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ABSTRACT

The indium sesquisulfide phase is shown by x-ray diffraction and
mass spectrometer meaéurements to have a wide solution range at 600
to 800°C.- The existence of InS and In S (here identified as InS1 12) is
conflrmed and the existence of In S is disproved.

Mass spectrometer intensities vs time for In23+ and S; are used to

| obtain values of the parfial pressures of In S(g) and Sz(g) as functions of

compos.ﬁ.lon in the range from InS(s) to InS1 5( s).

At 600 to 800°C the heat of formatlon of the indium sesquisulfide
phase from liguid indium and 52 gds is 0. 37y - 44. 3 kcél/g at., where y
is the at.% In, and the corresponding heat of formation of InSl.‘ 19 is

AR -27.Tkcall/gat. and of InS is -26.5 kcal/gat.
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For determination of the partial pressures of vapor species in
multicomponent systeme by a dynamic method (such as the Knuds»en—‘
effusion method), a choice of conditions ﬁiat yield pressures which do not
change with time at constant temperature is usually necessary. Time-
independent pressures for a tW‘o~component system can be obtained by
bringing two condensed phases to equilibriﬁm with the vapor. Some, but
not all, two-component systems have compositions of congruent vapori-
zation that can also be studied by dynamic-pressure-measurement
techniques. The pressures that characterize single-phase corﬁpositions
of incongruent vaporization are not readily studied.
If, however, the variations in both compositibn and pressure can be
. determined as functiqns of time at constant temperature, a dynamic method
| for pressure measurement can be.u‘sed to obtain pressure-vs-composition
data in single-phase regions of arbitrary compositions. ' The mass spec-
trometer should be especially suitable for obtaining such data, because
with a mass spectrorﬁeter continual records of the partial pressures of
all species in a complex vapor can be obtained. But apparently no experi-
mental' evaluation of this use of the mass spectrometer has been made.
The principal purpose of this paper is fo report the results of such an
evaluatioh. | |

The indium sesquisulfide phase’ Waé chosen for study (a) because the
partial pressures of the two major vapor species at the composition of .

. . . 3
congruent sublimation were accurately known as a function of temperature,

] - (b) because the vapor pressure range is a convenient one for study with a
high temperature mass spectrometer, and (c) because our preliminary
4 investigations revealed the indium sesquisulfide phase to have a relatively

wide solid solution range at high temperatures. As a preliminary to the
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mass spectrometer invesiigations, x-ray-vs-composition studies were

made to establish the stable phases to be expected at 600 to 800°C.

X.-_RAY DIFFRACTION PATTERN-VS-COMPOSITION STUDIES

Preyious inVestigah)rs ide'ntified the phases In283, Insss, and InS
by x-ray diffraction examination of room temperature samples. 4 A phase
of approximate composition. In3S4 (InSl' 33) was inferred from cooling
curves and differential thermal analysis to be stable above 370°C.

In the present study, roofn-temperature diffraction patterhs of indium
sesquisulfide which had been heated at about 600°v with excess éulfur W_ere
found to be identical to'thé diffréctioﬁ patterns of B-Insz. Samples of
composition bétweehi42.,0 and 42v. 5 at. % indium, pl‘epared by heatir}g elemental

indium with In283, showed a single phase with the 40% (8 -'In283) structure, '

© but with contractions in the unit-cell volume. Samples whose compositions.

“were 43 to 45% indium yielded x-ray patterns of the contracted In283 phase

and of a second phase. The second phase was obtained pure by quenching
a sample in the mass spectrometer at a composition for which the ion
intensities were rapidly changing with time.

I N .
The diffraction pattern of the second phase agreed in spacing and

.approximate intensities W:ith' the pattern of a phase previously reported to

have the'approximate formula InSSS; O'but'th.‘e present study indicates a
compositibn somewhat richer in indium. We will call the phase InSl 19
in this paper.

