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INFORMATION CONTENT OF MULTI—DIMENSIONAL SWITCHING SYS-
TEMS IN GAS CHROMATOGRAPHY

5. SEVCIK
Packard-Becker B.V., P.O. Box 519, 2600 AR Delft (The Netherlands)

SUMMARY

Information content, according to Shannon??, is used for the optimization and
classification of multi-dimensional switching systems (MDSS) in gas chromatography
(GCO). This criterion transfers the GC specifications info numbers of bits, and allows
the appropriate choice of hardware, column eﬂic1enc1¢e and polarities and the selec-
tion of MDSS modes.

The information content for different column configurations, such as packed—
trap—capillary column, are compared with single-column systems. MDSS is found
to be 2 GC system with a higher information content. This is ascnbed to the switching
possibilities of columns with different polarities.

INTRODUCTION

The task of an analysis is to provide the required amount of interpretable
information at the best performance to cost ratio. From this follows the importance
of specification of the required amount of information, interpretation of information
and the most efficient instrumentation and experiment organization.

Problem specification is a process of selecting a few parameters such as the
particular characteristics of an application. These parameters can be specified, for
example, as uacertainty of peak identification (index window), duration of analysis
and exceeding of the hazard limit. These heterogeneous characteristics (index unit,
time, grams, ctc.) must be transformed into a common denominator. This is an in-
formation content, f(S)!+?, which permits us to penetrate into the essence of chro-
matography (and, ia fact, all analytical methods), namely the obtaining of informa-
tion3.

In the process of transformation, the chosen characteristics are qualified in
numbers of bits, and this is reflected in the requu:ed information content, I(S).q,
to solve the given problem.

In this context, analytical instrumentation becomes a tool by which the problem
specifications can be reached. It means that the experimentally cbtained information
content, I(S)..,, must be larger than the required information content (see Fig. 1).
Thus, optimization in gas chromatography .(GC) cannot be restricted to cclumn
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Fig. 1. Schematic diagram of problem-solving path for GC application.

performance optimization only, but should include the choice of stationary phase
znd detectors, working conditions, experiment organization, etc.

One can speak of a breakthrough in “GC technology® with the introduction
of valveless multi-dimensional switching systems (MDSS)** for multi-dimensional
GC (MDGC)®. The fiexibility of such systems makes system optimization mandatory.
The evaluation of the information power of GC systems is one of the possible means

of such optimization.

In chromatography, information theory has been used for the selection of
preferred liquid phases and their combination in thin-layer chromatography’ and in
gas-liquid chromatography®-19 evaluating the distribution of retention indices and
for hardware optimization of packed-packed MDSS*™.

This paper deals with the characterization of MDSS by means of information
conient, especially with columns in series.

EXPERIMENTAL

Experiments were carried out on Packard Model 429 gas chromatographs
equipped with MDSS units as shown in Table I. Calculations were carried out on a
PDP 8 computer.

RESULTS AND DISCUSSION

Multi-dimensional gas chromatography (MDGC) is 2 GC system (or gencerally
a chromatographic system) in which the capacity ratio, &, for a given substance i is
changed within the analysis. We can divide MDGC into a non-steady-state configura-
tion with a programmable pressure and/or programmable temperature and a st&dy—
state configuration with columns of different polarities.
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TABLEI

HARDWARE CONFIGURATIONS AND AVAILABLE MODES FOR DIFFERENT COLUMN
COMBINATIONS

P = packed column; C = capillary columnp; T = trap; for abbreviations of modes, see text.

PP pPC PTC CccC CIC
Mode:
SFL x b4 X X X
XFR X X x
MON x X x X X
BFL X X X X b
TRP x X
RIN X X
Detector:
FID XX XX X X X X X X
TIDA XX XX X X xX X X X
ECD XX XX X X X X X X
TCD XX X x
Sample
introduction XX X X RIN X X RIN
Splitter After P After P After After
via Ist detector via 1st detector injection port injection port
or after trap
Glass XX XX X X X X X X
Metal XX XX X X X X X X

An MDSS is a GC system (or generally a chromatographic system) in which
the direction of sample flow is changed during the analysis. The “injection pori—
column-detector” sample flow path is the basic dimension. We can divide MDSS
into the so-called injection port splitter and the end column splitter configurations,
shown in Figs. 2 and 3.

