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Properties of Arsenic Sulfide Glass'

Francis W. Glaze, Douglas H. Blackburn, Jerome S. Osmalov,? Donald Hubbard, and
Mason H. Black*

Samples of arsenic sulfide glass were investigated to determine their chemical and

physical properties.

Among the properties reported are the hygroscopicity, chemical

durability, hydrogen electrode function, expansivity, elastic moduli, modulus of rupture,
hardness, transmittance, and indices of refraction.
The main interest in arsenic sulfide glass, for the present, is for its transmittance in

the infrared.

It is transparent to infrared energy out to approximately 13 microns.

Although

its physical properties are inferior to those of ordinary silicate glasses, they are superior to
those of some of the available materials used in infrared opties.

1. Intreduction

Arsenie sulfide (As,S;) glass, although reported in
1870 [1],* has received consideration only 1n recent
years for its desirable spectral transparency to
infrared radiation. It has a usable transmittance
of radiant energy out to 12.0 or 12.5 u, depending
on thickness [2,3].

The present investigcation was undertaken to
determine the chemical and physical properties of
this glass and also to obtain pertinent information
as to its suitability for use as an eclement of an
optical system when exposed to the atmosphere.

Much of the material contained in this paper has
been the subject of a report to the U. S. Air Force [4].

I This work was supported first by the Department of the Navy, Bureau
of Ships, and later by the United States Air Force, Wright Air Development
Center, Materials Laboratory.

2 Present address, Eastman Kodak Co., Rochester, N. Y.

3 Deceased.

4 Figures in brackets indicate the literature references at the end of this paper.

TaBLE 1.

2. Preparation of the Glass

The arsenic sulfide glass for most of the tests was
made 1 the apparatus shown in figure 1.° The
arsenic and sulfur, in stoichiometric ratio of 2 to 3
plus a 0.25 percent excess of sulfur, were allowed to
react in the reaction tube in an atmosphere of
nitrogen, and then the arsenic sulfide was distilled
at approximately 735° C into the accumulator. A
typical time-temperature schedule for a 5,000-g
batch of arsenic sulfide is given in table 1. A slug
of glass, chilled by means of a stream of nitrogen
impinging on the outlet tube, retained the distillate
in the accumulator.  Nitrogen was used throughout
this operation to prevent oxidation. When the
distillation was completed, the glass in the accumu-
lator was stirred to homogenize it. Heat was then
applied to the outlet tube, the stirrer was stopped,
and the first slug of glass was caught in the tube
suspended from the bottom of the molding oven.
The mold was then quickly moved into place and

5 A patent has been applied for on this one-step procedure for making arsenic
sulfide glass.

Arsenic sulfide production run

(Operation sheet)

Melt Accumulator Collecting oven—
Time s o Condenser| | Outlet . R Remarks
| tube
| Top Bottom ‘ Top Bottom Top Bottom
T < ‘ o °C o °C °¢ o0
8:00 () () (2) (a) (a) (2) (a) (2) Current on.
9:00 495 450 325 330 270 66 | . | .
9:30 600 585 345 420 355 100 I
10:00 715 695 425 490 425 160 | . __ e
10:30 735 725 440 540 480 245 145 140
11:00 | 735 740 490 570 520 300 225 220 Stirrer on (approximately 240 rpm).
11:30 760 725 420 585 5565 320 255 250 Distillation completed.
12:00 S S, et 565 540 325 255 250
12:30 e 560 540 325 260 255
1:00 A 560 540 320 265 260 Cut stirring speed to approximately 180 rpm.
1:30 | o | . 545 525 325 265 260
2:00 — LR 525 505 325 265 255
2:30 S . ! 515 490 320 260 255 | Cut stirring speed to approximately 120 rpm.
3:00 S BT 515 490 320 260 250
3:30 I [ 515 490 325 260 250
4:00 o SRR (R 475 450 320 260 250 Cast.

a Room temperature.



the slab cast. After flow practically ceased (about
3 min), a glass plate was placed over the mold and
the mold and contents moved to an annealing oven
at 185° C. It was held at this temperature for
12 to 16 hr and then slowly cooled to room temper-
ature. For pieces weighing 2.0 to 2.5 kg, the whole
annealing operation took 3% to 3% days. No
attempt was made to control the atmosphere in
the annealing oven.

