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INTRODUCTION

The present emphasis in gas chromatography is being placed on accurate quantitative
analysis and the need for a relatively simple but reliable method for dstector «<ali-
bration is becoming acute. A method is described in this paper for producing accurate
relative concentrations of solute vapours in a gas that .can be used for the assessmemnt
of detector linearity and the determination of the relative response factors of a detec-
tor to different substances. The system can also be applied to the determination «of
trace compounds in the presence of a bulk component of widely different volatility.
Numerous methods for producing known relative concentrations of solute vapour in a
gas have been described previously in the literature. The two methods most applicalble
to detector calibrations are those decribed by DEsTY ¢ @l and LoveELock2 The
method described by DEsTY utilises the diffusion of a solute through a narrow glass
capillary into a gas stream, to produce the required solute concentration. If employed
correctly this method gives absolute instead of relative concentrations, but the ap-
paratus is somewhat complex and can only be used for a single component in the
gas stream. The method described by LovELOCK depends on the contimuous dilutiomn
of a known quantity of vapour contained in a suitable vessel by means of a gas stream,
which results in the concentration of the solute vapour in the exit gas decreasing
exponentially with time. If the stream of gas from the dilution vessel is passed through
a detector, then, providing the response of the detector is linear, the logarithm «©f the
signal produced will be linearly related to time. The LovELoCK system suffers from
two disadvantages. At low concentrations a considerable proportion of the solute
vapour is adsorbed on the walls of the dilution vessel and the dilution rate no longer
varies exponentially with time. Secondly, since different substances are adsorbed to
different extents on the walls of the vessel, the system is only applicable to single
substances. A modified dilution system based on that described by LOVELOCK is
described in this paper in which the effect of adsorption is greatly reduced and which
also simultaneously produces a mixture of different solute vapoursin a gas at knowmn
relative concentrations. The theory of the method is given in detail and preliminary
experimental results from the assessment of the macro-argon detector using this sys-
tem are shown, together with results obtained from the analysis of a mixture com-
- taining traces of toluene and chlorobenzene in benzene.
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METHOD

The apparatus used is shown in Fig. 1. The dilution vessel is made of glass and consists
off 2 small gas wash-bottle of the form shown im Fig. 2. Dry argon passes through the
simtered filter imto a suitable non-volatile liguid and thence to the automatic gas
sarmpling: system.. The: dilution vessel is charged by a hypodermic syringe through a
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Fig. - Detector calibration apparatus.

seramn cap. At given intervals of time a sample of the exit gas from the dilution vessel
s pllaced im fime: with the argon supply to the chromatographic column and detector.
The whole amit, dilatien vessel, sampling system, column and detector are contained
m the samme: thermostatically controlled oven.

Two methods of estimating peak area were employed, a digital and an electronic
mmtegrator, which were automatically reset after each peak by the timer that operated

THEORY

Let the volume of iguid and gas in the dilution vessel (Fig. 3) be V; and V', respec-

tively and let: 2 mass m s of the substance A, whose partition coefficient with respect

to the mon-volatile liquid is: K4, be placed in the vessel. Let a volume 6V of gas flow

thromgih the: vessel andl let the mass of solute removed change the concentrations of the

sclmte im the gas and liguid' phases from XA and XA by 6X4 and XA respectively.
Tihem:

— XA = FgdXgA + VpdXgA = — dm (mass removed from dilution vessel)

XA = KaX,A
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Then:
XAV = — (Vg -+ KaV7) 6XpA
Thus:
53X A — &V
XA (Vg 4+ KaVi)
Integrating:

vV
. XA = Ye Vo + KaVu
where Y is a constant. )
Now V' = @t where Q is the flow of gas through the vessel in volume/unit time

and ¢ is the time. Thus when:

i = o, XaA = X,.Aand e Y = Xg.A
Thus:
o .
XA = XgAhe Vg+ Kavz (1)

Consider the peak produced on the chromatogram resulting from a single operation
of the injection device. The concentration in the detector at any point on the curve is
given: by the equation of the elution curve:

=t
Xge I
v2n

where Xy, is the initial concentration placed on the first plate, and w = v — 7
where v is the “plate volumes”’ of gas passed through the column, and 7 is the efficiency
of the column. Now let the signal given by the recorder Déw = o(X,,)* dw where o
and: ¢ are constant ¢.e. the response of the detector is a function of a power of the
concentration of solute contained in it.

