Journal of the Korean Ceramic Society
Vol 28, No 2. PP.109--118, 1991.

Sublimation Pressure and Standard Enthalpy of Bismuth Triiodide
by Torsion-Effusion Method

Jun-Hak Kim
School of Meterials Science and Englineering, Universily of New South Wales

{(Received January 5, 1991)

Torsion-Effusion B30 2{Ft Bismuth Triiodide & SZ10tnl 33 o2ty
yss

EF NSW ddx Az apebadda

{1961+1 19 5y = 2
ABSTRACT

Steady-stale sublimation vapour pressures of anhydious bismuth Iriiodide have been measured by the torsion
-eflusion method from 483.8 10 570.5 K and equilibrinm sublimation pressures were oblained from the steady
-state dala. The standard sublimation enthalpy changes derived by both secondimodified sigma tunction) and
third(average enthalpy method) law methods were 150.316-£0 055. 137 67+1.43 k] - mol~? respectively The
slandard sublmation eniropy change derived by modificd sigme funclion was 232 88+0 10 I+ K7 ~mol-!. The
reliable standard sublimalion enthalpy change hased on a correlation of A HE (298.15K) and A% S¢ (208,15
K}, a recommended p{T) equalion as heen oblained for Bilicr) . lg(p/Pa)=—(C - K/T)+5 07Lg(T/K) —
838X 10(T/K) =7, 756 X 10° (K/T12+1.4519 where C={a% H 5 1298 15K /0 019146 kT - mol™'; —456 27.

[en]
Ll

Bil,# steady 4ol 4315 7] 9F% 4888014 570.5K 717 torsion-effusion 9 4< AL sho] Z4slgx, ¥y £y
5 o] steady 4e| E1|0]Elr§_ 8 73, Second(medified sipma function) 3 third (1542 3 F abdl) o

e SlEe Hake 7k 159.516:00.0555 137.67+1.43 k] - mol-'e) 2l 3, modified sigma functione] 2% 5
SH B Wk 222.8840.10 T K- mol-teloieh. A% Ho (298, 15K) 2 AL SY (208,15 K1 2] Alad # 2 2
Boadolal algats) 2 48 dee {2 136 6 k] - mol-'e|™, Bil, (crjel sle] 208 E p(TI42 Igip/
Pal=—{C- K/T)+5 071 1g{T/K) ~2. 8385 10734 T/ 1) — 7. T8 X 103 (I TH 1 45192, defzl g, o7 4 C=!ac

H 0 (298,15 1CH/0. 019146 & - mol!} —456.27¢| c},

0[

(109}



Jun-Hak Kim

1. INTRODUCTION

The need for accurately known thermodynamic
halides
imporiant as a result of their increasing uses,
in the field

applicaticn include their use as solid electrolytes,

data on metal is becoming increasingly

especially of materials, Areas of
semiconductors, heat transfer media, reaction media
for both electrochemical and chemical processes and
as a fuel carrier in nuclear reactors. The physico
-chemical properties of an increasing number of metal
halides are being examined in order to assess their
suilahility for these applications.

Sublimation pressures of metal halides may be
determined using the continnous gravimetric Knudesen-
and torsion—effusion methods, in which the rates at
which a halide evaporates in vacua through effusion
orifices of different sizes are measured. One of the
most convenient ways of delermining these rates is by
measurement of the contraction of a suitably sensitive
spring from which an effusion cell containing the
sample is suspended. Such a technique has been
described previougly". In the forsion-effusion method
of measurement, the recoil foree of vapour molecules
effusing from the effusion cell orifices is measured
from the resuiting iwist of a suitably sensitive torsion
wire, It these effusion rates are to he correctly related
to equilibrium or saturated vapour pressures, then the
influence of 1he effusion orifice angd its deparlure from
an ideal orifice must be considered. In order to ohtain
sublimation pressure data of significance, meastreme-
nts should be made using effusion ceils of varying
orifice area to vaporisation area ratio, and Clausing
or recoil force factors must be used to correct for the
finite length of effusion orifices.