For columns in series, we define the general MDSS modes as follows: solvent
flush {(SFL), transfer (XFR), monitoring (MON), back-flush (BFL), trapping (TRP)
and re-injection (RIN). The order- and time-based combinations of MDSS modes
form the MDSS programmes, such as heart-cut, multiple heart-cut and chopping.

The MDSS should fulfil 2 number of criteria. Firstly, it should increase the
separation power of the GC system, using column combinations of either the same
polarity (increase of column efficiency), or different polarities (selectivity of separa-
tion). Secondly, MDSS should improve the column performance and its lifetime. It
should also improve detector performance, especially that of the selective detector,
by excluding large amounis of solvent or unwanted compounds and high- boiling
substances. The third task of the MDSS modes is to speed up the analysxs and, in
this way, to increase the performance to cost ratio.

Information content, I(S), according to Shannon and Weaver??, is defined as

I(S) = ,fglpk Id p; _(1)

where p, is the probability of finding substance X in a total of m substances and Id
is the dual logarithm.
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Fig. 2. Isjection port splitter MDSS. C = column; D = detector.
Fig. 3. End column splitter MDSS.

From the point of view of probability, optimization is related to the uncertainty
that the eluted peak. &, can be identified in the group of m substances on the basis
of retention indices. Thus, if we want to characterize one substance from a group of
100 substances between two neighbouring n-alkanes, we need a system with 100
separated peaks, and expressed in information content I(S) = Id (100/1) = 6.65 bits.
When the analytical problem is specified, for example the uncertainty of 10 retention
index units, then apalytical hardware with an information content of I(S), =
1d (100/10) = 3.3 bits, must be used in order to solve the given task.

Generally, for the maximum value of the information content of GC columns
dn each of the intervals only one substance will be present) we have

R L ®

where A4 is a measure of column polarity'>-!*® (see note below). Thus, using eqn. 2,
the chromatographic system (column polarity and efiiciency) is transferred to the

probability of finding the component in the retention interval 100/[ (1 — 1/4) nlZ].

Note

The resolution between two neighbouring n-alkanes having adjusted retention times £z, and
tz,_: and corresponding peak widths at half heights w, and w,_y, respectively, is
-t F 38
R= R. R-—l _ s — l . R- (3)
Wa + Wa_1 ra Wa + Weoz
where
8

re=—— ) : @)
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It is assumed that the value of the relative retention, r., is constant. However, as we have shown
in previous work'®, r, changes, especially for small nr, while the ratio of the time differences between
‘ neighbourmg n-a_xlkan& is constant. It holds that

Aes =2, —1, : )
3 L 3234 ]
A. - t;- - t;s—! (6)
Aeys
A =
A, . o
Then the first term of eqn. 3 can be rewritten as
ra—1 Fazp — 1
PR y ®)

Therefore, we can expect that the value of the first term of egn. 3, which is related to the polarity
of the stationary phase, will be practically constant [it will decrease with increasing number of carbon
atoms in the n-alkane chain and will be limited to the value of (4 — 1)/4].

’

P
R
The second term of eqn. 3, —— = expresses the column efficiency.

We + Wa_g

We can discuss two limiting cases:
(@) the column is very good (w, = w,_,); then the second term is

4

tk
— T &5 0.5 (/822

Wa + Wayg

(b) the column is rather poor (w. = 2w._;); then the second term is

.

4
R
——— % 0.67 (/8In2)'7
Wo T We—g
A coefiicient of 0.6 is found to be acceptable, introducing 2 maximum inaccuracy of 4107 for
the total range of column efficiencies. Thus, egn. 3 can be rewritten as

1yA—1
R~ () ©

The polarity of the stationary phase plays a very important role in MDSS
techniques. From recent publications on liquid-phase optimization3.5-%°, it appears
that the best separation system is formed by the combination of liguid phases with
different separation characteristics such as different polarities. Let us assume that to
solve the preblem a resolution of 100 has to be reached. This means that the sysiem
has K(8) = 6.65 bits. Calculating the required column efficiency for a medium polarity
column with 4 = 2, we find ca. 650,000 n_ plates. It is clear that this will not be the
way to solve the problem. A combination of columns with different polarities will be
a better solution. The distribution of retention indices on the stationary phases is
assumed to be normal, with a mean and estimated standard deviation (see Fig. 4).
With increasing polarity of the stationary phase, the mean shifis to higher values of
the retention indices and the estimated standard deviation of this distribution are
higher®. When the polarity test mixture according to Rohrschneider! and McReynolds'®



