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Equi l ib r ium D i a g r a m  

The assessed As equilibrium diagram (Fig. 1) shows 
temperature-pressure phase relationships. The sub- 
limation point is 614 ~ (887 K) at 1.013 bar (1 atm) 
and the melting point is 817 ~ (1090 K) at 36.3 _ 0.5 
bar (35.8 _+ 0.5 atm). The liquid-vapor and solid-vapor 
boundaries shown in the inset are based on the ther- 
modynamic analysis discussed below (see "Ther- 
modynamics" section). The only solid phase is ~As, and 
the gas phase contains Asx (x = 1, 2, 3, 4), with As4(g) 
as the predominant species up to approximately 1127 
~ (1400 K) (94% As4 at 1127 ~ 

Solid Phase 
The crystal structure of As is rhombohedral, prototype 
~As; Pearson symbol hR2; space group R~m; and 
Strukturbericht designation A7 [Pearson3]. Careful 
work of [65Tay] and [69Sch] yielded the crystal- 
lographic results in Table 1 for rhombohedral and 
equivalent hexagonal cells. 

The hexagonal a parameter  is independent of 
temperature, but the c parameter  can be expressed as a 
function of temperature (t in ~ up to the melting 
point by: 

c = 1.0534 (1 + 4.747 x 10 -5 t), nm (Eq 1) 

where the temperature coefficient is in excellent 
agreement with [60Kle]. The density is 5.73 g/cm 3 at 
14 ~ according to [72Gra] and [84Wea]; hence, the 
gram atomic volume is 13.08 cm3/g-atom. This volume 
(V in cm 3) as a function of tempera ture  is expressed by 
using Eq 1: 

V= 13.071 (1 +4 .747  x 10-5 D cm3/g-atoln (Eq2)  

where t is in ~ in the range up to the melting point. 

GAs is the only stable solid phase at  pressures up to 70 
kbar [63Kle] (probably somewhat  higher) and up to its 
melting points. Well-annealed specimens do not show a 
first- or second-order transition, according to [65Tay]; 
a second-order phase transition observed by [60Kle] in 
the neighborhood of 227 ~ (500 K) was probably due 
to improperly annealed specimens containing a non- 
equilibrium phase. Results of [65Tay] are in agree- 
ment with those of [22Las] up to 757 ~ (1030 K). A 
phase transition reported by [22Las] at about 757 ~ 
has not been observed by any other investigators 
[60Kle, 63Kle, 87Ode]. According to [72Dug], aAs be- 
comes tetragonal at 120 to 150 kbar and ambient 
temperatures,  with a = 0.8691 and c = 0.6363 nm and 
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Inset shows P-T phase diagram for aAs. N.A. Gokcen, 1989. 
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As 
Table I aAs Lattice Parameter Data 

L a t t i c e  p a r a m e t e r s ,  n m  
Temper-  E q u i v a l e n t  R h o m b o h e d r a l  A n g l e  
a ture ,  h e x a g o n a l  ce l l  ce l l  c~, 
N:~ a c a degrees 

-268.8 .......... 0.37597 1 .04412  0.41018 54.554 
-195 ............. 0.37595 1 .04573  0.41063 54.486 

22.6 .......... 0.37598 1 . 0 5 4 7  0.41318 54.133 
26 ............. 0.37598 1 .05475  0.41432 54.126 

109 ............ 0.37599 1 . 0 5 8 7  0.41432 53.967 
209 ............ 0.37599 1 . 0 6 3 5  0.41568 53.783 
228 . . . . . . . . . . . .  0.37601 1 . 0 6 4 7  0.41603 53.733 
250 ............ 0.37598 1 . 0 6 5 8  0,41633 53.667 
270 ............ 0.37599 1 . 0 6 6 9  0.41665 53.633 
297 ............ 0.37599 1 . 0 6 8 2  0.41702 53.600 
404 ............ 0.37595 1 . 0 7 3 8  0.41860 53.367 

c/a = 0.732 _+ 0.001. At 140 kbar, this phase becomes 
superconducting below 0.5 K [69Ber]. 

An orthorhombic form of As--eAs, isotypic with black 
phosphorus---obtained by distilling As-Hg and contain- 
ing about 3 wt.% impurities, was characterized by 
[76Smi] as a = 0.365, b = 0.447, and c = 0.11 nm. It 
may be considered the parent form, from which an 
amorphous form is derived. A cubic form has also been 
reported [Pearson 1]. 

Solid-Gas Equilibria 
The gas phase, in equilibrium with the solid phase, con- 
sists of As4 (tetramer), with less than 0.19% by volume 
of As, As2, and As3, at 614~ (887 K) and less at lower 
temperatures. The sublimation temperature (at Iatm) 
is 889 K from [09Jon], 889 K from [23Hor], 887 K 
from repeated determinations of [74Bak], 891 K from 
a representation of the data by [75Rau] as will be 
shown in the footnote to Table 5, 885 K from a com- 
pilation in [63Nes] (p 454), and 876 K in [Hultgren,E]. 
The selected value in this paper is 614 • 1~ (887 • I 
K), which will be further justified after an analysis of 
vapor pressure data. The solid-gas and the liquid-gas 
equilibria will be discussed in detail below (see "Ther- 
modynamics" section). 

Solid-Liquid Equilibria 
The solid-liquid equilibria (melting points of aAs) were 
determined carefully by [63Kle] up to 70 kbar by 
mechanical pressurization and thermal analysis. 
[65Cha] used argon as the pressure transmission 
medium, with greater accuracy at  lower pressures. 
T h e  data of [63Kle] and [65Cha] are plotted in Fig. 1, 
where the broken curve of [65Cha] up to 4 kbar is 
preferred in this assessment. Two points obtained by 
[74Bak] (816 ~ at or below 101.3 bar of Ar and 818 ~ 
at 202.6 bar of At) are also plotted in Fig. 1. Extrapola- 
tion of these data to 1.013 bar yields 817 +_ 1 ~ (1090 
K) as the melting point of the hypothetically existing 

solid. Various other measurements  are: 817 ~ 
[14Gou], [23Hor], [75Rau], 818 ~ [20Ras], 815 ~ 
[21Hell, and 817 to 818 ~ [82Rou]. This point is im- 
portant  in the determination of the triple point pres- 
sure, which is 36.3 bar (35.8 atm), as will be seen below. 