Vapour and sublimation pressures of Bil, were
repoted by continugus gravimetric Knudsen-effusion
method in the temperature ranges 430.0—558.9 KU,
The present additional effusion measurements has also
been undertaken to obtain sublimation vapour

pressures for Bil; using the torsion-effusion method in
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the temperature ranges of 488.8 to 570.5 K, described
the method and compared with the previous continuous
gravimetric Knudsen-effusion technique at substantially

y lower temperatures than previous investigations®®.

2. EXPERIMENTAL AND RESULTS

The torsion-effusion apparatus used in this study
is shown schematically in Fig.1. The apparatus was
fabricated chiefly from proprietary stainless steel,
ultra high vacuum fittings(Vacuum Generators Ltd.,
FC series) . The upper section of the vacuum envelope
consisled of a type-304 stainless steel tube, and
carried an o-ring sealed flanged union which was
machined flat 1o provide a seating surface for the
brass torsion head. The lower part of the stainless
steel 1ube vacuum envelope attaches to a six-way
crass via an o-ring sealed union allowing other lengths
of stainless steel tubing to be substituted, so that the
length of the lorsion wire could be varied.

A stepper motor {North American Philips Airpax,
type-K82801-p2) and gear reduction unit were
mounted on the torsion head via four support rods.
The lower section of the vacuum envelope comprised
a closed-ended pyrex tube, 5%cm leng and fem in
diameter attached to the lower port of the six-way
cross via o-ring sealed compression and piston seals.
A zero-length, optically flal view port was sealed via
an annealed copper gasket to the front port of the six
-way cross. Flange mounted and copper gasket sealed
suspension arrest and magnetic damping components
attach to lateral ports of the six-way cross. The rear
port of the six-way cross comnecls to the vacuum
pumps and instrumentation feedthrough.

The torsion pendulum assembly, shown in Fig.? was
suspended from a fine tungsten wire of length 42.5 cm
and diameler 0.005 cm, wvsing proprietary minature pin
chucks A and B. Each end of the tungslen wire was
sealed into a short length of hypodermic needle{length
15 mm, inside diameter 0.5 mm and outside diameter
2.4 mm) using an epoxy resin, 1o facilitate gripping of

A2 A 2E (1901)

the wire by the pin chucks. Pin chuck A was attached
to a rotary shaft seal and pin chuck B to an aluminium
rod. The aluminium rod has length 38.1ecm and
diameter 3.2 mm and carries a concentric, harizontal,
collared duralumin disk, 2.86 cm in diameter and (.24
cm thick, at a poeint 9.5 cm from the upper end. The
collar has {lats machined an il and the disk was
positioned in the gap between the noles af a horse shoe
-shaped Alcomax magnet. Eddy currents induced in
the disk damp exlraneous oscillations.

The Alcomax magnet could be located in either an
active posilion for damping or withdrawn to an
inactive posilion using a rotary shafl seal when

measuring the suspension’s torsion constant. Front
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Fig.2, Torsion penduium assembly (dimensions in cm).
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-surfaced plane mirrors, 1cm in diameter and 2 mm
in thickness(Spindle Hover, Crown glass, (lainess 1/
41) were bonded 1o lhe collar flats using an epoxy
resin. One mirror was positioned nominally parallel to
the svstem view port. The lower end of the aluminium
rod was screwed into an aluminum connecler. A
second aluminium rvod threaded at both ends, having
length and diameter of 24 cm and 0. 16 cm respectively
was also allached to the aluminium conneclor. The
torsion cell holder was attached to the lower end afl
the second aluminium rod

Effusion cells, based essentially on a design hy
Blairs el al.® and fabricated from type-304 stainless
steel, were filled mside a nirogen dry hox(mole
fraction of H.O < 2x107%). A series of inferchangeab-
le push-fit effusion cell lids, each carrying an orifice
of different size and having right-cireular cylindrical
geometry were used in Lhe measurements.

Dynamic vacua better than 1.33%107 Pa were
mainiained during effusion runs. Effusion cell
temperatures{+0.25 K) were measured with calibrate-
d NiCr/MiAl thermocouples with their hot junctions
located in close proximity to the effusion cells. Actual
cell temperatures were determined in separale dummy
runs in which fine calibrated NiCr/NiAl thermocouple-
s were inserled into the effusion cell bodies via the
arifices and measured concurrenlly wilth the
measurement thermecouples. All temperatures report-
ed are in terms of TPTS-63.