Although the apparatus shown in figure 1 per-
mitted the use of either technical-grade or distilled
arsenic without appreciably a]terlno the quality of
the glass, the large amount of residue left behind by
the technical grs rade attacked the reac tion tube,
thereby shortening its life.

Some of the experiments were made on samples of
glass obtained from a commercial source® and
others on experimental melts prepared at the Bureau
by the one-step process described above.

The large thermal expansivity of the As,S; glass
presented a distinet hazard to molding blanks suc-
cessfully. The blanks, while being formed in Pyrex
7740 or Vycor, often stuck to the walls and bottom
of the molds. Upon cooling, the differential expan-
sion between the mold and specimen and the adhesion
of the arsenic sulfide glass to the walls of the mold
frequently resulted in severe fracture of both mold
and specimen. This difficulty was overcome by
lining the mold with aluminum foil, which eliminated
sticking and allowed complete freedom of adjustment
to. the large dimensional changes that occur during
cooling.

% The commercial samples were produced by the American Optical Co., South-
bridge, Mass.
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The transmittances of arsenic sulfide glasses made
at the Bureau by similar procedures and of materials
of comparable purity will agree within -+2 percent
between 2 and 8 u, except possibly in the region of
the water absorption band at about 2.8 u.

Nothing is known about the details of preparation
of the commercial specimens. The commercial and
experimental glasses are appreciably different in ap-
pearance and spectral transmittance in the visible
and very near infrared as shown by data obtained
with a Beckman quartz spectrometer, model DU
(fig. 2).
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Ficure 2. Comparison of the spectral transmittance of two
samples of arsenic sulfide glass from 5C0 to 1,000 mu.

Specimens 6 mm thick.
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Schematic drawing of the apparatus used in the production of arsenic sulfide glass.

84



3. Chemical Properties

3.1. Hygroscopicity

The hygroscopicity and chemical-durability data
were obtained by the powder and interferometer
procedures described in earlier publications [5, 6].
In crushing and screening the powdered samples
(approximately 1.5 g that passed a No. 150 Tyler
standard sieve) for hygroscopicity determinations,
the “fines” adhered conspicuously to the mortar,
sieve, pan, walls of the hood, and the skin and
clothing of the operator. Because the material is
toxic, suitable precautions should be taken during
this operation.

TaBLE 2.

Figure 3, plotted from data given in table 2, shows
the hygroscopicity curves (water sorbed versus
hours of exposure to 989, relative humidity) for
specimens of arsenic sulfide glass from two different
sources, compared with those for fused Si0,, Vycor,
Pyrex 7740, a window glass, and Corning 015.
These silicate glasses furnish a reference index
covering a broad cross section of commercial usage.
Although the results obtained on the two samples
differ from each other, both are considerably less
hygroscopic than Pyrex 7740. Omne of the samples
even compares favorably with fused Si0, and Vycor,
although this should not be interpreted as an indica-
tion of good chemical durability, as shown in figure 4

Hygroscopicity, voltage characteristics, and chemical durability of arsenic sulfide glasses compared with similar prop-

erties of typical commercial glasses.

‘ = — e
‘Water sorbed ‘ Voltage departure at pH— Surface alteration, 6 hr, 80°C, at pH—
Glasses A | o e
1hr 2hr 2 4.1 6.0 ‘ 8.2 10.2 2 | 41 1 6.0 1 8.2 | 10.2 11.8
[ A (SR S (R N M S o IR R N I
mg/em? | mg/em? my mo mo my my Fringes Fringes Fringes Fringes Fringes | Fringes
Fused SiOz. . o 6. & 8 (2) () (2) () () bND ND ND ND cDA | 16A
Vycor___ .. 8.1 10 | () (2) (2) ® | (@® ND ND ND ND AD 164+A
[ 6 0 | 0 105 202 342 | 447 ) R e | R
AsgSs(INBS) ... 3 ____ S 1 0 | 9 198 303 438 . . S IR S
l e | 0 | 120 191 332 421 B ‘ R R . B B
A s283(commercial) - 13 19 | ‘ I — I I d158 145—8 14—S 3A (variable) 114A
Pyrex 7740 _ 16 28 0 77 165 | 288 ND | 'ND ND DA 14—A
Window____ N 23 53 e e S e s ND ND ND ND Yo+A
Corning 015__________ 61 125 . 0 0 0 | 0 i 2{0—S ‘ 2{0—S | 2{0—S eSC Yi+A
a No definite pH response. b ND, not detectable. ¢ A, attack. d 8, swelling. e SC, surface cut. N
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Pyrex 7740, window, and Corning 015 glasses. Exposure, 6 hr at 80° C.
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where fused silica and arsenic sulfide glasses are com-
pared. The differences between these two As,S,
glasses, as shown by the hygroscopicity data, and
which were also evident in the transmittance curves
of figure 2, may be the result of impurities or varia-
tions in the arsenic-sulfur ratio.

