Hydrogen
Halides:

HF, HCI, HBr, HI

Properties of these industrially vital anhydrous hydrogen halides are presented
in graphs derived from experimental data and theoretical correlations.

CARL L. YAWS and LOUIS S. ADLER, Texas Instruments Inc,

R’ Hydrogen halides are important industrially:

Hydrogen fluoride for producing inorganic and organic
compounds, and as a catalyst for many reactions;

Hydrogen chloride for turning out chlorinated solvents,
and vinyl and alkyl chlorides;

Hydrogen bromide for making inorganic bromides, and
for organic reactions, both as reagent and catalyst;

Hydrogen iodide for manufacturing hydroiodic acid,
and organic and inorganic iodides.

Critical Properties—Table 5—1

Experimental critical property data for hydrogen flu-
oride agree substantially [4,/(,182,183]. Deviations in
critical temperature, pressure and volume are of the order
#+3°C, =£3.38 atm and =20.03 g/ml [/82,183).

Experimental critical constants are available for hy-
drogen chloride [2,4,10,14,83), as are critical temperature
and pressure for hydrogen bromide and iodide
[2,4,10,14,83]. Critical volume for hydrogen bromide and
iodide has been estimated by the method of Lydersen:

V, =40 + 24, 6—1)

Values for A, are listed by Reid and Sherwood [14].
When the accuracy of this method was tested by applying
it to the hydrogen chloride and fluoride, the deviation
was 2.3% for the former and 16.0% for the latter.

Each compressibility factor was calculated by means
of the ideal gas law relationship (Eq. 2—1).

Heat of Vaporization—Fig. 5—1

Experimental data for heats of vaporization at temper-
atures about boiling points were expanded by means of
Watson’s correlation (Eq. 1—1) for hydrogen chloride,
bromide and iodide.

For hydrogen fluoride, AH, has been determined ex-
perimentally over a wide temperature range, and from
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0° to 105°C with the rearranged Clapeyron equation [/85]:
&Hw = Hn i HL i T(Vv N VL)(@/m (5—-2)

Vapor Pressure--Fig. 5—2

Data were analyzed and extended with the Cox-
Antoine correlation method (Eq. 1-—2).

Heat Capacity—Fig. 5—3, 5--4

Heat capacities for the ideal gas at atmospheric pres-
sure are primarily based on spectroscope and molecular
structure data. Deviations were less than 1.3% for hydro-
gen fluoride, 3% for hydrogen chloride, 3.6% for hydro-
gen bromide and 5.6% for hydrogen iodide.

Liquid data at constant pressure were extended to the
critical temperature by means of density extrapolation
relationships (Eq. 1.—3, n = 1). Absolute deviations from
experimental data were less than 2% except in the case
of the fluoride, for which the maximum deviation from
the best fitting of the data was 4%.

Density—Fig. 55

Data for hydrogen fluoride cover the complete liquid
phase, with absolute deviations of less than 0.035 g/cm?
from the best fitting.

For the other halides, densities have been experi-
mentally determined over a wide temperature range and
the full liquid phase by means of the Lu correlation (Eq.
2—2). The results from the latter agree closely with the
least squares fitting of the available experimental data.
Deviations were less than 1.5% for the chloride, 3.1% for
the bromide and 3.0% for the iodide.

Surface Tension—Fig. 5—6

Experimental data for each halide yielded a straight
line when correlated with the Othmer relationship (Eq.

(Text continues on p. 122)
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HYDROGEN HALIDES . . .

