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Abstract

Description of a gas chromatograph designed for express analysis of explosives (2,4-dinitrotoluene, 2,4,6-trinitrotoluene, pentaerythritol
tetranitrate), chemical warfare agents (mustard gas, lewisite, sarin) and drugs (heroin, cocaine hydrochloride, crack) is given. The devices
comprises a multicapillary chromatographic column and an ion mobility increment spectrometer (MCC–IMIS). The main analytical character-
istics of an IMIS (estimated detection limit (DL), linear dynamic range (LDR), speed of response) and a chromatographic column (separation
power, degree of separation, a number of possible peaks at a chromatogram section, divided by analysis time) are determined. The maximum
value of DL equal to 5 pg/ml was registered forcis-�-LW, and the lowest one of 0.001 pg/ml was for cocaine. The maximum value of LDR
equal to 1000 was registered for sarin and the lowest one of 150 was for the ions of lewisite. Speed of response of one compound detection
with the IMIS was 0.7 s.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

The essential features required of devices used under field
conditions to detect vapors of explosives, chemical warfare
agents and drugs (EAD) in air are:

• law detection limit;
• high selectivity (specificity);
• law response time;
• capacity of compound identification;
• portability.

Ion mobility spectrometers (IMS) and gas chro-
matographs with IMS as a detector[1–3], as well as a gas
chromatograph that uses a multicapillary column and an
ion mobility increment spectrometer as a detector[4] meet
these requirements.

A multicapillary gas chromatographic column (MCC) is a
glass bundle of 1000 longitudinal parallel uniform capillaries
20/100�m in diameter coated with a stationary liquid phase
(SLP). The MCC is characterized by a high separation rate
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(100 theoretical plates (t.p.)/s) and an efficiency of about
15 000 t.p./m[5]. Fig. 1 shows microphotos of the MCC’s
cross-section and a fragment of it.

An ion mobility increment spectrometer (IMIS) belongs
to the devices of an ionization type. Like an ion mobility
spectrometer (IMS), the operation of IMIS rests on sampling
air containing a mixture of trace constituents, its ionization,
spatial separation of produced ions in gas (e.g., purified air)
and separated ions detection. IMIS differs from IMS in that
ions of different types are separated in IMIS by ion mo-
bility increment that depends on electric field strength[6].
The commonly accepted name for this type of the device
is not available. The names like field ion spectrometer[7],
high-field asymmetric waveform ion mobility spectrometer
[8] are used as a synonym for IMIS.

Ion drift velocity V caused by an action of electric field
E is [9]:
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Fig. 1. Microphotos of the MCC’s cross-section and a fragment of it.

whereK0 (cm2 V−1 c−1) is the mobility coefficient in a weak
field, N is neutral gas density,α(E/N) is the mobility coeffi-
cient increment,α2n are decomposition coefficients,n ≥ 1
is an integer. Under the action of periodic alternating asym-
metric waveform field,Ed(t) ions executing fast oscillatory
motions with periodT drift with average velocity〈Vi〉 char-
acteristic for eachith component proportional toαi(E/N).
The fieldEd(t) should meet the requirements[10]:

Ed(t) = Edf(t)∫ t+T

t

f (t) dt = 0,
1

T

∫ t+T

t

f 2n+1(t) dt ≡ 〈f 2n+1〉 �= 0,

(2)

whereEd is an amplitude,f(t) is a form of the field,T is
period. Should the ion drift of theith component be com-
pensated by constant electric fieldEci, the ion velocity will
be zero:

〈Vi〉 = 〈K0(1 + αi)(Edf(t) − Eci〉 = 0. (3)

The compensation field of theith component is expressed
by substituting decomposition of coefficientα from (1) into
Eq. (3) and using condition (2) and approximation(Ed −
Ec)

n ≈ En
d − nEn−1

d Ec, with |Ed| � |Ec| [6]:

Eci ≈ Ed
∑∞

n=1αi2n(Ed/N)2n〈f 2n+1〉
1 +∑∞

n=1(2n + 1)αi2n(Ed/N)2n〈f 2n〉 . (4)

The ions for which〈Vi〉 = 0 are transported to a collector
with a carrier-gas, the other ions leave a separation area and
recombine. WithEc changing, spectrum of a mixture of ions
of all types is recorded.

