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Thermal properties of chalcogenide As,S199_x glasses in the glass transition region have
been studied by modulated-temperature differential scanning calorimetry (MTDSC). All
samples in this work were given the same thermal history by heating to a temperature
above the glass transition, equilibrating and then cooling at a rate of 5 °C/min to a
temperature of 20 °C. The reversing and non-reversing heat flows through the glass
transformation region during both heating and cooling schedules were measured and the
values of the parameters Ty, AH, C, and AC,, which characterize the thermal events in the
glass transition region, were determined as a function of the glass composition. The
structurally determined parameters Ty, AH, C, and AC, reveal major extrema when the
composition of As,Sg0_x glass becomes As,Sgg, that is the same as the composition of the
corresponding stoichiometric compound. In addition, we observe “small thresholds” in
these properties at 28.5 at % As (As)g5S715) around the same composition as that reported
in the As-Se glasses. No such thermal analysis had been done on the As,S+o0_x glasses
previously. It is shown that As,S190_x glasses where x <25 at % As are formed from two
glass phases. From MTDSC measurements, it was possible to establish the probable
composition of the high temperature glass phase and from Raman spectroscopy it was
possible to correlate the MTDSC results with the structure of the As-S glasses. © 7998
Kluwer Academic Publishers

1. Introduction ules. All measurements were carried out on samples
The Modulated-Temperature Differential Scanningthat were given the same thermal history to ensure
Calorimetry (MTDSC) is arelatively new technique [1] meaningful comparisons between samples. All cooling
that has been found to be a very powerful tool for ac-schedules were started from a temperature above the
curately measuring the temperatures and enthalpies gflass transition region so that the samples were cooled
various transitions occurring in a material. Recent apfrom the liquid-like equilibrium state. We compare our
plications of MTDSC has shown that it can be very MTDSC results with previously published works on
useful for the interpretation of thermal properties, suchglass transition in As-S glasses and also discuss the
as the heat capacity, in relation to the structure as, foresults in terms of recent structural models for chalco-
example, in the case of chalcogenide glasses As-Se [2Jenide glasses. We were motivated in studying the As-S
Se-Te [3], Ge-Se [4, 5, 6], GAsySeo [7], Ge-S [5, 6].  glasses due to the interesting structural properties of
The aim of this work was to try to extend our conclu- these chalcogenide glasses [5, 8-14] and current and
sions for As-Se glasses [2] to the As-S chalcogenidgotential uses of As-S in various imaging and optical
glass system, with support of Raman spectroscopy aapplications (e.g. [15-20]).
a direct tool towards establishing the structure of As-S The benefits of MTDSC technique have been doc-
glasses. umented in several recent papers [21-26]. One of the
We carried out MTDSC measurements on a rangenost important benefits is the separation of complex
of As-S glasses (AgSoo to As42Ssg) to obtain the re-  transitions such as the glass transition into more easily
versing and non-reversing heat flows through the glaseterpreted components [26, 27]. In conventional ther-
transition region both during heating and cooling schedmal analysis, the sample temperature is either ramped
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linearly at a constant heating or cooling rateof q  The location of this change depends on the oscillation
respectively) or kept constant (as in isothermal experperiod [27, 29]. Hysteresis effects associated with ther-
iments). In MTDSC, the sample temperature is mod-mal history are absent in the RHF but present in the
ulated sinusoidally about a constant ramp so that th&HF. The interpretation of the NHF has been more dif-
temperaturd at timet is ficult but it is believed that it provides an indication
of the enthalpy loss during the annealing period be-
low Ty [26] though more research is needed to clarify
its interpretation. It should be mentioned that MTDSC
is not an ac calorimeter inasmuch as it measures both
whereTy is the initial (or starting) temperatunejs the  reversing and nonreversing heat flows. Detailed inter-
heating rate (which may also be a cooling ram)p,A  pretations of reversing and nonreversing heat flows in
is the amplitude of the modulation amis the period. MTDSC experiments, and their significance, are still
The resulting instantaneous heating rafg/dt, there- a subject of lively topical discussion s in the literature
fore varies sinusoidally about the average heating ratée.g. [26, 28, 30]).