The density of the liquid in g/cm 3, measured by 
[63Mcg], is expressed by: 

D = 5 .80-  0.000535 T (Eq 3) 

where T is in K. The results of [60Kle] at 830 to 850 ~ 
(1103 to 1123 K) are about 4% lower. The atomic 
volume of the liquid at  822 ~ (1095 K) is 14.37 cm3/g - 
atom from Eq 3 under its own vapor pressure. The 
volume of solid from Eq 2 is 13.58 cm3/g-atom at  the 
same temperature. Substitution of these values in the 
Clapeyron equation [75Gok] yields: 

A T / A P  = (14.37 - 13.58)1095/23 848 • 9.999 
= 0.0036 deg/bar (Eq 4) 

where 23 848 is the enthalpy of fusion in J/g-atom and 
9.999 cm3/J.g-atom is the conversion factor. The slope 
of the line in Fig. 1 at 822 ~ (1095 K) is 0.002, and if 
instead, the atomic volume of  liquid were taken to be 
2.5% lower, then Eq 4 would also yield about 0.002. 
Greater accuracy from Eq 4 requires greater accuracy 
of atomic volumes. The decrease in the slope of the 
melting temperatures with increasing pressure shows 
that  the volume difference between the liquid and the 
solid also decreases with increasing pressure. 

Gas Phase 
The density of gas was measured by [63Mcg] by 
vaporizing a known amount of As in a known volume 
of Vycor container, obtaining the following equation 
for the density (D) in g/cm 3 at the point where the con- 
densed phase disappeared: 

D = 0.2072-6.182 • 10-4T + 5.043 • 10-7T 2 
_+ 0.0007 (Eq 5) 

where T is the temperature in K. 

The values of pressure were computed from [23Hor] 
by [63Mcg]. The compressibility factors (Z = P V / R T )  
computed from his values are listed in the third 
column of Table 2, 

The compressibility factors, calculated from the equa- 
tions of state obtained by [75Rau], are in the last 
column of Table 2. It is clear tha t  the sets of results 
from [63Mcg] and [75Rau] are discordant. (Less 
precise values of [82Rou] indicated Z = 0.88 to 1.02 at  
817 ~ The present author, based on his experience, 
believes that  the dimensional stability of silica and 
Vycor above 827 ~ decreases with increasing pressure 
difference, so that the volume of the containers used in 
nearly all the experiments were subject to change. Fur- 
ther, silica begins to devitrify above 1027 ~ and on 
cooling, it has a tendency to crumble; consequently, the 
volume of the silica container cannot be rechecked 
after devitrification. Therefore, the values of Z in 
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Table 2 Compressibility Factor (Z) for As4(g) 
Compressibility 

Temperature, Pressure, factor, Z 
~ bar [63Mcgl [75Rau] 

727 ............................. 8.2 0.949 
817 ........................... 36.3 0.905 0.821 
877 ........................... 47.4 0.911 0.799 
927 ........................... 58.4 0.915 0.781 

1027 ............................ 84.3(a) 0.914 0.752 
Note: Z = PV/RT 
(a) Gas phase contains about 97% As4 by volume at 1027 ~ 

Table 2 are  questionable,  and  Z = 1 is adopted in this  
assessment .  

Metastable Phases 

Three  amorphous  forms (13, % and  5) are  d i f ferent ia ted  
by X-ray diffraction pa t t e rn  [Pearsonl ,  Pearson2] .  
Above 287 ~ (560 K), these forms t r ans fo rm into ~As. 
Differential  thermal  analysis of  ~As was carr ied out  by 
[66Ben] to show tha t  its t r ans fo rnmt ion  to aAs is 
sharp  and irreversible, wi th  7820 J /g-a tom at  288 _+ 3 
~ (561 _+ 3 K) as the irreversible en tha lpy  of  t ransi-  
tion. 

Thermodynamics 

Heat Capacity of Solid and Related Properties 
The hea t  capacity of solid, CpO(c,o3, in the range  of  0.7 
to 4 K was measured  by [67Cul] and expressed as: 

105 Cp 0 = 19.41 T+8 .79  T3+ 0.0552 T 5 (J/g-atom. K) 

(Eq 6) 

where  T is in K. The first  t e r m  on the r ight  (19.41 T) is 
the electronic contr ibut ion to Cp O. 

The  hea t  capacity f rom 13.9 to 289.12 K was measu red  
by [69Pau], whose resul ts  also conta ined those of  
[66Nog]. The earlier  resul ts  of  [30And] covered a nar-  
rower  r a nge - - 57  to 291 K. All sets of da ta  sca t t e r  
much more  than  those obta ined by the  usual accuracy  
of  calor imeters  in the range  260 to 290 K, indicat ing 
e i ther  a possible incomplete  phase t rans i t ion  or  the 
presence o f a  nonequi l ibr ium phase. 

The presence of  about  10% or less of a nonequi l ibr ium 
phase is difficult to detect  by X-ray, and the t rans i t ion  
of  this anmun t  might  possibly account  for the  scatter.  
The  hea t  capacity resul ts  o f  [69Pau] were cor rec ted  
slightly for  the atomic weight  of As and plotted wi th  
those of  [66Nog] and [30And]; the da ta  were read  f rom 
a large-scale smooth curve  at  convenient  in tervals  and 
listed in Table 3, along with selected results  of  [67Cul]. 
Most of  the da ta  above 13 K are  those of [69Pau],  who 
achieved a g rea te r  degree  of  accuracy. 

The  resul t ing value of S0(298) = 35.564 J /g -a tom 'K is 
within the 35.631 _+ 0.063 J /g -a ton rK repor ted  by 

Table 3 Asw Values of Standard Heat 
Capacity Cp" at Low Temperatures for aAs 

As 

Heat Heat 
Temperature, capacity, Temperature, capacity, 

K J/g-atom.K K J/g-atom.K 

1 ......................... 0.000285 
5 ......................... 0.01368 

10 .......................... 0.1121 
15 .......................... 0.477 
20 .......................... 1.155 
25 .......................... 2.109 
30 .......................... 3.201 
35 .......................... 4.431 
40 .......................... 5.590 
50 .......................... 7.933 
60 ........................ 10.188 
70 ........................ 12.242 
80 ........................ 13.853 

Note: S~ = 35.564 
5104 _+ 20J/g-atom. 

