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Selectivity, efficiency and time are interdependent in
chromatography. Theoretically we can predict the
minimum time required to maximize selectivity and
efficiency.

Tr = Nreq*Tp
Tp = (l+k’/u)H

so: Tr = Nreq(1  +k’)(H/u)

substituting:
Nreq = 16R2(a\a-1)2(1+k’\k’)2 Purnell equation

so: Tr = 16R2(a\a-1)2[(1+k’)3\(k’)2](H\u)
solve for the first derivative holding all values
constant except k’

Tr = C(k3 +3k’*+ 3k’+l)\l?)

dTr/dk’  = C - 3%.* - 2CW3

in order to find Tr minimum, dTr/dk’  must be set to 0

k’3-3k’-2~0 k’ = 2 or -1

Theoretically, the optimum time for a solute to exit a
column is at k’=2. At this time, selectivity and efficiency
are optimized. Unfortunately, this model breaks down if
a multicomponent sample is considered (all analytes
cannot have k’=2).  In reality, column length, initial
starting temperature and temperture programming can
be utilized to adjust retention times close to the theoreti-
cal optimum k’=2.  The stationary phase must provide
adequate retention (film thickness) and selectivity
for the resolution requirements of the separation at
hand.

The speed of analysis in capillary gas chromatogra-
phy can be significantly improved by reducing the

bore size of the column (4OOym).  Researchers have
successfully produced chromatograms on the order
of milliseconds using this approach. Unfortunately,
heavy demands are placed on sample introduction

and peak detection which are not within the realm of
capabilities of common instrumentation. The follow-
ing discussion concentrates on practical time reduc-

tion in gas chromatographic separations using
standard diameter columns and sample introduction

with the Hewlett-Packard 5890 CC.

Sample mixtures may contain analytes that vary in volatility to the
extent where temperature programming becomes essential in the
analysis. A temperature program can be selected such that high
volatility compounds elute at low column temperature and low
volatility compounds elute at higher column temperature ensuring
the minimization of k’ values. Program rates may be as high as 25
degrees per minute or greater in order to achieve near optimum k
values.

Another important aspect of temperature programming and column
selection is the requirement that all analytes elute during the
temperature program. This general rule helps to define column
length and limits analysis time and band broadening by preventing
isothermal elution of low volatility analytes. Since the temperature
program was not optimized for the 45meter  column in Figure 1,
the last five components were forced to elute under isothermal
conditions.

‘I’he  Limilalion  0T I,eugth
Longer columns generally provide greater challenge for the
generation of time savings in gas chromatography. Stationary
phases have inherent maximum operating temperatures which in
turn limits the the extent of a temperature program. Therefore, a
minimum length of column should be chosen to provide not
only the minimum required plates but the shortest retention
times around the optimum k’ value of 2. The stationary phase
must provide adequate retention(film  thickness) and selectiv-
ity for the resolution requirements of the separation at hand.
The following set of chlorinated pesticide chromatograms
illustrates the differences between a near optimized separation on
a 1.5meter column and the same chromatographic conditions using
a 45meter  column. Notice that the retention times are nearly half
on the 15-meter column and all components are fully resolved.
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Under optimized conditions, a shorter column can provide improved resolution and decreased analysis time compared to
a longer column.
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min. 1 2 3

15m,  0.25mm ID, 0.25pn-  Rtx-CLPesticides  column.
Oven temp.: 200°C to 300°C Q 25Wmin.  Carrier gas: hydrogen

min. 2 3 4 5 6

45m,  0.25mm ID, 0.25~  Rtx-CLPesticides  column.
Oven temp.: 200°C to 300°C @ 25Wmin.  Carrier gas: hydrogen.

Inili;il Startirlg  ‘I’omperaturc
In temperature programming and isothermal gas chromatography, :
a time savings may be generated by chasing an initial starting ’ 1. 2,4,5,6-tetrachloro-m-xyiene 12. endosulfan I
temperature which allows for the elution of the first analyte near ‘ 2. a-BHC 13. dieldrin

the solvent front. Starting at initial temperatures which are too low
3. y-BHC 14. endrin
4. P_BHC 15. 4,4’-DDD

creates an empty gap in time which does not make sense theoreti- G 5. S-BHC 16. endoisulfan II

tally due to k’ elevation. The chromatograms in Figure 2 illustrate : 6. heptachlor 17. 4,4’-DDT

the retention time differences generated by starting temperatures
7. aidrin 18. endrin aldehyde

of 40°C and 200°C in the chlorinated pesticide analysis.
8. heptachlor epoxide 19. methoxychlor
9. rchlordane 20. endosulfan sulfate

10. a-chlordane 21. endrin ketone
11. 4$-DDE 22. decachlorobiphenyl
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At higher initial temperatures, analysis times can be decreased without sacrificing resolution.

min. 1 2 3 2 4 6 R I 1)

15m,  0.25mm ID, 0.25~  Rtx-CLPesticides  column. 15m,  0.25mm ID, 0.25~  Rtx-CLPesticides  column.
Oven temp.: 200°C to 300°C Q 25Wmin.  Carrier gas: hydrogen. Oven temp.: 40°C to 300°C Q 25Wmin.  Carrier gas: hydrogen




