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ABSTRACT

Sublimation vapour pressures and sublimation enthalpy of anhydrous bismuth tmflueride have been measured
by the continuous gravimetnc Knudsen-effusion methed from 639.7 to 782.8 K. Addihonal eflusion measurements
have also been made from 75(0.6 to 863.1 K by the torsien-effusion method. Based on a correlation of AqaH%0915

and AuS"ss1: 2 recommended P(T) eguation has been obtained for BiFafs)

logP= —C/T+5.2375logT ~3.205 % 1075T +4.661 X 107/ T*+ 1.343

where P is in Pa, T m Kelvin, A1 M kJ mol™! and C= (A, H"ug 12—

13.5149)/1.9146 < 10~ % Condensation

cocliicients and themrr temperalure dependence have been derived from the effusion measurements.
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1. Introduction

The need for accurately known thermodynamic data
and structural information on metal halides is beco-
ming increasingly important as a result of thewr increa-
sing uses, especially in the field of materals, semicon-
ductors, heat transfer media, reaction media for both

electrochemical and chemucal processes and as a fuel
carrier in nuclear reactors. The physico-chemical pro-
perties of an increasing number of metal halides are
bemg examined 1 order to assess their suitability for
these applications.

Two sets of vapour pressure are reporled in the
literature of BiF,, Cubicciott’¥ measured the vapour
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pressure using the transpiration method 1n the tempe-
rature ranges 756~853 K. The vapour pressure may
be represented hy the equation; logP{Pa)}= —9753/T+
9.60. Standard sublimation enthalpy calculated {rom
this equation is 186.73 k] mol™. Also, Mana and co-
workers? determined the vapour pressure values on
the temperature ranges 569838 K ultilizing the Knu-
dsen effusion-microcalorimetric iechnique. The data
relative to the sublimation process are legP{Pa)=—
9797+ 0.07)/T+ (13.915+ 0,09} and sublimation entha-
lpy (201.154+ 0.975) kJ mol~". The present study has
been undertaken to re-examine the sublimation vapour
pressures and enthalpy for BiFs using the continuocus
gravimetric Knudsen and torsion effusion techniques.

2. Experimental and Results

Samples of anhydrous BilF; by Johnson Matthey Ltd.
of Puratronic grade (10 p.pm. total metal impurities)
were vaporized in this studv. Effusion cells, based es-
sentially on a design by Blairs et al¥ and fabricated
with type-304 stainless steel, were filled inside a nitro-
gen dry box (maslure level <20v.pm). A series of
inlerchangeable push-fil effusion cell lids. each carrying
an oritice of different size and having rnght-circular
cylindrical geometry were used n the measurements.

Effusion orifice parameters, orifice Clausing Factors®
Wy and recoil force factors” { used in the gravimetric
and torsion eflfusion measurements were reported in
the previous papers™. And the base of both methods
and experimental apparatus was also described.

2.1. Gravimetric Knudsen Effusion

Gravimetric Knudsen effusion system was made via
a port m the dry box wall, fo attach loaded gravimetric
effusion cells directly to a calibrated Ni-Span-C 902
spring halance(11.222+ 0012 cm g ') inside the efto-
sion apparatus. Spring contractions during eftusion
runs were measured by cathelometer (£ 0.001 cm).
Steady-state effusion rates at each temperature, W
{mg h™"), were derived from linear least squares plots
of spring contraction vs. time data. Effusion cells were
maintained in a fixed posilion in the constant zone
{+05K) of laboratory tube furnaces. Dynamic vacua
better than 1.33%10°% Pa were maintained during ef-
fusion runs. Effusion cell temperalures (£ 0.25 K) were
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measured with calibrated NiCr/MiAl thermocouples
with their hot junctions located in close proximity lo
the effusion cells.

Steady-siate Knudsen eflusion vapour pressures for
solid BiF, in the range 639.7 10 7828 K are reported
in Tahle 1 and are plotted in Fig. 1 for five different

effective onlice areas.