is used for demonstration, then the closest index difference between the substances
of this mixture is 1 index unit on squalane, 3 index units on OV-17, 11 index units
on Carbowax 20M and 17 index units on BCEF. For a constant pair of compounds
(benzene-nitropropane), there is 1 index unit difference on squalane, 123 index units
on OV-17, 249 index units cn Carbowax 20M aad 419 index units on BCEF. It can
be seen that with increasing polarity of the stationary phase, we can use a system
with a lower separation efficiency (smaller value of r7.r) to reach the same information
content. Therefore, it is preferable to use column combinations to reach a large value
of F(5).xp, and thus reach the condition of egn. 10.

SQUALANE

i

CARSOWAX 201
ov-r

) BCEF

F] T
SC0 w000 -
500 1 (Kovits indices)

Fig. 4. Retention index distribution on selected stationary phases.

arbitrary unlts

When MDSS techniques are applied in analysis, there is a multiple choice
between efficiency and polarity of column systems within one analytical run. Thus,
MDSS modes increase the information content of GC instrumentation {see below),
and lead to systems with a high redundancy!® expressed by the inequality

H(S)exg 1(S)eeq = 1 (10)

MDSS solvent flush mode

This mode brings only an indirect improvement in column efficiency. In a
cne-column system there is normally an overload of solvent, causing a shift in £’
values. Solvent flushing overcomes this problem. With the elimination cf the solvent,
the read-out quality, by either manual or electronic means, is improved. This phe-
nomenon can be expressed in numbers of bits by the equation

ISk =1d (-2) , an

2

where s; and s, are the estimated standard deviations of the read-out before aad
aiter the use of solvent flushing, respectively. When we expect the precision to be
twice as good, then I(S)s, will reach a value of 1 bit. One should take into account
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the fact that the passége of a large amount of soivent through the stationary phaseina
continuous run erodes the column. The use of solvent flushing therefore increases
the lifetime of the colum=, and thus increases the information effectivity®”!5.

MDSS iransfer mode

The mixture to be analysed is separated on the first and the second columns,
with only one output (second detector). When the first column has an efficiency
n.er, and a polarity 4,, the second column an efficiency n, and 2 polarity 4,, and
the system has the index shift A7 due to the different column polarities, the mforma.—

- tion content can be expressed by the equation
_gal Ay — 1\ A, — 1 AI‘J"2
I(S)xer = ld 5 {"erq ('-———A1 ) + Pegr, [(——_Az ) + (m) } 12)

Eqgn. 12 demonstrates the infiuence of the index shift on the total information content.
As demonstrated in Table 11, the dominant factor in MBGC is related to increases
in AI. When the polarities of columns I and 2 are the same, 4; = 4, and thus A7 = 0,
and egn. 12 becomes

12

I(S)xer = [( 4 ) (”eftl -+ net‘k‘z)] 3)

This demonstrates directly the small improvement in information content for columns
of the same polarity with respect to the combination of columns of different polarities
(Table III).

MDSS monitoring mode
The mixture to be analysed is separated on the first and the second columns.

This system can be presented as a parallel column system with independent outputs,
related to the first column and to the sum of the first and the second columns. With
a first and a second column, having efficiencies rn.¢, and n.y, and polarities 4, and
A, respectively, the information content of this system is

K)o = 13 [(PL2) nifh, + 1] (14)

When there is no first detector, the information from the first output is zero and’
KS)mon = I(S)xrz-

It can be seen that the monitoring mede sngnlﬁcanﬂy improves the information.
content of the MDSS system. .

MDSS back-flush mode

After the separation of the required part of the sample, the remainder is
“washed out” of the column by changing the direction of the carrier gzs flow. This
leads to a shortening of the analysis time, reconditioning of the column and also
elimination of ghost peaks. Back-flushing does not change the column efficiency,
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TABLEXX :
INFLUENCE OF COLUMN POLARITY ON INFORMATION CON'I‘ENT OF THE SYSTEM
Column efficiencies: rtee, = 1000, e, = 5000. !