The x-reiy diffraction pattern of the 50 at.% In sé.mple appeared to be

that of a third single phase, identified thus as InS, and pattérns of samples

ranging from 47 to 50 at.% In contained lines of both InS and InS1 19+ The
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InS patte'rﬁ, 6 howvever,- differed from the one reportea by Schuffle. 7
Perhaps there are two crystallographic modifications of InS. A 'sa‘mple
of overall composition In28 yielded the diff‘raction patterns of indium and
of InS. |

|  Since the mass spectrometer studies yielded further information on
the composition 6f stable indium sulfide phases, a final evaluation of the

- X-ray data is deferred to the discussion section.

MASS SPECTROMETER STUDIES

-Experimental. ---Samples of overall compositions 42 to 50 at. % -

indium were prepared by heating indium sesquisulfide with excess indium
in sealed, evacuat.ed fused-silica tubes. Indiux.fn s_esquisulfide samples,
which were élighfly ‘enr.'ic‘ned in sulfur, were prepared by adding sulfur to
congruently subliining incium seséuisulfide and heating in a fused-silica
tube in vacuo. |

Samples were introduced into a cylindrical, fused-silica Knudsen
cell 1. 5 cm high é.nd 1.2 ¢cm in diam. The fused-silica lids had cylindrical
orifices that were 1. 6 mm long and had_one of three different diameters:
0. 86, 1.22, or 1. 80 mm. ‘The cell was placed inside a tantalum crucible
fitted with a tantalum lid. The bottom of the cell was ground flat and a
2-mil strip of tantalum was placed betwgéh'the walls of the cell and cru-
cible in order to effect better heat tr_ansfer.‘ The entire assembly was
" supported by three tungsten rods inside an Inghram-type mass speciro-
~meter and Was heated by radiation from two concentric tungsten filaments.

Terﬁperatures were measured with a Pt-Pt 10% Rh thermocouple
embedded in a cavify ‘in the bottom of the tantalum crucible. The' thermo-

couple was calibrated against another Pt-Pt 10% Rh thermocouple inserted
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through the orifice Iin‘to the Knudsen cell and immersed m an indium_
sesquisuifide sample. Two independent‘calliblx{ation runs deviated k.)y‘ 8°
at 600°C and 3° at 800°C.

Identification of In282 9;\2) = InZS(g) + . 9882‘('.3‘) as ‘the privnc‘ipal
‘reaction at the composition of congruént sublimation was reported in our
previous paper. 3 Recent analyses of our samples by Pankratzs indicate
that the cdmpqsition of congruent sublimation is In252. 90 or InSl. 45. Our
thermodynamic data are ‘not significantly altered by this compositional
chénge.

Aé a test of the reliability of our mass spectrometer studies, yafia-
" tions of ion intensities with temperature at the congruent cqmp'osifion
were me“a's_ur.ed for comparison wi.th our pr’evio_ﬁs weight-low measure-
ments, which are inhe;ently' more précise. Plots of -R 4n (I S S T
vs 1/T for indium sesquisulfide at the composition of congruent subllmation
yie.ldved for the heat of r:eact_ion 130, -‘136, 141, 142, 143, 'ana 145 kcal/m'olev '
at”1000°K with an av.er'age off 139‘.‘5':1: 4.4 kcal/mole, compared to | |
141 kcaL/mole fro.m the weight-loss experiments. The variafions in thé. -
temperatdre scalveln}oted du-ririg the calibration runs are enough to vcause
6 kcal variation in the meastred slopes. | |

Indium-rich safnples vrere heated at 600°, 650°, 700°, 750°, and
800°C and é_ulfur,—rich Samp?.es were heated at 600°., 650°, 700°, and
750°C. During'each Tun thé intensities éf the ions Iri28+ and S; were
alternétely recorded on a strip chart until the ion intensities became
. constant with .time-v (Fi.cr. 1)  The sainple was then Quickly coolea to room
temperature.* The samples were welched before and after L1eatmg, and

X=ray d*ffractlon photovraphs of the powders were made before and after

each run.