r. The apparatus measures the amplitude of the instan-

taneous heat flow and the average heat flow, called the
total heat flow and denoted by HF, and then by carryin

out a suitable Fourier deconvolution of the measure
quantities (also incorporating the sinusoidal temperaASXSio‘H gIasses,whene: 042 at%,werg prepared
ture signal) it determines two quantities: from the constituent pure elements. Arsgnlc and sulfur
(a) Reversing heat flow (RHF) of purity 5N were welgh(_ed and placed in precleaned
(b) Nonreversing heat flow (NHHF) quarts ampoules. The ampoics were evasuated {0 a
The average heat flow which corresponds to the avpressure of &k 102 Pa for 30 minutes and then sealed.

erage heating rate) is called the total heat flow (HF). h hesi ¢ di King f ith
Total heat flow is the only quantity that is available and | "€ Synthesis was performed in a rocking furnace wit
0the ampoules exposed to a temperature of°€5€r

hence it is the only quantity that is always measure )
in conventional DSC experiments. Reversing heat flo 4 hours. The bulk samples were crushed into small

RHF is that component of heat flow in the MTDSC that Pieces and immediately weighted into aluminum her-
is in phasewith the instantaneous heating rate, i.e. ~Metic pans and then sealed. A typical sample weight
’ was of 18 to 20 mg.

do dT The differential scanning calorimetry experiments

RHF = <E) = p<a) were performed on a temperature-modulated DSC
Reversing (MDSC™ model 2910, TA Instrument Inc., USA) us-

i o ing a liquid nitrogen cooling accessory and a nitro-

The nonreversing heat flow is difference between th%en gas DSC cell purge. The instrument was calibrated

total heat flow and the reversing heat flow and represoy enthalpy, temperature readings and specific heat ca-

sents heat flow_due to a kinetically retarded procesgacity C,). An empty hermetic pan was the reference
such as crystallization. No such information could beggmpe.

determined hitherto with previous conventional ther- All samples in this work were given the same thermal

mal instruments and from this perspective the apparanjstory by heating to a temperature above the glass tran-
tus is a unique and powerful tool that can separate heaftion (at 20°C/min), equilibrating and then cooling at
flow into its reversing and nonreversing componentsg rate of 5C/min to a temperature of 2.
Heat capacity measurements by conventional DSC ex- The modulated-temperature DSC regime was used
periments therefore represent an “apparent’, “total” Ol measure the modulated heat flow in both heating and
average” heat capacity. In contrast, heat capacity megeqojing schedules. The underlying heating and cool-
surements by MDSC represent heat capacity that is agng rates were 5C/min, the oscillation amplitude was
sociated with a reversing heat flow only over the time_ 1 gg1°C. and oscillation period was 80 seconds. The
scale of the experiment, which is the periBdof the  5tq| heat flow, HF, reversing and non-reversing heat
oscillations, and hence represents what we intuitively,s, RHF, NHF respectively, were deconvoluted from
associate with the interpretation of heat capacity. Thighe modulated heat flow, MHF. The MHF signal and de-
heat capacity has been called the “reversing heat capagpnyoluted heat flows, HF, RHF and NHF, for glasses
ity”. In' the glass transition region, the reversing heaty¢ composition AgoSso and Ass6Ssa4 in both heating
capacity is approximately the same as storage heat Canq cooling schedules are shown in Figs 14 as typical
pacity, that is the real part of the complex heat capacityyamples. The figures also illustrate the definitions of
[28]. In the last few years, the MTDSC technique hasTg andAH.
been already applied to the study of glass transition in “the structure of the bulk ASi00x glasses were
a number of amorphous polymers (e.g. [21, 26, 27])ydied by Raman spectroscopy. Arsenic pentasulphide
that _exh|b|t an endothermic rela>§at|on peak. The ré{As,Ss) for the Raman structural study was prepared
versing heat flow through tig, region exhibits a step  py precipitation from an acidified aqueous solution of
change and represents the change in the heat capacifyg,AsS, [31]. The Raman spectroscopy study was per-
formed on a Fourier Transformation (FT) Raman spec-
* Reversing and nonreversing terms are used to distinguish these heffometer model IFS/FRA 106, Bruker. Raman spectra
flows from thermodynamically reversible and irreversible heat flows. were excited using a laser beam with=1064 nm

