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SUMMARY

A pncumatic analogue of the Wheatstone bridge as a gas chromatographic
detector is described. The detector response is defined in terms of the resistances of the
bridge flow-impedance elements and the concentration of the solute in the column
effluent. Conditions are discussed under which the flow disturbances due to viscosity
changes within the column can be eliminated.

INTRODUCTION

Changes in the composition of a-fluid passing at a given velocity through a
flow-impedance element may result in changes in the pressure drop across the element.
The possibility of utilizing this phenomenon for detecting gas chromatographic (GC)
fractions was first shown by Griffits et al.! in 1952. Later we described a flow-
impedance bridge as a GC detector?-, which was applied successfully to the detection
of metal vapours separated by GC at temperatures up to 1100°+>. Recently, a paper
describing a more sophisticated version of this detector appeared®, in which the
authors expressed doubts about whether the arrangement suggested earlier by us?3
could compensate for the effects of the flow variations due to the viscosity changes
of the gas in the column when a chromatographic fraction is passing through it. They
also demonstrated these effects by an example. -3

In this paper, we specify the properties of the ﬂow-lmpedance bridge detector
and present some results of our earlier measurements® with it.

ARRANGEMENT OF A CHROMATOGRAPH WITH THE FLOW-IMPEDANCE BRIDGE
DETECTOR

A flow diagram of the equipment is shown in Fig. 1. The variable resistor R,
serves to control the flow-rates of the carrier gas through the column (v,) and through
the bridge proper (v, and v; 4). The series resistor R, functions as a source of flow;
thus, if the pneumatic resistance of R, is substantially greater than that of the column,
the flow-rate of the gas leaving the column is virtually independent of the changes in
the impedance of the latter. Under these circumstances, the presence of the solutes
in the column does not cause any appreciable flow disturbances. Ry, R,, R; and R,
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Fig. 1. Flow diagram of a gas chromatograph with the flow-impedance bridge detector.

are the flow-impedance elements constituting the bridge, R, being the sensor proper.
The response of the detector to the eluates is measured as a change in the difference
between the excess pressures p, and p,. P is the excess pressure at the inlet of the bridge.
By setting the ratio v./(v; ; + v34) anpropriately, the bridge can be balanced out.

DETECTOR RESPONSE

Employing the notaticn R,, R,, etc., also for the pneumatic resistances of the
respective e]emgnts of the bridge, p, and p, can be expressed by

P+ Ryv,..
= R.- ¥ 3 Ve 1
PZ 4 R3 + R4 ( )
and ’
_p_ R
iy e @
‘and for v. with the bridge being balanced out we have
.Rz R3 - R]_ R4
v — P 3
=P RRE + R @)

where the asterisk indicates that the equation applies to the special case when p, =
Pi- ’
Denoting the out-of-balance response by %,, tlic response to the solute—carrier
gas mixture by 22,, and the net response to solute 7 by £,;, we can write
$

Ro = P20 — D1
) Rio = P20 — P1
and .
Ry = Rig — Ro = Par.io — P20 : @
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where D20 and p, ,, are the values of p, measured wien the sensor (R,) is being passed
through by the carrier gas alone and by the mixture of solute and carrier gas, respec-
tively. Hence, with regard to eqnms. 1, 2 and 4, #; can be expressed as

_ Ry Ri0
#=C+ RN R~ "R ®

where R, ;o and R, , are the flow impedances of the sensor R, in the situations specified
With PZ.iO and pz‘o, respeCﬁVely. If .R4'go -_ R4'0 <4 R‘g_o, eqn. 5 can be simpliﬁed to

P+ Ryv,

c%i == RB‘ (R3 + R4,0)2

(Rei0 — Ry0) ©)

and for a balanced-out bridge (cf-, eqn. 3) the response (%) is

PR, Ry (Reo — Rao)
& ~ - :
i = Roo (B + Rug) (R, + R @

Provided that the measuring resistor is a capillary, we can write, according to the
Poiseuille equation:

Rii0 — Ryo = Ry 0 (Mio — No)/Me (3)

where 7, and 7, are the dynamic viscosities of the solute—carrier gas mixture and of
the carrier gas alone, respectively. Further, 7, is given by®

Teo = o + yh ©)

. 1 _l——yi
i0 1 —y; 1|A0i Vi

where 7, and y; are the viscosity of pure gaseous solute and the molar fraction of the
solute in the mixture being detected, and 4;, is given by
6: + Go )2 ( 2M, )*

20, M; + M,

A = 1055 (

.