‘Xﬂu =

Then:
+w 4+ 2 X, — f‘
= = dow = | e * suw
Peak area - Déw f 0(Xg,)$ ow o m e
Thus::
Peak area — u-( X" ‘e— " S = 0'( Xo )‘ vzan = AXg 3 (2)
v 2zan
when:: ¢ Vaan

I
A= 6( 4/ 21
Now X, will be proportional to the charge placed on the column z.e. Xgo = pXg4,
where ¢ is a constant, thus combining equs. (1) and (2):

- 2%\
Peak area = A(ng.A-e Vg + KA"I)
Thus:
. . Qid Qtd
log (Peak area) = log A + log (3Xg,4) Vo T KAV Vo & Kave (3)

J- Chromatog., 11 (1963) 1—10



A VAROUR IDILUTION SYSTEN FOR DETECTOR CALIBRATION 5

Thusif the detector has ». linear response a plot of log peak area against time will give: a
straight line amnd:
(Vg 4+ EaVa) .

2

=

where = is the slope of the Jime.

Having ascertained that the detector is limear amdl ¢ = 1 them X 2 « $4, where SA
is the area of the respective peak om the chromatogram, amd the linearity of the detec-
tor can be assessed from the correlation coefficient” of the line: obtaimed by plotting:
log SA/4. By extrapolation of this linear corve to £ = o, a value of Sy can be obtained:
which will be proportional to XyA.

Now:

mem
Tt = Y ¥ EaTa

and if V<€ KalV;, which can be easily arranged experimentally, them:

s = e

Now if ma and mp grams of two substamces A and B are injected imto the dilution
vessel then:

Xyt  my Kp  DaSe®

Xgm o KA.- m o .Dmﬁnw’

an

Where Dy and Dy are the detector response factors to tlhe two substances A and B.
If the nonwvolatile liguid wsed in the dilution vessel is the same as the liquid phase on
the column then Kg/K ) = Ry 4 whene Ry 4 is the retention ratio of B to A oebtained
from the chromategram :
Dy ms  So®
Dy mm Sy

- Ry-s (a)

If circumstamoces arise such that WV, is mot small compared with KV, them:

Xm“A . ma A Vw -+ KmJVa
Xp B wmam V4 Kalu

However, if o and B are the slopes of the log SA/r curves,, them:

E _ @ . W’g) 4 KuWz . ”‘m - Kmﬂ"u
/ﬂ ' ]Vm ~t -KAVE @ ’m —+ KAVa

Thus eqn. (4) becomes:
Dy  mmy SH® @

Dy mp St B

Thus if @ known mixture of substances A and B is placed im the dilutiom vessel, the
linearity and relative respomse factors of the detector to the substamces comcermed
can be accurately assessed. The relevamt data required are the comrelation coefficiemt
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of the line obtained by plotting log S/¢ (the verification that ¢ = 1), the values of
SpA and SgB by extrapolation of these lines to ¢ = o, and the relative retention ratio
Rp_A. It should be noted that a knowledge of the absolute masses of A and B placed
in the dilution vessel is not necessary. The effect of adsorption of the solute vapour
on the walls of the column is insignificant at low concentration ievels, as the concen-
tration of the solute in the gas phase is dependent on the concentration of the solute
in the bulk of the liquid.
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Fig. 4. Detail of dilution vessel and column system.

ANALYSIS OF MIXTURES CONTAINING COMPONENTS AT WIDELY DIFFERING
CONCENTRATION LEVELS

Examination of eqn. (1) shows that, providing a sufficiently large charge is placed
in the dilution vessel and a constant volume of the exit gas is placed on to the chro-
matographic column, there will be a period of time, during the dilution, in which
each componeunt will be shown on the chromatogram as a series of peaks over a given
concentration range. If the logarithm of the peak area for each substance is plotted
against time, for the period in which they are ‘“on scale’’ on the chromatogram, then
the initial concentration of each component present at / = o can be determined by
extrapolation. Providing that the relevant response factors for each substance are
known, the mass ratios of the components can be determined from the peak area

J. Chromatog., 11 (1963) 1—10
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intercepts at £ = 0 and the retention ratios of the substances concerned. Further, by

this method, all components present are determined with similaraccuracy independent
of their original concentration level. '