2.2. Torsion Effusion

Moment arms ol the torsion effusion cells were
measured by cathetomeler as (0.843% 0.001) cm. A null
point torsion effusion apparalus employmg a geared
slepper motor and eleclronic driver was also used to
measure vapour pressures. Each stepper motor pulse
corresponded to a torsion angle of 4.057 and a dellec-
tion of {2.884 0.09) mm was measured using an optical
lever and a He-Ne laser. The torsion constant k,
(215044 0.1486) % 10" "N m~irad "', of a 0.005 cm dia-
meter tungsten wire was determined from changes of
oscillation period afier addition of inertia masses of
known moments of inertia. A laser switch and inlerfa-
ced computer were used as a precision timer (3 0.0001
5). The design of the torsion etfusion apparatus preclu-
ded direct mounting of loaded effusicn cells from the
dry bax. Instead, a procedure suggested by McCreary
and Thorn® was used. Orifices of matched pairs of
torsion cells were sealed with drops of naphthalene
inside the dry box. On solidification, naphthalene sea-
led the orifices and prolected the halide [rom hydroly-
sis during transfer to the torsion effusion apparatus.
On evacualion, naphthalene was sublimed clearly from
the arifices.

Steady-slale torsion elfusion vapour préssures, mea-
sured in the range from 750.6 to 853.9 K are reported
in Table 2 and are plotted 1 Fig. 2 for four different
orifice areas. P(T) equations derived by least squarcs
treaiment of the steady-stale vapour pressures for each
orifice size are summarized in Table 3.

3. Discussion

Steady-state vapour pressures from both elfusion
techniques were found to be dependent on effective
orifice area aWp. Isothermal plots of inverse steady-
state vapour pressure versus effective orifice were li-

near and were extrapolated to obtain inverse values
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Table 1. Steady-State Vapour pressure Pg(Pa) and Third-Law Standard Molar Enthalpy AgH%gss for BiF,(s)
Determined by Knudsen Effusion Method. W= >5teady-State Effusion Rate (mgh . (p°=101325 Pa)

Orifice T W Px A5 15
No. (K (mgh™) (Pa) {kJ mol™")

Onifice T W Px A H%u0 15
No. (K) (mgh™) (Pa) {kJ mol™")

1 727.1 0.387849 1986077 206.75
7409 0.98218 5.034546 204.72
7446 112537 5770165 204.85
7508 130090 | 6673144 20553
756.3 1.54867 | 7.047186 205.86

763.7 1174270 | 8515606 207.28
7684 1447802 | 10.559272 207.13
734 1769713 |12.910604 207.07
7779 2300292 |16.827441 20647
782.8 2647201 (19423641 206.77

2 697.5 (.45059 0.723620 204.75
7029 0.58012 0.934790 204.64
7074 0.73345 1185462 204.49
712.1 0.79890 1.285350 205.26
716.6 1.06781 1.736550 204.74
7218 146963 2.398256 204.20
7275 122581 2880607 204.38
735.5 247785 4079891 20461
7417 2.85146 4.713639 205.33
753.5 4.210562 7012703 205.92
758.9 4.97595 8.315849 206.23
762.7 760108 [12.732978 20449
7705 9.03042 | 15.200508 205.31
7779 12.67227 | 21.426556 204.91

4 6974 1.24074 | 0.368996 208.53
102.6 155061 | 0.474721 208.54
720.3 323944 0978653 209.32
726.3 3.76600 1141839 209.89
738.5 6.73064 | 2.056924 209.61
7439 8.34514 | 2.559109 209.69
7480 970393 | 2.983504 200.83
752.9 11.21188 | 3.457969 210.20
758.0 1538311 | 4.759635 209.52
7626 16.80314 | 5.241822 210.1¢
766.6 | 2171819 | 6.755617 209.50
7711 | 25.69587 | B.014967 209.54

3 6787 048253 | 0330853 20381
686.1 0.63727 0439191 204.30
692.0 0.88029 0.609163 204.10
702.9 0.97998 0.683210 206.47
706.6 1.29154 0.902726 205.69
715.0 147715 1.040954 20843
725.6 247540 L.752056 207.11
7284 2.59424 1.839582 207.58
7336 3.50388 24930356 207.12
7346 6.17743 3.686030 204.99
740.0 5.57624 3.983885 205.94
742.9 6.25934 4.430058 205.95
7485 7.87253 5655081 205.98
7521 8.01496 6.130295 206.39
758.0 9.94658 7.187622 208,91

