
For a vaziety of reasons, information on some of the thermophysical prop- 
erties fa many eifments is Iimited- Arsenic is one of these elements’_ To our 
know&x&e the emisMty of axsenic has never been reported- This note reports 

_ 
clletenrmoations of the low-temperature radiative emissivity of arsenic (111) single- 
crystal cieavage surf&es, polycrysMine arsenic, and oxidized As (111) singlexrys- 
tal surfaoes- The em&&ties of antimony and bismuth (111) singIe-qystal cleav- 
age surfaaes have aJs0 been determined- The dents are made by a radi- 
ation pyromeler teJchique_ 

Arsenic, antimony, and bismuth sing&z crystaIs an: grown in this Iaboratory, 
using the Bik&man &%ique2, from granular elemental startiug material with a 
quoted purity of 99999% or better- Single crystal wafers 05-3.0 mm thick are 
pnqared by deaving aiong (I1 1) immediately before an experiment with a new 
razor Mada The resuhiug mirror-like cleavage surf= have surfaces areas of the 
order of 1-2cm2_ The a are similar to those whose surfase reaction prop- 
atses have nxzived a3&defzWe attention in this laboraWry_‘, PoIycqstalline ar- 
senk samples zwe prepared by zapidly quenching the melt from the crystal growth 
fixmauz Pdyaystalline waft are cut and planed with a spark cutter”, then pol- 
isbed with No. 400 emery paper aud No_ 925 crocus cloth- The poIycrystaliii 
arsenic samples are heated in vacuum (10V5 TOIT) at 2Lw)‘ic for 15-2Omin to remove 
ahnost all of the voIatile surf&z oxide and are stored in evacuated (lo-’ To& 
pyn=Jr~~oxEdizedAs(111)~~aystalsurfaces~preparedbyexplas- 
iag dea~ed wafers to the atmosphere fm about two weeks. After this expomre 

the origin& zn&a&c, mirror-Eke, deavage smf5ces are covered with a dull, red- 
dish- oxide coating 

c . .I 
EzmsaMm are measued using a modifii Mikrori 10 infrared pymme&r 

aWeringthelaneJeO-15OzAllepylunWx detecGon element cousists of two 
matched them&or b&me&zs, one shielded and one exposed to radiation from 
a7mm!diamare;srof~~_ThebdiomtetersfO~twoamtsofaWheatstoMj 
bsidge. TtKGie&on cinzuit iuch&s a precision pot.e&ometfz linear in emissiv- 
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ity. The spectral response of the infrared sensor is l-20pm, which encompasses 
about 60% of the total radiative flux emitted by a bIackbody at 400 K The in- 
accuracy of the calibrated instrument is less than f2’C in the temperature and 
f8% in the emissivity. Checks of the instrument which compare temperatures 
determined with the pyrometer from a black painted surf- of unit emissivity 
with thermocouple measurements are well within this uncertainty. For general 
information on this and other commercial pyrometers, see the recent review by 
Warnke’_ 

The heat source is a smaU hot plate covered by 5 mm of asbestos sheet rock 
and a 3mm thick aluminum slab_ This system has a temperature drift of less 
than 112°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 
ahrminum 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 l-O_ 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 O-076 mm chromelalumel thermocouple posi- 

tioned just outside the pyrometer’s Iield 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. Thii second method has the advantages that al- 
uminum foil can be positioned around the sampie 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 resuits of the emissivity measurements are presented in Table I- The 
emissivities should be classified as (neariy) total. normal emittauces since the in- 
strument spectral response is restricted to l-20pm_ Emissivities are very sensitive 
to surf- preparation, and therefore, oJlly the f=hIy cleaved (111) surface resuhs 
are expected to be reliably reproducible from one sampIe to another. _ 

The measured em&Cities can be compared with the limited literature vaI- 

ues available for the Group V semimetals- Coblen& in 1911 measured the spec- 
traI refIectance of a rwm temperature antimony single crystal surface, and of an 
antimony mirror formed by cathode sputtering, over the range of I-10 pm. Emis- 
sivities of 0.45 and 030 at 7pm may be inferred from the reported refIectivities 
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by lCkc&boffs Iaw. However, a number of experimental difxidties Ied cobkntz 
to condude that the vah~es obtained should rezeive fittle weight. Koom temper- 
zitulespectndre~ of ground and polished bismuth mirrorsn?ported7in 
1903 lead to spectral emkMtks of 029-0_18 in the range 314pm. However, 
here alsO the authors noted concern with the surfke condition of their bismuth 
mirmr_ Schmidt and Eckert* in 1935 report a total normal emittanaz for %rightn 
bismuth at 353K of O-340, wbicb may be compared with the value in Table 1. 
Although no previous reports of ti emissivity of arsenic appear ixi the litemture, 
the vaIues in Table 1 seem reasonable when ampaxed to the otber Group V 
sermmetals-ThemeasuredemissivityeofAs(lll)isconsistentwithmeasure- 
rnentsoftbetbelmal accoIllIIlodation coeffiit y of As&) on As (l11)9_ The 
thermal aax~mmocMon measurements yield the ratio y/e = S-68. Combination 
of the experimental VaIue of y/e with e = O-17 gives y = 0_98+0_28, a llesult con- 
sistent with other work on the As&)-As (111) systemx9_ 

Theiastnursentationand~~usedhereappeartobeusefulforsur- 
faoeswitb 

_ 
emk!5vitie!s~ values as low as 0.05. We determine the 

_ I _ 
ermsmty of the aIuminum foil shiekiing to be 0.076. in agreement with the nor- 
mal spectml emiuances determined by Reynoki~:‘~ 0.05tet0.10, in the range 
2-15fim. 

The authors wish to thank the National Science Foundation (Grant CHE 
7-l) for financial support of this work_ 
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