Column polarity  Retention index shift

4, A 100 200 300
15 20 432 519 575
15 25 438 521 576

20 25 - 439 522 5.76
20 1.5 425 5.17 5.74
25 15 4.27 5.18 5.74

‘TABLE III

INFLUENCE OF COLUMN EFFICIENCY ON THE INFORMATION CONTENT OF THE
SYSTEM

A = columms with the same polarity (4 = 2); B = columns wiih different polarities, polar (4 =
1.5) or apolar (4 = 2.5); index shiit A = 200.

Column efficiency, n.zy (plates) I(S}

Pre-column Analytical column A B ct
1000 1000 248 4.06 496
1000 3000 298 4.84 5.28
1000 5000 3.28 5.21 5.50
1000 20,000 4.18 6.21 6.29
1600 60,000 498 7.00 7.03
1000 100,000 3.31 7.37 7.39

* Pre-column efficiency, . = 100,000.

and therefore it does not contribute to the information content. However, because
more analyses can be performed, it brings an improvement in the information ef-
fectivity.

MDSS trapping mode

This MDSS mede should be discussed from the point of view of qualitative
and quantitative analysis. Qualitative analysis is related to peak identification: only
a small uncertainty is allowed. This leads to a narrow index window and a high
coluinn efficiency, calling for a narrow starting peak width. Under this condition,
the partly separated compounds are once again put together, and the separation
process starts from the beginning. The trap thus neglects the information from the
first column. An important question at this point is whether, in the absence of a
trap, identificatior would be possible on the second column using retention indices.

When columns of the same polarity are used, the elution order is not changed
and there is no need for trapping. When columns of different polarities are used
however, the only aiternative to trapping is the heart-cutting programme.

The quantitative aspect of the analysis is reiated to the sensitivity of the de-
tectors. If, in trace analysis, the amount of sample is very low, the trap can be used
in the enrichment mode. Under these conditions, the total amount of part of 2
mixture can be trapped and quantitatively transferred to the second columa.
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MDSS re-injection made

Trapped compounds are rapidly flushed from the trap and introduced on to
the second column. The duration of re-injection contributes to the extra-column
effects, and thus influences the column efficiency. Under the proper conditions the
re-injection is comparable to standard injection methods. The information content

of this mode is drawn from the second column only:
g i — 1y 4p
ISk =14 5 [(Z—) rili)] . (s

Thus, in general, an increase in instrumentation costs and prolongation of
the time of analysis with a simultaneous decrease of the information content lead
to the decrease in information effectivity. However, when a broad cut is required,
and heart-cutting cannot be used, a trap is necessary.

As demonstrated by eqns. 2 and 1213, the information content of MDSS is
determined by the polarity and the efficiency of the columns. From the column ef-
ficiency point of view, there are five configurations:

(a) packed-packed column MDSS;

(b) packed-capillary column MDSS;

(c) packed-trap—capillary column MDSS;

(d) capillary—capillary column MDSS;

(e) capillary-trap—capillary column MDSS.

These combinations of columns with different column efficiencies (72 from 1000 to
100,000 plates) are generally discussed from the viewpoint of the column polarity:
(i) columns with the same stationary phase polarity; (ii) columas with different sta-
tionary phase polarities.

It follows from egn. 13 that the information comtent of columns with the
same polarity is rather low. To increase the information content by 2 bits, the step
from packed column to capillary column must be made. We can say that this combina-
tion will be used mainly to protect the analytical column, increase the lifetime of
the capillary column, improve the detector performance and speed up the analysis.

A combination of columns with different polarities dramatically improves the
separation efficiency of the systemn: a shift of 2 bits can be realized (see eqn. 12).
We can say that this combination should preferably be used for complicated analyses.
The above-mentioned advantages of columns with the same polarity, such as protec-
tion of the analytical column, increased lifetime of the capillary column, improved
detector performance and speeding up of the analysis, are also realized here.

Packed-packed column (PP) MDSS

This column combination is characterized schematically in Fig_ 5. Either glass
or metallic columns can be used with different detectors. The possibilities and avail-
able switching modes are summarized in Table 1.

Columns with the same and/or different stationary phase polaritics can be
employed. Using columns with different polarities, short first columns (pre-columas)
and/or narrow cuts should be used if identification is required. On the other hand,
this column configuration has a great impact on all applications where separation
by means of selectivity can be used in spite of the column efficiency. As shown above,
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Fig. 5. Flow schematics of packed-packed column MDSS configuration.

the information content of two packed columns with different polarities, having 5000
plates, can exceed tire information content of a capillary column with 100,000 plates
(5.77 bits compared with 5.31 bits).