3.2. Chemical Durability

a. Swelling and Attack

The chemical durability of the arsenic sulfide
glass was reported as the surface alteration in inter-
ference fringes brought about by exposure of optically
flat surfaces to various solutions under controlled
conditions of temperature, time, and pH. Test
solutions chosen were the Britton-Robinson universal
buffers [7] over the range pH 2 to pH 11.8, hydro-
fluorie acid, and sulfuric acid.

There is general belief that the lower the hygro-
scopicity of a glass, the greater the ability of the
glass surface to remain optically clear [8,9]. Judged
ou this basis from figure 3 and from the examination
of polished samples which have been stored in the
laboratory for approximately four years, both
samples of As,S; would be expected to maintain
optically clear surfaces over a considerable period.

Although the above indicates that arsenic sulfide
glass has satisfactory serviceability, it rates very
low in chemical durability as judged from figure 4,
plotted from data in table 2. In fact, it is inferior
to the very hygroscopic, pH responsive Corning 015
glass. Ameng the most interesting features of the
curve for the chemical durability of As,S; glass, is
the appreciable swelling in the acid range below
pH 6. Experimentally, the data between pH 2 and
pH 6 were readily reproducible. At pH 8, however,
the attacks were variable, showing wide disagree-
ment 1n results on duplicate samples ranging from
difficultly detectable to large attack, as shown by
the arrow in figure 4. Results in this region were
highly dependent on just when the swollen layer
sloughed off or dissolved. This is characteristic of
glasses at pH values near which the surface altera-
tion is passing through the transition from swelling
to attack (approximately pH 7). The As,S; glass
exhibited swelling of 1/2 fringe (comparable with
the swelling in acid buffer solutions) when exposed
to distilled water for 6 hr at 80° C. At pH 11.8,
the attack was so rapid that the exposure time had
to be reduced to 1 min at room temperature. The
value plotted was calculated on the assumption that
the rate of attack doubles for each 10 deg C rise in
temperature [6]. This rapid attack in alkaline solu-
tions is in line with the high solubility of As,S;in such
solutions [10]. The swelling of the As,S; glass in the
pH range of 2 to 6 is similar to that observed on the
Corning 015 glass.

Table 3 gives the results obtained by progressively
increasing the concentration of electrolyte in the
ambient solution by the use of H,S0,. Figure 5
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glass compared with a similar curve for Pyrex 7740 glass
over the range pH — 8.1 (concentrated H,SOy) to pH 11.8.

Exposure, 6 hr at 80° C.

TaBLe 3. Surface alterations of As,S; glass in agueous HsSOy

| |
[ | Surface alter-

H2S04 H+ | ation, 6 hr
at 80° C
Percent pH Fringes
1, 248 a
| 10 0.0 158
25 0.62 | %—8
50 —1.49 | Y48
75 —2.45 | NDb, (1}4)e
80 ND
85 ND
90 | DAd
96 DA, (2%)°
96+FeCly 215+A

a8, Swelling. b ND, not detectable.
¢ Spurious values caused by oxidation.
d A, attack.

shows the over-all curve for chemical durability
obtained by splicing these results onto the data
furnished by the Britton universal buffer mixtures.
Below pH —1, the swelling is greatly repressed, with
little or no surface alteration detectable in the
majority of tests between pH—2.45 and pH —8.2.7
However, 2 specimens (plotted as dashed lines in
fig. 5) out of more than 15, showed vigorous attack
in this “super acid” region. As similar attacks were
obtained upon the addition of small amounts of
ferric salts as an oxidizing agent,® it was concluded
that residual amounts of the ferric compounds pres-
ent from the polishing rouge were probably respon-

7 Although such observed values as pH 8.2 cannot be rationalized in the Arrhe-
nius sense, i. e. they cannot possibly represent hydrogen-ion concentration in
moles per liter [11], nevertheless these activities as indicated by the hydrogen
electrode : saturated KCI cell are accepted and plotted for convenience.

