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ABSTRACT. Tho thermal conductivity of the dissocinting system M1 5 1L+ 1,
has been monsured boetwoen 175°C and 205°C at a pressure below 1 atm.  The absoluto hot-
wire method and an all-glass apparatus with a glass diaphragm manometer has been employed.
The experimental conductivity values have been compared with the values enleulated from
the theoretical expression developed by Srivastava ef al. for a slowly reacting system.  Fair

agroomoent has been obtained botween the exporimental und the caleulated yuluos.

INTRODUCTION

The study of the thermal conduetivity of chemically reacting gascous systems
is of considerable interest hoth from the theoretical and the experimental point
of view. Several workers (Hirschfelder, 1957«; Butler and Brokaw. 1957) have
investigated this problem theoretically assuming the condition of local chemical
equilibrimn to hold.  However, the experimental investigations with different
reacting svstems  (Coffin, 1959; Srivastava and Barua, 1961; Barua and
Chakraborti, 1962) have proved the inadequacy of the local equilibrium  theory.
This is due to the fact that the reaction rate for almost all chemical reactions
are not fast enough to maintain the condition of local chemical equilibrium.
The problem of non-equilibrium heat transfer in reacting gases has been consi-
dered theoretically by Franck and Spalthoff (1954); Scerest and Hirschfelder
(1961) and Brokaw (1961).

Secrest and Hirschfelder (1961) have considered two types of chemical reactions,
viz : (1) Moderately fast reactions and (2) slow reactions. Srivastava, Barua
and Chakraborti (1963) have attempted to interpret the experimental heat con-
ductivity data (Barua and Chakraborti, 1962) for the system 2NQ, % 2N0O -0,
by extending the theory of Secrest and Hirschfelder (1961) for slowly reacting
systems.

In the present paper we have reported the thermal conductivity of dissocia-
ting hydrogen iodide, the reaction rate for which is known to be slow (Sullivan,
1959). The cxperimental values have been compared with the values caleulated
on the basis of the expressions developed by Srivastava, Barua and Chakraborti
(1963).
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PREPARATION OF HYDROGEN IODIDE

Pure HI was obtained by the action of water on a mixture of red phosphorus
and re-sublimed iodine according to the reaction
2b- 31, = 2PI,
2PI;-| 6H,0 = 2H,PO; | 6HI
By constructing a suitable glass apparatus, LT was first. purified by passing
it over moist. red phosphorus and P,0; in succession.  The purified HT was h-
quefied in the colleeting tube by  placing it in an aleohol-liquid oaygen bath.
The liquid HI was then solidified by placing the colleeting tube in another
alcohol-liquid oxygen bath and the system was evacuated.  The resulting pure
HT was then distilled into ampoules which were sealed off. The ends of the

ampoules were made so thin that they could be easily broken by mere tilting.
APPARATUS AND THEORY

The method employed for the thermal conductivity measurements is the
thick-wire-variant of the hot-wire method.  An all-glass apparatus with a glass
diaphragm manometer described carlier in detail has been used to avoid all compli-
cations due to spurious chemical reactions.  The theory and  procedure of  the
experiment have already been fully described elsewhere (Kannuluik and Carman,
1952; Srivastava and Barua. 1960). Tue constants of the apparatus at different

temperatures are given in Table [,

TABLE 1

Constants of the conductivity cell at different temperatures

———

Temperature in “C*

Constants —— s e o e - -
175 185 195 205
Resistance of the coll-wire Rg i 2 2.6060 2.6583 2.7116 2.7640
Temperature coofficiont of resistanco “a” of thoe
platinum wire in °C-1 0.00199  0.00198  0.00192  0.00190
Thermal conduetivity “A” of the platinum wire
in cal. cm-1. gec-1. °C-1 0.1748 0.1749 0.1750 0.1752
Cell constant (1—C) 0.9788 .9779 0.9778 0.9775
Length of the cell wire (21) 11.014 cm.
Radius of the cell wire () 0.005 em.
Internal diameter of the cell (2ry) 0.3220 cm.
Externul diameter of the cell (2rg) 0.6021 em.