90 ..................... 15.330 
100 ..................... 16.598 
120 ..................... 18.552 
140 ..................... 20.041 
160 ..................... 21.125 
180 ..................... 21.836 
200 ..................... 22.422 
220 ..................... 22.891 
240 ..................... 23.313 
260 ..................... 23.707 
280 ..................... 24.066 
298.15 ................ 24.393 

_+ 0.29 J/g-atom'K;/4o(298} -H~ 

[69Paul,  the  35.02 _+ 0.04 J / g - a t o n r K  by [66Nog], and 
the  35.1 _+0.8 J / g - a t o n r K  by [30And]. A reinvest iga-  
t ion using wel l -character ized and  annea l ed  snecimens  
is necessary  to achieve a be t t e r  accu racy  in Cp "0 and S 0. 

The hea t  capaci ty  a t  high t e m p e r a t u r e s  has  not  been 
invest igated with a sa t i s fac tory  degree  o f  precision. 
The  earl iest  values by [22Las] are  m u ch  too low at  low 
t e m p e r a t u r e s  and  much  too high a t  high tempera-  
t u r e s - -2 .18  J / g - a t o n r K  at  298.15 K and  37.61 J/g- 
a t o m ' K  at  1000 K. Resul ts  pr ior  to 1960 were  sum- 
mar ized  as Cp 0 = 21.88 + 0 .00929 T by  [60Kel], 
yielding 24.64 J / g - a t o n r K  a t  298.15 K, in fa i r  agree- 
m e n t  with the  value in Table 3. The  m o r e  recen t  values 
were repor ted  by [60Kle]. Th e  va lue  at  ~bout  620 K 
f rom the en tha lpy  curve  of  [60Kle] is Cp" = 25.5 J/g- 
a tom'K.  The  m e a n  hea t  capaci ty  values  listed in the i r  

w 0 table ere  p lo t ted  as Cp AT vs T by this au tho r  and 
fi t ted in a cubic equat ion,  wi th  the  r eq u i r emen t  t ha t  
Cp0(298) = 24.393 J /g - a tom 'K  f rom Table 3 be satis- 
fied; the der ived  resul t  for Cp 0 is: 

CpO(c~As) = 23.221 + 0.003933 T, J / g - a to m 'K  (Eq 7) 

where  T is in K. 

T h e r m o d y n a m i c  da ta  obta ined wi th  this equat ion and  
the  da ta  in Table  3 a re  listed in Table  4. 

Heat Capaci ty  of Liquid 
The  hea t  capaci ty  of  liquid As, r epo r t ed  by [60Kle] in a 
plot, follows an  unusual  path,  dec reas ing  by a factor  of  
approximate ly  th ree  f rom the  m e l t i n g  point  to 1150 K. 
It  is not  c lear  w h e th e r  the  p resence  o f  considerable  
amoun t s  of  vapor  phase had an y  effect  on these 
results. A careful  analysis  of  da t a  for  o the r  e lements  by 
[78Ita] sugges ted  t h a t  Cp0(L) - Cp(c,~) = 1.30 J/g- 
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As 
Table 4 Thermodynamic Properties of Solid (~As 
and Liquid As at High Temperatures Under Equi- 
librium Pressure 

Gibbs 
Temper- Heat energy Relative 
ature, capacity, Entropy, function(a), enthalpy(b), 
K J/g-atom'K J/g-atom'K J/g-atom'K J/g-atom 

Solid aAs 

298.15 ..... 24.393 35.564 35.564 0 
300 .......... 24.401 35.715 35.564 46 
400 .......... 24.794 42.790 36.526 2 506 
500 .......... 25.188 48.363 38.355 5 004 
600 .......... 25.581 52.990 40.417 7 544 
700 .......... 25.974 56.965 42.505 10 121 
800 .......... 26.368 60.459 44.539 12 736 
887 .......... 26.711 63.195 46.233 15 046 
900 .......... 27.761 63.584 46.480 15 393 

1000 ........... 27.154 66.425 48.334 18 092 
1090 ........... 27.510 68.781 49.928 20 548 

LiquidAs 

1090 ........... 28.83 90.659 49.928 44 396 
1100 ........... 28.83 90.923 50.300 44 685 
1200 ........... 28.83 93.433 53.794 47 568 
1300 ........... 28.83 95.738 56.932 50451 
1400 ........... 28.83 97.876 59.781 53 333 
1500 ........... 28.83 99.864 62.388 56216 

0 Note: Values for the liquid are estimates. (a) (G - H~ ) )/T 
-= Gef. (b)/4 -~176 where H~ refers to aAs; H~ 
-H~ = 5104 J/g-atom. 

Table 5 Enthalpy of Fusion of ~As at 1090 K 

Enthalpy of fusion, 
Reference Method J/g-atom 

[60Kle] .................. Calorimetry 21760 
174Bak] ................. Differential 25 100 

thermal analysis 
[82Rou] ................. Differential 24 200 

thermal analysis 
[23Hor] ................. Difference in slopes 23 900(a) 

ofln P vs lIT 
174Bak] ................. Difference in slopes 23 920(b) 

of In P vs 1/T 
[75Rau] ................. Difference in slopes 25 170(c) 

of In P vs 1/T 
Average . . . . . . . . . . . . . . . . . . . .  24 000 
Assessed . . . . . . . . . . . . . . . . . . .  23 848 _ 1600 

(a) From In P (atm, sub) = 19.065 - 16 940/T and In P (atm, 
vapn) = 15.384- 5641/T. (b) From lnP  (atm, sub) = 19.217 - 
17 046/T and In P (atm, vapn) = 8.655 - 5538/T. (e) From In P 
(atm, sub) = 19.621- 17 480/T and lnP  (atm, vapn) = 8.510- 
5370/T. 

a t o m ' K  at  the me l t i ng  point,  f rom which Cp0(L) = 
28.83 J / g - a t o m K  is obtained,  as l isted in Table 4. 

Di rec t  expe r imen ta l  r e su l t s  of  h igher  precis ion a r e  
neces sa ry  to obta in  rel iable  t h e r m o d y n a m i c  d a t a  for  
liquid As. 

Enthalpy and Entropy of Fusion 
The  en tha lpy  of  fusion d a t a  ob ta ined  by  var ious  inves-  
t iga to rs  a re  shown in Table  5. The  value  accep ted  he re  
is h f u s H  = 23 848 _+ 1600 J / g - a t o m  a t  1090 K. The  
e n t r o p y  of  fusion is hfusS = 21.878 _+ 1.55 J / g - a t o m K  
a t  1090 K. 