The separation rate of the MCC combined with the identi-
fication reliability of the IMIS provide the basis for a promis-
ing usage of this tandem for express analysis of samples
containing EAD.

The aim of this paper was to determine the main char-
acteristics of a gas chromatograph (GC) provided with a
multicapillary column and an ion mobility increment spec-
trometer as a detector upon express analysis of explosives
(2,4-dinitrotoluene (DNT) and 2,4,6-trinitrotoluene (TNT),

pentaerythritol tetranitrate (PETN)), CW-agents (sarin (GB),
mustard gas (HD), isomers of�-lewisite (�-LW)) and drugs
(heroin, cocaine hydrochloride, crack).

2. Experimental

2.1. Instrumentation

The GC-IMIS was developed in DTIIEGE (Novosibirsk,
Russia). A block diagram of GC-IMIS is given onFig. 2, GC
consists of a syringe injector-evaporator and MCC placed
in a thermostat heater. The MCC (DTIIEGE, Novosibirsk,
Russia) has a length of 0.22 m, a volume of 0.45 ml and cap-
illaries 40�m in diameter. SE-30, OV-624 (Chromresurs,
Moscow, Russia)∼0.2�m thick were used as a SLP. As a
mobile phase, dry air was used (water vapor concentration
CH2O ≤ 1 × 1016 cm−3). For dehumidification, a filter con-
taining 1.4 l of silica gel (∅ 0.3 cm) and 0.3 l of 13X ze-
olite (Reachem, Moscow, Russia) was used. Analysis was

Fig. 2. The block diagram of GC-IMIS. 1: syringe injector-evaporator; 2:
thermostat; 3: MCC; 4: ionization chamber; 5:�-source63Ni; 6: gas seal;
7: ion separation chamber; 8: electrodes; 9: dispersion voltage generator;
10: compensation voltage generator; 11: ion collector; 12: electrometer.
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performed under isothermal conditions with temperature of
syringe injector-evaporator,Tv of 190◦C and column tem-
perature,Tc = 60, 75, 150, and 175◦C.

The IMIS comprises an ionization chamber, a gas seal, an
ion separation chamber, an ion detector and voltage gener-
ators. The ionization chamber is a heated cylindrical cavity
1 cm in diameter and in length provided with63Ni �-source
(Izotop, St. Petersburg, Russia) with an activity of 10 mCi.
To transport ions from the ionization chamber into the sep-
aration one, we used electric field created in the gas seal, in
which ions from the ionization chamber moved towards the
dry purified air flow that prevented non-ionized background
noise (water vapor, volatile components of SLP) from en-
tering the separation chamber. The background noise is ca-
pable to change the properties of a gaseous medium and to
affect the process of analyzed ions separation.

An ion separation chamber kept at room temperature is
formed by two electrodes which are coaxial cylinders,r1 = 1
andr2 = 0.68 cm in diameter and 7 cm in length, the cham-
ber is purged with a carrier gas (dry air). The electrodes are
connected to compensation voltage and asymmetric wave-
form voltage generators. The generator has the following
parameters: voltage form (Fig. 2)

f(t) = sin[π(t − mT)/τ] − (2τ/πT)

1 − 2τ/πT
,

with mT ≤ t ≤ (mT + τ);
f(t) = − 2τ/πT

1 − 2τ/πT
, with (mT + τ) ≤ t ≤ (m + 1)T,

(5)

(m ≥ 0 is an integer); high-voltage pulse duration,τ =
2�s, period,T = 6�s, dispersion voltage amplitude,Ud =
1/4 kV. We used an oscillograph S1-114 (l/b V-2150, Minsk,
Byelorussia) to control the form and amplitude of theUd(t)
voltage. Ions of different types were separated by an ion
mobility increment dependent on electric field strength. An
ion detector includes a collector and an electrometer. Abso-
lute error in compensation voltage measurement isδUc =
±0.05 V; relative measuring error of the compensation volt-
age isδUc = ±1%, asymmetric waveform voltage ampli-
tude isδUd = ±7% and time interval isδt = ±7%.