5 UCRL-11963

Several samples, initially about 50-at. %iindium, were heated in the
temperature range 600° to 750°C; all showed constaht ioﬁ intensities at
-f-irst, then a rapid chang: in intensities in a very short time period
(Fig. 2). The rapid change ihd_icated that a narrow, single-phase region
was being traversed. Tle experiment was répeated, therefore, at 700°C
and the sample was quickly cooled when the middle of thevcomposition of
sharp intensity change was reached. An x-ray diffraction pattern was
obtained for the product, which was calculated to have an overall composi-
tion of 47.1 at. % .indium, corresponding to InSl’ 19° with an uncertainty
of about 0.5% in this composition.

The ion In20+ was observable during heating of indium sesquisulfide
whenever an air leak devealoped in the vacﬁum system, even though the
residual pressure was less than 1070 torr. The ion InGaS™ was seen when
indium sesquisulfide was heated subsequent to several runs during which
large amounts of GaN had been vaporized in the mass sp‘ec‘crometer. These

5
ions were at negligible intensities during the studies reported in the re-
maindef of this paper.

Pressure-vs-Composition Data from Ion Intensity vs Time. --~

Provided that the intensity of an ion that is produced from each major
vapor speciesn can be followed as a function of time at constant temperature,
a pressure-vs-composition plot can bAe derived. |

The pressure Pi at any given time is related to the intensity Ii by
the equation Pi =U Ii T, where T is the absolute temperature and U is ‘
a .cons’tan'c which is dependent on the ionization ‘cross séctidn of the vapor'
species and on the response of the ellevctron multiplier to each parti'cular"—'.' .

kind of ion.
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’lhe cons Lant can be evaluated for In ) and S .because the partlal
?ressure of each of these gpecies is known at the l\.novm composnmn of
c'ongruent sublimation. ‘The composition for congruent sublimation is
fixed at InSl Abi'O 03 at 6C0°C to 825°C by aﬁalytlcal s'ﬁldies of Pankr‘.’:‘l’cz8
of samples heated at 82:>°C in vacuo and oy the fa.CL_, demonstrated in
experlments discussed later, ‘that temperature changes in the 600 to 825°C -
range of a sample, which was known from its ﬁnchanging r.‘atvio In25+/Sé
to sublime eongruently, produeed only small, temporaryvvariations in
the ion ratio. From the Knudsen-effusion Weight loss experiments, the
pal‘tial pfessu’res_ ef In2S(g) and Sz(g) can be ’_c.alcula’c._ed with a pfobable
absolute error of about_'zo%, compar‘ed to estimated errors'of factors of
2'to 3 when usual ealibrat'ion' techniques that i‘equlre estimation of ioniza~-
tion cross sec’cions9 are. eraployed. ’

"With pressures determinéd from the ion int_erisi‘t:ies,' the 'remaining
problem is to caleﬁlate the compositions .t.hat corfespond -to these pr‘essures'._
The total weight loss ZYJ for each ion must first be, related to the

intensity-vs-~ tlme data to obtain the relatlonshlp For each ion Z.YJ was

calculated from

t 1
t . SI.PAkAt M. \? :
sy, = 2. e _ L 2.66 % 10° s (1)
o] - If T R : :

where le 1is the sum of the average iﬁtensi‘cies eve'r.'tim'e..in'tervals At

in minutes for ion J» I is the final intens_ity of ion j (at the'compo'sitiens
for congruerlt sublimation)‘, Pf is the partia_l pressure afthe congruent
sublimation po.int (i.e., the pressu(r.'e' tha.t vp.roduc'ed the meas_ureel lntensity'
_'If), A is the'orifice a_rea m square cm, k is the Clausing' correetion, 10

and M is the molecular weight of the vapor species. .
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As a first approximation, the composition for congruent sublimation
wasl assumed to correspond to stoichiometric indium sesquisulfidel The
sums of the calculated losses by vaporization of InZS and 52 are compared
with directly. measure(ﬁ losses in Table I. Most of the claculated weight
losses agree with the directly measured weight losses to within a factor
of 2. However, at 758°C the vaporization of the 46.1 at. % indium sample
produced a measﬁréd weight l\oss 6 times the calculated value, and at
600°C vaporization of the sulfur-rich sa_mple produced a weight. loss of
5 times the calculated value. These high losses are believed to be due in
part to escape of vapor bétween the crucible and lid rather than through

the orifice, and in part to errors in temperature measurement.

