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1. INTRODUCTICN

Chalcogenide glasses, wlhich have nelwork struclures
hascd on sulfur or selemyum rather than on oxygen,
are an imporiant class of infrared (ransmitling male-
rials in the wavelength region 5 1o 15 microns {2000
to G67emV)—a 1egion in which oxide glasses are
opague. They owe their (ransparency in (lis region
io the fact that the heavier S and Se atoms give rise
to lower vibrational [requencies in camparison Lo oxide
glasses, shilting the region of intense infrarved absor-
plion to correspendingly longer wavelengths. Dear
this long wavelength limit to transparency therc arc
wwo sources of infrared absorption in these malerials:
intrinsic mulliphonon bands and hght atom  impurity
absorption bands, the latter due 1o the presence of

oxygen, In this paper inflrared absorption due 1o the

intrinsic multiphonon process has been investigaied in
AspS; and GeS;, glasses.

Lucovsky and co-worlierg?? 234 have proposed a
“Molecular Model” [or vibrational pioperties of chal-
cagenide glasses such as AsyYs and GeYs. where ¥
1= 8 or Be. This model suggests ithal muliiphonon
absorplion bands in these neiwork glasses should he
analogous 1o overlone and combination vibrational
bands in isolated molecules, AszSs glass has a two-
dimensional layer slructure which consists of pyramidal
AsDy groups bridged by beni As-S5-As groups®. GeSg
glass possesses a three-dimensional network structure
which consists of tetrahedral GaSy groups bridged by
bent Ge-5-Ge Groups™ ™%, The structures of these
chalcogenide glasses (AsaY: and GeYs) are show in
g 1.

The “Molecular Model” predicts that the vilrations
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Fiz. 1. Local structure in chalcogenide glosses, AsaY s

and GeYy (¥Y=5 or Sc).

of neighboring AsS; and GeSy groups in AssSs and
Ge3y glosses should be only very locsely coupled.
Therefore,

expecis that only combiration bands contaimng AsSs

in a multiphonon absorption region one

or Ge3s fundamental frequencies will be observed.
On this basis, Lucovsky and Galeener® ® hLave pro-
posed an empirical selection rule scheme for predicting
the multiphonon combination and overtone frequencics
which appear in the IR and Raman speetra of chaleo-
genide glasses. This schome was tested for a 0. 5Asy
Sea—0.5 GeSesr glass in an earlier studsy™ and iz tested

here for AseS3; and GeSsq glasses.

I. EXPERIMENTAL SECTION

1. Sample preparation

Asa83 and GeSp,y glasses were compounded in 16 g
batches {rom commercially available high purily ele-
purity 59.9899%),
and

ments: As{Cominco American,
Ge(Atomergic Chemicals, semiconductor grade),
purity 99.99999% ).

further starting material purificalion step, sulfur was

S(Awmergic Chemicals, As a
distilled under vacuum through a fritted disc to romove
particulate maller and any adsorbed oxides. Ta avoid
any contaminalion {rom atmospheric oxygen and mois-

iure, storage, weighing and handling ol the elements
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were carried out in & Vacwum Almospheres No-filled
inert atmosphere box1®:4) confaining no more than
1ppm Op and 1 ppm HzO.

AssSg plass was melted in 1.3¢m oo d.. 1. 0em i d.
Vyeor reaction tube of aboul 18cm length, and GeSy 4
glass melled in fused quarlz tube!®1% The reaction
tubes were sealed at one ond, washed, baked overnight
ander vacunm (p=lgm) at 850~900°C to remave
absorbed water, and transferred 1o the ipert atmos-
phere box. The glass components were weighed and
loaded into the tubes, which were then capped, remo-
ved from the box and sealed off under vacuum at
room temperature. The glasses werc melied by heating
the sealed, evacuated tubes in a rocking [urpance at
700~950°C for 20~70 hours. The melis were removed
from the furnace and allowed 1o cool slowly 1o room
lemperature. Afler cooling, the sample tubcs were
Lrolen open and the glasses lransferred 1o Pyrex Lubes,
which were sealed under vacuum. The samples were
then annealed at 190°C(As:S3) and 256°C (GeSa ) for
two hours, cooled slowly to room temperature, and
removed from the Pyrex tubes.