where 6;, 6o, M;, and M, are the molecular collision diameters and the molecular
weights of the gaseous solute and of the carrier gas, respectively; Ao, is obtained by
replacing o, in the denominator and M; in the numerator of the right-hand side with
c; and M,, respectively. For low solute concentrations and narrow concentration
limits, eqn. 9 can be simplified to®

Nio = 1o + (‘:4%‘ — N Aio) i 10
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Combining eqns. 6 and 7 with 8 and 10, we obtaiti for #; and #F

- R, R;.o (P+ Rsv,) /[ Y
A= TR R (g o ) 7 ‘ an
and
PR, R 7 ‘
* __ 2 3 i _
A= T R R F R (G — 0 4ic) (12

The relative molar response, RMR, defined as (d®,/dy,)/(d#./dy,), is given by

(17:/Aos) — Mo Awo
RMR, — 13)
r (nr/ AOr) — No Aro ( -

where r denotes a reference compound.

With orifice plates as flow-impedance elements in the bridge, the device would
respond to changes in the density of the fluid®. In this instance, the response is de-
scribed by eqns. 11 and 12 with the term [(3,/4o;) — 7o A1o}/70 being replaced with
(d, — d)/d,, where d; and d, are the densities of pure gaseous solute and of the carrier
gas, respectively. The relative molar response is then given by

d, — d,
dr - do
This relationship is identical with that applying to the gas-demsity detector'®; the

densities in eqn. i4 can obviously be replaced with the corresponding molecular
weights.

RMR, = (14)

EXPERIMENTAL

The flow-impedance elements of the bridge were made of thick-walled (polaro-
graphic) glass capillaries with the resistances Ry = R, = R and R, = R; = 2R, R
being 100 mmHg-sec/ml with hydrogen at 20°. All of the capillaries had the same
inner diameter, i.e., the lengths of the capillaries were Ly =L, —= L and I, = 1L; =
2L, L‘being about 3 cm. In this instance, the response of the equilibrated bridge is
given by (c¢f., eqns. 3 and 12)

I N .
* —_
9?1 = e ( . 7o A;o) Vi
with

v¢ = P[2R

The capillaries were sealed in an epoxy-resin block in which all the necessary conduits
were drilled out prior to assembling the detector. The carrier gas was hydrogen. Both
the column and the detector were at room temperature. The resistance of R, was
about 3 times that of the column. The excess pressure P was 100 mmHg. Under these
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circumstances, the flow-rates v_, v, , and v 4 were 1.35, 0.9 and 0.45 ml/sec, respec-
tively, with the bridge being balanced out. The response proper was sensed with a
low-volume (capillary) differential U-tube manometer connected at positions 2 and b
(¢f. Fig. 1) in the bridge. The manometer was filled with dinonyl phthalate. The GC
columns were 50 x 0.7 cm L.D., containing low-resistance (30~60 mesh) packings of
molecular sieve 5A and 209/ squalane on Sterchamol.

RESULTS AND DISCUSSION

The chromatograms were obtained by reading at 5-sec intervals the difference
in the levels of the liquid in the U-tube manometer and plotting these values against
time. Fig. 2 shows a chromatogram obtained by injecting 1 m! of air, chromato-
graphed on the molecular-sieve column. The linearity of the detector response is
shown by the plots of the heights of the peaks of oxygen and nitrogen against the
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Fig. 2. Chromatogram of oxygen and nitrogen. Conditions: 1 ml of air, molecular sieve SA column,
hydrogen carrier gas, room temperature.
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Fig. 3. Plots of the peak heights of oxygen and nitrogen against the volume of air injected. Condi-
tions: molecular sieve 5A column, hydrogen carrier gas, room temperature.
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Fig. 4. Chromatogram of a mixture of hydrocarbons. Conditions: 2.5 ml of a propane-butane mixture,
squalane cofumn, hydrogen carrier gas, room temperature.

volumes of air injected in Fig. 3. The chromatogram in Fig. 4 was obtained by in-
jecting 2.5 ml of a propane-butane mixture, employing the squalane column.

The concern over the possibility of flow disturbances due to changes in the
viscosity of the gas within the columnS is justified. These disturbances would manifest
themselves fully when employing a source of a constant excess pressure at the column
inlet. However, when a fixed mass flow of the carrier gas is provided at the column
inlet, the viscosity changes will produce changes in the excess pressure between the
outlet of the source of flow and the column inlet while the flow-rate at the column
outlet will be virtually constant, except for some transitory variations due to gas
compressibility, which disappear soon after injécting the sample. The chromatograms
in Figs. 2 and 4 show that the flow perturbations due to the presence of chromato-
graphic zones in the column are virtually suppressed by the arrangement described
here.
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