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1. INTRODUCTION

® As

Lucovsky and co-workers™ 224 have proposed a
“Malecular Model” for vibrational properties of cha- O Y(S or Se)
lcogenide glasses such as such as As;¥; and GeVYy,
where Y is S or Se. This model suggests that muli-
iphonon absorption bands in these network glasses A52Y3
should be analogous 1o overtone combination vibrati-
onal bands in isolated molecules. AsyS; glass has a
iwo-dimensional layer struclure which consists of
pyramidal As3 groups bridps bridged by bent As-S-
As groups®. GeSp glass possesses a three-dimensional e Ge
network structure which consists of tetrahedral GeSy
groups bridged by beni Ge-S-Ge group®™™®, The \\O/ O Y(S on Se)
structurc of the mixed AssSy-GeSy presumably consists
of AsS; pyramids and GeS; tetrahedra linked by 5

atom bridges. The structures of these chaleogenide

glasses (As;Y5 and Ge¥y) are shown in Fig. 1. GEYZ
The “Molecular Model” predicts that the vibrations Fig. 1. Local structure in chaleogenide glasses, As,¥,
of neighboeing AsS; and GeS;y groups in AsySs-GeS, and GeYy (V=S8 ar Be),
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glasses should be only very laoscly coupled. Therefore,
in a multiphonon ahbsorplion region one expects that
no combination bands containing beth AsSs; and GeSy
fupdamental frepuencies will be observed. Further,
one expects that ithe intensitics of the mulliphonen
hands duc only to AsSs overlones and  combinaiions
should be proportional 1o the AsS; wvolume [raction
in the glass, and similarly for the GeS; overtones
and combinations. This in lwin means that at each
wavelenglh the absorplion coefficients of X AsyS3-(1-
X)GeSy glass should be calculable on the assumption
of additivity of absorpion coefficients of the pure AsySg
and GiSg and GeSp glagses,

Moynihan and his coworkers™ ! tesied the “Mble-
cular Model”™ lor two mixed chalcogenide glass sys-
fems: AssSa-AsySes and AssSes-GeSes.

that the “Mbolecular Madel” coriectly pedicled addil-

They {ound

ivily of ahsorplion coeflicients in the Z-phonon region
when the high coordination center atoms aie mixed,
as in AspSes(GeSes glasses. However.  with mized
As5-AseSes glasses deviations from addulivily werc
ohserved when the bridging chalcogen aloms werc
mixed, leading to the formation of mixed AsSSe; and
As3;8e high coordination groups. With the AsSes—
GeSep glasses inirinic absorption w  the Z-phonon
region was parlly masked by oxide impunty absorption
band!®, precluding a test of the “Molecular Model”
in this region. This test is possible with the sulfide
glasses of ihe present siudy, for which the intensity
of oxide impurity absorpiton bands in the 2-and
3-phonon regions is neglimble compared to the
intrinsic absorption hands. In this paper infrared
absorption due to the intrinsic mulliphonon process has

been investigated in mixed As.S5-GeSs glusses.

I. EXPERIMENTAL SECTICN

KAsoS3-(1-X)GeSe ulasses (X=0.1 1o 1.0 in sleps
of 0.1), where X is the mole {raction of As:Ss were
compounded in 15 g balches by  using the general
procedure®»1® {rom commercially available high pu-
rity elements: As (Cominco American, purity 99,999
9%), Ge (Atomergic Chemicals, semiconduclor gra
de), and S (Atomergic Chemicals, purity 99.9999%).

These were stored, weighed, and handled in a Vae-
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uum Atmospheres Na-Alled inert almosphere box to
avoid any conlamination [rom atmospheric oxygen
and moisture. The glagses were prepmed by melting
the batches sealed under vacuum in Vycor and fused
guartz tubes for 24-72 hours al 830~950°C in a roc-
king {urnace, Prior to filling, the reaction iubes were
baked out avermight at 850~900°C under vacuum,
After melting the glass samples were coaled to room
temperatuie, removoed [rom the reaction tubes, and
sealed under vacoum into Pyrex tubes. The samples
wore then annealed at 190 to 330°C for 2 hours, cooled
slowly 10 room temperature, and removed [rom the
Pyrex tubes. The delailed sample preparation prosed-
ures are given ia Table . IK spectra of the glasses
in the frequency range 250~4000cm-! were measured
by using Perlin-Eimer Mode! 467 double beam spec-
{romneter12 Absorption coefficients o were caleul-
ated from the TR specira using the expression

T=(1— R} exp(—az)/ [1—Riexp(—202)], .y
where T' is transmission, R the reflectivity, and =
the sample thickness. For each spectrum the vefeclivity
used in eq. (1) was determined from the apparent
lransmission 4, in regions of negligible bulk absorp-
tion via the equation:

R={1—-To/(1+ T @
Table T.

Delailed Sample Preparation Procedures.