We attempted 1o make bull GeSy glass, but unfor-
tunalely were unable to obtain large GeSa samples in-
the glassy state, cven by rapid quenching contrary o
the reports of ather invesiigators®)3.15%18), Thege in
vestigalors, however, prepared only relatively thin
GeS; specimens, which could be quenched very rapidly
in air, waler or a NaOH-H:0 solution. An eavlier
report, however, of the glass-[orming regions in Ge—
As~5 system'™ indicated that GeSs is not glass-for-
ming, but that glasses can be obtained by repid guen-
ching il one goes slighily off stoichiometry, e go., to
GeSs pgM¥19, Hence, we were able (o oblain bulk GeSs ;
glass{insiead of GeS; glass) by rapid quenching.

2. Infrared Absorption Measurements

Cylindrical specimens for IR absorpiion measure-
ments were prépared by cuilting slices from the 1. Qcm
o.d. glass boules and polishing the oppesite faces
plane parallel. The thickness of the glass samples
ranged [rom about 0. 04 to 2. 0em. Tn eolor the samples
were deep orange-red (AseSs) and vellow {GeSa1). The
polished specimens were examined under a metallo-

graphic microscope (FJW Indusiries) equipped with
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an IR-to-visible image converter Those {found to
contain bubbles or grass amounts of particulate matter
were not used for IR transmission measurements.

A Perkin-Elmer Model 467 double beam spoctrome-
ter was used to measure IR ctransmission of polished
glass samples over ihe range 2. 5~40pm(1000—250
cml) at ambient temperature. Prior to recording the
spectrum, the instrument was adjusted using the inps-
trument controls and a comb atienuztor in the refere-
nce beam to give a reading of 100% transmission with
no sample in the sample beam and 0 9 lransmission
with the sample beam hlocked.

The absorption coefficients of the chalcogemde glas-
ses were deiermined at various wavelengzhs from the
IR spectra via the eguation'™

T=I/Ii={1—&)*® exp (—aX)/(1—R?

exp (~2eX)] (1

wheie

fy=incideni intensity of the light

I=transmitied intensily

T'=transmission

X=sample thicknsss

R=reflectivity

a=ahsorption coellicient.
This equation is valid lor normal incidence of the
light beam on the sample surface in the region in
which ad<1. The refllectivity R used 1n Eq. (1) was
caleulated from

R={-—-"Tp/(1+T%) (2)
where Ty is the transmission measured in a wavelen-
ath region [e.g., the fat region of the spectrum bet-

ween 5and 6 ym in Fig. 2] where the attenuvation of
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light dus tw aheorption is negligible (aX=0) and

apparent losses are due entirely to refleclion.

M. RESULTS AND DISCUSSION

In Figs. 2and 3 are shown respeciively the IR tran-
smission spectra of As;S; and GeSp; glasses al difle-
rent thicknesses. At short wavelenths (<{7pm) for
AsSs glass threa absorption bands due to impurities
are visible. The band at 3455 em-! is caused by the
O-II siretching vibration, the band at 2495 em=! by
the S—~H striching, and that at 1585 cm~! by HyO
bending vibrations!®. The GeS;y glass specirum con-
tains three previously observed!® impurity bands: the
S—T stretching band al 2520 cm~* and vibration bands
of the lincar COS and €Sz molecules ot 2030 and 1510
em-! respeciively. In TablesT and T both bulk and
impurity IR absorpiion maxima in As;Ss and GeSs g
glasses are categorized.

