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For a vanety of reasons, information on some of the thermophysical prop-
erties for many elements is limited. Arsenic is one of these elements'. To our
knowledge the emissivity of arsenic has never been reported. This note reports
determinations of the low-temperature radiative emissivity of arsenic (111) single-
crystal cleavage surfaces, polycrystalline arsenic, and oxidized As (111) single-crys-
tal surfaces. The emissivities of antimony and bismuth (111) single-crystal cleav-
age surfaces have also been determined. The measurements are made by a radi-

ation pyrometer technique.
EXPERIMENTAL

Arsenic, antimony, and bismuth single crystals are grown in this laboratory,
using the Bridgman technique?, from granular elemental starting material with a
quoted purity of 99.999% or better. Single crystal wafers 0.5-3.0 mm thick are
prepared by cleaving along (111) immediately before an experiment with 2 new
razor blade. The resulting mirror-like cleavage surfaces have surfaces areas of the
order of 1-2 cm®. The surfaces are similar to those whose surface reaction prop-
erties have received considerable attention in this laboratory>. Polycrystalline ar-
senic samples are prepared by rapidly quenching the melt from the crystal growth
furnace. Polycrystalline wafers are cut and planed with a spark cutter®, then pol-
ished with No. 400 emory paper and No. 925 crocus cloth. The polycrystalline
arsenic samples are heated in vacuum (10~* Tom) at 200C for 15-20 min to remove
almost all of the volatile surface oxide and are stored in evacuated (10~> Torr)
pyrex ampoules. Oxidized As (111) single crystal surfaces are prepared by expos-
ing cleaved wafers to the atmosphere for about two weeks. After this exposure
the originally metallic, mirror-like, cleavage surfaces are covered with a dull, red-
dish-gray oxide coating '

Emissivities are measured using a modificd Mikron 10 infrared pyrometer
covering the range 0-150°C. The pyrometer detection element consists of two
matched thermistor bolometers, one shielded and one exposed to radiation from
a 7mm diam area of sample. The bolometers form two arms of a Wheatstone
bridge. Tixc Gaiection circuit includes a precision potertiometer linear in emnissiv-
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ity. The spectral response of the infrared sensor is 1-20 zm, which encompasses
about 60% of the total radiative flux emitted by a blackbody at 400 K. The in-
accuracy of the calibrated instrument is less than +2°C in the temperature and
+8% in the emissivity. Checks of the instrument which compare temperatures
determined with the pyrometer from a black painted surface of unit emissivity
with therrnocouple measurements are well within this uncertainty. For general
information on this and other commercial pyrometers, see the recent review by
Wamnke?®.

The heat source is a small hot plate covered by 5 mm of asbestos sheet rock
and a 3 mm thick aluminum slab. This systemn has a temperature drift of less
than 1/2°C over the time span of a measurement, about a minute. The pyrometer
is supported 50 mm (the instrument focal length) above and perpendicular to, the
sample surface.

Two methods of measurement are used. In the first, the temperature of the
aluminum slab, which is covered with flat black paint so that it very closely ap-
proximates a blackbody is measured with the emissivity potentiometer of the pyr-
ometer set at 1.0. The pyrometer is then focused on the sample and the emissivity
potentiometer adjusted until this temperature again is indicated on the pyrometer.
Differential thermocouples are used to insure that the blackbody and sample are
indeed at the same temperature. In the second method, the sample temperature
is determined by a spot welded 0.076 mm chromel-alumel thermocouple posi-
tioned just outside the pyrometer’s field of view. The temperature is monitored
continuously with a Keithley model 160 digital microvoltmeter or model 180
nanovoltmeter. The emissivity potentiometer is adjusted until the pyrometer in-
dicates this same temperature. This second method has the advantages that al-
uminum foil can be positioned around the sample in order to eliminate the back-
ground radiative flux, and no repositioning of the pyrometer or sample is required
after the instrument is initially focused. These are important factors in the pres-
ent measurements since the sample sizes approach the 7 mm diam field of view
of the instrument.

RESULTS AND DISCUSSION

The results of the emissivity measurements are presented in Table 1. The
emissivities should be classified as (nearly) total, normal emittances since the in-
strument spectral response is restricted to 1-20 um. Emissivities are very sensitive
to surface preparation, and therefore, only the freshly cleaved (111) surface results
are expected to be reliably reproducible from one sample to another.

The measured emissivities can be compared with the limited literature val-
ues available for the Group V semimetals. Coblentz® in 1911 measured the spec-
tral reflectance of a room temperature antimony single crystal surface, and of an
antimony mirror formed by cathode sputtering, over the range of 1-10 um. Emis-
sivities of 0.45 and 030 at 7 um may be inferred from the reported reflectivities
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TABLE 1
EMISSIVITIES OF GROUP V SEMIMETALS

" Sample Temp. range (K) Emissivity
(averaged results)

Arsenic single crystal (111) 395420 0.17+0.04

Polycrystalfine arsenic 408415 023

Oxidized arsemic (111) 405411 037

Antimony singic crystal (111) 405-416 0281002

Bisimuth singic aystal (111) 394423 0341004

by Kirchhoff's law. However, a number of experimental difficulties led Coblentz
to conclude that the values obtained should receive little weight. Room temper-
ature spectral reflectances of ground and polished bismuth mirrors reported’ in
1903 lead to spectral emissivities of 0.29-0.18 in the range 3-14 um. However,
here also the authors noted concern with the surface condition of their bismuth

irror. Schmidt and Eckert® in 1935 report a total normal emittance for “bright™
bismuth at 353 K of 0340, which may be compared with the value in Table 1.
Although no previous reports of the emissivity of arsenic appear in the literature,
the values in Table 1 seem reasonable when compared to the other Group V
semimetals. The measured emissivity ¢ of As (111) is consistent with measure-
ments of the thermal accommodation coefficient y of Asi(g) on As (111)°. The
thermal accommodation measurements yield the ratic y/e& = 5.68. Combination
of the experimental value of y/& with £ = 0.17 gives y = 0.98+0.28, a result con-
sistent with other work on the As(()-As (111) system™®.

The instrumentation and methods used here appear to be useful for sur-
faces with emissivities approaching values as low as 0.05. We determine the
emissivity of the aluminum foil shielding to be 0.076, in agreement with the nor-
mal spectral emittances determined by Reynolds:'’ 0.05<&<0.10, in the range
2-15um.
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