Table 1
The main types of ion-molecule reactions, mass-charge ratio (m/z) and types of ions produced (M is molecule of a compound, H is hydrogen atom,
R is a molecule fragment).

Compound Reaction m/z Ion References

DNT Proton abstraction 181 (M–H)− [11,12]
TNT 226
PETN Electrophilic capture 316, 378 M−, M*NO3

− [13]
GB Associative proton capture 141 (M+H)+ [14]
HD Dissociative electron transfer 35 Cl− [15]
�-LW Electrophilic capture 241–249 M*Cl−, (M–R)*Cl− [16]
Cocaine Proton transfer 182 MH+ [17]
Heroin Electron abstraction 369, 310 M+, (M–CH3CO2)+ [18]

2.2. Chemicals

For experiments we used: acetone solutions of DNT: 3×
10−3 g/l; TNT: 2.5× 10−4 g/l; PETN: 1.4× 10−4 g/l; com-
mercial TNT: 4× 10−4 g/l; methanol solution of: GB: 1×
10−3 g/l; HD: 1× 10−3 g/l; isopropanol solutions of�-LW:
1 × 10−2 g/l; ethanol solutions of heroin: 0.88 g/l; cocaine
hydrochloride: 1 g/l; crack: 1 g/l.

The solutions were obtained from the Research Institute of
Special Technics and Communication (Novosibirsk, Russia).

Samples were injected with a syringe of volume 1�l
(Hamilton Company, Reno, Nevada).

3. Results and discussion

3.1. Selective detection of EAD with GC-IMIS

The IMIS spectrum is the compensation voltage depen-
dence of the ion current,I(Uc), therewith each ion type
is recorded as an ion peak. Value,Uc, corresponding to a
peak maximum is registered when relation (4) is hold and
is dependent on individual ion parameters (mass, structure,
interaction potential), dispersion voltage amplitude,Ud,
atmospheric pressure and drift gas composition, and can
be used for identification.Table 1shows the main types of
ion-molecule reactions into which the molecules of tested
compounds enter being ionized by�-source at atmospheric
pressure, mass-charge ratio (m/z) and types of ions pro-
duced. In the last column, one can find references to the pa-
pers where these ions were identified by mass-spectrometry.

Fig. 3 gives drift spectra in negative and positive modes
obtained with the best value ofUopt

d (Table 2), when an air
sample containing vapors of: (a) a mixture of DNT, TNT and
PETN, (b) HD, (c) a mixture ofcis- andtrans-�-LW isomers,
(d) GB, (e) cocaine is fed directly to the input of the IMIS. It
is evident fromFig. 3 that the ion peaks of each compound
have compensation voltage values,Uc, typical of a particular
compound. The cocaine peak is partially overlapped by the
peak of positive reactant ions (RI) (Fig. 3e), while the HD
peak is well separated from the negative RI (Fig. 3b). On
the other spectra, RI lie inside the spectra, since theU

opt
d

are high. Standard deviation that defines the repeatability of
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Table 2
The main analytical characteristics of the IMIS on detecting vapors EAD