. [ 2mt
T=To+rt+ A&n(%)

. Experimental procedure
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is the modulated or instantaneous heat flow, NHF is the non reversiblshows a relaxation peak which is separated out from MHF by subtracting

heat flow and RHF is the reversible heat flow.

- ~=0.20

000l Asg0560 cooling scan J.005 éo _
=0.125 —H 5 < 28
5 ; eat Flow _/_fx XH _g %
=~0.02-2 EJo.103
= : 00158 2

%3, 50'095 | Nonreversing Heat Flow :q:; z
<
£:0.08 2 £
: | IM 0.035510.008
] £ -U. ™-VvVe
T 0.14 90.065 fodulated Heat Flow s =
R I 5|
Reversing Heat Flow 7 z =

-0.20L 0.03 0.055 10.10

1 1 I
50 100 150 200 250
Temperature (°C)

RHF.

3. Results

Fig. 5 shows the dependence of the glass transition tem-
peratureTy (infl.), onthe composition of the As-S glass.
There are various operational definitions of the glass
transition temperature in the literature T-definition
based on the change in the baseline of the reversing
heat flow component in the glass transformation re-
gion during a cooling (or a heating scan) is shown in
Figs 1-4. We note that the glass transition is exhibited
as a change in the base line in the reversing heat flow
i.e. change in heat capacity (as in the definitionTgf
based on a second order transition). The glass transi-
tion temperaturdy (infl.) increases with increasing As
concentrationX > 25 at %) up to a sharp maximum at

Figure 2 Typical conventional DSC (HF) and MTDSC (MHF, NHF and 40 at % As (A§Sg). Tg decreases with As content be-

RHF) results during a cooling scan. NHF shows a relaxation peak which

is separated out from MHF by subtracting RHF.
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Figure 3 Typical conventional DSC (HF) and MTDSC (MHF, NHF and

RHF) results during a heating scan for two phase As-S glasses. NHI 100
shows a relaxation peak which is separated out from MHF using RHF

HF is the average heat flow, MHF is the modulated or instantaneous he:

flow, NHF is the non reversible heat flow and RHF is the reversible heat 80

flow.

yond 40 at % As. There appears to be a small change
in Ty at 28 at % As, though this is small and not clearly
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having an output power 50 mW. The wavelength of N _
the laser beam was critical to avoid any photostructuraf'gure 5 Glass transition temperatuflg and relaxation enthalpy H

change in these chalcogenide glasses within the tim

vs. composition of the As-S glass system. Both structural parameters,
?g and AH are obtained from heating and cooling scans. The vertical

scale of 100 scans. The resolution of the Raman sf-’e(é‘rrowsidentifythe critical compositions corresponding to stoichiometric

trometer was 1 crmt.

compositionsAH axis is on the right whereas tfig axis is on the left.
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lute measure of the heat of relaxatiarH, we have to

