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SUMMARY

The performance of gradient loaded columns in temperature programmed gas
chromatography has been evaluated. It was found that the elution temperatures and
elution times are independent of the type of gradient (positive, negative or no gra-
dient). At optimal working conditions (small injection volume and optimal carrier
gas flow) resolution is best with evenly loaded columns, intermediate for columns
with negative gradient and worst for columns with positive gradient.

When deviating from optimal carrier gas velocity, resolution decreases much
more for evenly loaded columns than for gradient columns. On increasing the in-
jected volume, the decrease in resolution is much rnore pronounced for columns with
positive gradient and no gradient than for columns with negative gradient. Thus,
columns with negative gradient are superior to evenly loaded columns when large
injection volumes are required.

It is suggested that columns with negative liquid load gradient could prove
especially useful in preparative temperature programmed gas chromatography.

INTRODUCTION

The isothermal performance of chromatographic columns connected in series
has been evaluated theoretically and practically!-2, Columns with various amounts
of liquid phase along the column (Gradient I.oaded Columns) can be considered as
a special case of chromatographic-columns in series.

The performance of columns with a two? and with a multiple? stepwise approxi-
mation to a continuous linear gradient and to an exponential gradient!* have been
described. Gradient loaded columns with decreasing liquid load (negative gradient)
have been claimed to have advantages over uniformly loaded columns with the same
amount of liquid phase; for example, a better resolution is obtained for solute-pairs
of low or intermediate partition ratiot 14 and a greater sample size can be injected
without loss of resolution® 4, The finding that better resolution can be obtained in
temperature programmed gas chromatography (TPGC) with a column that has been
used for a considerable length of time by changing the direction of the gas flow$, as

* Director: Prof. Dr. G. VERDONK.
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well as the finding that such a column performs better than a new one$, prompted us
to evaluate the performance of gradient loaded columns in TPGC.

EXPERIMENTAL

5-g portions of Gas-Chrom Q, S8o-100 mesh, were loaded with 10%, 7%, 5%
and 1 9% Polymer EGSS-X (Applied Science Lab.) by the evaporation teclmique"‘
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symmetrical manner, a glass wool plug was inserted 8 cm from the end of the column.
(The first 8 cm of the column have to remain empty as they come in the flash heater
zone.) The gradient cclumn was prepared by sucking consecutively 1 g portions of
10%, 7 %, 3% and 1% loaded stationary phase into the column. The column was
further packed under pressure by gently tapping until the packing was exactly 8§ cm
from both ends of the column. The reference column was packed with a homogeneous
mixture of 1 g of each of the packings, and an absolute reference column was packed
with the same amount of liquid phase loaded uniformly (5%). The columns were
put in an F &M gas chromatograph, Model 402, purged with nitrogen and conditioned
overnight in a nitrogen atmosphere at 220°, after which they were flushed out for a few
hours at the same temperature with nitrogen (1o ml/min). The direction of flow for
the gradient column was from the region of low liquid loading toward the region of
highliquid loading, in order not to reduce the gradient. Temperature programmes were
started at 130° (7%) and the initial isothermal period (¢;) was 4 min in each case.
A mixture of fatty acid methyl esters covering a wide range of boiling points (methyl
myristate to methyl lignocerate) was used in order to determine the influence of flow
rate, programming rate and injection volume upon the elution temperature, the res-
olution between critical pairs of compounds and other parameters for column per-
formance.

The flow rate was calculated from the time interval between injection and elu-
tion of the solvent peak. This time interval was found to be inversely proportional
to the flow rate. Elution temperatures were calculated from the elution times, and
the resolution? and the relative peak dip!? for the critical pair methyl stearate-methyl
ole’tte were taken as a measure of the separating power of the column.

RESULTS

Influence of flow reversal on the performance of gradient loaded colimns

As the columns were packed in a symmetrical way (the columns being sym-
metrical and the dead spaces at the beginning and at the end of the column being
identical) flow reversal could be achieved by turning the column in the oven of the
gas chromatograph, i.e. by connecting the end that had been connected with the de-

tector with the injector, and vice versa.

The effect of the gas flow on the elution temperatures of methyl palmitate
(Ci6:0), methyl arachidate (Cgo.0), methyl lignocerate (Ca4.0) and methyl docosa-
hexaenoate (Cgz.4) for both positive and negative liquid phase gradients (programming
rate of 4°/min) is presented in TFig. 1.

It is clear that elution temperatures are not dependent on the direction of flow
in gradient loaded columns. This has been found to be true for programming rates
between 0°/min (isothermal operation) and 10°/min.
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The influence of programming rate upon elution temperature (at constant flow
rate of 17 ml/min, measured at r atm and 25°) was also investigated, and again it was
found that elution temperature is independent of the direction of flow. The influence
of programming rate on the elution temperature of methyl stearate is shown in
Fig. 2.