EXPERIMENTAL RESULTS

A typical set of observations taken at 175°C is given in Table II. In the
table K, is the apparent thermal conductivity and K’y is that obtained after
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reduction to the bath temperature. The temperature coefficient of the thermal
conductivity of the reacting system was obtained from the values of the thermal
conductivity calculated on the basis of the slow reaction theory. K’ is the value
obtained after correcting for radiation loss, temperature jump and wall effects.
K is the thermal conductivity obtained after correcting for the asymmetry in the
cell construction by the relation K = K'(1—(¢').  The factor (1—C) was obtained
from the measurements of the thermal conductivity of neon by taking the data

of Kannuluik and Carman (1952) as standard.

TABLE TI1

Observations taken for the thermal conductivity K at 175°C

incal, e see 1,00 L

P inem. IinmA (R—=Ry)in  Kyx 105 K< 105 K’> 105 K x 105
of Hg. mS2
Cdeas a0 es sxoo 2ol 2.0 2.80 2.8
25 68 106 55 58 91 2 92 2.91 2.90 2.84
61.16 105 65 57.91 2.82 2.81 2.80 2.74

TABLE TIT

Experimental and calenlated values* of the thermal conductivity of the

system 2H1 %= H, | I, expressed in cal. em~L sec—1, °C-!

Tin ¢  Pin ¢, ] . (1 —y) Kerpt Keat (Kpi)cal
of Hg.  Tgin°C  Tein®C xy zy--°

~ X 105 > 108 X 105
o 1918 182.0 178.8 0.0156 2.83%  2.67 ... .
175.0 25.68  I181.6 e e, 2.84 ... 2.20
61.46  182.0 . e 274 e,
T T 1042 1945 - 2,92 e .
185.0 26,46 194.4 1890 0.0163 2.92 2.63  2.25
62.60  195.2 e e 2.96 e .
19.54  206.0 e e, 3.00 .

196.0 26.60  202.1 198.5 0.0167 3.01 273 2.30
65.01  202.5 e e 8.02 e

19.81 216.4  210.5 0.0171 3.12 2.85 ...

205.0 27.09 2161 e . 301 2.35
67.45  216.6  ooo. . 312 e e

*columns 4, 5 and 7 wire calculated for only one value of 77 corresponding to & T
value. The values are, therefore, indicated against the particular T'g value.
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COMPARTISON WITH THEORY

Following the procedure of Srivastava ef. al. (1963) we get for the slowly

reacting system 2HI S H [ T,

T. T,
- k ] k’ l
2yt j K. g explp(Ty—")ld1 / ]’ o oxplf(Tg ~TYAT ... (1)
H‘H q!H

where 2, ¥, and ¥z are the molefractions of HI, Hy, and T, respectively, K, is the
equilibrium constant for the hydrogen iodide dissociation, &, is the rate constant
for the reverse reaction Hy+T,— 2HI, T, and T, are the temperatures of the hot
and the cold surfaces respeetively and 2 is given hy

B =12 W (ro/r)(Tg—T.), e (2)

where r, and r, are the radii of the cell-wire and the ccll respeclively.
Further we have the relations
4 ey =1 . (3)
xry =y == (L= ay)/2 e (4
The experimental values of the equilibrinm constant K, at different tempera-
tures arc given by Stegmuller (1910).  Sullivan (1959) has given the experimental

k, values at different temperatures.  The temperature of the hot surface, Ty
can be calculated from

RH = R,-{l—f—d(TH—T,-)}‘ ) (5)

where Ry and R, are the values of the resistance of the hot wire at Ty, and T,
respeetively.  The values of a and some of the typical values of (Ry - R,) arc given
in Table I and Table 11 respectively.

The thermal conductivity of a chemically reacting gas mixture assuming
local chemical equilibrium can be represented as

.K = I{f+-l"ll‘ s (6)

where Ky, is the contribution of the chemical reaction to the thermal conductivity.
For a slowly reacting system Kp is negligible.  However, K; will depend upon the
chemical reaction rate as the steady state composition of the gas mixture (given
by Eq. (1)) in the cell is dependent on the reaction rate. K, is given hy

Ky = I‘nlix(Mon)+Kmiz(crzt) e (7)

Kopizomony 18 the thermal conductivity of the mixture when it is assumed to
be composed of monatomic molecules only.  Kpypeme is the contribution of the
internal degrees of freedom. The value of Kyipmony Was calculated to the first;
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approximation from the expression given hy Brokaw (1958) and  Kpywiny Was
calculated from the expression given by Hireschfelder (1057h).