EXPERIMENTAL

T he determination of detector linearvity

Details of the coustruction of the dilution system are shown in Fig. 4. The argon
supplies to the column and dilution vessel were carefully dried by passage through
cylinders containing activated Linde molecular sieve 5A. The drying agent was
reactivated every time the argon cylinder was renewed. Normally, a column flow
rate of 40 ml/min was found to be quite adequate and a flow of about 60 ml/min
through the dilution vessel ensured that a complete ‘‘run” could be carried out in
about 8 h. In order to determine the value of ¢ accurately precise measurements of
@, Ka, Vg and V; were required. Q was measured by meauns of a carefully calibrated
soap film meter at room temperature and this value was corrected for the pressure and
temperature existing in the dilution vessel. The temperature of the liquid in the dilu-
tion vessel was continuously measured by means of a thermocouple immersed in the
liquid and the gas pressure in the vessel determined by means of a static mercury -
manometer. V; was taken as the volume of liquid added to the vessel and ¥V, taken as
the difference between the total volume of the vessel and the volume of liquid added.
Values for K were taken from the results of DEsTY AND GOLDUP? and EVERED AND
PoLLARDS. Squalane was used in the dilution vessel and samples were injected through
a serum cap by means of a hypodermic syringe fitted with a xo in. needle. The column
consisted of a coiled glass tube 4 ft. in length and 4 mm in diameter, packed with
10 % w/w of squalane on 100-120 mesh celite. The detector employed was the macro-
argon detector containing a strontium-go radioactive source. The whole apparatus

TARBRLE I
CHARACTERISTICS OF THE MACRO ARGON DETECTOR
C lation No. Detector response  Concentration
Compound c‘;:'jicimt obsu?;a%ons index f range

> 0.999 4 0.931

Chloroform 10°
<I.0 4 0.975
> 0.999 4 0.889

Di-isopropyl ether 103
<1.0 4 0.808
> 0.999 8 0.950

Toluene 8 0.906 101
<1.0 8 0.951
, > 0.999 8 0.945

Chlorobenzene 8 0.994 10!
< 1.0 8 1.042
> 0.999 8 1.095

Heptane 8 1.061 10!
<<1.0 8 1.056
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was situated in an oven controlled at 45° 4= 0.2°C. The automatic gas sampling valve
was actuated by a sequential timer and sampled the exit gas from the dilution vessel
every 40 min. The detector was operated at 770 V and the output fed to a Pye Argon
Chromatograph amplifier and Integrating amplifier. Differential and integral curves
were obtained on two Honeywell Brown recorders and the integrating amplifier was
automatically reset after each peak, by use of additional channels on the timer.
Graphs of log peak area/time for a mixture containing chloroform, di-isopropyl
ether, toluene and chlorobenzene are shown in Fig. 5. The lines shown on this figure
are the regression lines for the points obtained. The correlation coefficients and the
respective values of ¢ for a series of substances are shown in Table 1.

Analysis of mixtures of widely varying composition
The vapour dilution apparatus was used to provide representative vapour sample of a
mixture containing 98.9 % benzene, 1.0 % toluene and 0.1 % chlorobenzene. Approxi-
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Fig. 5. Graph of log peak area aga.iné.t time for a mixture of chloroform, diisopropyl ether, toluene
and chlorobenzene.
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mately 250 ul of the mixture was injected into the dilution vessel and samples of the
vapour were automatically taken every 40 min for 10 h.

A graph of the peak height against time for each component is shown in Fig. 6,
and it may be seen from the intercepts at { = o, that the concentration of each com-
ponent can be calculated with similar precision although the range of concentrations
between the componeunts was as great as 1,000. It should be noted that the values
shown in Fig. 6 are based on peak heights and do not take into account relative re-
sponse factors. It may also be seen that by variation of the flows through the column
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Fig. 6. Graph of log peak height against ime for a mixture of wide concentration range.
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or dilution vessel, or operation at different temperatures or with different liquid
phases, the analysis time can be shortened and the system can be applied to the anal-
ysis of a wide range of substances present in diverse relative concentrations.

CONCLUSIONS

The vapour dilution system described in this paper provides a very precise method
for determining detector linearity and relative response factors. Due to the wide
limits of variation for each operating parameter the system can be made applicable
to almost all substances that can be separated by a gas-liquid chromatographic
technique. The apparatus can also be used to advantage for the analysis of mixtures
containing substances at concentration levels that differ by several orders. By using
the system described, each component of such a mixture is determined with the same
precision.

The paper gives preliminary results for a macro argon detector and is the first
of a series that will be concerned with the investigations of the characteristics of
various ionisation detectors. The effect of the various operating parameters of each
detector on the linearity and response factors will be examined.

SUMMARY

A vapour dilution apparatus, very suitable for detector calibrations, is described
which provides known relative conceuntrations of a vapour in a gas for sampling on a
partition column. The theory of the system is considered in detail, and examples given
of the application of the method to the determination of detector linearity and detec-
tor response factors and to the analysis of mixtures, whose components are present
at widely different concentration levels.
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