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Abstract

A method for calculation of the retention time of a compound in a temperature-programmed mode of GC analyses is proposed. The method
is based on a detailed consideration of thermodynamics of chromatographic process and account of the actual state of a capillary column. The
suggested approach permits estimation of probability of a poisonous agent in tests by means of information stored in the database, eliminating
a need for reference standard of such an agent.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction matographic process. It was reported that the use of such
approach allows to improve reliability of identification ap-
In present times the probability of chemical warfare agents preciably[4—6].
being used in terrorist attacks has increased greatly. In such This work describes a method for calculation of the re-
incidents it is highly important to identify a toxic agent as tention time of a compound in the temperature-programmed
quickly as possible. As a rule, the actual analysis is done mode of GC analyses. The algorithm makes theoretically
by gas chromatographic separation of sample componentgossible a standardless screening procedure for identifica-
followed by their detection. tion toxic agents in preliminary tests.
An elution time of a substance depends on thermody-
namic parameters of interaction with the stationary liquid
phase and current conditions of the chromatographic run.2. Theory
For identification of detected components isothermal Ko-
vats indices are widely usefl]. In this approach, the The method is based on a detailed consideration of ther-
influence of current run conditions on elution time of com- modynamics of chromatographic process and account of the
pounds are taken into account by special standards beingactual state of a capillary column by means of a special test
mobile reference system. However, for the analyses in amixture.
temperature-programmed mode, different temperature de- The thermodynamic and chromatographic characteristics
pendence of retention parameters of analytes and referencef sorbate are described by the equafips8]:
standards are quite often obsenj@fl As a result, isother-
mal and temperature-programmed indices are differed, that™ & =N Vo(D +1n oL 1)
considerably complicates identification.
At the same time the general approach for calculation of

retention time in a temperature-programmed mode is known liquid phase (g/ml), an&y(T) is the specific retention vol-

[3]. This method is based on consecutive appll_canon of ther- ume (ml/g) at column temperature, not adjusted faCO
modynamic relations to elementary mechanisms of chro- [9]

whereK is the partition coefficient between the liquid and
gas phases under static conditiopgs,is the density of the

Taking into account that for majority of phases numerical
* Corresponding author. Fax:7-8442-391549. value of density lays in a range of 0.9-1.2, the second term
E-mail address: a-lek@vlink.ru (A.S. Lekomtsev). of Eg. (1)is in a range from—0.1 up to 0.2. The typical
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values of Invy(T) are 2—8 units and the amendment onliquid  the value of specific hold-up volume at the temperature

phase density can be neglected. To—Vy(To, m), calculated on correlation (2):
N . Vy(To, m)
2.1. Estimation of current state of a capillary column Fy(To) = RAihiig
tm(To)

Ageing of a column while in usage, bleeding of liquid
phase and periodic cutting off the polluted column inlet re-
sult in changes of the mass of phase in column and transport
properties of the carrier gas. Therefore, for correct thermo-
dynamic data it is necessary to determine the actual state of To\ %’
the column periodically. Fy(T) = Fy(To) x (7)

The mass of liquid phase is determined by equafidn

e specific flow rate of carrier gas at the temperature
T—Fg4(T)—was calculated as follows (for helium the
exponent is equal to 0[B]):

It is necessary to emphasize, that paramegT) has
mL = 2_73 % M no any physical meaning. It is a mathematical abstraction,
T Vg(T.0°) introduced for the performance of a dimension rule (as
Vy(T) is the specific value, anU(7) = F(7) x ¢, conse-
quently either=(T) or t must be specific).
e “total” specific retention volume at temperatufewas
calculated by the association Bfis. (2) and (3)

whereV(T) is the net retention volume at column temper-
ature, andvy(T, 0°) is the specific retention volume at col-
umn temperature, adjusted t6O (reference datfl 0]). For
nonpolar and medium polarity phasesilkanes are used as
standards. AS AH by

The transport properties of the carrier gas for a current  Vg(7, total) = exp<? + ﬁ) + e><I0<bo + 7)
column are expressed by the dependence of specific hold-up

volume Vy(T, m) from temperature: The structure of the temperature-programmed mode was
b set by the table including the following data: a step number
In Vy(T, m) = bo + 71 (2 (=1, 2,...,n), the step durationt( min), the program

rate ¢;, °C/min), the initial {T;_1) and final temperature of
This correlation further was used for calculation of specific the step ;).
hold-up volume at current column temperature. The processing of anstep includes:

(1) Calculation of the part of the column length that was

2.2. Estimation of thermodynamic retention par ers passed by the front of substanegl() (according to the

The specific retention volume reflects interaction of the value ofr;):
solute and the liquid phase at the column temperafarad e isothermal moder{ = 0, T = T;) z;/L = Fy(T;) x
depends on temperature as follows: ti/ Vy(T;, total); or
AS  AH e linear programming modef(_1 — T;, r; > 0,1, =
InV, = —+ — 3
oD =—+ 177 3) constant)
where AS (J/(molK)) is the solvation entropy, andH Zi _ Fg(Ti—l)/T" (Ti-1/ D%’
(J/mol) is the solvation enthalpy. L ri T, Vg(T, total)

