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ABSTRACT 

The dependence of sucrose sorption isotherm data obtained by inverse gas chromatography on column material was studied. 
Columns made of polyamide glass, copper and stainless steel were used. The results obtained indicate that the interaction between water 
vapour and the column wall cannot be ignored when products with very low equilibrium moisture content are considered. 

INTRODUCTION where a = uptake of sorbed water (g/g stationary 
phase), m, = mass of water injected (g), m = mass 
of stationary phase (g) and Iads/Ipic = ratio of the 
areas (A + B)/B calculated from the chromatogram 
(Fig. l), and 

Most of the current methods for determination of 
water sorption isotherms rely upon the measure- 
ments of the changes in weight of samples equili- 
brated in atmospheres with different relative hu- 
midities, as described by Labuza [l]. A different 
procedure that is particularly suitable for the study 
of the lower region of water activity and for prod- 
ucts with very low equilibrium moisture contents 
uses inverse gas chromatography (IGC), and has 
been extensively used by Smith et al. [2]. 

With IGC the sorbed solute is injected into the 
carrier gas stream and its linear transport is retard- 
ed owing to interaction with the product under 
study, which constitutes the stationary phase. Kise- 
lev and Yashin [3] derived a method for calculating 
sorption isotherms, based on Glueckauf’s [4] theo- 
ry, using the chromatographic data obtained. The 
development of this theory results in the following 
equations, which relate chromatograph operating 
parameters and peak data to the sorption isotherm 

Iads ma 
a= 

m Zpic 

P= 
m,hRT 

Ipic W 

where p = partial pressure (atm), h = peak height 
(detector units), R = gas constant (82.0567 cm3 

Detector 
output 

Time 

Fig. 1. Typical gas chromatogram obtained by IGC. 1 = Point 
of injection; 2 = point of emergence of unadsorbed peak (air); 
3 = point of emergence of probe peak (water). &, = Area B; 
I adr = areaA+B. 
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atm mole1 K-l), T = absolute temperature (K), 
W = flow-rate of carrier gas (cm3/min) and Zpic = 
area B in Fig. 1 (detector units min). 

IGC provides a rapid and reliable method for the 
determination of sorption isotherms, but some at- 
tention is required to the choice of the material for 
the chromatographic column, particularly with very 
low equilibrium moisture contents. 

EXPERIMENTAL 

A Perkin Elmer SIGMA 3B dual-column gas 
chromatograph with a thermal conductivity detec- 
tor was used. Helium (2 ppm water, 6 ppm maxi- 
mum impurity) at a flow-rate of 60 cm3/min was 
used as the carrier gas. 

The study as conducted at 45°C with sucrose as 
the stationary phase. A 5&63 mesh fraction of su- 
crose (0.03% moisture content, 0.007% ash and 
0.002% inverted sugars, dry weight basis) obtained 
from Refinarias de Acucar Reunidas (Porto, Portu- 
gal) was packed into 5 ft. x 0.25 in. I.D. columns. 
Columns made from polyamide, glass, copper and 
stainless steel were used. Distilled water was inject- 
ed in amounts ranging from 0.2 to 2 ~1. In order to 
remove most of the moisture contained in the su- 
crose, the columns were purged for 24 h with dry 
helium before use. Injector and detector temper- 
atures were kept at 150°C. 

Detector data were acquired by an XT-type mi- 
crocomputer using a custom-built amplifier and a 
12-bit dual-slope integrator analogue-to digital 
converter from Digital Design & Development 
(UK). Data collection and calculations were made 
by an existing computer program, CROMADATA, 
developed by Cardoso and Sereno [5]. 

RESULTS AND DISCUSSION 

The operating conditions were similar to the ones 
described by Smith et al. [2]. Water sorption iso- 
therms calculated using eqns. 1 and 2 are plotted in 
Fig. 2. Each data point represents the mean value of 
three determinations with the same amount of in- 
jected water. 

The set of data obtained with each column was 
fitted to the GAB (Guggenheim [6], Anderson [7] 
and De Boer [8]) equation using a non-linear regres- 
sion program written by Sereno and Medeiros [9). 
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Fig. 2. Sorption isotherms for sucrose by IGC with different 
columns: polyamide (+), glass (A), copper ( n ), stainless steel 
(this work) (0) and stainless steel (Smith et al. [2]) (+). The solid 
lines represent the result obtained by fitting the data to the GAB 
equation. 

The dependence of the results on column material is 
clear. 

The results obtained by Smith et al. [2], using a 
stainless-steel column are also plotted in Fig. 2. The 
observed deviations are throught to be caused by 
different characteristics or ash contents of the su- 
crose crystals as implied in the works of Bienen- 
stock and Powers [lo], Rodgers and Lewis [l l] and 
Bagster [ 121. 

In conclusion, while IGC remains a fast and re- 
liable technique for the experimental determination 
of water sorption isotherms of particulate or 
ground solids, the results of this research indicate 
that the interaction between water vapour and the 
column wall cannot be ignored when products with 
very low equilibrium moisture content are consid- 
ered. 
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