In all our calculations we nave used Lennard-Jones (12 @ 6) potential model.
The force constants for the different eomponents were taken from Hirschfelder,
Curtiss and Bird (1954).  The steady state composition at any particular tempera-
ture is pressure independent and its value was obtained by caleulating the inte-
grals in Kq. (1) numerically by using Simpson’s one-third rule.  The experimental
specific heat values were obtained fiom the standard tables.

The results thus obtained are shown in Table TTT.  Column 5 in the table
gives the composition as caleulated from Eq. (1) with the help of Egs. (3) and (4).
Tn column 8 of this table the conductivity values for undissociated  hydrogen
iodide are given.  Comparison of columns (6) and (8) shows that there has heen
appreciable dissociation.  Column 4 represents the temperature to which the com-
position presented in column 5 would correspond if there were thermodynamical
cquilibrium. Tt is to be noted that this temperature is abmost. equal to the mean
of T, and T'y. To examine this point further, a hypothetical caleulation was
performed for 7', = 175°C and Ty —- 225°C. These calculations also showed that
the equlibrium temperature was soniewhat, less than the mean of 7'y and T'p.
The actual value of T, was found to be 195 €. Thas the average composition
corresponds to a point nearer the colder surface for this eylindrical geometry

but for plane geometry Hirschfelder found it to be farther from the cold surface.

CONCLUSTIONS

It may be seen from Table ITT that the experimental values of the thermal
conduetivity of the system are consistently higher than the caleulated values.
A part of this discrepancy may be attributed to the effect of the dissociation of

molecular iodine. A rough estimate of this effeet shows that the contribution

DK

due to this may amount to about 3°; at the highest temperature.

Tt should also he mentioned that in the temperature range of our present
measurements the dissociation of H1 is quite small.  Further experiments with
this system over a larger range of temperature will be of much interest.

REFERENCES

Barua, A. K. and Chakraborti, P. K., 1962, J. Chem. Phys., 36, 28117.

Brokaw, R. 8., 1958, J. Clem. Phus., 29, 391.

Brokaw, R. S., 1961, J. Chem. Phys., 85, 1569.

Butler, J. N. and Brokaw, R. S.. 1957, .J. Chem. Phys., 26, 1636,

Coftin, K. P., 1959, J. Chem. I’hys., 31, 1290.

Franck, K. U. and Spalthoff, W., 1954, Z. Elektrochem., 58, 374.

Hirschfelder, J. 0., Curtiss, (. F. and Bird, R. B., 1954, Theory of Quses and liquids,
John Wiley & Sons, Tne., Now York.

Hirschfelder, J. O., 1957a, J. Chem. Phys., 26, 274, 282.



B. N. Srwastave and P. K. Chakrabort

Mirschfelder, J. 0., 198Tb, Sizth International Symposium on Combustion (Roinhold
Publishing Corpn., Now York, 1957).

Kannuluik, W. (5. and Cayman, E. H., 1952, Proc. I’hys. Sac. (London), B85, 701.

Scarborough, J. B.. 1954, Numerical Mathematical Analysis, John Hopkins Pross,
Baltimore.

Secrest. D. and Hirschfelder, J. O., 1961, Phys. Fluids, 4, 61,

Srivastava, B. N., and Barua, A. K., 1960, J. Chem. Phys., 82, 4217.

Nrivastava, B. N. and Barua, A. K, 1961, J. Chem. Phys., 85, 329.

Srivastava, B. N., Barun, A. K. and Chakraborti, P. K., 1963, Trans. Faraday Soc.
59, 2522,

Stegmuller, 1910, Z. Klektrochem., 16, 85.

Sullivan, J, 1L, 1959, J. ('hem. Phys., 30, 1292,