160  As_S subtract the relaxation enthalpix H¢) obtained during
i x~ 100-x . 4
% the cooling scan from the relaxation enthalpyH)
140 E ; . .
2 T, (nfl, heating) obtained during the heating scan as demonstrated for
s 4 i
120 o T 2 (infl. cooling) polyethylene [32]. The compositional dependence of
100 | g2 AH (AH = AHp, — AH.) has a behavior similar to that
&) ofthe glass transition temperature with a similar distinct
ngo 1 maximum at 40 at % As. As above, there appearstorel-
=60 F atively small local minor peak at 28.5 at % As (/Sg)
which is more pronounced than that in fhgx behav-
40 ¢ B T (infl., heating) -
g1 It heaung ior above. Two phase As-S glassgs{ 25 at % As) are
20 F O T, (infl, cooling) characterized by two relaxation enthalpiasi; and
oLt AH,. The AH; vs. composition behavior exhibits a

minimum at ASgeSg34 i-€. (A2S10), AH» decreases
with increasing As content towards the Sy glass

as shown in Fig. 7. For each composition we carried out
Figure 6 Glass transition temperatufig, and Ty, vs. composition of  several experiments and all showed good reproducibil-
the AS-S glass system. THg; and Ty are obtained from heating and ity. The experimental points represent average values
cooling scans for two phase As-S glasses. with typical error bars comparable with the size of the
plotted experimental point. The smooth curvesin Fig. 7
are spline curve fits to the data.

The specific heat capacitie€{) of As-S glasses
The MTDSC measurements show that the &igo_x were mﬁ_a;lzgreg bty MT.DSt.C in both ?ﬁaﬂng anq coa)lln?
gasses, uhero 25 at % A, corain two glass 0%, TN delernalon uses e everang heo
phases, which are identified by the presence of tw%]c t.he ex P fiment i”pﬂ ny fiod defined
glass transition regions for both heating and coolin Xperime (O.SC ation period) as define

A by Reading [1]. A typical result for a glass of the
scans, as shown, for example, in Figs 3 and 4. Wh”ecomposition A$oSso is shown in Fig. 8. The glass
the low temperature glass transitiofig, (infl.), depend 00 9. © g

srongly on e As content, e il temperatire glas2TSCT = SHectd 5 & Sepne hange e
transitions,Tg» (infl.), remain almost constant, as dis- ) 9 9 b

- : contain two heat capacity step changes occurring in
gﬁﬁ%g;&i gllggsvery close to the typidglvalue the two glass transition regions, as shown in Fig. 9.

Figs 5 and 7 also show the compositional depen-The dependences df,, Cpy and Cp (defined in

: . Figs 8 and 9) on the As-S glass composition at the
dence of the relaxation enthalpiasd, AH; andAHy, - S
respectively, for the As-S glasses during the glass trant_emperaturél’, = 0.9T4 are plotted in Fig. 10. Th&,

sition. AH was found by integrating the non-reversing vs. composition plot in Fig. 10 reveals a minimum

0 X

heat flow (NHF) in heating scans as shown in Figs 1—440 at % As. There_ is a small local thrgs.hold qt _about
. , : . .28 at % As. There is also an unusual minimunCinin

If the ultimate interest is constructing a correlation

. 0 . .
curve for comparing the area of the relaxation endotermF'g' A Ll

with other “end-use” properties, then the error in non-Properties, as discussed below, and is absent in As-Se

reversing heat flow curve can be ignored because th%lasis esl[lz]éw?gi:giln??g;?\?; ng‘ﬂggnﬁzgos'?]tgvr\‘/;
same modulation period is used. To obtain an abso- 19. L p2 - y
in Fig. 12. The compositional dependence£gf and
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x (at. % As)

distinguishable from the rest of thig vs. composition
behavior.
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Figure 7 Relaxation enthalpyAH; and AH, vs. composition of the  Figure 8 Typical specific heat capacity vs. temperature behavior in the

As-S glass system. Th&aeH; and AH; are obtained from heating and glass transition region obtained from the RHF component of a MTDSC
cooling scans for two phase As-S glasses. experiment during heating.
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Figure 12 Specific heat capacity vs. composition for the As-S glass

Figure 9 Typical sp_ecific hgat capacity vs. temperature behavior in theyyo phase system (phase £, values are taken at a temperature of
glass transition region obtained from the RHF component of a MTDSCr, — 0.9Tg2. Change in the specific heat capacitZ at the glass tran-
experiment during heating for two phase As-S glasses.
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sition region plotted as a function of composition obtained from both
heating and cooling scans during MTDSC experiments.