A constant factor, ¢, was applied to Eq. (1) to correct both YIn g
) : 2
g SO that the calculated weight loss would agree with the directly
2
- measured loss. The final composition was then calculated from the known

and Y

initial weight and compos:ition of the condensed phase, the weight of InZS
and S2 molecules vaporized, and the fiﬁal weight of sample.

If this _calculated vcom.position for congruent sublimation differed.
from the stoichiometric composition, a second approximation was made
in which the partial pressures that characterize thé compbsition for con- .
gruent sublimation, calculated in the firstfapprqximation, were assumed
to be the final pressures. These pressures were calculAated assuming that
the free energy of vaporization per gram atom for the indium sesqui-
sulfide‘ solid solution region is independent of'composition. The final reéults
of this study demonstrate this approximation to be valid to Qithin a few

tenths of a kilocalorie, except'possibly at the lowest témperatur'es studied.
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Table I. Comparisoa of chserved and calculated weight losses.

Temp Initial composition Obs wt. lloss. Calcwt. loss Caic
o)y . (Mg) C (Mg) - Obs
598% 8 M ,S.s 0.2 0.500 2.5
650 = 7 In 445;"56 0.8 0.602 0. 175
703 % 6 In 445 55 7.2 2. 98 0.41
700 + 6 Mmoo oS g, 15,1 12.8 0.8
58x5 I 4o gag 48 078 016
809 3 S8, 165 o os0.7 L8
600+ 8 ‘Sulfilr'—rich 0.2 .~ . 0.04 | 0.2
650 7 | 3 0.7 0.57 0.81
701+ 6 | o es 100 o0.45

7541- 5 1

[\
EN
fury
(V]
[en]
3%
S
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This gives the relationships

0.2

) -x . . 3% -1 4 .
| [Pﬂqzs]w [Fg 17 = [P1n9S](l /2 (G @

[Pg ] ,
So7

noj

P,s EE AW Mpn,s )
Ty :< <3x1/ TG (3)

2 2
v}here P° is the partial br-essure at stoichiorhetry and x is the mole
fraction of sulfur in the solid phase. The simultaneous solution of (2) and
(3) provides partial pressures closér to those at the congrgent—subliming
composition.
| The end compositior. calculated in the se»cond approximation usually
agreed to within 0.1 at. % with that of the first approximation, but this
small correction is necessary to prevent anomaious reversal of calcﬁlated
slopes éf the partial pre'ssure-vs-cémposition Curves. |

The compoéition at. any time t could be obtained by correcting the

initial sample composition for the summation of the losses of In28 and of

82 by effusion. For each gas species

1
t -, z ' '
ZY = _?__1_ PfAkAt _1%/1_) c 2,66 x 106 s (4)
o™i = °f ' - |

The compositions for congruent sublimation were calculated by the method
described to be 40.5, 41.0, 41.2, 40.8, and 40'. 8.‘at.'% indiufn at 600° s
650° , 700°,-750°, ahd 800°C. Exp_eriments described below lead us to
believe that the compositicn for congruent sublimation vérie_s by only about
0.1 at.% in the temperature fange' studied. So the compc;sition 40. 8 at.%

indium found by chemical analysis best identifies the composition of con-

gruent sublimation over this temperature range. This composition of
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éongruent' sublimation must be considered uncertain by about 0.5 at. %.
From similar analysis of samples prepared with excess sulfur, initial
compositions are found to have been 40.3, 40.7, 40.6, and 40.5 at. %
indium at 600° , 650°, 700°, and 750°C, i.e., ail_ samples were sulfur-
deficient relative to the stdiéhiometric composition.