To separate the mixture specified in Table IV on a single column system for
all compounds, high-efficiency columns should be used. For the separation of benzene
and r-butanol on OV-17, the required information content is I(S),., = 1d (100/2) =
5.6 bits, which corresponds to a column with 150,000 plates. For the separation of
n-decane and pentanone on Carbowax 20M, the required information coatent is
1(S)eq = Id (100/3) = 5.1 bits. Using MDSS for scparation, the pairs benzene—n-
butanol and n-nonane-pyridine can easily be separated on Carbowax 20M and n-
decane-pantanone on OV-17. Under these conditions, the closest peaks differ by
15 retention units, and the reqguired information content is I(S),., = Id (100/15) =
2.7 bits. Two short packed columns were used (OV-17 with 3600 plates for C,o and
A = 2.05 and Carbowax 20M with 2700 plates for C,;; and 4 = 1.76). Use of the

TABLE IV

RETENTION INCICES FOR VARIOUS COMPOUNDS ON "IFFERENT STATIONARY
PHASES

No. Compound ovV-17 Carbowax 20M
i Benzene 785 985
2 . n-Butanol 787 1157
3 Pentanone 805 1003
4 n-Nonane 900 900
5 Pyridine 910 1220
€ r-Decane 1000 1000
7 n-Undecane 1100 1109
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transfer mode results in 4.8 bits and the ratio /(S). p/[(Sjeq = 1.77. The chromato-
gram is shown in Fig. 6.

Packed—capillary column (PC) MDSS

If the separation efficiency of packed colummns is not sufficient for a particular
analysis, capillary columns can be used. The flow diagram is shown in Fig. 7. Columns
with the same and/or different polarities of the stationary phase can be used. As
demonstrated in Table V, the information content of the system is improved by
increasing the column efficiency and the combination of columns with different po-
larities results in systems with 2 bits more information than columns with the same
polarity. It can be seen that the combination of a short pre-column (1000 plates)
with a short capillary column (20,000 plates) with a small index shift (100 index units)
is comparable to a singie capillary column of 100,000 plates.

Tl > B

I
#el

O

Fig. 6. Example of heart-cut mode. A, OV-17; B, Carbowax 20M. T; and T, = heart cutting inter-
vals. For peak identification, sece Table IV.

Fig. 7. Flow scheme for packed-capillary column MDSS configuration. For symbols, see Fig. 5.

Packed-trap—capillary column (PTV) MDSS

This configuration is characterized by the use of a trap (Flg 8). As was men-
tioned under MDSS trapping mode, a trap is required for a broad cut. In addition,
the trap can be used for enrichment of traces, thus making for better conditions for
measurement. Enrichment is carried out with a cold trap and an open vent after the
trap. Thus, the components of interest are held quantitatively in the trap and only
the excess of carrier gas is vented. In the re-injection mode, the vent behind the trap



TABLEV

INFORMATION CONTENT I(S) FOR DIFFERENT MDSS COLUMN OONFIGURA
TIONS

For single column and 47 = 0, polarity 4 = 2. For columns with 47 = 0, Ist column 4 = 1.5, 2nd
column 4 = 2.5. Bold fgures: I(S) > 5.3 (= I(S) capiliary column}). )

Configuration ey ar X(S) single columre
I3 column 2nd column 0 100 390 )
PP 1000 1000 248 326 4.61 1.98
5000 5000 3.64 442 577 3.14
PC 100C 20,000 418 537 &.76
5000 100,000 534 @53 792
PIC 1000 20,000 1.98 198 198
or or or
4.14 4,14 414
5000 100,000 314 3.14 3.14
or or or
531 5.31 5.317
CcC 20,000 20,000 464 542 67?7 414
100,000 100,000 s81 6.58 793 5.31
CTC 20,000 20,000 4.14 4.14 4.14
100,000 100,600 531 531 531

17
L

i
NY

O

Fig. 8. Flow scheme for packed-trap-capillary column MDSS configuration. For symbols, see Fig. §.
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is closed. The trap is then heated and compounds are flushed out on to the capillary
column with the flow required for capillary column operatmn

Fig. 9 gives an example of the use of the trap in the enrichment mode to
investigate the bleeding of rubber seats in solenoid valves, used in the gas supply
system at 50°. In a 10-min trapping period, Cs, C,9 and C,, compounds were in-
troduced into the trap as internal standards from the packed column by heart-cutting.
After 10 min, the trapped mixture with C5, C, and C,, compounds as standards
was re-injected on to the capillary column. The resulting chromatogram shows the
main part of the rubber bleed in front of C,g.

