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Torsion Measurement of Orpiment Vapor Pressure
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Total vapor pressures of orpiment, 28, were measured by the torsion effusion method, and their dependence
was found to fit the following equation: lopkPa)= (14.14+ 0.20)— (9160+ 200)(T/K) in the temperature

range (501 to 583) K. The vapor molecular weight, evaluated at some temperatures in the covered range using
the Knudsen equation on the vapor pressure measurements, was found to be equat 202§@ol~1, which
confirmed that, as reported in the literature, the primary sublimation processes of orpimeni&(e)As As,Ss-

(g9) and AsSs(s) = (1/2)AsS4(g) + (1/2)S(g). Increasing the temperature does not change the importance of
both reactions so that the second-law enthalpies associated with both reactions are comparable andiétiual to
(542 K) = 175+ 4 kImol™1.

Introduction of the compound, concluded that the predominant species in

the vapor were Sand molecules of the type AS; (with x from

1 to 4), where AsS and AgS, were found to be particularly

abundant. Faure et df from the relative intensities of the ion

species obtained by a mass spectrometer, employing different

d electron-accelerating voltages, deduced that the primary vapor-
ization reaction is

Despite the importance of AS; (orpiment) in geochemistry
and in pyrometallurgical fields, no reliable information is
available in the literature on the sublimation process and, in
particular, the vapor pressure of this compound. Richnow
measured heat of vaporization of this compound above the liqui
phase using a calorimeter furnace and obtainegH°(T) =
350 kJdmol~1. Mills? reported that the first pressure data,
obtained by vapor density measurements at very high temper- As,Sy(s) = 2AsS(9)+ (1/2)S(q) @
atures (1100 to 1370 K), were reported by Britzke and
Kapustinskii® Some vapor pressure values for this compound  Unfortunately, the appearance potentials of the observed ions
were determined by Hsiao and Schlecht@mploying the necessary for their reliable identification were not determined.
Langmuir method. They used weight loss rate measurementsFrom the total weight loss rates of the28s samples measured
considering congruent sublimation, although in their work the by a microbalance, the authégalculated opportunely, using
authors expressed doubt that the compound decomposesSo As the Knudsen equation, the partial pressures of the gaseous
and sulfur, both of which volatilize. By a modified statistical species. By second- and third-law treatment of the partial
method, Isakova and Nestefomeasured, in a closed vessel, pressures so obtained, two final standard vaporization enthalpies,
the vapor pressure above the molten compound obtaining valuesiccording to reaction 1, were determined; however, the values
decidedly higher than those reported by Hsiao and Schleéhten. are in disagreement by about 67l %, and in particular the
Also Ustyugov et af. using a static method that employed a third-law enthalpies present an evident temperature trend.
quartz membrane manometer determined a new set of vaporPashinkin et at? investigated by mass spectrometry the vapor
pressures, and the obtained values are also higher than thosgbove AsSs, and the results obtained differ significantly from
obtained by Hsiao and SchlechterThe saturated vapor those of Faure et &kIn particular, they reported that in addition
pressures below the melting point were measured by Gospo-to As;Ss(g) other gaseous speciesy8s (with n from 1 to 4)
dinov and Pashinkfrusing the Knudsen method and considering and S were present in the vapor so that, in addition to the
congruent sublimation and employing as the vapor molecular congruent vaporization, other vaporization processes occur that
weight that of AsSy(g). There are several studies on the are defined by the reaction
composition of the vapor in equilibrium with AS;,8~11 but the

results and conclusions of these investigations are not in As,S4(s) = (2IN)As,S(9) + (1/2)S(9) (2)
agreement. Lu and Donohéérom electron diffraction analysis,
suggested that the only molecule in the vapor phase iSeAs Unfortunately, no molecular abundances or partial pressures