By the procedure just outlined, the composition of the phase designated

InS was calculated to have compositions 47.9, 48.0 and 47. 2 at. %

1.12
indium at 600°, 650°, and 700°C, compared to 47.1 found by quenching

a singl’ev—"p‘hase sample in the mass spectrometer. The width of this phase
Wz;s found to decrease witk increasing temperaturé. The calculated phase
widths afe: 3.31£ 0.4, 2.8+ 0.2, and 0.8 = O.'_l‘ at. % at 60,00.’ 650°, and
700°C, resbéctively. R

o The results of an experiment in a fused-silica crucible to d.etermin'é
the variation in compositibn of congruent sublimation with temperature are
vsummarized in Tiable IIA, which shows the temp'erature's, in the sequence
followed, at which the sample was held, | and the initial and final (i. e.,
steady-state) intensity ratios of S; to Inv2S+ that resu'lt'ed.

S+ ratio for

- A value of 0.6 to 0.7 is characteristic of the S;/In2
cohgruen_t sublimation in our mass spectrometef. The high initial S;./.In2$+
ra.tio obtained when the temperature was fifst droppe(ﬁ to 768°C. presumabiy
resulted because the corﬁposition for congrueht sublimation at 838°C was.
richer in sulfur than the composition for congruent sublimation ‘a‘t 768°C.
Similarly the composition for cOngruent sublimation at 726°C presumably

contains less sulfur than does the composition for congruent sublimation

at either 768 or 838°C.
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Table II. The S./Tn.S  ratio above indium sesquisulfide
immediately aftel' a {femperature change (initial) and after
the composition he.s attained that for congruent sublimation
at the same temperature (final).

Temp ‘ Initial Final
(°C) ST /n,s" st /m,s”
838 - 0.72
768 1.2 0. 67
726 | 0.5 0.7
838 0.4 0.7
800 . : -— 0. 48
750 | 4.1 0.59
700 0.36 | 0.56

© 800 0. 61 ﬁ 0. 55
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That the composition for congruent sublimation did not shift con-
tinuously in a single direction with temperature was éurprising. ‘The
-experiment was repeated, therefore, ina gréphite crucible for which the
interior temperature had been carefully calibrated againét the temperature
ona thermocouple wedged against the bottom. The temperature sequence
followed and the measurec initial and final S;/In28+ iﬁtensity ratios are
summarized in Table IIB. The results are simiiar to those found in:silica.

From the tim_e—vs-—temperature plots obtained during the second of
these composition-~variation experiments, the maximum variafion of the
composition for céngruent sublimation is calculated to be less than
0.1 at.%. I—Ibwever, when samples that had beén equilibrated in the mass
spectrémeter ata cofnpos:ition for congruent subl_imatién at temperatu_res
pelowv 850°C were ra’ised to a temperature of 880° to 950°C, the S;/In2S+
intensity ratio initially rose f_rom' about 0.6 fo 2.2. When a sample was '
held at these higher temperatures, the S;/In2S+ 'ra‘tio decreased to a |
constant value of 0.5. Saraples quenched after this treatment have the
same x—'ljay diffréction pattern as samples of overall composition 43 to
45 at, % indium. |

Pres;imably, at about 850°C the composition for cohgruent‘ subli-
mation uncier the steady-state coﬁditions of our experiments vcoin.cides.with
the indium-rich phase boundary of the .indiﬁm sesquisulfide-so_'lid, solution, -
and at higher' temperatures the composition for congruent vaporization
moves to about InSl. 3 or InSl'. 24 ‘in the liguid solution range,.

Samples whose initial composit‘ioﬁs corresponded to InS were heated

to 600°, 650°, 700°, and 750°C in the mass spectrometer long enough to

move, their compositions into the two-phase region between the InS1 19
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and indium sesquisulfide phases. The pressure-vs-composition plots
derived from these data are presented in Fig. 3. At 750°C only the
pressures in the two-phase region are known because the weight of the

sample was not measured.