How To Use the Graphs Physical Properties of the

Each graph is outfitted with a key that Anhydrous Hydrogen Halides — Table 5—1
lists references and explains just what part : ' ' :
of the curve is determined experimentally, e Fluorine, Chiorine, Bromide, lodide,
and what part is estimated from theoretical Sonsention = n L Y
correlations. State, (std. cond.) Gas* Gas*  Gas* Gas*

The shaded squares denote the following: Molecular weight, M 20.0 36.46 80.92 1279

@ Data in this region are experimentally Eolisgpeint, Ip,"C 8 = BR03 -SB8 -3

known. Melting point, 7,,,°C  -83.5 -1142 -B69 -50.8

@ Experimental and correlated data used. Critical temp,, 7,,°C 1880 515  90.0 151.0

O All data in this region are correlated. Critical pressure, £, atm ~ 64.0 820 843 820

AN A Critical volume, V,,

The regions referred to are the teﬂ:'l- :m3{gr mol £9.0 87.0 110.0t 135.01
perature ranges between the melting, boil- Critical compressibility
ing and critical points (m.p., b.p. and ¢.p., factor, Z, 0.117 0266 0310t 0318t

respectively), or in some cases, the specific

% *Colorless 1Estimated
temperatures noted in the key.
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HYDROGEN HALIDES ...

1—4). Computed values agreed well, the average devia-
tion being less than 2.5% for the fluoride, 3% for the
chloride and bromide, and 2% for the iodide.

Viscosity—Fig. 5—7, 5—8

For hydrogen fluoride, vapor viscosity was determined
from experimental data and the correlation results of
Svehla, (Eq. 4—1) [18,187].

For the other halides, coverage outside the experi-
mental range was made from correlation results of

Svehla, and Thodos and Brebach (Eq. 5—3) [/72]:

pg = prAT) (5-3)

In Eq. (5—3), pg = gas viscosity at atmospheric pressure,
micropoise: p, = viscosity of the gas at atmospheric
pressure and critical temperature, micropoise;

f(T,) =Tt when 7,=1, and 1.196(706%) when
= 3.5; between 1 and 3.5, use original curve [/72]
Deviations from the best data fitting were less than 5%

for hydrogen chloride, 6.5% for hydrogen iodide.
Liquid data for hydrogen fluoride were correlated and

extended with the Guzman-Andrade relation (Eq. 1—6).

Liquid viscosities from this relation agreed closely with

experiménta] data, deviations being less than 2%,

From the other halides, the full liquid state was
covered by modifying the correlation of Brebach and

Thodos [172,173]:

vy, = p S (T,F,) (5—4)

In Eq. (5—4), p, is the viscosity at the critical point;
values for f(7,,P,) are available for diatomic gases [/73].
Correlation results compare well with experimental
data, average deviations being less than 3.2% for the
chloride, 5% for the bromide and 4% for the iodide.

‘Thermal Conductivity—Fig. 59, 5—10

The correlation results of Schaefer and Thodos [65],
which agree with experimental data (variations being less
than 3%), were adopted for thermal conductivities outside
the experimental temperature range for hydrogen flu-
oride, chloride and bromide:

kﬂ = kcf(Trle} (5“_5)

In eq. (5—5), k. is the conductivity at the critical point;
f(T,,P,) is available from Schaefer and Thodos or Reid
and Sherwood [14].

The vapor thermal conductivities for hydrogen iodide
were based on estimates of Svehla [/8]. Because experi-
mental data are lacking, the accuracy of the estimates
is not known.

For hydrogen chloride and bromide, a comparison of
Svehla’s estimates with experimental data indicated gen-
eral agreement, with variations of less than 12% for both.
The same agreement was assumed for hydrogen iodide.

Liquid data were found for hydrogen chloride
[175,176]. For the other halides, the correlation of
Schaefer and Thodos was modified [65,173]:

oS (TFy) - (5-6)

Values for k, and f(T,,P,) are available [/4,65,173).
Computed values agreed closely with experimental data,
deviations being less than 4.5% for hydrogen chloride.

Heat and Free Energy of Formation—Fig. 5—11,
5—-12

Variations in heat of formation values from the best
fitting of the data were less than 0.43 kcal/mol for hydro-
gen fluoride and 0.15 kcal/mol for the other halides.

Free energy deviations for the fluoride, chloride, bro-
mide and iodide were, respectively, less than 0.54, 0.12,
0.37 and 0.13 keal/mol. #
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