8 Additional tests using HCl and FeCl3 mixtures gave attacks of 414 interference
fringes.



sible for these exceptionally irregular results, 1.e.,
S—=2Fettt=S+42Fet.

The chemical-durability curve for Pyrex 7740 is
included in figure 5 as a reference standard.

b. Arsenic Sulfide Glass in Hydrofluoric Acid

Silicate glasses are generally attacked vigorously
by hydrofluoric acid with the formation of soluble
products and volatile Sil¥,.  The chemical durability
of arsenic sulfide glass in HE solutions 1s of interest
because the glass contains no silica. Preliminary
experiments showed no displacement of fringes or
other detectable alteration of polished flats upon
exposure to 48-percent HE for 6 hr at room tem-
perature. At elevated temperatures, a perceptible
swelling was observed after 1 hr of exposure.  Figure
6 shows the results obtained upon exposing speci-
mens to 48-percent HE at 80° C for various periods
of time up to 6 hr. Swelling increased with time
of exposure up to and including 4 hr, after which the
swollen layer either became mechanically weak and
sloughed off, or oxidized, forming soluble products.
This attack, after 6 hr, was repeated on five different
specimens, with similar results in each case.

Attack

SURFACE ALTERATION,FRINGES
o
O

Swelling

3 4 5 6 7
EXPOSURE , HOURS

Ficure 6. Chemical durability of arsenic sulfide glass in HF.

Expesure, 6 hr, to 48 percent T at 80 C.
3.3. pH Response of Arsenic Sulfide Glass Electrodes

TFor studying the pH response, electrodes were pre-
pared by coating an aluminum rod (approximately
2-mm diameter) with a film of the As,S; glass.  This
was accomplished by dipping the rod into the molten
olass, and withdrawing and cooling sufliciently
quickly to prevent ignition of the arsenic sulfide
in the air.  Aluminum was used because it has ap-

426700—57

[

proximately the same coefficient of expansion
as the arsenic sulfide glass (23.8X107% and

23.7X107%/°C, respectively), and was the only
material readily available for making successful
electrodes of the Thompson metal-filled type [12].
This procedure was necessary because the conven-
tional Cremer bulb type of electrode could not be
blown [13].

All emf measurements were made at room temper-
ature with a Beckman pH meter model G, using ¢
calibrated glass electrode as the reference half cell.

At the time of preparation, these arsenic sulfide
electrodes had resistance values greatly exceeding
1,000 meg, and were incapable of initiating or sus-
taining readable voltages on the electrometer, 1. e.,
they behaved as an open circuit. The resistance
upon exposure to aqueous solutions fell quickly
to a few megohms, and the electrodes then behaved
essentially as punctured electrodes. Their initial
performance was in accord with the very low hygro-
scopicity of the arsenic sulfide glass, whereas the
later electrical response was compatible with the
excessive swelling exhibited by this glass i acid
solutionsbetween pH—2 and pH—6,and general over-
all poor chemical durability i the alkaline pH
range.

Figure 7 and table 2 give the voltage departures
(errors) obtained on three arsenic sulfide glass elec-
trodes immediately after preparation, compared with
the corresponding departures of a pH responsive
glass (Corning 015) and the calomel half cell. The
latter has no electrical response to hydrogen ions.
From this comparison, it is obvious that the arsenic
sulfide glass electrodes exhibited little or no response
to hydrogen ion activity of aqueous solutions.  This
lack of pH response is in full accord with the low
hygroscopicity and poor chemical durability of
arsenic sulfide glass [10].