Kuadzhe et at. from the density of the overheated vapor, were reported in the work, but it was inferred that the@\&)
concluded that at temperatures below the melting point the vaporspecies and ASs(g) were present in comparable quantities. In
is composed of AsS(g) and AsSs(g). Ban and Knox? from another mass spectrometric work, Pashinkin é€ aéported
a mass spectrometric study of the laser-induced vaporizationthat AgSs(g) and $(g) were the only major products from the
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Lau et al'* using a high-temperature mass spectrometer both lodgings with the sample (the lodging with the larger
investigated the vaporization of A&(s). From accurate mea-  effusion hole was filled with a minor amount), in the first step
surements of the appearance potential and the relative intensityof the experiment, at low temperature, the torsion of the assem-
of the ions observed in the vapor mass spectrum, the authorsbly was due to the effusion of vapor from both lodgings (cell
concluded that AsS;(g), AxS4(g), and $(g) were the principal ~ A). Proceeding the measurement further, the vaporization of
gaseous species, with a minor amount o{3€), so that the the sample in the lodging with the larger hole was completed
primary sublimation processes of A%5(s) are reaction 3 and  (considering the minor amount and the larger effusion hole) so

the congruent reaction that the torsion angle of the assembly, now due only to the
effusion of vapor from the lodging with the smaller hole, de-
As,Sy(s) = As,S4(9) (4) creases. The cell now behaves as a new cell (cglland the
) o pressures, measured at higher temperatures, were taken under
along with a small contribution from experimental conditions similar to the first step (only the temper-
ature changes). The two corresponding instrument constants,
AS;55(5) = (1/2)AsS5(9) + (1/4)5(9) ®) Ka, necessary to convert the torsion angles into pressure values

were determined and frequently checked by measuring the vapor
of very pure standards having well-known vapor presstfres,
cadmium and zinc in this study. The constant values referred
to the cell as A and Awere found to be well reproducible
with an associated uncertainty of albdu% of their average

and did not depend on the standard used. The cells A and A
were also used as a Knudsen cell so that, during the calibration
uns, in addition to the torsion angles, the mass loss rates of
he standard elements used were also measured under isothermal
conditions to determine the Knudsen constants. The average
values so obtained from the two standards were found to be
Experimental and Results practically equal. These constants were used to evaluate the
vapor molecular weight, measuring simultaneously the mass loss
rates of the AsS; samples and the corresponding torsion angles.

The ion intensity data indicated that reaction 3 predominates
over reaction 4. Unfortunately, neither total nor partial pressures
were reported in their work.

The aim of the present work was to perform measurements
of the total vapor pressure of this compound by the torsion
effusion method, a method which does not require knowledge
of the vapor molecular weight. At some temperatures, measuring
the torsion angles and at the same time the mass loss rate ot
the AsS; sample, the vapor molecular weight was determined
by the Knudsen effusion method.

Ultrapure synthesized AS; samples supplied by Alfa Aesar
o i X :

ggggz 014912958106;596?9:93; %/Tlgilrgij rg??ﬁf%’?g?;%?ﬁgéi The secoqd-law sublimation enthalpies of the§e standgrds
(orpiment) from the Mineralogy Museum of this University were determined by the slope§ of the Imgar equations obtained
(sample A) and from a private source (sample B) were studied. plotting log() vs _1f|', wherea is the torsmn angle meascl’Jred
X-ray diffraction analysis showed that both synthesized samples &t the corresponding tempe[?tuﬂ'eﬁ' heo obtained valuegyH°-
were amorphous, whereas the mineral ones were crystalline.(53% K)f (111 3) k¥mol™ and AH?(623 K) = (126 + 4)
To minimize the oxidation, the samples were loaded into the KMol for cadmium and zinc, respectively, are in decidedly
torsion cell in a drybox and rapidly introduced into the assembly 900d agreemen'i with those selected by Hultgren &t @110
which was then quickly evacuated. The torsion assembly, the @1d 128 kdmol™ for cadmium and zinc, respectively). This
same as that described in a previous wWdrkyas suspended agreement was taken as a check of the validity of_the propedure
from an arm of a vacuum balance, (Chan 1000) to evaluate theused tq obtain the second-law enthalpy associated with the
mass loss rates of the sample during the torsion pressure meaPreduction of 1 mol of vapor phase from A% and as a check
surements. A pyrophyllite torsion cell having the effusion holes ©f the reliability of the temperature measurements.
of the lodgings with different diameters (0.5 and 1.8 mm) was  The total vapor pressures above both synthesized samples
used. The use of this cell permits pressure measurements to beould not be measured. In particular, in the first step of their
carried out over a large temperature range. In fact, by filling vaporization, the torsion angles increased with temperature, but
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Figure 1. Torsion angles measured above solid orpime®t:run 1;0, run 2; M, run 3;00, run 4; A, run 5; A, run 6.
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Figure 2. Total vapor pressures for orpimen®, run 1;O, run 2;M, run 3;, run 4; A, run 5; A, run 6.

