2 59 wel Arta L o] F7] dife] S EF ddel 4
oLfA] ol 55 Adge] A4GHA eyt gk [AsS]
= 24 26 Adke] A9 g Ge-Ga-SAl Rl ¥
# FEF $3=r] vl e Ao wekdr

5d B

Gao] THE Aol Felof A eEhE LasS,
DL =S Gt }-:ﬁ]Efq_ =2a P& HEke) | A1
3 ekt 113 GeS, #Elol GaS7h 2 HE
W [GaS,) APRAE o1FHA 5 ¥ HYE fr A
Ge(Ga)-Ge(Ga) 235 45, {GdSJ ApE A B
A FHEGE A THE B ddss Al
=t 979 LaS,7t BARE, 1A GelGa)-GelGa)
FE£AY S E el ¥)slw 59 BEE ol
La''e Agt EAAEA o|& AP Ale]d] #xsl=
ez ga] #lAhfe SsiEch ol F La,Srt Al
A7lER 2Ag] T8 [GaS,] AhAe] 23] 2917
A x|z A whe] APHAz AgkslEs B3 oA
g7t S7F gl [27E O] o1 Al Aol
Mg} HAdA 24 Bol2bA Eok ik Ge-Ga-S A &
& Ge(Ga)-Gel(Ga) T} 247 T4 [1GaS,]

m{o to

A
'El“!

AAA 7)) A e Ga &5 &) g %_g_‘?} Tz 9l
LaSs SA57 52 Ao 4718
ZAe 2

REFERENCES

1 A R Hilton. "Optical properties of chalcogenide
glasses,” J. Non-Cryst. Solids, 2, 28 (1970).
2. I. Hea and Y. B. Shin, "Absorption and mid-infrared

A 347 A8 £(1957)



876

10.

11.

12

0 ==
Eiar |

#

emissiont spectroscopy of Dy™ in Ge-As(or Ga)-S
glasses,” J. Non-Cryst. Solids, 196 162-167 (1996),

. K. Wei, D. P Machewirth, T Wenzel, E. Snitzer and

G. H. Sigel Jr., "Spectroscopy of Dy* in Ge-Ga-S
glass,” Opt. Lett., 19(12) 964-966 (1994).

. K. Wei, D. P. Machewirth, J. Wenzel, E. Snitzer and

G. H. Sigel Ir., "Pr-doped Ge-Ga-S glasses for 1.3
pm optical fiber amplifiers,” J. Non-Cryst, Solids, 182
257-262 (1995).

Y. 8 Kim, W. Y. Cho, Y B. Shin and J. Heo,

“Emission characteristics of Ge-Ga-S plasses doped
with Tm*/Ho™," J. Nen-Cryst. Solids, 203 176-181
(1996).

. I. Goodyear and G. A. Steigman, "The crystal struc-

ture of o-Ga,Ss, Acta Cryse., 16 946-949 (1963).

. G. Collin, J. Flahaut, M, Guittard and A. M. Loireau-

Lozach, “Preparation et structure de Ga,S;, Mat. Res.
Bull, 11 285-292 (1976).

. 5. Benazeth, M. H. Tuiler, A. M. Loireau-Lozach, H.

Dexpert, P. Lagarde and 1. Flahaut, "An EXAFS struc-
tural approach of the Lanthanium-Gallium-Sulfur
Glasses,” J. Non-Cryst. Solids, 110 §9-100 (1989).

. I. Flahaut, M. Guittard and A. M. Laircau-Lozach,

"Rarc-earth sulfide and oxysulfide glasses, Glass
Tech., 24(3) 149-156 (1983)

P. . Kumta and S. H. Risbud “Novel glasses m Rare-
earth Sulfide systems,” Am. Cer. Soc Bull, 69{12)
1977-1984 (1990).

N. Chbani, A. M. Loireau-Lozach, F Kcller and S.
Benazeth “Glass forming tendency in Ga-Ge-S glasses:
a structural approach,” J. de. Physique. IV, C% 113~
116 {1994).

A M. Loireau-Lozach, F. Keller-Besrest and §S.
Benazeth, “Short and Medium Range Order in Ga-Ge-

EEEEE

oy

13.

14,

15.

16

17.

18.

19.

20.

21

L=2pL

FAd&

S Glasscs : An X-Ray Absarption Spectroscopy Study
at Room and Low Temperaturcs,” J. Sol. State Chem.,
123 60-67 (1996).

C Juhben, S. Barmier, M, Massol, N. Chbani, X. Cai,
A. M. Leireau-Yozach and M. Guittard, “Raman and
infrared spectroscopic studies of Ge-Ga-Ag sulphide
glasses, Mat. Sci. & Eng., B22 191-200 (1994).

L. Koudelka, M. Pisarcik and O. L. Baidakova, “The
effect of MnS- and MnCl-doping on the structure of
GeS,-Ga,S, glasses, J. Mat. Sci. Lest, 8§ 1161-1162
{1989).

A. Tverjanovich, Yu. S. Tverjanovich and S. Loheid-
er, ‘Raman spectra of gallinm sulfide based glasses,”
J. Non-Cryst. Solids, 208 49-55 (1996).

G. Lucovsky, F L Galeener, R C. Keezer, R. H.
Seils and H. A. Six. “Structural interpretation of the
infrared and Raman spectra of glasses in the alloy sys-
tem Ge,,S,, Phys. Rev., B10(12) 5134-5146 (1974).
G. Lucovsky, I. P. deNeutville and F. L. Galeener,
“Study of the optic modes of GeppSon glass by in-
frared and Raman spectra, Phys Rev., B9(4) 1591-
1597 (1974).

G. Lucazeau, S. Barnier and A. M. Loireau-Lozach,
“Vibrational specira, electronic transitions and short
arder structure of rare earth-gallium sulphide glasses,”
Spec Acta., 34A, 21-29 (1978).

K. Nakamoto, “Infrared and Raman spectra of Inor-
ganic and coordination compounds.” 4th ed., p. 130,
John Wiley & Sons, N.Y., 1986,

J. E. Macintyre, F. M. Daniel and V M Stirling,
“Dictionary of Inorganic Compounds, 15t ed., vol 3,
pp. 3306-3317, Chapman & Hall, London, 1992.

L. Pauling, “Nature of the Chemical Bond,” 3rd ed.,
Cornell Univ. Press, Ithaca, N.Y., 1%60.