Calcula t ions  of  condensed  m u l t i c o m p o n e n t  p h a s e  
d i a g r a m s  requi re  the  s t a n d a r d  Gibbs ene rgy  o f  fusion 
as  a funct ion  of  t e m p e r a t u r e .  The  foregoing d a t a  for  
the  hea t  capac i ty  change  f o r  fusion, C p ~ L )  - Cp0(c,a)  
= 1.30 J / g - a t o m K  and/am (L, 1090) - H "  (c,~, 1090) = 
23 848 J /g -a tom 'K ,  yield: 

hfusGO/RT = In ac,~/aL = 2698.3 /T - 0.156 In T 
- 1.3844 (Eq 8) 

whe re  T is in K, and  ac , a  a n d  aL  are  the  ac t iv i t ies  o f  AS 
in the  coexis t ing solid a n d  liquid phases,  respectively.  
For  the  As-rich corner  o f  a phase  d i ag ram,  ac,a/aL is 
closely app rox inmted  by  the  co r r e spond ing  ra t io  of  
a t omic  f rac t ions  Xc,~/XL. 

Sublimation and Vaporization 
The  s t a n d a r d  en tha lp ies  of  sub l imat ion  (AsubH0), 
based  on vapo r  p r e s su re  m e a s u r e m e n t s  by va r ious  
methods ,  a re  s u m m a r i z e d  in Table  6. The  p re s su re  
da t a  in a t m  (1 a t m  = 1.01325 bar)  in the  r a n g e  of  715 
to 1396 K are  p lo t ted  in Fig. 2. The  sub l ima t ion  pres-  
su res  a t  t e m p e r a t u r e s  be low 700 K d e t e r m i n e d  by the  
ef fus ion techniques  s c a t t e r  to a considerable  degree.  A 
plot  o f  such d a t a  pr ior  to  1963 was  given by [63Nes] 
and  need  not  be p re sen t ed  he re  wi th  the  m o r e  r ecen t  
da ta ,  because  it is genera l ly  ag r eed  t h a t  the  ef fus ion 
t echn iques  yield less rel iable  d a t a  t h a n  the  d i rec t  
m e a s u r e m e n t s  [55Bre, 63Nes ,  Hu l tg ren ,E] .  (The  r a t e s  
of  sub l imat ion  have  been  inves t iga ted  by [68Ros],  
[70Ros], [76Ros], and  [77Kle].)  The  vapor i za t ion  coef- 
f icient  o f  As4(g) is ve ry  l o w - - 5  x 10 -4 by [55Bre]  and  
abou t  (exp - 5500/T) by  [68Ros];  therefore ,  the  ef- 
fusion inves t iga t ions  were  cons idered  to be  less reli- 
able by  [55Bre], [63Nes],  a n d  [Hul tgren ,E]  t h a n  di rec t  
m a n o m e t r i c  inves t iga t ions ,  despi te  careful  w o r k  of  
[63Nes],  [68Ros], [68Her] ,  and  [71Mal],  a m o n g  
others .  

The  f i rs t  se t  o f  highly rel iable  d a t a  by  d i rec t  obse rva -  
t ion of  p re s su re  was  ob t a ined  by [23Hor] .  Later ,  
[74Bak],  [75Rau],  and  [82Rus]  re f ined  and  ex t ended  
the  resu l t s  of  [23Hor] .  E a r l i e r  d a t a  by [19Ruf] a re  in 
d i s a g r e e m e n t  with [21Ruf] f r o m  the  s a m e  laboratory,  
and  it is a s sumed  he re  t h a t  [21Ruf] supe r sedes  
[19Ruf].  The  da t a  pr ior  to 1921 a re  a rb i t r a r i ly  ex- 
cluded in the  a v e r a g i n g  process ,  because  they  a r e  con- 
s idered to be less reliable. The  selected value  o f  39 137 
_+ 200 J / g - a tom is the  bes t  f i t t ing  AsubH0(298) va lue  
sa t i s fy ing  the  resul ts  of  i nves t iga t ions  p lo t ted  in Fig. 2. 
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Inclusion of  all the da ta  in the averaging process would 
change  this value slightly. However, even a change  of  
• 85 J in 39 137 would have a significant effect on the 
a tmospher ic  sublinmtion t empera tu re  and the triple 
point pressure of As. Further,  the errors in CpOfor aAs 
also would have a significant impact  on hsubH' (298) .  

The op t imum equation for Cp0(C,a) was obtained by 
i teration on a computer  so that :  (1) Cp 0 = 24.393 J/g- 
a t o m ' K  for aAs at  298.15 K was satisfied; (2) the m e a n  
heat  capacities reported by [60Kle] were used as a 
s t rong  guideline; and (3) the concordant  vapor  pres- 
sures in Fig. 2 were well represented by the resul t ing 
Gibbs energy functions (G O - H0(298))/T It  is believed 
tha t  CpV(c,a) is the least accurately de te rmined  
property, and its ad jus tment  is the logical procedure  
for the representat ion of  overall data. An al ternat ive  
method is to make  ad jus tments  in the t he rmodynamic  
properties of gaseous As4, a procedure presented by 

A s  

[82Rus], which yields AsubH0(298) = 39 170 J /g -a tom 
in very close ag reemen t  with our  value of  39 137 J/g- 
atom. I t  is cer ta in  tha t  new m e a s u r e m e n t s  o f  Cp~ 
are essential  for deciding where  the  necessary  adjust- 
ments  should be made.  

Dissociation of As,(g) into As2(g) 
[67Art |  showed tha t  spurious As4(g) caused inac- 
curacy in the  da ta  for the dissociat ion o f  As4(g)- -  
As4(g) -* 2As2(g)- -de ternf ined  by m a s s  spectroscopy, 
but his resul ts  were somewha t  high. [73Mur] showed 
conclusively tha t  earlier results  by effusion-mass  
spec t romet ry  [58Dro, 59Gol, 59Gut ,  61Gut,  67Art, 
69Hud, 70Dem],  sumnmr ized  as ArH(298) = 288 700 
J / react ion in [Hultgren,E]  are  in error. A "see- 
th rough"  ion source and  a liquid ni t rogen-cooled con- 
densat ion plate  el iminated the spur ious  As4(g), and  
thus [73Mur] obtained 227 020 J / reac t ion  listed in 

Table 6 Standard Enthalpy of o~As Sublimation at 298.15 K, As(c,o~) = 0.25 As4(g) 
Temperature, Enthalpy of sublimation, 