Cp2 are similar to those ofy; andTgy, respectively. In
general,C, measurements by MTDSC typically have
reproducibilities better thait1% [33].

The specific heat capacity differenca<,, ACy;
and ACp; in the glass transition region (sometimes
called “configurational heat capacity”) were deter-
mined for all the As-S glass compositions as illustrated
in Figs 8 and 9. These are plotted as a function of com-
position in Figs 10-12. Th&C, vs. composition be-
havior exhibits a clear maximum at 40 at % As. There
is a small local maximum ilAC, behavior (Fig. 10) at
28.5at % As. There is obviously a “valley” between the
two peaks (as expected) but without a distinct feature
that corresponds to 34 at % As as for thgbehavior.
There are no special features in th€,, vs. composi-

Figure 10 Specific heat capacity vs. composition for the As-S glass sysi0N behavior (which occurs for < 28,5 at % As). The

tem.C, values are taken at a temperatureTpi= 0.9T;. Change in the

ACyy, on the other hand, reveals a significant change

specific heat capacity at the glass transition region plotted as a functio;yround the composition AgsSg34.

of composition obtained from both heating and cooling scans during

MTDSC experiments.
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The results of Raman spectroscopy studies in the
As,S100-x glasses are shown in Fig. 13. The £Ss;s
glass (Fig. 13, curve a) contains strong bands at 345
and 362 cm! and multiple weak bands in the spectral
region 100-300 cmt.

The dominant feature of the AsSso bulk glass
(Fig. 13, curve b) is a strong band at 343 ¢mThere
are also detectable weak bands at 168, 189, 222, 236
and 494 cm'. The Raman spectra of the A$S;15
glass (composition equivalent to stoichiometric 89
and AsSs precipitate with characteristic bands at 219,
236, 336, 365, 469, 474 and 494 thdo not show
any significant differences; these are shown in Fig. 13
as curves d and e, respectively. Thg8go_x glasses
with x <28 at % As contain the characteristic bands
153, 219 and 474 cmt whose intensity increases with
the S-content. The same glasses also have the charac-
teristic bands 336 and 365 crwhose intensity, on the
other hand, decreases with the S-content.

Figure 11 Specific heat capacity vs. composition for the As-S glass

two phase system (phase O values are taken at a temperature of
Ty = 0.9Tg1. Change in the specific heat capadt€p; at the glass tran-

4. Discussion

sition region plotted as a function of composition obtained from both 1 N€ Tg vValues measured in this works are defined in

heating and cooling scans during MTDSC experiments.

terms of the reversing heat flow component and, further,
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trema we have observed at the composition 40% at As.
At this mean coordination number the glass structure
| AsS100x 343 (b) x=400 has the optimal network topology. However, the glass
(©) x=330 structure can also have a degree of medium range or-
go(d x=330 der, and contain various connected clusters or distinct
l (e) x=285 structural units, whose difficult identification has been
(f) AszSs5 precip. a topical subject of discussion in the literature (e.g.
(g x=166 [13, 35, 36]). If one can argue that the glass structure
() x=000 will be more stable at certain compositions due to the
@) presence of a distinct medium range order or the pres-
ence of certain distinct molecular units, then it would
) be reasonable to expect thresholds in certain properties
© of the glass, though the magnitude of the changes is un-
l likely to be as large as thoseat=2.4. We believe that
@ threshold at 28.5 at % As probably represents a distinct
9 structure that corresponds to /8§ which is discussed
'. with the Raman results below.
X