9 639.7 044294 0.062608 201.46
644.8 0.61952 0.087899 20116
6509 0.83190 0.118564 201.39
661.5 1.20558 0.173146 202.43
667.1 160641 0.231648 20245
670.6 211369 0.305602 201.93
676.0 2.75463 £.395754 201.98
6814 347139 £.505692 202.19
692.6 3.86958 0.568140 204.67
700.9 4.48111 661626 206.13
7045 818894 1.212007 203.58
707.6 8.80454 1.305826 203 98
7114 1030583 | 1.532367 204.07
7174 1486780 | 2.219537 203.49
722.5 20.30059 | 3.040790 202.95
727.3 2471803 | 3.714281 203.02

of the equilibrium vapour pressures for zera effective
orifice area. From the equilibrium sublimation pressu-
res, the following P(T) equations were obtained from
the Knudsen and torsion effusion measurements res-
pectively: logPp(Pay=—(10121+ 75)/T+{14.244= (.
097) and logP(Pa)= — (8625+ 80)/T+ (138164 0.0%4).

These equilibrium P(1) equations are shown with ex-
perimental points on Figs. 1 and 2 and with literature
vapour pressures™® for comparison in Fig. 3. Extrapola-
ted Knudsen effusion equilibnum vapour pressures are
in good agreemenl wilh those reported in references
1 and 2,

A3 A6 (1094) -B87-
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Fig. 1. Steady-state vapour pressures for BiFy(s) mea-
sured by Knudsen effusion method,
O, orifice 1; =, orifice 2; », orifice 3; #, orifice
4; %, orifice 5; —, equlibrium line.

From literalure value for BiFy(s) vapour pressures,
equations of [orm logP(Pa)=—A/T+B were derived
and the coefficients A and B are given in Table 4.
Second-law values of AwpH and AgpSx also given
in Table 6 were calculated by assuming the coefficients
A and B apply at the mean temperatures of the various
ranges logether with the following C(T) for BiFs(s)
and BiFa(g). Polynomial expressions” % (Jmol™' K™%
=3897+123.17% 10T+ 895X 10°T 2 and C°%( mol ™’
K 1=8251+046>X107*T— 890X 10°T"% for BiFs(s)
and BiF(g) respectively were employed in this resea-
rch.

All the structural and spectroscopic guantities used
in the thermodynamic calculations are presented in
Tahle 5. Thermodynamic [unclions A{G® — Hogg5)/T
for BiF(g) were computed for a rigid-rotator harmontc-
oscillator ideal gas monomer and pyramidal C, sym-
melry.

Thermodynamic functions AL(G*r—Hess1:)/T] and
SPus1s tor BiFu(s) were derived froml AgS%ms s =(194.97
4335 JTmol 'KV, and Shes=317.65] mol' K™
for BiFs(g) compuled as cutlined above and C*% (J mol ™
K-9)=23R97+123.17 X 10~ "T+885X 10°T"% for BiF,
{(s)", Thermodynamic functions for BiF(s) at selected
temperatures are presented m Table 5.

Third-law AwH%s 15 al each elfusion temperature

3a

0.q -

T2 '
10°K/T

Fig. 2. Steady-state vapour pressures for BiF.(s) mea-
sured by torsion effusion method.
<, onfice 1; T, orifice 2; o, orifice 3; #, orifice
4; —, equilibrium line.
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Fig. 3, Comparisen of BiF; vapour pressures.
0. Cubicantti”; B, Mana and co-warkers”; —,
Knudsen effusion equilibrium lpe; ---, torsion
effusion equilibrium line; -+, recommended P

(T

are also reported in Tables 1 and 2 and shown in Fig 4
for both effusion lechniques. Individual AgHoms values
obtamed using elfusion methods are independent of
temperalure and effective orifice area.

The average third-law AupHms, (206.38+ 0.014)
k] mal™!, shown in Fig. 4 together with its standard

-588- 2413437
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Table 2. Steady-State Vapour Pressure Pi{Pa) and Third-Law Standard Molar Sublmation Enthalpy A.wH%ss1s
for BiFss) Determined by Torsion Effusion Method