In case of absence of experimental data, the thermody-
namic retention characteristics allow to use a rich possibili- (2) Summation of the obtained value pfL with the pre-
ties of linear solvation energy relationships (LSER) method vious ones and comparison of the sum with 1 is deter-
[11] to estimate the missing solvation parameters for the so- ~ mined the step of substance peak elution. For this step

lutes and chromatographic phases of different polarity. the retention timeg is calculated (according to value
of r;):
2.3. Estimation of retention time i1 i1
. . ) e isothermal stepr = ti+4 | — 3 ;or
The calculation of retention time of the compound at P ;’ ' j=1L

specified linear temperature-programmed modes was carried
out by Harris—Habgood methd@], modified according to

works[8,9,12] i—1 T T 4

The parameters were estimated as follows: IR= th + -
j=1 '

e linear programming step

o specific flow rate of carrier gas at initial temperat(ie
of the program—4(To)—was determined by means of The elution temperatur@r was found by solving the
hold-up timety(To), measured at this temperature, and following integral equation:
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Table 1
Thermodynamic parameters and retention times (experimental and calculated) of some chemical warfare agents for different modes of GC analyses
(temperature programming: 5C¢—+—250°C)

Substance —AS (J/((molK)) —AH (kd/mol) r (°C/min)

5 10 15

Experimental  Calculated Experimental Calculated Experimental Calculated

Sarin (GB) 74.6 41.8 4.16 421 3.53 3.54 - 3.17
Soman (GD) 73.4 46.6 9.38 9.44 6.59 6.55 5.34 5.27
Sulfur mustard (H) ~ 71.2 485 13.29 13.37 8.76 8.74 6.89 6.84
i-1 4, Examples
1- %’ ri RS
=1 /‘TR [T_] The suggested approach permits an estimation of the
= r ili f th ison nts (which i m
Fo(Tr—1) 7., Vo(T, total) probability of the poisonous agents (which is assumed to

be present in a specimen) by means of information pre-
viously stored in the database eliminating a need for the

This algorithm has shown good results in sophisticated reference standard of such an agent. Pre-determined ther-
temperature progranjd3]. modynamic parameters of interaction of the substance with

the column liquid phase (enthalpy and entropy of solva-
tion) allows to calculate a retention time of the substance
in the actual temperature program of the GC analysis by
3. Experimental the method described above. Each peak detected in the
process of chromatographic separation is checked by this

The n-alkanes used as reference solutes for gas chro-procedure as a possible toxic agent. Real and calculated
matography were from Merck (Darmstadt, Germany) with retention times of some war-gases are showfahble 1as
stated purity better than 99%. All chemical warfare agents examples.
were 95-98% pure (GosNIIOKhT, Moscow, RF). The described method of standardless identification of

The chromatographic runs were carried out on 5890 toxic agents reduces the danger of analytical procedure for
Series Il gas chromatograph (Hewlett-Packard, Avon- |ab personnel and allows to perform such an analysis not
dale, PA, USA), equipped with atomic emission detec- only in specialized institutions but also in “normal” an-
tor 5965A (Hewlett-Packard). Fused-silica capillary col- alytical laboratories in close proximity to an emergency
umn (25m x 0.31mm i.d.) Ultra-2 (Hewlett-Packard) site.
coated with a film thickness of 0.%dm liquid phase HP5
(5% diphenyl-95% dimethylpolysiloxane) was used. The
columns of Ultra category are characterized as highly inert,
a surface adsorption activity is practically absent.

Helium was used as carrier for all the experiments. Gas
hold-up timet,, was measured by oxygen peak retention.

The accuracy of experimental retention times were better
than 0.01 min (the relative standard deviation did not exceed
0.1%). For predicted retention times the relative standard
deviation did not exceed 3%.

The mass of liquid phase was determined for five
n-alkanes (from hexane to decane) at three temperatur
levels (60, 80 and 10QC). The relative standard deviation
did not exceed 2%.

For determination of the thermodinamic retention pa- 6. Nomenclature
rameters of the substance specific retention volumes were

5. Conclusions

The method for calculation of the retention time of the
compound in the temperature-programmed mode of GC
analyses is proposed. The approach permits a rapid estima-
tion of the probability of a toxic agent in tests eliminating
a need for a reference standard of such an agent. This fea-
ture allows to execute a screening analysis in almost any
eanalytical laboratory.

measured at least for six temperatures with a step°@.5  Fg(To) specific flow rate of carrier gas at initial
Processing of these data accordingBq. (3) has shown temperaturdy of the program
an excellent linearity (all the correlation coefficients were Fgy(T) specific flow rate of carrier gas at the

better than 0.999). temperaturd
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AS
tm (TO)
tr

Tr

V(M)
Vy(T, 0°)

VQ(TO! m)
Vy(T, m)
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solvation enthalpy

partition coefficient between the liquid and

gas phases

column length

mass of the liquid phase
temperature program rate
solvation entropy

hold-up time at the temperatufie
retention time

elution temperature

specific retention volume at column
temperaturd (not adjusted to 0C)
specific retention volume at column
temperaturd, adjusted to 0C

specific hold-up volume at the temperatiige

specific hold-up volume at column
temperaturel

Vy(T, total) “total” specific retention volume at

Wn(T)

z

temperaturdl’ (sum of Vg(T, m) andVy(T))
net retention volume at column temperatire
distance that was passed by the front of

substance

Greek letter
oL density of the liquid phase
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