Orifice areas, a and lengths L were measured using
a Leitz Wetzlar metallograph at knewn magnificalion.
Orilice recoil force factors” { were derived [rom their
length to radius ratics L/r. Moment arms of Lhe
torsicn-effusion cells were measured by cathetometer
as (0.843+0.001) cm Effusion orifice parameters
used in Lhe torsion-effusion measurements are
reported in Table 1

Orifice dimensions were remeasured belween rups
and found (o be unchanged A null point torsion
-eifusion apparalus employing a eeared slepper motor

and electronic driver was also used fo measure

(11

Table 1. Torsion-Elfusion Orilice FParameiers. a,

a;, Iy Iy, Ly, and L, are ihe Effusion Orilice
Areas, Radi and Lengths Respeclively. f;
and f, are the Corresponding Recoil Foree

Factors™,
Celt] a |2 o | n L L] gl
[imm® fm® ) tmme oo | fmm | fmm)

10 LTLF|0 17500, 2336)0, 23550 34500 2813|0 Gho4|0.7018
2 .0.2301(0. 240010 27060 276210 27710 3G16/0 7288[0. 6832
300 403810 1036|0. 3585(0 358:(0 3535(0 3267|0 TIRTI0.7HI0
4 iU TEAB0 TROTIN.B023(0 4985|0 338810 32260 S066|0 8153

Table 2. Steady-State Sublimation Vapour Pressures

and Third-Law Standard Molar Sublimation
Enthalpies A% H 5(298.15 K} for Bilster
Delermined by the Torsion-Effusion Method
T P ’ & icﬂ'l H rrlla ) T P m‘ﬁ gl H l:;'tr‘
e (Pa) 298 15 K e (P (1293 15 K
(k] «mol™" (k] -mol™")

Orilice no 1

505 9] 6.138275 135 72 [543 9 49.344494 136 60

511 8] O 121808 135 55 |550.6| 68 6647031 136 79

534 O] 15 473855 136 72 |555 3| #7.5265990 136 &d

529 1,20.089701 136 79 |562 41131 774048 136 71

533 4] 25 G39906 136 83 |568 1'179.326720)  13G.63

339.4| 41.064339 136 30 |70 5198 609268, 136.75

Orifice no 2

512 410 239496 135 32 [344.6] 51.583893)  136.33

b1 9 11.316971 133,62 |330 2| 72 949234 136 41

522 415 930344 136 065|506 7(102.429092) 136 49

h30 1 23.382393 136,39 (559,3)127 9252701 136 15

037 0] 35 203094 136 36 |b62 3150 401474  136.08

538 2[ 39 473164 136 17 |26 2172'45”21. 136 37

Orilice no 3

516 9] 5 008333 139 30 [bd4 9] 33 182980 138.61

523 7| 8.960714 138 B¢ [9d9.3) 45.379208) 138 44

A27 0| 10 872197 138 89 (553 7| 57 714291 138.33

533 916 222116 138 95 [G55 §| 65 708794 138 27

h39 624 088722 138,70 |560.0f 72296577 138,26

Orilice no.4

488 SI 1 451175 136.90  [326.0] § 832179 139 53

496 1 1 952460 137 72 (530 9 11 836615 139 55

anr 0o 2 359196 13%.31 536 6| 13.905175] 139 77

207 73 152207 138 96 ‘541 90 21 4316271 139 7

ala 04 421371 139 24 549 0| 31.505960 139,86

Y76 skl 139 41 ja3d.6) LL.2342800 1002

EEBE




Sublimation Pressure and Standard Enthalpy of Bismulh Truodide by Torswon-Effuzion Method

sublimation vapowr pressures. [ach stepper motor
pulse corresponded to a torsion angle of 0.00028x and
a deflaction of (2.8840.09) mm as measured using an
optical lever and a (He-Ne) The 1lorsion
constant k= (2.1504+0.1486) x 1077 N - of
a 0.005cm diameter lungsten wire was delermined

laser.

m - rad™",

from changes of oscillation period after addilion of
inertia masses of known moments of inertia. A laser

switch and interfaced compuler were used as a
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Fig 3. Steady-state sublimation vapour pressures for
Bils{cr) measured by tersion-elfusion met-
hod. , orifice 1) [], orifice 2, A, orifice
3. <, orifice 4. — equilibrium line.