HEART CUTS
NN

c1s
c20
(> =

9 el L

Fig. 9. Chromatogram of rubber bleed analysed with PTC MDSS configuration. A, 1-m 109, SE-30
onr Chromosordb WHP (80-100 mesh); B, 25-m 0.25 mm L.D. SE-30. Oven temperature, 220°; two
FIDs.

When using a trap in the system, we are decreasing the information content,
I(S), because we are neglecting the first column. The information content is equal
to that of the second column only. The main performance criteria of the trap are
that it should reach very high and very low temperatures in a short time interval,
and that it should be chemically inactive.

Heating of the trap during the re-injection modg directly influences the column
efficiency by means of the starting peak width. As was shown in previous work'?,
the trap realized by a directly heated platinum capillary is the fastest system and is
comparable to the standard injection technique. It was found that glass lined tubing
is slower in the re-injection mode than a platinum capillary. Owing tc the variable
thickness of the glass layer, local overheating occurs, which can lead to “multiple
injection”. This phenomenon does not appear with platinum capillaries. Deteriora-
tion of trap performance was found when oxysen entered the carrier gas as an im-
purity (pressure regulators with 2 rubber membrane, unclean carrier gas, leakage).
This is indicated by tailing of the peaks of polar substances (z#-butanol, pentanone,
pyridine). These changes are reversible when hydrogen is used as the carrier gas.

Capillary—capillary coltanr (CC) MDSS
In this MDSS configuration two highly efficient columns can be used (see
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Fig. 10. Flow scheme for capillary-capillary column MDSS configuration. For symbols, see Fig. 5.

Fig. 11. Fiow sciieme for capillary-trap—capillary column MDSS configuration. For symbols, see
Fiz_ 5.

Fig. 10). As follows from eqn. 13, there is no need to combine two capillary columns
of the same polarity. A combination of columns of different polaritics is limited to
the narrow cut and/or muitiple heart-cut programme. However, as shown in Table
V1, for constant efficiency of the analytical column there is no improvement in the
information content of the system with changing pre-column efficiency. We can say
that, except for a pre-separation step, the CC configuration has no advantages over
the PC configuration.

TABLE VI

INFLUENCE OF PRE-COLUMN EFFICIENCY ON INFORMATION CONTENT OF THE
SYSTEM

Column order is polar (4 = 1.5), apolar (4 = 2.5); index shift A7 = 200.

Column efficiercy, n.r (plates) I(S)
Pre-column Analytical column
1006 100,000 7.37
3000 100,000 71.37
5000 100,000 7.37
20,000 100,000 7.37
60,000 100,000 7.38

100,900 100,000 7.39
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Capillary-trap-capillary column (CTC) MDSS

This configuration is shown schematically in Fig. 11. If it is not possible to
use heart-cutting programmes, and the broad index interval from the first column
should be transferred to the second column, a trap must be used. As already men-
tioned for the capillary—capillary column configuration, there is no advantage in using
columns with the same polarity. Columns with different polaritics, when used with
a trap, reduce the information content of the transfer mode to the information con-
tent of the second column only, so that there is no difference between the PTC and
CTC configuraticns (sec Table V).

Using the CTC configuration in the monitoring mode, we can characterize
the system as two parallel columns; only ia this mode is the increase in the informa-
tion content obvious. In comparing CTC to PTC we must stress the active role of
the first column in CTC operation, and the protective role of the packed column
in the PTC configuration. Further, the trap in the enrichment mode can be used in
PTC, when no replicate injection in CTC is employed.

