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Various gas chromatographic methods’ have been employed for the measure- 
ment of the binary diffusion coefficients of gases and vapours of volatile compounds. 
The arrested elution method suggested by Knox and McLaren’ bypasses most of the 
experimental and theoretical difficulties encountered in the continuous elution method 
developed by Giddings and SeageFs. Recently, Cloete et ~1.~ studied the binary 
diKusion of C,-C, saturated hydrocarbons, sulphur hexafluoride. neon, nitrogen and 
helium in helium, argon and nitrogen at 0.85 atm and 294-483” by using the peak- 
arrest method_ 

In the present study, the arrested elution method was used forthe determination 
of binary difhrsion coefficients for nitrobeuzene-hydrogen and aniline-hydrogen 
systems. The data are required for process design calculations for the catalytic vapour- 
phase hydrogenation of nitrobenzene to aniline. 

EXPERIMENTAL 

The chromatography was carried out on an AIMIL-NCL dual-column gas 
chromatograph with a flame-ionization detector (FID). Stainless-steel columns of 
length 220 cm and internal cross-sectional area 0.148 cm2, without a packing, were 
used. The dead volumes in the injector and column connections were reduced by 
introducing solid glass rods into them. The experimental arrangement was similar 
to that used by Knox and McLaren2, except that hydrogen was used both as the car- 
rier gas aud as a component of the gas-vapour binary system. Separate connections 
to the FID were made for the carrier gas and for the fuel (hydrogen). 

The hydrogen was obtained from JOL (Poona, India) and was purified by 
passing over palladium-alumina (OS%, w/w, of palladium) at 100° and silica gel in 
order to remove trace amounts of oxygen and moisture. The compounds under study, 
nitrobenzene and aniline, were obtained from BDH (Poole, Great Britain) and were 
of AnalaR grade. 

In all experiments, a sharp band of nitrobenzene or aniline vapour was intro- 
duced into the coIumn at a particular temperature by injecting I /-cl of liquid sample 
and eluted at a controlled and measurable velocity. When the band was about half 
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way down the column, the fiow of carrier gas was arrested by diverting it by using a 
two-way stopcock for a time t, during which spreading could occur only by diffusion. 
The band was finally eluted from the columr~ and its concentratian profile and stan- 
dard deviation were determined by using the detector. 

The pressure drop across the column and the adsorption of nitrobenzene and 
aniline on the inner wall of the column were found to be negligible. The carrier gas 
velocity (v) was obtained by determining the retention time (tR) of the compound under 
study without arresting the flow of carrier gas and from the column length @J by 
using the equation Y = Ljt,_ The values of v and t, were checked by measuring the 
volumetric gas flow-rates and the column volume directly. 

The standard deviation (of) of the eluted peak was obtained from the peak 
width (IV) at the base-line by using the equation o, = IV/~. 

RESULTS AND DISCUSSION 

Experimental resuhs were obtained for the nitrobenzene-hydrogen and aniline- 
hydrogen systems at a pressure of 725 mm Hg and at temperatures varying from 210’ 
to 295”. The standard deviations of the eluted peaks for arrest times ranging from 0 
to 300 set at different temperatures for both systems are given in Table I. 

According to the equatio& 

3 30 =--_X 
dt ,>z (1) 

for diffusional spreading in an empty tube, where 0, is the interdiffusion coefficient, 
a plot of variance (0~3 against arrest time (2) should give a straight line of slope 2 Dgjvz, 
from which D, can be calculated, As v is raised to the second power in eqn. 1, its 
measurement should be very accurate for this method to be precise. 

TABLE I 

STANDARD DEVIATIONS (set) OF ELUTED PEAKS FOR DIFFERENT ARREST TIMES 
Va1i.e~ given are averages of more than three experimental values in each instance. 

Arresr dize, f Diffimfng sysrern 
is@ 

Nitrobenzene-hydrogen Aniline-hydrogen 

215” 250” 295” 210” 2.50° 290” 

0 3.50 3.27 3.09 3.62 3.56 4.2s 
30 3.35 3.23 3.72 3.63 4.50 
60 3.68 - 3.28 3.84 3.75 4.62 

1; 4.00 3.81 , : 3.79 3.56 3.37 3.43 4.02 3.87 4.00 3.90 4.96 - 

150 3.94 . 3.94 3.45 4.12 4.20 5.12 
180 3.94 3.08 3.59 4.13 4.20 5.19 
210 4.03 4.06 3.62 4.19 4.36 5.31 
240 4.13 4.03 3.56 4.37 4.40 5.50 
270 4.18 4x2 3.70 4.50 4.41 5.56 
300 4.30 4.37 3.79 - 4.56 5.77 

v (cm/set) 8.50 8.40 11.60 8.30 g-30 6.50 
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The plots of 0,” versus t for both systems were linear and are shown in Figs. I 
and 2. The- values of the binary diffusion coefficients OS obtained from the slopes of 
the plots and those predicted from the theoretical equation based-on the kinetic 
theory and the Lennard-Jones expression7 for the intermolecuIar forces;and from the 
expression developed by Fulier et ~71.~ for both systems are presented in Table II. It 
can be seen that the experimental values of 0, for both systems are smaller than the 
vaIues predicted from both expressions, the deviation of the predicted from the ex- 
periment+ value being 3.4-9.4x ( average 5.6%) for the Lennard-Jones method 
and 2.3-8.6 % (average 4.6 %) for the Fuller et al. method. The latter method predicted 
the values of D9 more accurately than the former. 

The arrested flow method is of high precision because the variance produced 
by the injector, column connections, detector and elution along the column are the 
same for all arrest times and accordingly cancel out. A fairly short column can be 
used for the pulse-broadening experiments. The main disadvantage of this method 
is the requirement of repeating ‘Lhe experiments at various arrest times. The continuous 

TJME GF ARREST, t (set) 

Fig 1. Plots of fizz versus arrest time at different temperatures for the nitrobermne-hydrogen ~stem. 
~,215” (Y = 8.8 clllfsec~; ** 250” (Y = 8.4 cm/set); 0, 295” (v = 11.6 cm/s-e& 
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TIME OF ARRE!iT. t [see) 

Fig. 2. Plots of a? versus arrest time at different temperatures for the aniline-hydrogen system. 0, 
210” (v = 5.3 cm.kec); 0, 250” (v = 8.3 cm/set); 0, 290” (v = 6.5 cm/se& 

TABLE Ii 

RESULTS OF BINARY DIFFUSION OF NITROBENZENE AND ANILINE IN HYDROGEN 
Pressure: 1 atm. 

System Temperature 
(“C) 

Nitrobcnzene- 215 0.150 0.820 0.814 9.4 8.6 
hydrogen 250 0.899 0.929 0.919 3x4 2.3 

295 1.014 1.068 1.062 5.4 4.8 
Anilme- 210 0.805 0.840 0.830 4.3 3.1 

hydrogen 250 0.926 0.973 0.954 5.0 3.0 
290 1.027 1.089 1.085 6.0 5.6 

D, (cm’jsec) Deviation (%) l * 

Ekperi- Predicfed by Predicted by 
mental’ Lennard- Fuller et al. 

Jones exp. exp. 

Letmar& 
Jones 
t?l&0d 

Fuller et al. 
method 

* Experimental value reduced to 1 atm pressure. 
l * Deviation of the predicted fsom the experimental value. 



348 NOTES 

elutioe methods require the experiments to be carried out in a long column at very 
low flow-rates. Precise and accurate results can also be obtained3*g-” by the method 
by making corrections for the end-effects and the variance produced in the instrument 
dead volume and by controlling the experimental conditions precisely. 
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