Cell T PT AcinH%0815 Cell T PT A 015
No. (K) {Pa) (kI mol™") Na. (B (Pa) (kJmol™)
1 7728 20547808 202.54 §22.0 110.581863 204.44
778.0 31741234 202.40 826.4 127.038094 204.48
782.9 37.181644 202.56 829.3 141.520020 204.40
7912 48.435085 202.79 8338 158.098022 204.66
796.9 60.625656 202.68 3 7782 19.103920 205.74
800.8 67.373726 20288 782.3 22163235 205.79
8087 87.806023 202.95 790.3 27765369 206.24
811.6 105.806931 202.36 794.2 32.283962 206.18
820.1 128 469254 202.97 798.8 37.233524 206.36
826.8 170.815033 202.55 805.0 46.258907 206.37
830.0 192915205 202.42 809.1 51.132515 206.67
833.5 216.516373 202,39 8138 58.91667% 206.82
837.6 239.540009 202.60 816.2 65.829697 206.64
3398 259.387939 202.54 826.0 84.734634 20717
543.2 286.717682 202.59 4 750.6 5285873 206.53
848.3 329.199188 202.73 760.2 6.600476 208.01
851.2 358.017639 20276 760.7 7975427 206.95
853.9 381401154 202.8%9 7672 10.276388 206.97

2 778.5 19.535908 205.66 T7L2 12268122 206.84
783.3 23.887911 205.54 778.1 15.525016 207.06
789.0 30.084953 20542 780.9 18.241421 206.70
7912 34172871 205.11 788.0 23.319567 206.83
795.3 40.1045%9 205.03 7916 27.540911 206.62
798.8 45.376152 205.03 797.8 33.852264 206.76
805.0 55.784343 20513 802.8 41.055187 206.66
8090.6 66.588478 20501 807.4 48496510 206.63
§14.4 77.783432 205.09

Tahle 3. Coefficients with Standard Deviations of the Equation logP(Pa)= —A/T+DB Denved from BiF; Steady-
State Knudsen and Torsion Effusion Vapour Pressure Measurements Determmed in the Temperature
Range T, 1o T:

Method Orifice T T2 Number of A B
No. (K} Points
1 7271 756.3 5 11301+ 1528 15891+ 2.054
2 697.9 777.9 14 9684+ 219 13.7521+ 0.298
Knudsen 3 678.7 782.8 20 9243+ 286 13.057+ 0.568
4 " 6974 771.1 12 9683+ 171 13.433£0.340
5 639.7 727.3 16 8911+ 318 12.735£ 0.464
1 7728 853.9 18 9765+ 120 14038+ 0.149
Torston 2 7785 833.8 13 10740+ 116 15095+ 0,144
3 778.2 826.0 10 8784+ 98 12569+ 0,123
4 750.6 807.4 12 10540+ 219 14.743+ 0.281

Al 317 A6 32{1994) 89~
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Table 4. Summary of Bils(s) Vapour Pressures

2nd Jaw 3rd law
T (K} A B A %0515 AeSos s Ao H %0 15
(kI mol™4 Jmal tK™ (k] mol™ "
756.4-853.11 9657 13.731 193.154 194,452 205.28
+155 +0.193 + 2.568 + 3.695 + {411
669 -838% 9845 13.979 193.957 195133 20459
+ 104 +0.137 +{.858 + 2,67 + 0645
639.7-752.8%@ 10121 14.244 200.598 202178 206.38
+ 75 + 0.097 + 1436 + 0.015 + 0014
750.6-837.6% 9625 13.816 192.870 186.476 206.28
+ 80 + {.099 +1.532 +0.019 + 0.035

aGravimetric Knudsen-effusion method, ®Torswon-effusion method, “*Enudsen effusion-Microcalerimetric method,

Tahle 5. Standard Molar Thermodynamic Functions for BiFy(s) and BiF{g) at Selecled Temperatures. v/em™,
505, 203, 425, 175; Geometrnie Constants:? r(Bi-F)=0.236 nm; r(Bi-Bi)=0.285 nm; ~F-Bi-F=100" (R=
831451 Jmol P K™Y p°= 101325 Pa: T'=298.15 K)

T (O (Hop-1°35 1) A(S"1-S%0m15) — AT{G*1-H’as 16/ T
K (Jmol 'K (k] mol ") (Jmel 'K (Jmol' K™
sohd*
298.15 85.817 a 0 122.561
300 85.865 0.772 0531 120.548
400 93.829 9.112 26.234 126.045
500 104.131 18.999 48.253 132346
600 115.354 29.968 68.221 140,865
700 127.011 42.084 86874 145.345
gas

298.15 75.644 d a 322.548
300 73.740 0.136 0456 3228650
400 77440 7.714 22.232 325494
500 79316 15.560 39.730 331159
600 80.427 23.552 54.298 337.594
700 81.120 31631 66.752 344.112
800 81.580 39.768 77.616 350.454
500 81.901 47.943 87.244 356.522

aDerived using €°, and A.S%s for BiFy(s) from reference 1 and S%um(g) calculated in this work™.