Compound Sign U
opt
d (kV) Uc (V) DL (pg/ml) LDR wU (V) R

DNT − −3.4 12.9 0.016 260 1.2 10.8
TNT − −3.4 9 0.014 300 0.7 10.4
PETN − −2.6 2.1 0.008 5 1.1 1.9
HD − −1.6 12.4 1 200 1.5 8.3
Cis-�-LW − −1.9 4.7 5 150 0.38 12.4
Trans-�-LW − −1.9 6.2 3 0.45 13.8
GB + 2.2 –5.1 0.2 1000 0.5 10.2
Cocaine + −4 –3.1 0.001 600 1.7 1.9
Crack + −4 –3.1 – – 1.7 1.9
Heroin + 5.2 3.8 – – 2.3 1.7

Fig. 3. Drift spectra of air containing vapours of: (a) a mixture of DNT,
TNT and PETN, (b) HD, (c) a mixture ofcis- and trans-�-LW isomers,
(d) GB, (e) cocaine.

voltage,Uc, on recording individual compound spectra was
σUc1 = ±1% within 1 day andσUc5 = ±2% within 5 days
(the number of measurements of each compound wasb =
15 per day). WhenUc was adjusted to the standard pressure
(760 mm Hg), standard deviations wereσUc1 ≈ σUc5.

There are two ways to record chromatograms with the
GC-IMIS in gas chromatographic studies: (1) with constant
Uc, (2) on recording spectra. WithUc set to detect a given
compound, the peak of the compound alone is found on the
chromatogram of a compound mixture provided that the
IMIS separates the peaks of tested compounds from each
other. Fig. 4 shows typical chromatograms of: (a) DNT,
TNT, PETN (when a mixture of these compounds is ana-
lyzed, andUopt

d is set for a definite compound whose chro-
matogram is recorded), (b)cis- and trans-�-LW isomers,
GB, HD, (c) heroin and cocaine. It is evident that in keeping
with the chosenUc value each chromatogram contains a
peak of one compound. Standard deviation, that defines the
repeatability of retention time,tR, on recording individual
compound chromatogram wasσtR < ±0.5% within five
days (the number of measurements of each compound was
b = 10 per day).

When the IMIS operates in a spectra record mode,
chromatographic results are displayed as a chromato-drift-
spectrum which presents a three-dimensional curve with
compensation voltage,Uc, retention time,tR, and ion cur-
rent,I, plotted asX, Y andZ-axes, respectively. As an exam-
ple, Fig. 5 shows a chromato-drift-spectrum of commercial
TNT in acetone solution recorded asUc changed in the
range: 1.5/3.7 V (Ud = −1.8�V). Spectra were recorded
every second. Peaks of TNT (Uc = 1.6 V, retention time,
tR = 17 s) and attached foreign DNT (Uc = 3.4 V, tR = 9 s)
were present in spectra.

3.2. Analytical characteristics of the IMIS

Table 2gives the main analytical characteristics of the
IMIS: detection limit (DL), linear dynamic range (LDR),
compensation voltage (Uc) registered with the value of dis-
persion voltage amplitude (U

opt
d ) the best for a given com-

pound, peak width at half height (wU ), resolution (R) and
signs of analyzed compound peaks. When vapors of both
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Fig. 4. Chromatograms of solutions: (a) a mixture of DNT, TNT and
PETN with Uc equal to 12.9 V, 7.3, 2.1 V, respectively; (b)cis- and
trans-�-LW isomers, GB, HD; (c) a mixture of heroin and cocaine with
Uc equal to 3.8 VИ −3.1 V, respectively. Conditions of chromatographic
analysis:tin = 0.4 s, Tc = 175◦C, Qc = 0.8 ml/s.

crack and its solution are analyzed, the main detected frac-
tion is cocaine. Thus, the main analytical characteristics of
the IMIS (except detection limit) and the GC-IMIS on de-
tecting cocaine and crack coincide and are combined within
a single row in the Table. The values ofU

opt
d were deter-

mined earlier in[19–21].
For negative ions of DNT, TNT, PETN, HD and LW a pos-

itive value of voltage,Uc, with U
opt
d being negative, testifies

that α(E/N) is positive, and mobility coefficient,K, grows
with theUd voltage. For positive ions of GB,(Uc > 0, Ud <

0) α(E/N) > 0, andK grows with voltage,Ud, whereas for
cocaine(Uc < 0, Ud < 0) and heroin(Uc > 0, Ud > 0)

�(E/N) is negative, their mobility coefficient decreases as
voltage,Ud, increases.

