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Notes on Methodology

A calculation for locating the carrier gas front
of a gas-liquid chromatogram
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» The lincar relationship between the logarithm of
the reduced retention volume (Vy') and the chain
length (n) of a series of structural homologues is a
feature of gas chromatography which facilitates the
identification of components (1). To determine Vg’
one must establish the time of appearance of the car-
rier gas front. In an ideal system this point is consid-
ered to be the moment when an infinitesimal amount
of nonabsorbed gas introduced with the sample moves
through the detector under over-all conditions of con-
stant temperature and pressure gradient. James and
Martin (1) designated the air peak as the carrier gas
front, and the retention time of a component was ob-
tained directly by measuring from this air peak to the
peak of the component. When the chromatogram is
recorded from a gas-density balance, the air peak is
an obvious positive deflection and the retention meas-
urements are easily made. However, with the use of
an ionization chamber detector the air peak is a nega-
tive deflection and is frequently not seen (Fig. 1). In
this case, the time of the appearance of the carrier gas
front can be calculated in the manner described below,
and the retention times of all components can be
measured from this “mathematical air peak.”

By definition, the volume of gas (uncorrected for
compressibility) required to elute a component after
the appearance of the gas front is given as

VRI = th = (1)

where ¢ = retention time (minutes) which elapses
from the appearance of the gas front to the appear-
ance of the peak of a component, F, = flow rate (cc.
per min.) of the carrier gas measured at the outlet
pressure and temperature of the column, x = distance
(em.) measured on the chart from the carrier gas
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front to the component peak and S = speed (cm. per
min.) of the recorder chart.

From equation 1, the relationship between V5 and
the chain length,

log Vg’ o« n (2)

can be expressed
logz < n 3)

If the distance to a given peak is not measured from
the true carrier gas front (xq) but from some arbitrarily
chosen point (yo), this distance y will differ from = by
8, as shown in Figure 1. Thus,

rT=y+36 )
In turn, equation 3 can be expressed
log (y +8) < n (5)

If three homologues in a chroma’cogram are chosen
such that

ng — M =Nz — Ny (6)

then it follows from equation 5 that

Y2+ 96 yz+ 6

= )
y1+48 y2+9
or ,
5 = Yoo — Y3 )
ys + y1 — 2y,

Accordingly, one can measure from any arbitrary
point (y,) to the peaks of three homologues which
obey equation 6, record these distances as i, ¥z, ¥s
respectively, solve for § and measure from this arbi-
trary point to the point which should be the location
of the carrier gas front. If § is positive, o precedes yo;
if 8 1s negative, 2y follows y,.

A simplification of this calculation is to designate
the peak of homologue 2 as y,. In this case y» 1s zero.
Then the distance between the peaks of homologues
2 and 1 multiplied by that between homologues 2 and
3, divided by their sum (y; is a negative number in
this formulation), is the distance from the peak of
homologue 2 to .

In Figure 2 is shown the plot of the relative reten-
tions, r (relative to methyl stearate), of the n-satu-
rated components of the chromatogram shown in Fig-
ure 1. As measured from Yo there is an obvious deflec-
tion from linearity, but when measured from xz, these
values show a strictly linear relationship with chain
length.

As mentioned above, it has been customary to des-
ignate the air peak as the carrier gas front (1). How-
ever, when chromatographic analyses are made by the
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Methyl esters of fatty acids of human erythrocytes

Carrier gas -Argon

Solid support - Cehte 545 {140-170 mesh)
Inlet pressure-10 p.s.i.

Temp. of column -195.5°C.

Detector - Sr? ionization chamber
Sample size- Vo4 AL

5 min.