Reference K Method J/g.atom 

[11Gib, 23LBT] ................................ 743 to 842 

[12Pre] .............................................. 673 to 873 

| 19Ruf] .............................................. 732 to 838 

{21Ruf] .............................................. 778 to 906 

|23Hor] ............................................. 723 to 1126 

[38Wiel .............................................. 773 to 863 

[55Bre] .............................................. 575 

[61Str] .............................................. 715 to 856 

[63Nes] ............................................. 390 to 573 

[68Ros] .............................................. 494 to 575 

|68Her] ............................................. 522 to 714 

[71Mal] ............................................. 563to630 

[74Bak] ............................................. 1090 to 1370 

886 to 1064 
[75Rau] ............................................. 1058 to 1223 

816 to 1090 
[77Mall ............................................. 790 to 857 

[82Rus] ............................................. 679 to 814 

Assessed ............................................ (g) 

Quartz spiral gauge 

Quartz spiral gauge 

Boiling point observation 

Boiling point observation 

Quartz spiral gauge 

Quartz spoon gauge 

Knudsen effusion 

Quartz spoon gauge 

Knudsen effusion 

Knudsen effusion 

Torsion effusion 

Knudsen effusion 

Argon as pressure transmitter 

Argon as pressure transmitter 
Quartz spiral gauge 

Quartz spiral gauge 
Complete sublimation(e) 

Quartz Bourdon gauge 

38 500 

38250 

37300 

39760 

39 160 

38 850 

38 440(a) 

38690 

39540 

38410 

39 820 

39 880 

39 020(b) 

39 170 
39 090(c ) 

39 270(d) 
39 090 

39 240(f) 

39 137 • 200 

(a) Results for the average of two highest pressures, 3.3 • 10 -5 bar, with the smallest orifices, at 575 K. (b) Calculated from his 
equation for vaporization at average T = 1230 K, P = 64.48 bar, and (G O - H~ of this paper. (c) Result from six points for 
vaporization up to 1223 K; the results from 1260 to 1396 K deviate systematically from linearity in In P vs 1/T, and As4, begins to 
dissociate into other species; further, according to [75Rau], deviations from ideal gas behavior exist. (d I From In P = 19.621- 
17 480/T representing his linear plot for the untabulated data and using In P at the average T = 953 K with this author 's AGef. 
(e) Observation of complete sublimation of known masses of As into a known volume at a known temperature and use of PV = 
RT. (f) Value calculated without using two very low pressures below 1 torr (0.0014 barl where the accuracy is low. (gl Data by 
[71Mare|, obtained by using a quartz membrane null manometer at 630 to 1270 K, presumably yielding 31 485 J/g-atom, could 
not be checked by this author because their data columns are jumbled. Likewise, ~/~ for As4(g) -* 2As2(g) as 221 752 J, 
though in reasonable agreement with the existing data, could not be verified. Further, AsubH(298) of 44 978 J/g-atom by nmss 
spectrometry of [64Wes] and 33 472 J/g-atom by effusion technique of [72Kaz] are not included in this table, because they lie out- 
side the range of tabulated data. Assessed value is also average ofaU ten direct values since 1920. 
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As 
Fig. 2 Sublimation and Vaporization Pressures of As vs Temperature 
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A datum point of 123Hor] and one of [75Raul for supercooled liquid are not shown. N.A. Gokcen, 1989. 

Table 7 Entbalpy of Dissociation for As4(g) - *  2As2(g) 

Temperature, Enthalpy of dissociation, 
Reference K Method J/reaction at 25 ~ 

[71Mam]la) ....................................... 630 to 1270 

[73Mur] ............................................. 807 to 1050 

[74Pup] ............................................. 918.5 to 1084 

[75RauJ ................................................ 

177Mall .............................................. 1006 to 1217 

[78Drol .............................................. 689 to 1008 

Quartz membrane null manometer 

Mass spectrometry 

Mass spectrometry 

Vapor density measurements 

UV spectra 

Mass spectrometry 

225 520 + ? 

227 020 _+ 2900 

227 610 _ 6300 

224 850 ___ 4200 

230 290 __+ 7100 

226 770 _+ 5800 

227 042 _+ 3300(b) 

Note:  AfH~ for 2As(c,a) -* As2(g) = 191795 + 2100 J/tool. 
(a) Result cannot be verified; see footnote (g) to Table 6. However, this value is consistent with their log [p2(As2)/P(As4 )] = 8.919 
- 11 800/T, where P is in arm. (b) A value of 191 630 J/reaction by [74Fox] is too low and not included in this table. An indirectly 
computed value from total pressure and gas density over GaPs by [73Vig] is 7280 J/reaction lower than 227 042 J/reaction and 
outside the values listed in this table. 

Table 7. This resul t  was obtained from As4(g) emana t -  
ing from MoAs2 and Mo2As3. 

Using the same method  with InAs, [74Pup] conf i rmed 
very closely the previous value of  [73Mur]. [75Rau] 
determined equilibrium concent ra t ions  of  As2 and  As4 

f r o m  vapor  densi ty  m e a s u r e m e n t s  and  obta ined 
ArHV(298) = 224 850 _+ 4200 J / react ion af te r  m a k i n g  
correct ions  for deviat ions f rom ideal gas behavior. 
[78Dro] de termined the equilibria in A As4 -* 2As2 by 
mass  spec t romet ry  and  obta ined  ArHV(298) -- 226 770 
_+ 5800 J/reaction.  The procedure  in the exper iments  

16 Bulletin of Alloy Phase Diagrams Vol. 10 No. 1 1989 



Table 8 Thermodynamic Properties of As in Its 
Usual Standard States of Pure ~ s  up to 887 K and 
1/4 As4(g) above 887 K at 1.013 bar 

Gibbs 
Temper- Heat energy 
ature, capacit~ Entrop~ function (a), Enthalpy, 

K J/g-atomK J/g-atom'K J/g.atom'K J/g-atom 

Pure(xAs 

298.15 ........ 24.393 35.564 35.564 0 
300 ............. 24.401 35.715 35.564 46 

400 ............. 24.794 42.790 35.526 2 506 
500 ............. 25.188 48.363 38.355 5 004 
600 ............. 25.581 52.990 40.417 7544 
700 ............. 25.974 56.965 42.505 10 121 

800 ............. 26.368 60.459 44.539 12 736 

887 ............. 26.711 63.195 46.233 15 046 

l~As4(g)  

887 .......... 20.606 103.809 46.233 51 070 

900 .......... 20.610 104.110 47.070 51 338 
1000 ........... 20.644 106.282 52.882 53400 

1090 ........... 20.669 108.064 57.367 55262 
1100 ........... 20.669 108.253 57.827 55467 

1200 ........... 20.686 110.052 62.107 57 534 
1300 ........... 20.698 111.709 65.860 59 605 
1400 ........... 20.711 113.244 69.191 61 676 

1500 ........... 20.719 114.671 72.174 63 747 
(a) [G O -H~ ~ Ge~(b)  Values for H ~ 1 7 6  
/-/~176 = 5104 J/g-atom. 