CONCLUSIONS

The MDSS, with its wide variety of configurations, reauires objective classifica-
tion. The information content, /(S), was used as a criterion. The resulting number
of bits relating to GC systems can be related to the requested information content
for the solution of the analytical problem, and thereby the proper choice of hardware,
column efficiencies and polarities can be made. It was shown that column polarity
change has a large effect on the information content of the system (egn. 12). It can
be said that two packed columns with different polarities of the stationary phase
can result in a more powerful separation system than single capillary columns (Table
V). However, if the sample is formed from components with the same chemical
structure, systems with high column efficiencies are required. If an apolar—polar col-
umn combination is used, then separation on an apolar column is dependent on
boiling points; the additional separation on the pelar column depends on specific
interactions. Polar components are retarded during the separation on polar columns,
but the separation of apolar compounds is not influenced. Thus, in the transfer mode
on a polar column, columns in series are similar to columns with mixed stationary
phases?®?!, In the solvent flush mode, a column with a polarity 4, is used, and in
the re-injection mode the column has a polarity 4,. Identification by means of reten-
tion indices can be effected using pure and/or mixed stationary phases.

The first column in MDSS instrumentation should not produce broad peaks.
The peak width of compounds eluted from the first column is the starting peak
width for separation on the second column in the transfer mode. To make the best
use of the second column, the peak width should be as small as possible. Thus, a
relatively short column of gocd quality should be used as the first column.

The trap in the MDSS is the source of extra-column effects, but it is man-
datory for the identification of an unknown mixture by means of retention indices.
Oa the other hand, trapping in the enrichment mode and re-injection on to capillary
columns offer the chance of analysing only traces in their original pattern on highly

efficient columns.
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As shown above, the monitoring mode is the most powerful mode of MDSS

(see eqn. 14) when expressed in terms of information coatent.
It may be concluded that, using information content for hardware character-

ization and optimization, highly efficient systems can be selected that not only pro-
duce the required separation but also the required data?2.33,

ACKNOWLEDGEMENT

The author wishes to acknowledge helpful comments of his colleague T. H.
Gerner in preparation of this work.

REFERENCES

1 H. Kaiser, Anal. Chem., 42, No. 2 (1970) 24A.

2 J. F. Young, Einfikrurg in die Informationstheorie, R. Oldenbousg Verlag, Munich, Vienna, 1975.

D. L. Massart and R. Smits, Anal. Ckem., 46 (1974) 283.

D. R. Deans, Brit. Pat., 1, 236, 937 (Dec. 1, 1967).

D R. Deans, Chromatographia, 1 (1968) 18.

V. Bertsch, J. High Resolut. Chromatogr. Chromatogr. Commun., 1 (1978) 85, 187 and 289.

D. L. Massart, J. Chromatogr., 79 (1973) 157.

D. L. Massart, P, Lenders and M. Lauwereys, J. Chromazogr. Sci., 12 (1974) 617.

F. Dupuis and A. Dijkstra, Anal. Chem., 47 (1975) 379.

A, Eskes, F. Dupuis, A. Dijkstra, H. de Clercq and D. L. Massart, Anal. Chem., 47 (1975) 2168.

Y. Seviik, Advances in Chromatography 1977, Amsterdam, November 7-10, 1977

12 1. Bevéik, J. Chromatogr., 135 (1977) 183.

13 J. Sevéik and M. S. H. Lowentap, J. Chromatogr., 147 (1978) 75.

14 L. Rohrschneider, J. Chromatogr., 22 (1966) 6.

15 W. O. McReynolds, J. Chromazogr. Sci., 8 (1970) 685.

16 K. Eckschlager, Chkem. Listy, 69 (1975) 810.

17 K. Eckschlager, Collect. Czech. Chem. Commun., 37 (1972) 1486.

18 K. Derfiel, Chem. Tech., 25 (1973) 94. )

19 J. Seviik and T. H. Gerner, Proceedings of 3rd International Symposiwm or Capillary Colwnn
Chromatography, Hindeiang, April 30-May 3, 1979.

20 D. R. Deans and 1. Scott, in A. Zlatkis (Editor), Advances in Chromatography 1973, Chromato-
graphy Symposium, Houston, 1973, p. 77.

2i R. J. Laub and J. H. Purpell, Anal. Chem., 48 {1976) 1720.

22 E. Grushka, Aral. Ckem., 42 (1970) 1142.

23 R. A. Keller, J. Caromarogr. Sci., 11 (1973) 188.

24 C. E. Shannon and W. Weaver, The Mathematical Theory of Conununication, The University
of Illinois Press, Urbana, ., 1949.

3
a
5
6
7
3
9
0
1
2



