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Various investigations have been reported on alkali metal halide-acid amide 
interactions, including isolation of the complex’ X-ray analysis’, infrared3 and 
nuclear ma,onetic resonance4 spctroscopy and measurement of electrical conductivity5 
and heat of solution6. Our previous studies revealed that similar interactions also take 
place in gas chromatographic (GC) stationary phases and some alkali metal halide- 
containing polyethylene glycol (PEG) columns are useful for the specific separation of 
acid amides’. The characteristics of lithium iodide-containing PEG columns have also 
been investigated for the GC analysis of amide drugs*. This paper deals with the 
evaluation of the efficiency of potassium iodide-containing PEG as a GC stationary 
phase in te;ms of the height equivalent to a theoretical plate (HETP) using N-methyl- 
acetamide as a test solute. 

EXPERIMENTAL 

Gas chromatography 
The instrument used was a Hitachi K-23 gas chromatograph equipped with a 

thermal conductivity detector. The glass columns were packed with potassium iodide- 
containing PEG 20M (weight ratios of potassium iodide to PEG = 1:20, 2:20, 3:20 
and 4r20) coated on Chromosorb W (60-80 mesh) so that the PEG content was 20% 
of the total weight. The column and detector temperatures were maintained at 150, 
155,160,165 and 170” and the injector temperature at 200”. The linear flow-rate of the 
carrier gas (helium) was varied between 10 and 38 cm/set and was measured by di- 
viding ihe column length by the gas hold-up time (tAf). A minimal amount of sample 
was used for injection. 

Reagents and materials 
N-Methylacetamide (MA) and potassium iodide of analytical-reagent grade 

were obtained from Wako (Osaka, Japan). MA was used after distillation and KI was 
dried over phosphorus pentoxide and used without further purification. 

Measurement of HETP and partition ratio 
The elution curve of MA was measured at various weights ratio of potassium 

iodide to PEG, column temperature and flow-rate of the carrier gas. The HETP was 
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calculated from the elution curve in the usual manner and the partition ratio (k) vvas 
calculated by means of the equation t R = t,, (1 + k), where tR is the retention time 
of MA. 

RESULTS AND DISCUSSION 

The relationship between the concentration of potassium iodide in the sta- 
tionary phase and the partition ratio of MA at 160” is shown in Fig. 1, indicating that 
k increases almost proportionately with increasing potassium iodide concentration 
below 10 %, followed by a slight decrease in the slope with a further increase in con- 
centration up to 20%. Such a salting-in effect.in PEG solution is similar to those 
previously found in other combinations of alkali metal halides and acid amides7*8. 

Fig. 2 shows the HETP curves for varying potassium iodide concentrations at 
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Fig. 1. Relationship between partition ratio (k) and potassium iodide concentration at 160”. 
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Fig. 2. HETPcurves forvariousconcentration ofpotassium iodideat 160”: O,O%; A, 5%;. V., 10%; 
III, 15%; 0,20%. 
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160”. The points indicate the experimental values and the curves were fitted to these 
points by means of least-squares method using the Van Deemter equationg: 

W=Af BJO + CD (1) 

where N (cm) is HETP, 0 (cm@) is the linear flow-rate of carrier gas and A (cm), 
B (cm’/sec) .and C (set) are coefficients relevant to the coIumn characteristics. 

It was found that an increase in potassium iodide concentration from 0 to 10 % 
gives rise to (i) a decrease in HETP, (ii) a decrease in the flow-rate of carrier gas at 
which the HETP is at a minimum (Hmrn, Umi,) and (iii) a decrease in the convexity of 
the curve towards the abscissa, which results in a wide range of carrier gas flow-rates 
giving small HETP values. A further increase in potassium iodide concentration up to 
20% yields slightly contrary effects, and consequently 10% of potassium iodide in 
PEG gives the smallest HETP. 

Such changes in HETP obviously appear to be dependent on the C coefficient 
in eqn. 1, that is, the addition of potassium iodide causes C to decrease. Van Deemter 
et aLg gave the equation 

where d, and & are the effective thickness of the stationary liquid film and the diffu- 
sion coefiicient of the solute in the stationary phase, respectively. Plots of C versus 
k/(1 f k)’ for the present data are given in Fig. 3, where C is due to the curve in Fig. 
2. It is found that C is a linear function (correlation coefficient 0.9526) of k/(1 + k)'. 
This, in turn, means that df2/DL is almost independent of potassium iodide concentra- 
tion. Therefore, it follows that the addition of potassium iodide leads to an increase in 
the partition ratio and a subsequent decrease in HETP, thus enhanding the column 
efficiency_ 
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Fig. 3. Plots of C versus k/(1 f k)’ at 160”. 
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The HETP curves at various column temperature are shown in Fig. 4, where 
the points were selected from the data obtained with 15 % potassium iodide-PEG and 
potassium iodide-free columns and the curves were fitted to these points. The curves 
obtained from the same column exibit a decrease in HETP with decreasing column 
temperature, and this temperature dependence of HETP is apparently reduced by the 
addition of potassium iodide to PEG. This suggests that C is the most involved of the 
coefficients that participate in the temperature dependence of HETP in the high 0 
region. Assuming that df is little dependent on column temperature between 150 and 
170”, an increase in the column temperature should exert an opposite effect on C; an 
increase in DL with decreasing viscosity of PEG leads to a decrease in C and a de- 
crease in k has the opposite effect. The results in Fig. 4 indicate that the latter effect 
dominates the temperature dependence of HETP in the region above DInin. 
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Fig. 4. Temperature dependence of HETP curve for 15 % potassium iodide-PEG column (below) and 
potassium iodide-free column (above). 0, 170”; 0, 165”; & 160”, V, 155”; 0, 150”. 

Combined with the discussion given in the previous papers’*‘, the present 
results suggest that alkali metal iodide-containing PEG could have high column 
efficiencies and wide applicability to a variety of acid amides. 
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