As 
o f  [78Dro]  a l s o  e l i m i n a t e d  s p u r i o u s  As4(g) ,  b e c a u s e  t h e  
e x p e r i m e n t a l  interception o f  t h e  m o l e c u l a r  b e a m  f r o m  
t h e  K n u d s e n  cel l  c o m p l e t e l y  s u p p r e s s e d  t h e  s i g n a l  fo r  
t h e  e f f u s i n g  spec ies .  T h e  a s s e s s e d  v a l u e  o f  227  042  ___ 
3300  J / t o o l  o f  As4 is t h e  a v e r a g e  v a l u e ,  w h i c h  c o m -  
b in%l  w i t h  h f / - / ' (Ami ,298)  = 156 5 4 8  J / m o l  AS4 y i e l d s  
A f H ' ( A s 2 , 2 9 8 )  = 191 795 +_ 2 1 0 0  J / m o l  o f  As2.  

Dissociation of As2(g) into As(g) 
T h e  f o l l o w i n g  d i s s o c i a t i o n  r e a c t i o n  a n d  i t s  A r H ( 2 9 8 )  
w e r e  i n v e s t i g a t e d  b y  o p t i c a l  s p e c t r o s c o p y  b y  [37Kin ] :  

A s 2 ( g ) - *  2As(g )  

h r H ( 2 9 8 )  = 382 500  ___ 2 2 6 0  J / r e a c t i o n  

a s  c a l c u l a t e d  by  R o s e n b l a t t  i n  [ H u l t g r e n ,  E].  M a s s  
s p e c t r o m e t r i c  i n v e s t i g a t i o n s  o f  [73Kor ]  w i t h  g a d o -  
l i n i u m  a r s e n i d e  a t  1323 to  1901 K y i e l d e d  A r H ( 2 9 8 )  = 
382 000  _+ 10 500  J / r e a c t i o n ,  in  c l o s e  a g r e e m e n t  w i t h  
[37Kin] .  A v a l u e  c o m p u t e d  f r o m  t o t a l  p r e s s u r e  a n d  
g a s - d e n s i t y  o v e r  G a A s  b y  [73Vig]  is  12 720  J h i g h e r  
t h a n  382  4 0 0  J a n d  n o t  c o n s i d e r e d  in  s e l e c t i n g  a n  ac -  
c e p t a b l e  v a l u e  in  t h i s  a s s e s s m e n t .  T h e  a d o p t e d  v a l u e  is  
h r H ( 2 9 8 )  = 382  4 1 8  + 2 5 0 0  J / r e a c t i o n ,  a n d  t h i s  v a l u e ,  
c o m b i n e d  w i t h  A fH ~  = 191 795 J / t oo l ,  
y i e l d s  AfH0(As ,g )  = 287  100 _+ 2 5 0 0  J / m o l  for  A s ( c , a )  
--, As(g) .  A t o m i c  a b s o r p t i o n  s p e c t r o m e t r y  o f  As(g)  in  
e q u i l i b r i u m  w i t h  t h e  so l id  a t  6 3 3  to  693  K b y  [78Mur ]  
w o u l d  l e a d  to  a v e r y  low v a l u e  o f  a b o u t  181 170 J / too l ,  
w h i c h  is n o t  c o n s i d e r e d  in  t h e  p r e s e n t  e v a l u a t i o n .  T h e  
v a l u e  c o m p i l e d  b y  [ H u l t g r e n , E ]  is  301 750  +_ 2 3 0 0  

Table 9 Thermodynamic Properties of Ideal Monatomic Gas As(g) in its Standard State 
Heat Gibbs energy Enthalpy of Gibbs energy  Equilibrium 

Temperature, capacity Entrop~ function,  Enthalpy(a), formation, of formation, constant,  
K J/mol �9 K J/mol �9 K J/mol. K J/mol J/mol J/mol log Kp 

For As(c, 0D --* As(g) 

298.15 ........................ 20.786 174.100 
300 ............................. 20.786 174.230 
400 ............................. 20.786 180.209 
500 ............................. 20.786 184.845 
600 ............................. 20.786 188.636 
700 ............................. 20.786 191.841 
800 ............................. 20.786 194.615 
887 ............................. 20.786 196.761 

174.10 0 287 100 245 796 -43.062 
174.105 38 287 092 245 537 -42.751 
174.916 2 117 286 711 231743 -30.262 
176.452 4 197 286293 218 052 -22.779 
178.176 6276 285 832 204 445 -17.798 
179.912 8351 285 330 190 917 -14.246 
181.577 10431 284 795 177471 -11.588 
182.962 12238 284293 165 820 -9.765 

887 ............................ 20.786 196.761 182.962 12238 
900 ............................ 20.786 197.066 183.167 12510 

1000 ........................... 20.786 199.255 184.665 14 590 
1090 ........................... 20.790 201.050 185.954 16456 
1100 ........................... 20.790 201.238 186.088 16 665 
1200 ........................... 20.744 203.045 187.426 18 744 
1300 ........................... 20.803 204.711 188.694 20 824 
1400 ........................... 20.820 206.254 189.891 22 907 
1500 ........................... 20.845 207.690 191.033 24987 
{a) Values for H ~ - H~ H~ - H~ = 6197 J/mol. 