Detection limit (DL) and linear dynamic range (LDR)
were determined earlier[4,19–21]with a gas-vapor mixture

Fig. 5. A chromato-drift-spectrum of commercial TNT in acetone solu-
tion. Conditions of chromatographic analysis:tin = 0.4 s, Tc = 150◦C,
Qc = 0.5 ml/s. Parameters of IMIS:Ud = −1, 8 kV compensation voltage
variation in the range:Uc = 1.5 ÷ 3.7 V.

fed directly to the IMIS input and the best values of volt-
age,Uopt

d . The maximum value of DL equal to 5 pg/ml was
registered forcis-�-LW, and the lowest one of 0.001 pg/ml
was for cocaine. Heroin vapors at room temperature were
not detected due to a very low saturated vapor concentration
(0.006 pg/ml)[22]. To obtain the parameters of the IMIS
for heroin, the compound was heated. LDR for PETN and
heroin was limited by the concentration range covered and
made up 5 and 600, respectively.

Resolution is among the most important characteristics of
a spectral device and accounts for its capacity to separates
components of an analyzed mixture. The IMIS resolution
can be expressed by the relationship among the main param-
eters of ion peak on a drift spectrum: compensation voltage
and peak width at half height(R = Uc/wU). From the ex-
perimental values ofwU andR given inTable 2follows that
trans-�-LW gave the highest resolution of 13.8, and PETN,
cocaine and heroin gave the lowest one.

3.3. Analytical characteristics of the GC-IMIS

Table 3gives the main analytical characteristics of the
GC-IMIS: retention time in a column (tR), chromatographic

Table 3
The main analytical characteristics of the GCIMIS on analyzing solutions
EAD

Compound A B

tR (s) wt (s) Nc tR (s) wt (s) Nc

DNT 9 1 449 4.5 0.7 229
TNT 17 1.3 947 7.8 0.9 416
PETN 26 1.6 1463 10.4 1 599
Cocaine, crack 226 14 1443 51 3 1601
Heroin 206 10.4 2174
Gba 12.3 1.4 428
HDb 55 3.2 1600
cis-�-LW 4.9 0.8 200
trans-�-LW 6 0.9 228

a Tc = 60◦C.
b Tc = 75◦C.
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peak width at half height (wt), separation efficiency charac-
terized by a number of theoretical plates,N = 5.54(tR/wt)

2,
under different analysis conditions: (A)Tc = 150◦C (except
GB (Tc = 60◦C) and HD (Tc = 75◦C) andQc = 0.5 ml/s,
tM = 2.1 s; (B)Tc = 175◦C; Qc = 0.8 ml/s, tM = 1.5 s (tM
is a retention time of a nonsorbing component). Heroin was
not analyzed atTc = 150◦C due to a high retention time
(more than 10 min).

One can see from the Table that an increase inTc and
Qc results in considerable decrease oftR and cuts down the
separation time of a mixture of explosives from 30 to 12 s
and cocaine from 240 to 55 s. As for the explosives with a
low retention time, separation efficiency reduces by a factor
of 2/2.5 asTc andQc increase. Dead volume and diffusion
processes present in the sample injector, connecting lines
and the IMIS itself are responsible for this. Sample injec-
tion time, tin = 0.4c, makes a modest contribution to the
peak widening with the lowtR values. The value oftin was
chosen so as to reduce peak diffusion and to achieve com-
plete sample injection. Withtin = 0.4c 80% of a sample is
injected and diffusion (decrease in a chromatographic peak
amplitude) does not exceed 10 times with a separation time
of 1 min.