The influence of gas flow and gas flow reversal on resolution (R), relative peak
dip (Pq), peak widths at half height (w,,), and distance between peak maxima (sv)
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Fig. 1. Elution temperatures (°C) of methyl docosahexacnoate (Cyz: ), methy! lignocerate (Cag:a),
methyl arachidate (Cazo:0) and methyl palmitate (Cig:0) at various flow rates for columns with
positive (+4) and negative (4A) gradients. Working conditions: 77 == 130%; {; = 4 min; program-
ming rate == 4°/min.
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IFig. 2. Elution temperature (°C) of methylstearate at various programming rates for columns with
positive (4-) and negative (A) gradients. Working conditions: 7% == 130%; #; = 4 min; tlow
rate == 17 mi/min (p == 1 atm; 7" == 25°7),

Fig. 3. Resolution (), relative peak dip (), peak width at half heigth (i) and distance between
meals maxima ) as a function of carrier gas flow for columns with positive (4-) and negative
I3 » I3 . [ g t‘ + . N
A) gracdients. Working conditions: 17 = 130°; {; = 4 min; B == 4°/min.
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for the critical pair methyl stearate-methyl oleate was determined. The results are
shown in Fig. 3. It can be seen that columns with decreasing gradient exhibit a better
performance than columns with increasing gradients, especially when one does not

TABLE 1
THE EFFECT OF THE INJECTION VOLUME UPON RESOLUTION BETWEEN Cjg:0 AND Cyg:1

Experimental conditions: T; = 130°; ¢{; = 4 min; f = 4°/min; I' = 17 ml/min.

Injection  Positive Negative

voliutine gradient gradient
(eed)
0.5 1.26 1.38
1 1.23 1.38
1.5 1.21 I.30
2 1.18 1.28
3 1.07 1.18
4 0.87 1.13
6 — I.11
8 —_ 1.09
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I¥ig. 4. Resolution as a function of injection volume for columns with positive () and negative
( A) Hquid load gradients. Working conditions: 77 == 130°%; #; = 4 min; 8 = 4°/min; [¥ = 17 ml
per min.
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Fig. 5. Relative peak dip as a function of flow rate for columns with positive (), negative (A}
and no (0) gradient. Working conditions: T’y = 130°; {; = 4 min; f = 4°/min; I = 17 ml/min.
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work at the optimal gas flow velocity (optimal with respect to the resolution of the
critical pair under consideration).

The above effect is also found with variation of the injection volume: the more
one deviates from the optimal (very small) injection volume, the greater the superi-
ority of the column with a negative liquid load gradient.

The influence of the injection volume upon the resolution between methyl
stearate and methyl oleate for columns with positive and negative liquid load gra-
dients in TPGC is shown in Table I and presented graphically in Fig. 4.

As can be seen from Table I, the resolution is dependent in both cases on the
injection volume. However, as in isothermal GC3, columns with negative gradients
perform much better than columns with positive gradients.

The comparison of gradient loaded columns to the colummns loaded with a homogeneous
maixtire

The gas flow that gives optimal separation between methyl stearate and methyl
palmitate (as judged from the relative peak dip factor) is independent of the nature
of the column (positive, negative or no liquid phase gradient; Fig. 5).

Elution temperatures are also independent of the type of column. This is not
the case, however, for the resolution between Cig.0/C1s.1. For the mixed column, the
optimal resolution (T; = 130°; # = 4 min; 8 = 4°/min) was 1.60, for the absolute
reference column (5 %) 1.55 and for the gradient columns 1.39 (positive gradient)
and 1.38 (negative gradient).

Asin isothermal GC!!, the heterogeneity of the packing does not affect resolution
significantly in TPGC. On the other hand, liquid load gradients in the column do de-
crease the resolution.

As to the deterioration of the resolution with increasing injection volumes,
homogeneously packed columns appear to perform better than columns with a
positive gradient, but not as well as columns with a negative gradient. Thus, the res-
olution when a 4-ul sample was injected was only 73 % of that when a 1-ul sample
was injected for a positive gradient column, 82 ¢} for a negative gradient column and
78 % for a homogeneously loaded column (with the same amount of liquid phase).
Moreover, it was found by plotting the relative peak dip vs. the gas flow (Fig. 5)
that deviations from the optimal flow affected the resolution much more for homo-
geneously loaded columns than for columns with either positive or negative gradient.

DISCUSSION

The finding that the elution temperature (or the retention time) is independent
of the type of linear gradient in the column (positive, negative or no gradient), (but
with the same amount of partitioning liquid) is contrary to the situation'in isothermal
(GC where the retention times do depend on the type of gradient!2.1t, The theory for
retention on gradient loaded columns in TPGC which confirms this finding will be
published elsewhere.

The fact that the column with negative gradient, which has a larger variation
in solute velocity than the column with positive gradient (compared to the latter
one, the solute velocity is slower at the inlet (higher liquid loading) and faster at the
outlet (lower liquid loading)) performs better than the column with positive gradient
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is in accordance with the finding of GIDDINGS!? that large increases in carrier gas
velocity (thus in solute velocity) do not lead to significant loss in resolution.

As columns with negative gradients perform better in TPGC than homoge-
neously loaded columns when the injection volume is not very small, they will be
especially useful when large volumes need to be injected as in temperature program-
med preparative gas chromatography.
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