deviation, is based only on the Knudsen-effusion data
and is comparable with A.H%aw=201.3 k] mol™* de-
rved later from an enthalpy-entropy correlation. Ave-
rage third-law A, H%g s values derived from literature
vapour pressures are also included in Table 4.
Uncertainty of temperature to which the ceefficients
A and B summarized in Table 4 are valid may be avoi-
ded by use of the modified sigma function method™,

,690_

AcpH%0s15 and A, ,S"%ea1s values were derived from the
least squares slopes and intercepts of modified sigma
function plots of the literalure BiF; vapour pressure
data sets'® as well as the present measurements. For
these calculations, in addilion to the {ree energy func-
tions of gaseous and solid BiF; reported in Table 5,
a value of C°%=440T mol"* K'Y, and a molar enthal-
py of fusion of (909.18+% 12.55) k] mol™'", were used
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206 38 ,
kd mol”

1 L 1
19053 T LTV s R 7 850
Temp. (K)

Fig. 4. Enthalpy of suhlimation at 20815 K of BiFs(s)
determined 1n this research.
Knudsen effusion: C, orifice 1; O, orifice 2; A,
orifice 3; #, orifice 4; *, onfice 5.
Torsion effusion: *, orifice 1; +, orifice 2; X,
orifice 3; *, orifice 4.

to ohtain thermal functons for liquid BiF;. The resul-
ting AcnH%s15 and AawS%ss1; are summarized in Table
6 and have been plotted as AwuH’ms15 ¥8. AwrS 15
in Fig.5. The values are linearly correlated by the
least-squares equation A M= (20.1648+ 5.3924)+
(0.9282: 0.0320)A0upS%0g1:,  (correlation  coefficient=
0.999) where AgpHsis is in kJ mol™! and AL 5% s
is in Jmol ' KL

Previous studies have indicated that values of A
Heop1s and AgnSme s generated from sets of log P(Pa)
versus T7' are frequently linearly correlated. McC-
reary and Thorn'” suggest an explanation for this type
of correlation m that the error or errors inadvertently
encountered in vapour pressure determinations, are
systematic in the plot of A,Hr versus AqwS°p rather
than random. Thus one can define a procedure whe-
reby the apparent precision of the third-law praocedure
is retained but wnconsistencies are removed by using
informalion available in the analysis of log P(Pa) versus
T\ For RiF; Pankratz'® reports an assessed Aap
Sheis of 195.1Jmol K=Y The correspanding Ay
HC%s 15 from the linear correlation of A, wH%as 1 and Ay
S5 15 2013KJmel™! as shown in Fig.5. The
third-law A...H%m1s obtained {rom the enthalpy-ent-
ropy correlation has been used to derve a sublimation
pressure equation which is consistent with the (hermal

314 Al 6 Z(1994)

212
210F /
Pt
5 208}
E
—, 208
F
L .
w04
&
[=2]
ON
35202 2013 :cJ_mQI"
- |
200} :
I :1951 J mal'g™
1 | L 1

B E—T 700 705 Zia
ASSQB_15 /J mol '
Fig. 5. Correlalion of molar enthalpy and entropy of
sublimation at 298.15 K for BiFi(s).
O, Cubicciotti™; @, Mara and co-workers?; B,
This study, Knudsen eifusion; ©, This study,
torsion elfusion.

Table 6. A, oH"20:15 and A.wStasss for BiFs(s) Derived
from The Modified Sigma Funclion Method'?

AgnH %0115 AgnSres 15
(k] mol™") Jmol *K™1)
2007504 29942 194.398 % 3,730
201728+ 20874 195.867+ 2.762"
208000+ 121° 202,110+ 0.156°
210218+ 2194 204.903+0.2724

“from reference 1; "from reference 2; <This study,
Knudsen effusion; 4This study, torsion effusion.

data. The resulting P(T) equation recommended for
the vapour pressure of BiF; is: logP= —C/T+5.2375
logT—3.205 % 1073 T+ 4.681 X 10%T*+ 1.348 with, C=
{AanH 3515 13.5149)/1.9146 < 1072 In this equation p
15 in Pa, T in Kelvin and Ay, H%s:s in kJ mol™', This
equalion was used to compute the recommended line
for BiFs(s) shown on Fig 3.