On analyzing lewisite solution, two peak with reten-
tion time (tR) were observed on the chromatogram: of
cis-�-lewisite with tR = 4.9 s and oftrans-�-lewisite with
tR = 6 s. The peaks took their names based ontR and data
on the lewisite composition and boiling temperatures taken
from literature[23]. Tc increased to 175◦C causes a sharp
decrease in the amplitude of lewisite peaks, which is likely
to be due to the increased thermal decomposition process
and transformation of�-lewisite into�-and�-lewisite.

A minimum amount of a compound detected with the
GC-IMIS was determined for the solutions of TNT and
PETN alone withTc = 175◦C andQc = 0.8 ml/s and made
up 2 and 4 pg, respectively. It is appropriate at this point to
evaluate the detection limit of the GC-IMIS on analyzing
vapor phase with the use of a concentrator injector. From
the experimental data obtained in[24] the detection limit of
the GC-IMIS for TNT with a grid concentrator is expected
to be no more than 0.0014 pg/cm3.

Table 4
The chromatographic column characteristics divided by analysis time

Compound A B

Nt (s−1) Rt (s−1/2) Zt (s−1/2) Nt (s−1) Rt (s−1/2) Zt (s−1/2)

DNT 50 0.99 – 1.53 51 0.87 – 1.27
TNT 56 0.72 53 0.55
PETN 56 – 58 –
Cocaine 6.4 31 0.95 – 1.07
Crack
Heroin 10.6 –
cis-�-LW 41 0.28 1.4
trans-�-LW 38
GB 34
MG 29

When express analysis is performed, one should consider
the chromatographic column characteristics divided by anal-
ysis time. Separation power,Nt, degree of separation,Rt,
and number of possible peaks,Zt, at a length of a chro-
matogram for tested compound are given inTable 4with
differentTc andQc.

The separation power of a chromatographic peak was de-
termined as the ratio between the separation efficiency and
retention time of a given compound[25]:

Nt = N

tR
. (6)

As one can see fromTable 4, a decrease intR for the explo-
sives does not cause considerable variations in separation
power, whereas for cocaine the value ofNt varies inversely
with tR.

Degree of separation,Rt, divided by time was determined
from expression[25]:

Rt = Rc√
tR2

= 1.177
(tR2 − tR1)

(wt2 + wt1)
√

tR2
, (7)

Rc is a degree of two compounds separation on a chro-
matogram,tR1, tR2, wt1, wt2 are the retention time and half
width of the first and second compounds, respectively, with
tR1 < tR2. The values ofRt for the pairs of DNT–TNT,
TNT–PETN and cocaine–heroin are given inTable 4. An in-
crease ofTc andQc for the explosives tends to decreaseRt.

Segments of the DNT–PETN and cocaine–heroin chro-
matogram were used to determine parameter,Zt. For calcu-
lations we used expression[25]:

Zt = Zc√
tR2

= ω ln

[
tR2 − tM + ωwM

tR1 − tM + ωwM

]
, (8)

whereZc is a number of possible peaks at a length of a chro-
matogram,ω is a separation factor as a measure of succes-
sive peak widening,wM is a width of a possible zero peak
base,tR1 < tR2. Parameters,ω andwM, were calculated by
the experimental data fortR, wt andtM with a least-squares
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technique using the expression:

1.7wti = wM + tRi − tM

ω
. (9)

Numerical values ofω andwMwith different separation con-
ditions were for explosives: (A)ω = 16.7, wM = 1.3 s,
Zc = 7.8; (B) ω = 11.5, wM = 0.94 s,Zc = 4.1; for drugs:
ω = 12.3, wM = 1.08 s,Zc = 15.3. As evident from the
Table, an increase inTc andQc, tends to decreaseZt.

A comparison of theNt, Rt andZt values, the separation
conditions being different, allows one to conclude thatTc =
150◦C andQc = 0.5 ml/s are preferred by express analysis
of explosives, whereas the conditions whereTc = 175◦C
andQc = 0.8 ml/s are more advantageous for cocaine and
heroin. Temperature,Tc, equal to 175◦C is the maximum
one, since the column that is used at a temperature higher
than the above-mentioned for a long time tends to degrade,
and the action of oxygen affect its analytical parameters.