Table 3. Coefficients with Standard Deviations ol the

Equation lg{p/Pal=— (A « K/T) 4+ B Derived
Bil, Steady-Siate Torsion-Effusion
Sublimation ¥apour Pressure Measurements

from

Determmed in the Temperature Range T, Lo

T,
|
. Number
Orifice T, | T, “m_ cr‘ —|
. . of A B
No NI I O )
Pointe
1 N6 01370 3 12 ORUGEI3E | 11 920 2n !
3 o124 4366 2 12 ORIHE123 | 14,2454 0 237
3 alf 9360 0 10 SOMTE00 16 29221 167
4 183 #(294 § 2 G177 =166 | 12.715+0 314

A28 Az 199D

The

design of the torsion-effusion zpparatus precluded

precisien timer for (his purpese!{+0.0001 s)

direct mounting of loaded effusion cells form (he dry
box. Instead, a procedure suggested iy MeCreary and
Thorn" was used. Orifices of malched pairs ot Lorsion
cells were sealed with drops of naphthalene inside the
dry box. On soldification. naphthalene sealed the
orilices and protected the halide from hvdrolvsis
during transfer to the torsion-efusion apparatus. On
evacualion, naphthalene sublimed [rom and cleared
the orifices.

Anhydrous Bil; of Puratronic grade (10-° lolal mass
metallic fraction of imporities, Johnson Matthey Lid.)
was used in this study Prior to measurements an
Bil,, the sublimation vapour pressure of 99 999 mass
percenl cadmium was measured by this effusion
method in the interval 529 6 (o 592.1 K. Cadmium
sublimation vapour pressures showed good agrecment
with the equalion recommended by Twu and Blairs”.

The of the

experimental apparalus have been described ahove.

basis the Llorsion method and
After selection of a new eflusion temperature the
deflected beam was returned to Lhe null position using
the stepper motor and the exira oulses noled. By this
method. the sublimation vapowr pressures were
caleulated from the deflection angles of the cell by use

of this equation ,

P =2ké/ (2,61, + a.fL,)

where k is the torsion constant of the tungsien {iher.

Steady-state torsion effusion sublimalicn vapour
pressures, measured in the range from 488.8 to 583.
1 K are reported in Table 2 and are platled in Fig.3
p{T)

derived by least-squares treatment of the steasy-state

for four different orifice areas. equations

sublimation vapour pressures for cach orifice size are

summarized in Table 3.

3. DISCUSSION

Steady-state sublimation vapour pressures from
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this effusien technique were found to depend on
effeclive crifice area. Isothermal plots of inverse
steady-state sublimation vapour pressure versus
effective orifice were linear and were extrapolated Lo
obtain inverse values of the equilibrium sublimation
vapour pressures for zero effective orifice area. From
the equilibrium sublimation pressures, the following p
{T) equation was obtained from the torsien-effusion
measurement © 1g(p/FPal=— (8255+ 351 (K/T) + (17,
044 +0.065) .
with experimenta] points on Fig.3 and wilh literature

This equilibrium p(T) equation is shown

vapour and sublimation pressures’™® for comparison in
Fig.4.

Extrapolated equilibrium sublimation vapour pressu-
res are in good agreement with the privicus Knudsen-
effusion measurents and are slightly higher than those
in references 2—5

Linear least-square treatments of Bilzier) sublim-

ation pressures were represented by

5.0 {Ag%: — T T T T 7T T T T 1T
T e ]
40k o h
|,
h-.'
3ol i o=1468 0 J
L s
20k BN i
- Y
R L kY h
& 3
o N
(1]
e
oo .
-1af i
S I YTT ST T i TS 2021 122354
197 w1

Fig.4. Comparison of Bil; vapouwr pressures. O,
Cubicciotti and Keneshea ; ® {» Karpenko
and Zabradskya ; @[], Kulieva et al. ;| ¥ 4,
Rvazantsey et al. ;@ , Knudsen-effusion
equilibrium  line , ' —---, {orsion-effusion
equilibrium line : ----, recommended p(T) ;
Ta, melting iemperalure 681 K

(114)

lg(p/Pa)=—(A - K/T) - B

and gave the coefficients A and B summarized in
Table 4. Second-law ASH[{(298.15K) and A% SY
(208.15K) also given in Table 4 were caleulated by
assuming the coefficients A and B apply at the mean
temperatures of the various ranges together with the
following C,%, (T} for Biki(cr! and Bili(g).