In Fig. 4 are shown semilogarithmic plots of @ vs.
wavenumber 7 in the 2- and 3-phonon multiphonon
absorption region for AssSs and GeSp; glasses. Lueo-
vsky and Galeener’ schemef»? for predicting the mul-
tiphonon bands of network glasses assigns an “activity
factor” {4- or —) ta each of the high frequency first
order vihrational bands: “4” if the band is strong in
the Raman spectrum, and “—” if the band is strong
in the IR spectrum. Combinations of these first order
frequencies are strong in the multiphonon Raman spec-
trum if the “product” of their activity [actors is “+”
and strong in the multiphonon IR spectrum if the
“product” is “—. We applied this scheme successinlly

ta prediclion of IR-active multiphonon bands in 0.5

Afum?
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Ifig. 2.

IR spectra for AssS; glass specimens of different thicknesses.
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Fig.3. IR speetra for GeSg glass specimens of different thicknesses.
Table [. Bulk and impurity IR absorption maxima
in AsS; glass in the 250~4000 cm™ 10005 : ' ! ' ' | E
region. E 3
- Relative . i ’
-y 2 Assig t
s{ent) Alum) Tntensity (a) ssignmen 1005 cAstaq) 4 J, E
685 14.6 s Intrinsic 2-phonon process L e] GeSzj (f) (Pc,‘"” * .'6'.. j
980  10.2 m Intrinsic S-phonon process ~ I & QTOD ". SR |
1585 6.31 w0 bending g 10 S e D{f E
2495 4.01 W §-H strelching = F S 7 .
5455 2.89 w O-H stretching ,"-6’ X i g . |
»
{a) s=strong, m=mecdium, w=wezk !'of uﬁ' E
. -0 o ]
Table [. Bulk and impunty IR absorplion maxima e f L f 1
in GeSzq glass in 25¢~4000cm ! region. | )o‘f .-'
oap - E
. & J E
5{em-1) A{zm) Iﬁzﬁ:ﬂ:}(a) Assignment, o }. -
e ]
760 13.2 8 Inirinsic 2~-phonon process 0.0l . . ‘ ‘ , ‘
1140 B.977 m Tnlrinsic 3-phonon process 1200 000 800 600
1510 6 62 w Molecular CSz y/cm
.9 M ar COS
2030 4.53 v Sqiecu]dr..h_ Fiz. 4. Ahsorption coefficient versus Irsquency for
2820 2.97 v I stretehing AssSq and GeSz glasses in the multiphonon

(a) s=strong, m=medium, w=weak

AsSes 0.5 GeSey glasses in an earlier paper®. In
what follows we apply it to the data of Fig- 4.

Trom the data of Lucovsky el al. ¥ the frequencies
and aciivity factors of the high frequency first order
bands in AseSs glass are 310(—3, 340(+) and 375
{—) em-!, Frequencies of IR active multiphonon bands
in AsSy glass predicted by the above selection rule
are shown by arrows{ |} in Fig. 4 (e. g, the lowest
frequency predicted band at 650em=" is a combination
of the 310({—) and 340(+) cmt As;Sy first order fre-
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region.

quencies), The predicled g-phonon freguercles corres-
pond well to the peak at B85cm™* and the predicted
3-phonon frequencies to the peak at 980cm™* in Fig. 4.

The same scheme has been applied w the GeSzy
glass using first order band frequencies of 3480+,
570(--) and 440(—)em? observed for GeSs glass18
and the rosults are also shown by artows (1) in Fig.
4. The predicted Z-phonon frequencies correspond
well Lo the 760 cm-! peak and the predicled 3-phonon
frequencies to the peak at 1140cm~t in Fig. 4. There
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is a shoulder in the GeSsy glass @ vs. B plot at aboul
580cm-! which is not predicied using GeSz glass data.
Howcever, the non-stoichiomeiric GeSgj glass should
contain some S—3 bonds in addition to G—S5 bonds!®,
The 5—8 vibration has a fundamental mode at 490
c¢m-! ®. [ence the shoulder al 980 em-! is probably

a 2-phonon combniation of this 5—3 comhination band,
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