345 392 (a) x=420

units)
N
=T
Pl 4
![E 5
S
&
N
bt [\
(=)

© MTDSC experiments clearly indicate a glass phase
® separation in As-S glasses. The power of the MTDSC
© technique is apparent Whe_n we compare the two clearly
238 365 494 discernableTy transitions in the RHF curve (the re-
336 474 versing heat flow) with the HF (total heat flow) curve
in Fig. 4. In normal DSC experiments, only the lat-
ter would be available. We believe that the nearly con-
stant value offy, close to the characterisfig value for
188 Aspg5Sg1 5 (ASSs) glassis agood indication of the sim-
248 439 ilarity of the structure of the Ag5Ss15 (AsxSs) glass
-3 219\)\ () and the structure of the high temperature glass phase
| . . , . in the AsS100-x glasses withx < 25 at % As. Further
0 100 200 300 400 500 600 supporting evidence for the distinct A% Ss15 (As2Ss)
Wavenumber (cm -1) structure in the glass is that ti@&, value is constant
and thatACp; of the high temperature glass phase de-
Figure 13 Raman spectra of the AS100-x glasses and ASs pre-  creases monotonically with As contert£ 25 at % As)
cipitate. without any characteristic features (maxima or min-
ima). Based on the compositional dependencdyof
we believe that the high temperature glass phase keeps
we reportTy values determined from heating as well asthe same composition and structure as thgsASg1 5
cooling scans on samples that have the same therm@As,;Ss) glass.
history. TheTg values reported previously from conven-  The structure of AgS;p0-x glasses was studied by
tional DSC data (e.g. [31, 34] agree, in general trendRaman spectroscopy as shown in Figure 13 and spectra
and in the location of the maximum at 40 at % As, were interpreted using references [37—41]. The domi-
with our MTDSC data. TheTy results in this work nant feature of the AgSso and As;»Ssg bulk glasses
however point to a small local threshold at 28.5 at %is the AsS3,, pyramidal unit (strong band at 343 ch
whenwe consider allthe MTDSC results in entirety. Al- and 345 cmit). The symmetric stretching vibrations of
though, further experiments with closer compositionsAsS; pyramids are responsible for the presence of the
are required to unambiguously demonstrate this smalnost intense broad band between 300—-400%cwith
threshold behavior i, its simultaneous occurrence a maximum at about 343 crh. This strong band is
in Cp, and AC, vs composition curves gives support partially deformed by weaker overlapped bands at 312,
for this threshold at 28.5 at % As which corresponds362 and 380 cm'. The bands at 312 and 380 chare
to As;Ss. Furthermore, there is a similar but a clear believed to be assigned to interactions among thegAsS
(large) extremum at the same composition in the sampyramids. The band at 362 crh which corresponds to
thermal properties in the analogousS&19o_x glasses the vibration of AgS, structural units, is quite strong
as reported previously [2]. No such features were obin As rich glassy samplex (> 40 at %).
servable in TgSe po_x Chalcogenide glasses (studiedin  Beside this dominant broad band, there is a group
this laboratory) where one element simply substitute®f closely spaced narrow bands in the spectral region
for another without a change in the structure [3]. between 125-260 cm in the spectrum of As rich
Extrema and thresholds in various physical properglasses, where > 40 at % As. These bands are of
ties occur when there are distinct changes in the glasgery low intensity in AgpSeo glass and bellow the de-
structure as discussed by a number of authors (e.gection limit of Raman spectroscopy in S rich glasses.
[8-11]). The threshold behavior (or extrema) in vari- Similar bands at 145-147, 168-170, 187-191 and 218—
ous physical properties when the average coordinatio22 and 231-236 cnt have been found by many au-
numberZ in the glass network reaches 2.4 is now wellthors [39—43] in AgS, crystals and assigned to As-As
documented [8-11] and corresponds to the large exvibrations.
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Strong bands at about 335-345 Tmappear for As;Ss has been also obtained as an amorphous com-
the structure of glasses in the compositional regiorpound (glass or precipitate). A comparison of the
285 < x <40 at %. These are believed to be due toRaman spectra of the ASs glass and amorphous
pyramidal units As$ with extra sulfur atoms incor- ASSs deposits precipitated by hydrochloric acid from
porated into the (-S—S-) chains linking the pyramidalan NaAs$, solution at 0'C indicates that molecular
units together. The AsSemains as a basic unit even Vvibration bands are largely similar in the /B glass
in this part of the compositional region. and precipitate. According to Diemann [44] vibrational