Table 1. Temperature Dependence of the Total Vapor Pressure and Second-Law Sublimation Enthalpy of Orpiment

AT log(p/kPa)= A — B/(T/K) AsuH°(T)

sample run cell no. of points K A B kJmol~*
A 1 A 13 501-566 14.02+ 0.20 9096+ 109 1741+ 2.1
A1 8 535-581 14.2%+ 0.36 9233+ 201 176.7+ 3.8
A 2 A 14 508-565 14.00+ 0.19 9082+ 103 173.8+ 2.0
A1 13 537583 14.06+ 0.22 9089+ 126 174.0+ 2.4
B 3 A 12 510-567 13.84+ 0.16 9052+ 87 173.3t 1.7
A1 11 539-581 13.87+0.29 9041+ 164 173.1+ 3.1
A 4 A 9 520-563 14.54+ 0.46 9378+ 250 179.5+ 4.8
A1 9 542-582 14.32+ 0.13 9243t 73 176.9+ 1.4
B 5 A 7 513-562 14.01+ 0.37 9096+ 200 174.1+ 3.8
A1 8 529-571 14.16+ 0.45 9178+ 248 175.7+ 4.7
B 6 A 8 508-559 14.59+ 0.42 9359+ 225 179.1+ 4.3
A1 10 526-566 14.32+ 0.21 9239+ 114 176.8+ 2.2

aThe associated errors are standard deviations.

the values were not reproducible. With further heating, in torsion angles measured above solid orpiment in six runs are
isothermal conditions, the angle increased or decreased ateported in Figure 1. The vapor pressures measured at temper-
random due to the decomposition of the compounds probably atures higher than the melting point (585 K) were not taken
because it was amorphous or not well synthesized. On theinto account. The total vapor pressures, calculated from the
contrary, the vapor pressures above both mineral samples werdorsion angles measured with cells A angd #sing the corre-
found to be decidedly measurable and very reproducible. The sponding instrument constants, are reported in Figure 2. Their
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Figure 3. Comparison of the total vapor pressures of orpiment reported in the literature: Aahtsido and Schlechtérfsee footnote in Table 2); B,
Isakova and NesterdvC, Ustyugov et al% D, Gospodinov and Pashinking, Faure et al'! F, this work.
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Table 2. Comparison of the Temperature Dependence of the Total As,S; is practically equal, we are persuaded to believe that the
Vapor Pressures of Orpiment importance of both of the sublimation reactions 3 and 4, though
AT log(p/kPa)= A — BI(T/K) with different weights, does not change with temperature. On
ref method K A B this basis, the temperature dependence of th&Ag), AsSs-
2 Langmuir _ 433-603 380 5098 (9), and $(g)_ partial pressures is c_omp_arable so that the second-
5 static 623813  6.26 3865 law enthalpies of both the sublimation processes 0§S4s
6 static 727966 6.31 4307 according to egs 3 and 4 and calculated from the slope of eq 6,
7 Knudsen 476536  11.86:£0.56 7382t 911 are comparable and equalAt1°(542 K) = 175+ 5 kF}mol~?
11 Knudsen 497569  13.53 879%

thiswork  forsion 501583 14145020  9160% 200 at the midpoint of the experimental temperature range.

a As reported in Table 3 of the worR Evaluated in this work using the Acknowledgment
experimental points reported in Figure 2 of the wdtlEvaluated in this Particular thanks to Dr. Burli Maurizio for the orpiment sample.
work using the experimental mass loss rates reported in the work (see text).
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