DISCUSSION
Our diffraction pattern-vs-composition study indicates that a single-
phase region extends fror about InSL g on the sulfur-rich side (the limit
depends on the sulfur pressure and the temperature) to about Insl.'SS at’
the indium=-rich phase bouadary, and the pressure-vs-composition studies
indicate still lower sulfur contents for the indium-rich phase boundary,
InS

at 600°C and InS1 at 700°C.

1.26 .17
Quenching is often ineffective in preserving the compositions stable

at annealing temperatures, and the limits of the partial pressure—vs—'

‘ co'mposition studies should be accepted as providing the better megsure

of the high-temperature solid solution limits.

On the other .hand, the pressure-vs-composition curves show

distinctly that no discrete phase of composition near InBSA is stable in the

temperature range between 600°C and 650°C, the approximate temperature
at which the sesquisulfide phase boundary reaches thié composition. |
Probably the thermal effect noted by Stubbs et al. 4 at 370°C was the pre-
cipitation of InSl. 12 from the supersaturatecﬁ solution of indium ih the |

indium sesquisulfide phase. Such precipitation reactions are necessarily

e'xothermic. 1

(1-x)/2 P(3x--1)/4

In2S ° 82

the free energy of formation per gram atom was calculated for the indium -

By means of the expression AF® = -RT £n P

b

sesquisulfide solid solution region as a function of composition. These
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free energies can be combined with data that we have reported for the
stability of In,S ga53 to yizld the free energy of formation of the indium
sesquisulfide phase as a function of composition, i.e., for the reaction:

(1= In(£) +(F) 5,0 = I S () . - ®

bThe results are shown in I'ig. 4 as solid lineé.

The slope of-a AF® —vs—composition plot for (5) shouid change
smoothly with temperat'ure‘:‘z‘;nd must always have a positive cufvature
instead of the negative curvature indicated by the experimental data at
600° and 650°C. To obtain valﬁes of the proper curvature as a function
of composition at 600°, 620°, 700°, and 750°C from the experimental

curve at 800°C, the entropy of formation was assumed to be given by

Se - (1-x)8° Xse o+ AS ., (6
| _In(l-x)sx In{ £) 2 82 m ,
where S - is the weighted average of the entropy of the sesquisul-
In(l-x) Sy

:lfide phasel3 and of solid indium’? and wher'e'. AS_ is the differencébetween
the entropy of ﬁixin’g of': the elements and vacant léttic-e site.s at the
desired composition and at 40 at. % indium.

The AH® of forma'ticn per gram atom at each composition, which
must be esseﬁtially temperature inde;pendeht over the temperature region -

studied because ACp for condensed-phase reactions are small, was cal-

culated from the expression AF,% = AH° - T AS?I; by use of the values of
AF° at 800°C and AS?BOO' These values of AH® can be expressed as

AH® = 0.37y - 44.3 (where y is 2t.% indium). The heat of formation of
s’coich.iometricInéSS'(s) from liquid indium and S, gas is then calculated to

be -147.5 £ 2kcal/mole. The expression for the heat of formation was
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~used with expression (6) tc calculate the values of AF® at \rariousv com-
_positions between 40 and 4% at. % indium (shown as dashed lines in Fig. 4).
The resultant calculated curves agree with the solid curves to within the
experimental error, but the Calcuiatéd curves prdbably represent the
true composition dependence of AF° for formatrion mo:re correctly than
do the curves of negative curvature.

The _free energy of formation of InSl- 19 at the sulfur-rich boundary
was determined at 600°, 650°, 700°, and 750°C by the method used f.or
indium sésquisulfide. The entropy of solid InS'l_-m was estimated by use

of (7) which averages the eatropy of 11'1283 and solid indium.
0.119 In(s) + 0.176In,S4(s) = Iny 4775, 594(S) (7