For  l~As4(g)---*As(g) 

248 269 165 820 -9.765 
248 273 164 613 -9.554 
248290 155 317 - 8.113 
248294 146 939 -7.041 
248298 146 015 -6.934 
248 311 136 719 -5.951 
248 319 127416 -5.120 
248 331 118 117 -4.407 
248 340 108 812 -3.789 
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As 
Table 10 Thermodynamic Properties of Ideal Diatomic Gas As2(g) in its Standard State 

Heat Gibbs energy Enthalpy of Gibbs energy  Equilibrium 
Temperature, capacity, Entropy, function, Enthalpy(a), formation, of formation,  constant ,  

K J/mol "K J/mol 'K J/mol "K J/mol J/mol J/mol iogKp 

For 2As(c, ct) --* As2(g) 

298.15 ......................... 35.003 240.772 
300 .............................. 35.012 240.990 
400 .............................. 35.957 251.207 
500 .............................. 36.443 259.291 
600 .............................. 36.727 265.960 
700 .............................. 36.903 271.634 
800 .............................. 37.020 276.571 
887 .............................. 37.091 280.395 

240.772 O 191 795 141 214 -24.740 
240.772 67 191 769 140 900 -24.532 
242.149 3 623 190405 124 156 -16.213 
244.785 7247 189 030 107 755 -11.257 
247.789 10 904 187 611 91 621 -7.976 
250.797 14 585 186 138 75 747 -5.652 
253.714 18284 184 606 60 082 -3.923 
256.144 21 510 183 213 46 614 -2.745 

887 ........................... 37.091 280.395 256.144 21 510 
900 ........................... 37.104 280.939 256.504 21991 

1000 ............................ 37.162 284.847 259.149 25 698 
1090 ............................ 37.200 288.039 261.387 29 050 
1100 ............................ 37.204 288.395 261.646 29422 
1200 ............................ 37.238 291.633 264.019 33 137 
1300 ............................ 37.263 294.616 266.261 36 861 
1400 ............................ 37.284 297.378 268.387 40 589 
1500 ............................ 37.300 299.955 270.412 44 317 

For 1/2As4(g)---~As2(g) 

111 165 46 614 -2.745 
111 110 45 664 -2.650 
110 692 38409 -2.006 
110 324 31 941 -1.531 
110282 31204 -1.482 
109 863 24 029 -1.046 
109445 16 887 -0.679 
109 031 9 786 -0.365 
108 617 2 699 -0.094 

(a) Values for H~ -/-/~ - H~ = 9422 J/mol. 

Table 11 Thermodynamic Properties of Ideal Triatomic Gas As3(g) in its Standard State 
Heat Gibbs energy Entbalpy of Gibbs energy  Equilibrium 

Temperature, capacit~ Entrop~ function, Enthalpy(a), formation, of formation,  constant ,  
K J / m o i . K  J/mol �9 K J/mol "K J /mol  J/mol J/mol  log Kp 

For 3As(c, oD --> As3(g) 

298.15 ......................... 59.045 
300 .............................. 59.070 
400 .............................. 60.413 
500 .............................. 61.091 
600 .............................. 61.467 
700 .............................. 61.693 
800 .............................. 61.844 
887 .............................. 61.944 

310.122 310.122 0 243 509 182 858 -32.035 
310.486 310.122 109 243480 182477 -31.771 
327.695 312.478 6 088 242 078 162 348 -21.200 
341.251 316.900 12 175 240 672 142 591 -14.896 
352.423 321.921 18 301 239 178 123 106 -10.717 
361.924 326.975 24464 237 609 103 889 -7.752 
370.171 331.871 30 639 235 940 84.906 -5.544 
376.560 335.946 36 024 234 396 68 551 -4.037 

887 ........................... 61.944 376.560 
900 ........................... 61.957 377.464 

1000 ............................ 62.032 383.991 
1090 ............................ 62.078 389.334 
1100 ............................ 62.082 389.903 
1200 ............................ 62.132 395.313 
1300 ............................ 62.170 400.287 
1400 ............................ 62.199 404.894 
1500 ............................ 62.224 409.187 
N o t e :  Heatcapac i tyand  related propert iesareest imates .  

For3/4As4(g)--~Asa(g)  

335.946 36 024 126 323 68 551 -4.037 
336.544 36 828 126 323 67 705 -3.929 
340.963 43 028 126 336 61 191 -3.196 
344.736 48 610 126 336 55 333 -2.652 
345.151 49229 126 336 54 677 -2.596 
349.113 55442 126 348 48 158 -2.096 
352.862 61655 126 348 41 639 -1.673 
356.414 67 873 126 353 35 125 -1.310 
359.791 74 094 126 361 28 606 -0.996 

(a) Values for H ~ - H~ 298 ); H~ ) - H~ 0 ) = 14 799 J/mol. 

J/ tool,  a n d  t h a t  o f  [87Bre]  is 285  190 J /mol ;  t he  l a t t e r  
is r e a s o n a b l y  close to t he  a d o p t e d  value.  

G a s e o u s  Tr iarsen ic ,  A s 3 ( g )  
[69Hud]  i n v e s t i g a t e d  As3(g) --* As2(g) + As(g) by 
e lec t ron  i m p a c t  a n d  o b t a i n e d  ArH(298)  = 261 330 _+ 
29 00O J / r e a c t i o n  (see also [ H u l t g r e n , E ] ) .  

C o m b i n a t i o n  of  th is  va l ue  w i t h  AfH0(298)  for  As2(g) 
a n d  for  As(g) f r o m  t he  p r e c e d i n g  s ec t i ons  y ie lds  
AfH ' (As3 ,g ,  298)  = 217  600  _+ 33  500  J /mol .  T h e  v a l u e  
s u m m a r i z e d  in  [ H u l t g r e n , E ]  is 261 420  + 37 700 
J /mol ,  a n d  t h a t  of  [87Bre]  is 216  170 J /mol .  E l e c t r o n  
i m p a c t  of  As4~g) by  [73Ben]  in  the  r a n g e  of  653  to 693  
K y i e l d e d  Af/-/u(298) = 243  500  ___ 21 000  J / tool  of  AS3. 
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Table 12 Thermodynamic Properties of Ideal Tetratomic Gas As4(g) in its Standard State 
Heat Gibbs energy Enthalpy of  Gibbs energy  Equilibrium 

Temperature, capacity, Entropy, function,  Enthalpy(a), formation, of formation,  constant,  
K J/mol "K J/tool �9 K J/mol �9 K J/mol J/mol J/mol log Kp 

As 

298.15 . . . . . . . . . . . . . . . . . . . . . . . . .  77.220 
300 .............................. 77.237 
400 .............................. 79.730 
500 .............................. 80.919 
600 .............................. 81.588 
700 .............................. 81.990 
800 .............................. 82.257 
887 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  82.416 

ForAs4(g )as thes tandards ta te  

887 ........................... 82.416 
900 ........................... 82.442 

1000 ............................ 82.575 
1090 ............................ 82.667 
1100 ............................ 82.676 
1200 ............................ 82.743 
1300 ............................ 82.793 
1400 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  82.843 
1500 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  82.877 

For4As(c,~)-->As4(g) 