Polynomial expressions* Cg ., (J+ K~ - mol) =39.

96110410 (T/K) +2.97%10° {K/T)%, and CO
(J-K' - mol™)=83.16—3.35x 1073 {T/K) —0. 94 x 1¢°
{K/T¥, for Bily (cr; and Bily (g) respectively were
employed in this study.

Third-law A & H

oy

wi298 15 K) values at each effusion
temperalure are also calculated from torsicn-effusion
and Lhermodynamic

S APSSN ST for Bilfer) and Bily (@) .

sublimation vapour pressure
functions, @
T

™Y

© TAP ' H

=[Gy (T)~H (298 15%) /T ~13)

Table 4. Summary of Bil;{cr} Sublimation Vapour

Pressures.
T Znd-law | nd-law :Third—law
‘;K’J [KZ, A B | AFH | AESY | ALH]
(cJemel™™)|  (R) |(k]-mol"}
‘ 5532012 206 126.51 | 148,685 | 122 31
| 623 2-679. 3%
! +38840,559 £200 | 4.6 | +0.47 .
. 5715(17.306) 127.75 | 168 101 | 124.52
641.5-677. 400 |
! 20240 425 +£300 | £2.510 | +0 30
|6322(13 210] 124.91 | 163.787 | 124.98
819 0-680.0%0
780,120 =3.00 | £5.021 | 0.61
130 (e qv | 7195|14.988| 138.28 | 190 236 | 138.74
Tl =1 |+0.00Y 002 | 40383 | <0 54
i 8233(17.044| 159.36 | #28.032 | 137.47
128.8-570.5¢
: +£35(40.068 +0 67 | +7 161 | +£1 43

*  Manomeler Membrane method.
¢ Gravimetric Knudsen-effusion method. from reference
I.
Torsion-effusion method.
From reference 3.
From reference 4
From relerence 5

e
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Thus, A& H{208.15K)

=—RTlg{p/Pa) —TAL (O +AF HY/T) v (4)
Thermodynamic function, (®5-+A%F W2 /T) for
Bil;{g) were computed for a rigid-rotator harmonic
-oscillator ideal gas monomer and pyramidal Cs,
symmetry using the modified DBeyer's computer

2 tp be suitable for the experimental

program
condition of this study. The meolecular constants'® 'Y
and the calculated thermodynamic funclions are
presented in Table 5.

Thermodynamic function, {@2-+A25 e o/ T) and
$,,(298.15K) for Bily(cr) were derived from A% S°,
(298.15 K} = (183.7+1.3) T -K-'«mol"® and S

Table 5. Standard Molar Thermodynamic Functions
Bil,{cr) and Bil,(g) at Selected
Temperalures. v/cm™, 45, 63,131, 129, Ge-
omelric Constants . 7' r(Bi~-1} =0.280
nm ; r(Bi-Biy=0.285 nm ., {I-Bi-1) =100°
(R=8.31451 J-E-!-mol™' - p*=101325 Pa .
T'=2908.1 K, .

for

. I B

T C pm Ak H 1?1 AT 5 rr.; © 1?1“A I(. H 1'1-.-"‘T

tKI | {RY | (R KD (R} (R)
\_ solid®
298.15] 0 167] 0 0 28.120

400 (10,340 992 2,834 28.493

450 |10.958 1524 4,107 28 8§39

500 |11.588 2088 b 294 29,238

boir 12 227 2643 6 420 29.669

600 |12 872 3311 7.5h20 30.122

650 |13.521 3971 ! 8.576 30 587

gas

298,151 9 B88 0 0 50.213

400 | 9.938 1010 2014 50. 602

450 | 9.951 1507 4.085 50 949

500 | 9.960 2005 5.134 50.976

550 | 9.966 2503 6.084 31,743

600 | 5.972 3002 6.951 52.161

62 |9 976 3500 7.749 52.577 J
* Derived using C%n and A5 5 2(208,15 K for Bily cr)
from reference 10 and §.(Bil.g, 298.15 K!
calculated in this work ¥
H289 A2z (1991) (115)