Stationary phase - Ethylene lycol adipate polyester (20% )

Flow rate - 30cc.,/min. Chart speed-1cm./min.
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Fie. 1. Gas-liquid chromatogram of methyl esters of fatty acids of human erythrocytes. The homologues chosen for calculation
of the location of the carrier gas front, z,, are methyl myristate (1), methyl palmitate (2), and methyl stearate (3). The dis-
tances from an arbltrary point (y,) to these homologues are desxgnated Y1» Ya» Vg, respectively. For purposes of clarity the en-
tire chromatogram is not shown, nor are all the components labeled. The chromatogram proceeds from right to left.
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Fic. 2. Relative retentions of n-saturated components (rela-
tive to methyl stearate) as a function of the chain length. The
broken line is the plot of the relative retentions of the com-
ponents shown in Fig. 1, calculated from yg4. The solid line is
the same plot for values calculated from z,.

gas-flow interruption technique of sample loading, the
carrier gas front calculated from equation 8 precedes
the air deflection by a small but perceptible distance.
This occurs in records made by the gas-density bal-
ance (Fig. 3) as well as by the ionization chamber
detector (Fig. 4). This discrepancy is thought to be
a function of the following considerations:

(a) The calculation presented above assumes a con-
stant gradient between inlet and outlet pressures.
This is not the case when the gas-flow interruption
technique is used, since, when gas pressure is reapplied
after loading the sample, the pressure gradient is not
re-established instantaneously. Because the partition
coefficient and hence the Vi’ of every component is a
function of gas pressure, any deviation from con-
stancy of pressure invalidates the relationship ex-
pressed in equation 2. During this period of disequi-
librium the components which partition most readily
into the gas phase are subjected to the greatest dis-
tortion of V', whereas the components with the
greater preference for stationary liquid phase (which
appear last in the chromatographic run) are least
affected. Figure 4 demonstrates that the calculated
carrier gas front almost coincides with the air deflec-
tion when the calculation is made with three esters
appearing late in the chromatographic analysis. How-
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Methyl esters of fatty acids - standard mixture

2 1

Carpier gas -Nitrogen
Stationary phase - Polybutene (87%)

Solid support -Celite 545 (140 -200 mesh)
Inlet pressure—11p.si.

Chart speed - 0.8 cm. /min.
Temp. of column ~ 198°C.
Detector-Gas density balance
sample size-14 uL
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F1e. 3. Chromatographic analysis utilizing a gas-density bal-
ance. Methyl esters of myristic, palmitic, and stearic acids are
designated 1, 2, and 3, respectively. The unlabeled peak is
methyl oleate. The calculated carrier gas front, z,, precedes
the air peak.

ever, had the calculation been based on three early-
appearing components, the discrepancy between the
calculated carrier gas front and the air deflection
would have been much larger. Thus the calculation
of the location of the carrier gas front is most reliable
when it is based on the three homologues with the
longest retention times.

(b) The air deflection is created by components of
the atmosphere which are introduced when the sample
is placed on the column. If these distribute into the
liquid phase, the air deflection is retarded.

When no air deflection is visible, the caleulation of
the location of the carrier gas front is made possible
if familiar components are recognized which allow the
application of equation 6. Then, from the retention
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D;'methyl esters of dicarboxylic acid - standard mixtire

Stationary phase - Fthylene gtycol
adipate polyester 207

Solid support - Celite545(140170)mesh

Inlet pressure-15ps.i. i

Carrier gas -Argon ”

Chart speed - 3 cm./min.
Temp. of column -340°C.

Detector-Ra ionization chamber
Sample size-l/az/uL.
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F16. 4. Chromatographic analysis utilizing an ionization cham-
ber detector. The gas-flow interruption technique of sample
loading is used, illustrating the sequence of events at the start
of the run. The carrier gas was obstructed (a), the inlet pres-
sure fell to 5 pounds per square inch and the column was
opened (b) to allow insertion of the sample. After the sample
was applied, the carrier gas flow was re-established and the
column closed (¢). With this detection system the emergence
of the air introduced with the sample appears as a negative
deflection (d). The calculated carrier gas front (dotted line)
precedes the air deflection. This calculation was made from
the peaks designated 1, 2, and 3 (dimethyl esters of pimelic,
suberic, and azelaic acids respectively).

volumes based on this calculated gas front, tentative
identifications of unknown components can be made
by reference to published tables of relative retentions.
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