327.323 327.323 0 156 549 101 370 -17.759 
327.808 327.335 142 156 507 101 018 -17.589 
350.418 330.377 8 017 154 540 82 835 -10.817 
368.343 336.243 16 050 152 582 65 137 -6.805 
383.171 342.866 24 184 150 557 47 831 -4.164 
395.773 349.556 32 351 148415 30 878 -2.304 
406.735 356.025 40 568 146 172 14 251 -0.931 
415.237 361.426 47 731 144 097 0 0 

415.237 361.426 47731 
4]6.442 362.217 48 802 
425.128 368.075 57 053 
432.257 373.087 64 492 
433.011 373.627 65 321 
440.207 378.882 73 588 
446.834 383.857 81 873 
452.977 388.581 90 157 
458.688 393.062 98 441 

= 17 539J/mol. (a) Values fo rH  ~ - H~ H~ H~ 

Table 13 Standard Thermodynamic Properties of As4(g) in Equilibrium with Solid and Liquid As 
Heat Gibbs energy Enthalpy of  Gibbs energy  Equilibrium 

Temperature, capacity, Entropy, function,  Enthalpy(a), formation, of formation, constant,  
K J/tool -K J/tool 'K J/mol "K J/mol J/tool J/mol logKp 

For 4As(c,c0 ---> As4(g) 

298.15 ...................... 77.220 
300 ........................... 77.237 
400 ........................... 79.730 
500 ........................... 80.919 
600 ........................... 81.588 
700 ........................... 81.990 
800 ........................... 82.257 
887 . . . . . . . . . . . . . . . . . . . . . . . . . . .  82.416 
900 . . . . . . . . . . . . . . . . . . . . . . . . . . .  82.442 

1000 ........................... 82.575 
1090 ............................ 82.667 

327323 327.323 0 156 548 101 370 -17.759 
327.808 327.335 142 156 507 101 018 -17.589 
350.418 330.377 8 017 154 540 82 835 -10.817 
368.343 336.243 16 050 152 582 65 137 -6.805 
383.171 342.866 24184 150 557 47 831 -4.164 
395.773 349.556 32351 148 415 30 878 -2.304 
406.735 356.025 40 568 146 172 14 251 -0.931 
415.237 361.426 47 731 144 097 0 0 
416.442 362.217 48 802 143 779 - 2117  0.123 
425.128 368.075 57 053 141 235 -18 192 0.950 
432257 373.087 64492 138 850 -32 426 1.554 

1090 ............................ 82.667 432.257 
1100 ............................ 82.676 433.011 
1200 ............................ 82.743 440.207 
1300 ............................ 82.793 446.834 
1400 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  82.843 452.977 
1500 ............................ 82877 458.688 
(a )H~176 = 17 539J/moL 
pressureAs4(g)at1090to1500 K. 

For 4Asm~ -~ As4(g) 

373.087 64 492 43 455 -32 426 1.554 
373.627 65 321 43 129 -33 121 1.573 
378.882 73 588 39 865 -39 907 1.737 
383.857 81 873 36 618 -46 426 1.865 
388.581 90 157 33 372 -52 689 1.966 
393.062 98 441 30 125 -58 722 2.045 

Standard state for liquid in this table is assumed to be the pure liquid under  its equil ibrium 

(The  o r ig ina l  value,  241 000  J /mol ,  has  been  co r rec ted  
s l igh t ly  in  th is  pape r  for the  e n t h a l p y  of  s u b l i m a t i o n  of  
As(c,a).) The  a u t h o r  i n  c o n s u l t a t i o n  wi th  [87Hud]  a n d  
[87Mar l  se lec ted  AfH0(298) = 243  509 +_ 21 000 J / m o l  
(58 200  cal /mol)  for the  " ' f o r m a t i o n  of t r i a r s e n i c  gas,  be- 
cause  the  r e su l t  of  [73Ben]  is cons ide red  to be m o r e  
re l iab le  t h a n  t h a t  o f  [69Hud]  as  s t a t e d  by [87Hud] .  

Heat Capacities and Related Properties of Gaseous 
Species 

T h e r m a l  p r o p e r t i e s  of  m o n a t o m i c  As(g) a r e  
f rom[64Hi l ] .  T h e  v a l u e s  for  d i a t o m i c  As2(g) a r e  f r o m  
the  v i b r a t i o n a l  f r e q u e n c y  of  [37Kin ]  by e m i s s i o n  
spec t roscopy  a n d  r o t a t i o n a l  c o n s t a n t  of  [68Per]  by  
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spectroscopy as calculated and listed by Rosenblatt  in 
[Hultgren,E]. (See also [69Per], [70Per], and [80Per].) 
All the gas properties of  triatomic As3(g) are estimates 
by [69Hud] and are also listed in [Hultgren,E]. The 
results for As, As2, and As3 are listed in Tables 9, 10, 
and 11. 

The properties of  the te t ramer  AS4(g) calculated by 
[68Her] were revised by [70Cap] and [72Bru], based 
on their infrared and Raman spectroscopy. The result- 
ing values of S0(298) are 329.841 [68Her], 327.31 
[70Cap], and 327.15 J/mol'K [72Bru]. A previous value 
of [690zi], derived from his spectroscopic data is 
3~8.40 J/mol'K. Based on these investigations, 
SV(298) = 327.323 + 1.3 J/mol.K in [Hultgren,E] is 
adopted, as suggested by [87Bre] and [87Ros] (see also 
[84Pan]). These results are listed in Table 12. 

Tabular Data 
The thermodynamic properties of all the As species are 
listed in Tables 3, 8-12 in the format used in [82Pan] 
and [84Pan]. The equilibrium constant Kp is in terms 
ofatmespheres (1 a tm = 101 325 Pa) to the proper ex- 
ponents as required by each formation reaction. The 
use of such tables is presented in detail by [84Pan]. 

Table 13 is somewhat unusual, because it contains the 
data for pure liquid As under various pressures of its 
own gas phase, whereas the usual choice of standard 
state is the liquid under  1.013 bar of pressure, which is 
nonexistent for As. The table permits computation of 
similar data for AS(g), AS2(g) and AS3(g), formed from 
AS(L). For example, if it is desirable to compute 5fG 0 
for As(L) --, As(g) at  1500 K, it is sufficient to a d d l / 4  
hfG v = -14 681 J/g-atom from Table 13 to hfG v = 
108 812 J/mol in Table 9 to obtain hfG 0 = 94 131 J/g- 
atom which yields 5.3 x 10 -4 bar of As(g) in equi- 
librium with liquid As. 
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