3.4. Degree of separation in the GC-IMIS tandem

The availability of two components (the column and
IMIS) in the device enhances a degree of separation, since
the chromatographic compound separation in the column is
supplemented with the ion separation by the ion mobility
coefficient in the IMIS.

In chromatography, a degree of two compounds separa-
tion is determined by theRc value. A condition of an ade-
quate separation of two peaks is the equality:Rc = 1. For a
complete separationRc ≥ 1.5, with Rc ≤ 0.5 separation is
unavailable.

When it is supposed that the shape of the peaks reg-
istered with the IMIS follows the Gaussian distribution,
by analogy with a chromatography a degree of separation
of two drift-spectrum peaks can be determined from the
expression:

Rd = 1.177
Uc2 − Uc1

wu2 + wu1
, (10)

whereUc1, Uc2, wu1, wu2 are the compensation voltage and
width at half height of the first and second peaks, respec-
tively.

Since the processes of the chromatographic separation and
separation by the ion mobility coefficient are independent,
an expression for a degree of two compounds separation
with the GC-IMIS tandem can be represented as:

Rcd =
√

R2
c + R2

d. (11)

In this case, a sufficient separation of two peaks with the
GC-IMIS tandem(Rcd = 1) is achieved with the values of
Rc = Rd = 0.7, whereas each component (the MCC and
IMIS) just partially separates analyzed compounds.

It follows from (11) that even withRc = 0 one can achieve
a sufficient degree of separation of the compound peaks for

which Rd ≥ 1. But it should be born in mind that this
is untrue for the chromatographic peaks with a small half
width, since time is required to record each peak of a drift
spectrum. Assuming that both peaks have equaltR, only
one drift spectrum peak can be recorded at a maximum of
a chromatographic peak. The second drift spectrum peak
will be recorded at a droop of a chromatographic profile. To
avoid a considerable decrease in the amplitude of the drift
spectra peaks, the width of the chromatographic peak and
time for recording a drift spectrum should be comparable.

3.5. Time of setting readings (speed of response) of the
GC-IMIS tandem

Speed of response is determined by the times of chromato-
graphic analysis, ion separation and detection by the IMIS.
The time of gas chromatographic analysis is determined by
an absolute retention time of the last compound. When a
right-angular concentration profile is fed to the input, time
of setting the IMIS readings (ts) is determined by time (ti)
required to transport a sample through the ionization cham-
ber, time (tt) of ions transportation through the ionization
chamber to the ion collector, time (ts) for setting electrom-
eter readings. The values ofti, tt are 0.4 and 0.1 s, respec-
tively, and are determined by the volume of the ionization
and separation chambers, the flow rates of the input sample
and drift gas. The value ofte is about 0.2 s (up to 0.9 of
the maximum value). Total time of one compound detection
with the IMIS, ts, is 0.7 s. The time required to detect two
peaks with the preset values ofUc is determined by time of
the first peak registration,ts1, time, tt, for transporting ions
of the second peak through the separation chamber and time,
te2, for setting the electrometer readings on detecting the sec-
ond peak. A total time of recording two peaks iste12 ≥ 1 s.

4. Conclusion

As already mentioned, solving the problems of high-speed
detection and identification of the vapors of explosives,
chemical warfare agents and drugs in air with GC, one
should consider the chromatographic column characteristics
divided by analysis time along with high sensitivity and
selectivity. The experimental values of separation power,
Nt, registered in the range from 30 to 60 s−1, degree of sep-
aration,Rt, (between 0.28–0.99 s−1/2), number of possible
peaks,Zt > 1, at a length of a chromatogram obtained for
the GC-IMIS testifies that the tandem holds much promise
for performing express analysis of samples containing EAD.
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