In order to establish that the data i figure 7
represent the performance of the arsenic sulfide,
and not merely the characteristics of the aluminum
electrical connector, the voltage characteristics of
the bare aluminum rod were followed over the range
pH 2 and pH 11.8. Figure 8 and tables 4 and 5
show a comparison of the eclectrode performance
with the reported chemical durability of Al metal
[11] and the pH range of precipitation of Al(OH),
[14]. The interesting feature of the voltage depar-
ture curve is the direction of drifts of the voltage
below pH 4 and above pH 11. These drifts are
toward increasing departure, indicating the electrode
is being attacked as shown by the durability curve.
Between pH 4 and pH 11, the aluminum electrode
tended to indicate the H-ion concentration, with a
steady reading appearing near pH 8. The latter
point should be near the pH of minimum solubility
of Al metal in the buffers used. Inspection of these
data suffices to establish that the voltage departure
recorded for the glass electrodes in figure 7 is char-
acteristic of arsenie sulfide glass and not of aluminum.
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0 A s A O 'e) (For comparison purposes a curve is shown for the chemical durability of metal-
lic aluminum, and also the pH range over which A1(OH)s is precipitated is indi-
cated). It is of interest to note the significance of this voltage drift curve in

= — connection with the quantitative precipitation and successful filtration of

Al(OH); from A1(NO3); by ammonia. [Clement Duval, Inorganic Thermo-

| | | J | ! | ] | l | I 1 gravimetric Analysis, p. 107, Elsevier Publishing Company, New York (1953)].

0 2 4 6 8 10 12 14 Precipitation is complete at pH 7.8. Immediate filtration at room temperature

is possible. Imbibed water is driven off at 130° C and ignition to constant weight

H can be made at 475° C. Thus this procedure has two interesting features; ease

P of filtration and drying at low temperature.
Frocure 7. Voltage departures (errors) of electrodes prepared
from arsenic sulfide glass.
(For coxn})zxx‘isou purposes, a curve is shown for an electrode having no hydrogen
(_\lectrodu function and for a glass electrode of Corning 015 glass, possessing approx-
imately full pH response).

Tasre 4. Voltage characteristics of aluminum electrode, using the glass electrode as reference half cell
Voltage departure at pH—
2.0 ’ 4.1 6.0 7.0 8.2 ‘ 9.0 ‘ 10.2 11 11.8
‘ - -
| mv mv mo mo me mv mo mv mv
810 261 109 34 0 6 51 221 890
Drift Drift Drift Drift Steady Driit Drift Drift Drift
Increase Increase Decrease | Decrease | -...___. Decrease | Decrease | Decrease Increase

TasLe 5. Chemical durability of aluminum metal exposed to Britton buffers for 6 hr at 80° C
Surface alteration at pH—
2.0 4.1 ‘ 6.0 ‘ 7.0 | 8.2 ‘ 9.0 \ 10.2 ‘ 11 11.8 )
|
F{ingfs Fringes Fringes 1 Fringes Fringes J Fringes Fringes 1 Fringes Fringes
13A & ND b N ND ND | ND ‘ 36A 390A

’ NDsc ©

a A, attack.

b N'D, not detectable. ¢ se, surface cut.

88



4. Physical Properties
4.1. Thermal Expansion

~ Expansion data were obtained by means of the
Saunders modification of the interferometer proce-
dure for measuring dilation [15]. Figure 9 shows a
typical curve for the thermal expansion from room
temperature to the deformation point of arsenic
sulfide glass. The coeflicient of expansion of this
glass, 23.7X107%/° C between 50° and 175° C, is over
7 times that for Pyrex 7740 (3.3X107%/° C), and
approximately 21 times that for common window and
container glass.

4.2. Elastic Moduli

The elastic moduli were determined by the pro-
cedure used by Spinner [16]. Table 6 gives typical
values for Young’s and shear moduli and Poisson’s
ratio for annealed arsenic sulfide glass from 20° to
190° C. Both Young’s and shear moduli decreased
with increasing temperature, while Poisson’s ratio
increased. A graph of Young’s and shear moduli
versus temperature is given in figure 10.

Arsenic sulfide glass has a Young’s modulus of 162
kilobars at room temperature (20° C), or approxi-
mately one-fourth that of ordinary glasses. This is
very fortunate in respect to the thermal-shock re-
sistance of this glass. The coefficient of thermal
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Ficure 9. Comparison of the thermal expansion curve for
AsoS; with that of «a thermal-shock-resistant glass (Pyrex
7740).
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Young's and shear moduli versus temperature for
NBS arsenic sulfide glass.