Sample Composition Preparation Procedure

melted for 20 h at 850°C
annealed [lor 2 I at 190°C

meited for 20 h at 900°C
annealed [or 2 h al 199°C

melled for 20 b at 900°C
annealed for 2 h ac 215°C

melted [or 20 h at 908°C
annealed [or 2 h at 215°C

melled for 40 h at 900°C
annealed for 2 h al 215°C

meled for 40 h at 90g°C

annealed for 2h at 280°C
melted for 401 ar 900°C
annealed far 2 h at 300°C

melted for 65h at 900°C
annealed [or 2 h at 300°C
melicd for 655 at 935°C

annealed for 2 h al 310°C

melied for 65 h at 935°C
annealed for 2 h at 330°C

AspSa
0. 842,550, 1Ges,
(. 8A8255-0. 2GeS;
0 7AsS3-0. 5GeSs
0. 6A5355-0. 4GeSa
. 5A5255-0. 5Ce5y
0. 4 As335-0. 6GeSy
0. 3455550, 7GeS:
0. 2As5554-0. 5Ge3;

0. 1As:55-0. 9GeS,

ok
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Densities (p) of XAsSs{1-X)GeS; glasses were
determined by the Archimedes principle using a spe-
cific gravity botile. The bottle was filled with distilled
water and its mass (my) determined to {.(00lg by
weighing. The glass sample mass (ma) was determ-
ined. After this, the sample was placed in the specific
gravily bottle, the remaining volume in the bottle
filled with distilled water, and the mass {mj) of the
battle--water+sample determined, The density (p)
of the glass sample is then given by

p=mgpH>0/ (13 + ma—mg)
where pHz0 is the density of water at ambient tem-

perature,
. RESUTTS AND DISCUSSION

In Figs. 2 o 5 are shown semilogarithmic plots ¢
vs. ¥ in the mulliphonon region for mixed XAsSg
(1-X)GeS; glasses. The solid curves are the absorption
coefficients predicied on the basis of additivity of the
a values of the end number compositions As.S; and
GeSgt

a=for+ (1—F o &y

JF= XM/ o) /(XM ) + (1—X) Mz/p2)) €]
where f is the volume fraction of As:Ss glass, a1, o1,
and Ay respectively the absorption coefficient, density
and formula weight of AssS; glass, and as, pe, and
Al respectively the absarption coeficient, density and
foumula weight of Ge3g glass. The ambient {empera-
ture densities of XAeSs—(1-X)GeSy glasses are given
in Table [. Within experimental error the molar
voumes are additive, as shown in Fig. 6, justilying
the use of Eq. (4) in calculating the volume fractions.
This study of the stoichiometric slasses covers the
composition range X=0.1 to X=1.0 in steps of (L 1.
Since the pure GeS; glass could not be prepared by
rapid quenching!®.18: {he a2 volues were colculated
from Eq. (3) using the experimental ¢ wvalues for
the 0.1 A¢S;~0.9 GeS; glass, The caleulaled o values
were then used 1o calculale the solid curves (Figs, 2
ta 5) [or the ather mixed compositions X=0.2 tn 0, 9.
The agreement between the experimenlal and calcul-
ated additive ¢ vs. ¥ curves in the region below

1200 cm~! is within experimental error (within about

20 percent).
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Fig. 2. Absorption coefficient versus frequency for
0.8 As;S55-0.2 GeSp and 0.9 AsySy-0.1 GeSy
glasses in the multiphonen region.
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Fig. 3. Absorption coefficient versus frequency for
(.6 AspS3-0. 4 GeS; and 0.7 AsgS:-0.3 GeSs
glasses in the multiphonon region.
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Tig. 4 Absorpiion coefficieni versus frequency for
0.4 AssS3-0.6 GeSs and 0.5 AsgSy-0.5GeSy

glasses in the multiphonon region.
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Fig. 5. Absorption coefficient versus frequency for
0.2 AspSg-0.8 Ge5g and 0.3 AsS3-0.7 GeBz

glasses in the mmultiphonon region,

From Fig. 1 the structure of the mixed AsS3-GeSy
glasses is cxpected to consist of AsS; pyramids and
GeS, tetrahedra linked by S atom bridges. The “Mo-

lecular Model” predicts that the vibrations of neigh-
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Tahle T. Densities and Molar Volumes of XAssS3—(1-
X)GeSy Glasses at Ambient Temperature

b4 a(g/cm?) ¥ (cm®/mol)
1.0 318 77.4
0.9 3.12 Th. 5
0.8 3.10 72.3
0.7 3. 02 69. 1
0.6 3.08 5.7
05 3.01 63.7
0.4 2,97 60. 8
0.3 2.91 58.2
Q.2 2.87 554
0.1 2. 80 5a.7
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Fig. 6. Molar volumes of XAs:Sz-(1-X)GeSy glasses

vrsus composition.

boring AsSs and GeSy groups should he only very
loosely coupled, in agreement with the “two-mode”
vibrational behavior observed for mized AsS;GeS,
glasses in the fundamenial regionl® 18, Hence in the
multiphonon absorption region of the mixed glasses
one expects (a) 1o see no comhbination bands of AsS;
and GeS; fundemental {requecies and (b) that the
AsSg groups and GeS; groups shonld contribule inde-
pendently and hence additively to the total absorption
coefficient. The frequency range of Figs. 2 to 5 is

that in which 2— and 3-phonon processes involving
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the AsSy

o oceur. Hence the agreement of the spectra of the

and Ge3; slrotching modes are predicted

mixed AsS3-GeSe glasses in this region with those

predicted from Eq. (3) is in eomplete agresmont with 8
the above hypotheses,
¥. CONCLUSION 9,
IR spectra have been measured for the K AsSs-(1-
X)GeB; glasses (X =mole {raction of AsSy) in the 8
~20 pm{1250-500 cm™1) region where two and threc
multiphonon processes predominate The measured 10,
absorption coefficients arc in good agreement with the
prediction of “Molecular Model” on the bhasis of add-
itivity.
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