{298.15 K} =417.5 J - K~'-mol"* for Bil, (g} computed
as outlined above and C) (] - K~'- maol™) =39.56+
110.4 %107 H{T/K) +2.97 < 10*(K/T)? for Bilg(cr)™.
Thermodynamic functions for Bil, (cr] at selected
temperalures are presenled in Table 5. Third-law A
fH208.15 K) values obtained in this work are
shown in Fig.5. Individual AL H} (298.15K) values
pbtamed from tarsion-effusion measurement show
some temperature and effective orifice dependence
The average third-law A2 H; (298,15 K) = (138.74%
(.54 kJ-mol~' shown on Fig.5 together with its standa-
rd deviation is based only on the previous Knudsen
~effusion results and is comparable with the average
value of (137.67%0 37) LkJ - mol™" in Llhis study and
(136.60+29.39)

enthalpy-entropy correlation

k] mol™t derived later from an
Average third-law AE
H . (298.15K) values derived from literature sublim-
ation vapeur pressures are also included in Table 4.

Ambnguity of temperature to which the coefficienls

141 ; - : - T
- Heor w - ) T
- FY
s & 00"‘ o (=W
2 §F e
9 13of s, o Sl . ~
g € L,__.:;_‘bw_z_aﬁ,_ 136 74
6 - = - o
5] ‘én o, Uoﬁ-] o® e
38k B A g O a0 _ oP° 4
~ LI ] PoLale]
Py o x .
a2 oo
T
1I7F .
hd - " 4t [
K
= Mo X7
N M
AR TS x "
O_E L
= . J
50 G qacl |
PR !
: ‘ ‘ ‘
1H5E 55 AT TERD N
TE

Fig.5. Enthalpy of sublimation at 298.15 K of Bil, (cr)
determmed by (he previous and present
effusion techniques. Knudsen-effusion O,
arifice 1; !, orifice 2 A, orifice 3 O,
orifice 4, +, orifice 5 Torsion-effusion-

+, orifice 1. %, orifice 2. %, orifice

3. %, orifice 4
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A and B summarized in Tahle 4 apply may he aveided
by use of the modified sigma function methad™

where

= _Rig(p/Pa) —ASIH 0 {T; —H(298 15 K))
E/T)+a 80T -5

v 129815 K

whence Z'—AFH[(298.15
{298 15 1O

) (K/T) —ALS?

m

AYH (208,13 K) and AF 57.(208.15 K) values were
derived from the least squares slopes and inlercepts of
modified sigma (unction plels of the varivus literature
Bil, vapour pressure dara sets'™™ as well as the
present measurements For these calculalions, in
addition 1o ihe iree energy functions of gaseous and
golid Bily reported in Table 5, a value of C % =150
62 J- ' mol™" ™ and a molar cnthalpy of fusion of

{39 12+0.03] kJ - mol™!

m o were used lo obfain

thermal functions for liquid Bil,. The resulting AY H
©(298.15K) and A S {(298.15K) are summarized in
Tahle 6 and have been plotled as AF H (298,16 1¢)

vs, AYLSU(298.19K} in Fig.6. The values are

linearly correlated by the least-squares equation Af H
v {298 15 K} =(39.5716+15.16125) + (0.5285+0.0775)

A% S"(298.15K), (correlation coefficient=0.96],

Table 6. A% H2(298.15 K) and AES[(298.15 K
Bil,{cr)  Derived Modified
Sigma Function Method™

for from the

A% H (208,15 K A5 520298.15 K)

(R-T0 {R)
130928+1423" 174 068-+1.989"
125969 +1051" 167 G611 535"
130564+ 712%° 201.521+0 62(°

148874+ 15687
138261 & 23¢
159516+ D&' | |
" from reference 2, ° [rom reference 3.~ from reference
4 ¢ [rom reference 3 .

198 307+6 7167
191 98010 047°
232 881x0.101°

¢ from reference 1, ' Thus study.
lorsion-effusion.

(116!

where A S H2(208.15K) is In kJ - mol™t and A% 55
{(298.15 K} Is in J - 177 - mol™t.