The heat of formation‘per gram atom from liquid indium and 82 gas was
o calculated from the freé energy of formation and these entropies to be
-27.5kecal at 600°C and 650°C, -27.7 at 700°C and -28.0 at 750°C. A |
- nearly constant value of AE = 27, 7 £ 0. 31€cal/ga_t. or 58.7 & 0.7kcal/mole
is an indication of internalv consistency of the data. The free energy of
vformation per gram atora can be expressed as AF = -20,97 + 7.4

x 10-3 T°C keal/mole. Since the InS

1.192 phase is only 1 to 3 at.% wide,
AF and AH for formation per gram atom must be essentially constant with

composition across the phase.
The heat and free energy of formation of InS from liquid indium and

S2 gas were calculated at 600°, 650°, and 700°C at the sulfur-rich

boundary using the Inzs(g) and Sz(g) partial pressure in the two-phase

1.12

from the measured InZS(g‘) partial pressure and the free energy of

region between InS and InS. The S2(g) partial pressure was calculated
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. ’ 1 N .
formation of the InS1 1 Phase. (The intensities of 5, were just measure-

&
}
-+

able at 650°C and 7OQ°C. The measured 82 intensities gave free "enérgy
| values 0.3 and 0.1 kcal‘/gét. less negative thanv values for calculated S,
Pressur‘es at 650° and 700°C, respectively.)

The free ene}gy’Of fcrmation, determined in the same rmanner as
for the other phases, was found to be -15.9, -15.7, and -15.4 kecal/gat.
at 600‘; , 650°, and 650° C," respectively. The entropy of solid InSA Was
estimated by us‘e of (8) |

S,

0_5(5) 3 _ (8) -

0.167 In{(s). + 0.167 111253(5) = Ino. 5

The heat of formation was calculated from the free energy of formation
and these entropies. A nearly constant value of AH = -26.5 x 0. 3kcal/ gat.

or -53.0% 0,6 kcal/mole was obtained,

4
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FIGURE LEGENDS

| Ion (l'n28+ and ‘82'1') intensities vs time in the indipm
sesquisulfide region.

Ion (In2S+ and 82"‘) intensities as functions of time in
/ :

*qe InS1 region.

.12
.Vapor pressures of In,ZS(g) and Sz(g) vs composition in

the InSl‘ 19 reg‘ion.“ | o o .
Free energy of formation of indium sesquisulfide as a

4function of composition and temperature, Solid line

calculated from e:;périmental data. Dashed line calculated

from solid curve at 800°C and the assumption of a model

. described in text,



UCRL-11963

-19 -

|
[ _ |
A».. & T
/ \\N_ .
! . 9
S —
o mw
\A_b O
. \.\\,M_L ﬂv
L | O
+ 5 A
S £ \u;a_ . O
A \"./_/_, ! ol rN
> ety 2
g ™ 4
.I - - \,\,.n\/..,/u\\/“\ _ )5
. - \\».\«“ﬁ“\h&.\/‘“k\/\/ﬁv//_ ,./.; mn.ﬂ
-~ T, AN e AT /L ﬁ ~<
g N h‘hn“v‘ﬂlhﬂul\lllx\lv\l .,\.‘ u
S rrr] = | ' _ |
t
@)

400 500

300
{min)

i00 200
Time

O

MU-32032-A

Fig. 1



~
tH

}
t

lon i

ensity (arbifrary units)

N

W

- 90 - | UCRL -11963

MU-32033-A



(agtm)

Pressure

(]

IIIII.HI/ I Hnu\‘ i

- 21 - "UCRL-11963

l\l T11T1

/
/
/

]

T lIllTlI

I \ Illlllll 1 ’

c——— - — r——
e —

] ; ! ! ' ! !

l_llll]ll! ||n__;||||

lll\lll|

1 ]Ll!l!l

l!]ll]ll

44 45 46 47 48 49

Atornic percent indium

50

MU.32309

Fig. 3



T Q
'“HWKQX)

( keal /mole

- 292 -

UCRL-11963

|
&)
|

-
()]
r

. e e
PR o g

L

650°C

600°C .|

750°C
700°C

40
Atomic-

42
percent

Fig. 4

4.4

indfum -

MU-32510



This report was prepared as an account of Government
‘e sponsored work. Neither the United States, nor the Com-

A.

mission, nor any person acting on behalf of the Commission:

Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
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