The three bands 153, 219 and 470 ¢nassociated and photoelectron spectroscopic investigations as well
with Sg rings in the pure S spectrum decrease in magas radial distribution curve indicate=SAsS;/, short
nitude due to disappearance @frdg or ring-like (i.e.  range order. Each As-atom is connected to the bridg-
ring-fragments) structures as S is alloyed with As.  ing S-atoms at a distance of 230 pm and one terminal

According to the Raman spectra, the structure ofS-atom at 212 pm.
the AsgsS715 glass has a distinct character and this
structure is very similar to that of the AS; precipi-
tate as shown in Fig. 13. The structural unit responb. Conclusions
sible for bands at 336 and 365 chhas not been The modulated-temperature differential scanning calo-
fully elucidated as discussed in the literature [44, 45].rimetry technique (MTDSC) was used to characterize
The structure of AsSs can be interpreted, for ex- thethermal properties of AS100-x glasses in the glass
ample, through polymericaly linked-SAsS;/, (band  transition temperature region. The structurally deter-
365 cntt) structural units, a structure made up of pyra-mined parameterg;, AH, C, andAC,, obtained from
midal AsS/» (336 cntl) units interconnected by S-S reversing and nonreversing heat flow components dur-
chains (494 cm?), or a dynamic equilibrium between ing cooling and heating MTDSC scans, reveal extrema
both structures as illustrated in Fig. 14. Raman specwhen the As-S glass system reaches the stoichiometric
trum shows an additional line at 469 chwhich ac- composition at 40 at % As (ASz) which corresponds
cording to Dienmann [44], should be due to an As-Sto the optimal coordination number 2.4. In addition,
stretching mode of a terminal, i.e. nonbridging, arseniavhen we consider all the MTDSC results in entirety,
sulfur bond. Although the As-S phase diagram does nothat isTg, Cp, AC, andAH vs. composition behaviors,
indicate the formation of AsSs as a definite compound there is a relatively small but consistent threshold at
in Fig. 15, the AsSs has been reported as a crystallineabout 28.5 at % As (AsS3). This threshold was not as
compound by Borisova [46]. According to Barisova, clear as that reported AS;00-x glasses but we believe
the AsSs crystals were crystallized from ASs glass  that it is due to a distinct structure. It was shown that
at 250°C in a pressure interval from 50 to 70 kbar. The As,S100-x glasses where <25 at % As are formed
XPA analysis in reference [46] was able to show thatfrom two glass phases. From MTDSC measurements,
it is a separate chemical compound with melting pointit was possible to establish the probable composition
190°C and with a rhombic symmetry. of the high temperature glass phase and, further, by us-

ing Raman spectroscopy it was possible to correlate the
MTDSC results with the structure of the As-S glasses.

-S S—S S— Our experimental results give support to glass structure
S§ PEIN S }\g \A€ theories that have been used in the interpretation of the
/Ais AI‘S‘ | | compositional dependence of various physical prop-
-S S S S a—p» S /S erties, such as the Phillips-Thorpe topological models
N/ S (major extrema at 40 at %_As), and models that claim a
7\ NAs” degree of chemical ordering (small extrema at 28.5 at

S S- | % As).

Figure 14 Proposed building blocks of ASs structure.
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