Frcure 10.

, shear modulus.
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, Young’s modulus; —@
endurance, I is defined by the expression,

., P K
¢ "ol \/ s¢’

where /2 is the tensile strength, a the coefficient of
expansion, /£ Young’s modulus, K thermal conduc-
tivity, s the density, and ¢ the specific heat [17]. The
low Young’s modulus helps to counteract, to a cer-
tain extent, the high coefficient of thermal expansion,
because the coefficient of thermal endurance varies
inversely with their product. In spite of the low
Young’s modulus, the thermal-shock resistance is low
in comparison with the regular glasses of commerce.

TasLe 6. Young's modulus, shear modulus, and Poisson’s
ratio versus temperature for arsenic sulfide glass
Annealed sample of glass made at NBS [4].

T
‘ | Young's | Shear Poisson’s
1 Tempera- | modulus | mcdulus ratio
| ture ) (@)
—
| °C Kilobars | Kilobars
‘ 20 1620 | 62.0 ‘ 0. 306
40 0. 8 | 61.9 . 299
60 9.5 61. 1 . 3056
80 5.1 | 60.5 .307 |
| 100 5.7 | 59.8 . 310 |
| 120 5.2 ‘ 59.2 31|
140 . 4 58.7 . 307
160 . 3 ‘ 58. 1 L3811
180 .9 | 57. 4 . 314 |
190 ‘ 9 ‘ 57.0 315 |

Although flat specimens of the As,S; glass could
only withstand quenching thermal shocks of less
than 20° C, the same specimens could be placed on
an aluminum plate at 300° C without breaking.
Observations with the polariscope revealed that in
the latter situation, both the upper and lower sur-
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faces of the specimens were placed in compression/
The large expansion of the hot lower surface causcd
the specimen to curl upward, placing the upper
surface in compression. At the same time, as long
as the main bulk of the slab remains below the defor-
mation temperature, the lower surface was also held
in compression. As soon as the deformation tem-
perature is reached, the stresses are released and still
no breakage can occur.

4.3. Modulus of Rupture

The modulus of rupture was determined on a
transverse strength apparatus with midpoint loading.
Values for annealed and “toughened’ arsenic sulfide
glass specimens made at the National Bureau of

Standards are given in table 7. These measure-

TABLE 7. Modulus of rupture of arsenic sulfide glass specimens
made at the National Bureau of Standards (4-in. span) [4]

Modulus ol rupture
Specimen

Annealed “Toughened” |

pei psi
1,828 6,079
2,823 8,328
‘ 1,548 5,634
‘ 2, 389 7,199
[ 1164 5,484
| 2,670 6,945
2,135 6,420
‘ 393 | 6,158 ‘
666 | 5,186
481 6,062 \
) . | 1,078 7,385 |
12 ) (o ¥V
13 . | 2,363 6,068
Mo ; 1,906 6,173
B 2,196 6,807

1,944 ‘
1, 876 |
2, 853 | e
B 1,815 | .
X (arithmetic mean) 2,096 psi 6,505 psi
o (standard deviation)= | 461 psi 934 psi
K (skewness) .. ____ S o —0.40 —+0.70 |
v (coefficient of variation) - _____ - 21.999, 14.369 |

a This is the standard deviation of the individual values from the mean.

ments were made on specimens approximately 0.4
by 0.7 by 6.0 in. long, using a 4-in. span. The
process used in ‘tempering” or ‘“toughening’ arsenic
sulfide glass consisted of heating the specimens to
250° C, quenching them in oil at 130° C, and leaving
the specimens to cool in the oil. As can be seen
from the table, the “toughening” treatment increased
the arithmetic mean of the modulus of rupture from
2,096 to 6,505 psi, or 3.1 times. Although the
standard deviation was higher for the “toughened”
samples (934 against 461 psi for the annealed
samples), the coefficient of variation was less (14.36
to 21.999%,).