Previous studies have indicated thal values of A H
01298 151) and £A%5;0208.15K) gencraled [rom
gels of lg(p/Pa) versus T-' are frequenlly linearly

correlated The slopes of AH[,(298.15 K) versus AS

© {298 15 K) can be a useful indication of systematic
errors. McCreary and Thorn'* suggest an explanation
for this tvpe ol correlation in that the error or errors
inadvertently encountered in vapour pressure determ-
inations, are in the sense of AL Hy, (T/IU versus A
£S5 T/K) systemalic rather than random. Thus one
can deline a procedure whereby the apparent precision
of the third-law procedure is retained but incons
istencies are removed by using infarmation available in
Far Bils,
Pankralz'® reports an assessed A% Sy (298.15K) of

183.6 J - K~ mol™".

the analysis of lgip/Pa) versus T

170 ‘ — —
180T . J
'H
a
=
d
X 1s0p .° i
z
"
o J
o0
&oregp . ]
a:E 132 6 K2 mol /,. o
“u T T T T T A
el L
< /_,
126G A
~ I
g
v [
| IBI6 TR Comal”
12 - g ' 2
1
L ogfone 15 g, v ) wel b
trom

Mg 6. Correlation of molar enthalpy and eniropy of
sublimation at 298 15K for Bili{ce). O,
Cubicciotti and Keneshea ; ® @, Karpenko
and Zabrodskya . © @ Kulieva et al. | Y,
Ryazamtsev et al. . ®C), Previeus study™,

Knudsen-effusion . @, This study, lorsion
~effuston.
ag e
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The corresponding AL, (298 16K} {rom the

lingar correlation of Ay H (298, 15K} and AL 5;
(298 15 K] is (136.60£29.39) kj - mo

Fig.5. The present A% H{, (298

= as shown an
b [{) obtained [rom
the enthalpy-entropy correlation has been used o
derive a sublimation pressure equation which s
consislent with the thermal dala. The resulling piT}
equation which is consistent with the thermal data,

The resulling p(T) equation recommended for the

sublimation vapour pressure of BII; is 1glp/Par=—
AC KTy +0 07T 1g /T —2 828 17T/ 7
ThEx 103K/ T1°—1 4519  with, (AN H 1295 15

K3/0.019146—456 27 In Lhis cquation P is in Pa. T

in Kelvin and A H 0295 151 in KT -mal™' This
equation was used to compule the recommended line

for Bilyicr! shown on Fig 4

4. CONCLUSION

The present study has provided a consistent set of
sublimation vapour pressures [or anhydrous bismuth
Steady-state

eflusion pressures were found io depend on  Lhe

triiodide by the torsion-effusion method.

eflective orifice area of the effusion cells Equilibrium
sublimation pressures ohlainad from the steady-slate
data have been assessed in the context of literature
values Standard sublimation enthalpy changes, 45 H
21298.15 K}, have heen derived by Doth second and
third-law methods, 1 e , modified sigma [unction and
averaged enthalpy methods respeciively  Standavd

sublimation entropy changes, A% 5, (293,13 K3,

have also been derived by the modified [unclion
melhod.

The role of the correlation between AZ H 5{298.15
K) and A5 5 5(298,

sels of Igip/Pa)

5 1) in systemalic errors belween
vs. T7' in vapour and subiimation

A

pressure determinations has also heen esamined
linear correlalion has heen demonstrated whereby the
separation of systematic errovs 15 mdicaled. This
A 28

2189

{117

Torsion-Effusion Method

procedure recognizes and removes syslemalic errars in
gtandard sublimation enthalpy changes derived from
the slopes ol Ig(p/FPa) vs. T~! and delines & criterion
reliable slandard sublimation

wherehy enthalpy

changes may Dbe ohlained. Using thie approach,

recommended p(T) equation for the sublimation
vapour pressures of anhydrous bismuth wilodide has

been derived

NOMENCLATURE
S 298,15 1) standard  sublimalion  enthalpy
changes, kJ - mol!
A5 500208 15K) L slandard  sublimation entropy
changes. |- K- mol—
e - leat capacity, J o K7t mol™!
p A I ST free energy funclion, J - 107

mal !
CATS AN T, T

v | fundamemal frequency, cm™

O - mal™!

r ., hond distance, nm
L.
lg .
k . torsion coustant,

pas constant, 3 31451 J - K-' - mal !
nalural logarithim
N-m-rad!
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