Condensalion coefficients . were obtained from the
slopes and intercepts of 1sothermal linear plots of inve-
rse steady-state vapour pressure and effective orifice
area. From the slopes and intercents ol serni-logarith-
muc plots of log a. vs. T7! (Fig 6), an apparent activa-
tion sublimation enthalpy AcopH* 7= —129.52 k] mal™'
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—-100

—1.40

135

~ 180 = T30

10°K/T

Fig. 6. log a. versus 1/T (Gravimetric Knudsen me-
thad).

and entropy A= —192.50 JTmol ' K™! for con-
densation were obtained from the gravimetric effusion
measurements. Corresponding values for vaporisation
{relative to the solid) were A ;H*5=>58.13 kJ mol™!
and A, S*e=—8440] mol K1 at 780K, It is to he
recognized that values of o, given in Table 7 were
obtained by assignment of the cross-sectional area
(7157 mm?*) of the effusion cell body as the effective
area of the vaporising and condensing surface. The
actual effective area may well be larger and hence o,
may actually be smaller. Apparent values of o, and
their temperature dependence are characteristic only
of effusion systems where steady-state vapour pressu-
reg are independent of sample size, Under these con-
ditions, extrapolation of steady-state pressures 1o ob-
tain equilibrium values appears quite satisfactory.

4, Conclusion

Sublimation pressures above anhydrous bismuth tri-
fluoride have measured using the gravimetric Knudsen
and torsion effusion methods. Steady state effusion
pressures were found to depend on the effeclive orifice
area of the effusion cells. Equilibrium sublimation pre-
ssures obtamed from the steady state data have been
assessed in the context of literature wvalues.

Condensation coefficients and their temperature de-
pendence have been derived from the steady state su-

-692-

Table 7. Equlibrium Vapour Pressures and Condensa-
tion Coefficients for BiFs(s) at Selected Tem-
peratures Derived From Plots of Inverse
Steady-Statc Vapour Pressure and Effective
Orifice Area. logP(Pa}= —A/T+B and aWj
for This Purpose Are Obtained from Tables
3 and 4 Respectively

Knudsen-maethad Torsion-method

T Px a. X108 | T P- . 10?
(K} (Pa) (09) (Pa)

760 8.434 ¥.227 795 51,028 | 2429
765 10.314 6.080 B00 50661 | 2500
770 12577 5.252 805 71943 | 2570
775 15.295 4.627 810 85.068 | 2.645
780 18,550 4,137 815 | 100,505 | 2722
784 22438 3744 820 | 118398 | 22301

biimation pressures and hence activation enthalpy and
entropy changes for the vaporisation and condensation
ol bismuth triflucride have heen obtamned. Standard
sublimation enthalpy changes, Ac.uH%ge.s, have heen
derived by both Secend and Third Law methods, te.,
modified Sigma function and averaged enthalpy me-
thods respectively. Standard sublimation entropy cha-
nges, AgpSeusis Dave also been derived by the modi-
fied function method.

The role of the correlation between AuuHws1 and
A5 15, Systematic errors between sets of log P vs.
T~ in vapour and sublimation pressure determinations
has also been examined. A linear correlation has been
demonsirated whereby the separation of systematic er-
rors 15 indicated. This procedure recogmzes and remo-
ves systematic errors in standard sublimation enthalpy
changes derived from the slopes of log P vs. T~ and
defines a criterion whereby reliable standard sublima-
tion enthalpy changes may be obtained. Using this app-
roach, recommended P(T) equations for the sublima-
tion pressures of anhydrous bismuth trifluonide have
heen derived.

NOMENCLATURE
AswH 15 ¢ standard  sublimation enthalpy changes,
kJ mol™!?

. standard sublimation entropy changes, J
mol ™ K™!

AsuhSDQ‘dB 1

ECEER
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Acatl®t . apparent activation enthalpy changes for
condensation, k] mol?

Acna*r  © apparent activation entropy changes for
condensation, J mol™ K™

A% U apparent activation enthalpy changes for
vaporisation, k] mel™!

Hap3*r C apparent activation entropy changes for

vaporisation, J mol 1K
AL(G r—Heez5)/ 1] : free energy functions, J mol-1 K-?

Whn . Clausing factors
. recoil force factors

k I torsion constant, N m™! rad~!

o . heat capacity, I mol~' K~!

o . fundamental frequency, cm™?
> bond distance, nm

R : gas constant, Jmol 1 K™!

log - natural logarithm

LR . condensation coefficients
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