4.4. Hardness

The Knoop hardness of annealed arsenic sulfide
glass was found to be 120 to 125. However, when
these same samples were ‘“‘toughened” and again
tested, the Knoop hardness was only 100 to 111.
The Knoop hardness of commercially annealed
soda-lime glass is 520; that for lead glasses varies
from 370 to 440, depending on the lead content [18].

4.5. Optical Properties
a. Transmittance

The infrared transmittance curve for two thick-
nesses of arsenic sulfide glass made at the National
Bureau of Standards is shown in figure 11. These
measurements were made by the Radiometry Sec-
tion of the Bureau. Figure 12 shows the absorbance
index and surface loss (one surface) calculated from
the results plotted in figure 11 [19]. As can be
seen, the maximum transmittance obtainable is
about 70 percent because of the high reflection
loss.  This high loss is due to the high index of
refraction, 2.4 in the infrared. Figure 13 gives an
idea of the difference i transmittance between a
sample made at the National Bureau of Standards
and a commercial sample made by the American
Optical Company. These same samples were then
“toughened” and their transmittances again meas-
ured. A comparison of the transmittance curves
before and after “toughening” indicated that the
“toughening” process did not affect the trans-
mittance in the infrared. Also, though there are
differences between the transmittances of the two
samples (NBS and commercial), the over-all trans-
mittances of the two glasses are practically the same.

It will be noticed that there is appreciable dif-
ference between the transmittance curves in figures
11 and 13. The glass sample used for figure 11
resulted from a small melt (230 g of batch); the
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Ficure 11. Infrared transmittances of two thicknesses of
arsenic sulfide glass produced at NBS.
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Ficure 13.

, commercial glass, t=6.05 mm; ___

sample used for figure 13 resulted from a large melt
(5,000 g of batch) made in the one-step process
described previously. Also, in the case of the small
melt, doubly distilled arsenic was used; in the large
melt, singly distilled arsenic was used. In the
small melt, 1 ml of water was added to the batch
to displace any residual air; in the large melt, none
was added. The small melt was not cast, but was
anncaled in the reaction tube after homogenizing.
The differences in the procedures enumerated above
can casily account for the differences in the two
transmittance curves.

b. Indices of Refraction

To our knowledge, only one measurement of the
indices of refraction of arsenic sulfide glass in the
infrared has been made. That measurement was
made at the National Bureau of Standards, by the
Optical Instruments Section, on a prism furnished
by Walter A. Fraser, at that time working in the
Research Laboratories of the American Optical
Co., Stanford, Conn. The dispersion curve for
this prism is shown in figure 14, plotted from the
results given in table 8.
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Ficure 14.

(This glass was produced by Walter A. Fraser while in the employ of the
American Optical Co., Southbridge, Mass. M easurements were made at NBS.)

Dispersion curve for arsenic sulfide glass.

Tasre 8. Index of refraction of a prism of arsenic sulfide
glass produced by Walter A. Fraser while at the American
Optical Co., Southbridge, Mass.

Determinations made at NBS.

Index of
refraction

| Wavelength
(microns)

2

2 .
‘ 2. 47230

2

2

2. 45897
[ | 2.44244
2. 44190
2. 44050
[ 2.43474
[ 2. 42065
2.42913
j 1. 81307 2. 42656
| 1.97009 | 2.42341
2. 32542 2. 41848
3.3033 2.41134
3.4188 2. 41068
5.344 | 2.8
[ 6.238 :
‘ 8. 662
9.724
i 11.035

5. Conclusions

The very low hygroscopicity exhibited by arsenic
sulfide glass is a characteristic favorable to its use
as an optical element. It is better than any other
material of which we know, within its useful trans-
mission range out to approximately 13 u, for the
optical elements of laboratory infrared instruments,
for that reason. Infrared spectrometer cells made
from it would be satisfactory for neutral or slightly
acid organic liquids and water solutions. However,
because of its low Knoop hardness, precautions
should be taken to protect it when used in optical
systems or as windows. It is also very easily at-
tacked by alkaline and oxidizing materials.

The very high coeflicient of expansion and low
modulus of rupture tend to limit the thermal shock
that can be withstood. Hence, caution must be
exercised in molding procedures, mounting design,
and service usage. The low value of Young’s
modulus, however, does, to a certain extent, counter-
act the effect of the high coefficient of expansion.
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