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SUMMARY

The principie of direct measurement of retention volume, described earliaer,
has been realized in a computer-linked gas chromatograph. The pneumatic and
electronic designs are described, as well as procedures for the calibration of the
different sensors.

INTRODUCTIGN

A novel approach to the precise measurement of retention volume in gas
chromatography was presented in an earlier paper?, together with a briaf outline of
an apparatus designed for these measurements. This paper contzins a more datailed
description of the instrumental layout and of the built-in procedures for calibration
of the iostrument.

For the evaluation of retention volume, it is common practice to keep the
carrier-gas flow-rate constant by means of careful regulation, to measure the retention
time and to calculate the retention velume. A more direct method would be to measure
continuously the gas flow-rate and to obfzain the volume by integration of the flow-
rate. This can be accomplished with a gas chromatograph equipped with an on-line,
computer. In the apparatus described here, a izaboratory-built gas chromatograph is
linked on-line with a small computer. At small time intervals, the computer reads
sensors for the appropriate parameters (flow, pressure and temperature) and computes
at each point the corrected gas volume that has passed through the column since the
start of the run.

The computer also reads the detector signal at pre-determined time intervals
(normally the same iaterval as for the other readings) and correlates the detector
readings with the calcuiated volumes. The time intervals can easily be made small
enough to approximately represent continuous measurement. Thus, a correlation
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Fig. {. Easumatic system: 1 = flow of carrier gas; 2 = flow of sample gas; 3 = pressure-sensing
lines, VI-¥1!, Solenoid valves [Bitrkert, mod. 311 {3-way) and 211 (2-way), respectively]: V2, VI3,
solenoid valves {(Hoke-Tomco, mod. 95HV): T, toggle valves (Hoke, mod. 1521); FCI-FC3, flow
controliers (Brooks, mod. 8743); R, rotameter (Brooks, mod. 1335); NVI-NV3, needle valves
(Brooks, mod. 8503); NV4, cee text and ref. 2; TFS, thermai-fiow sensor (Brocks, mod. 5818);
DBS, differential-pressure sensor (Rosemount mod. 831 A-18); APS, absolute-pressure sensor (Rose-
mount, mod. 835A-7): F, fiirers (Brooks, mod. 1390}; PC, pre-column and C, coluran [both in an
oil thermesiar (Hallikainen, mod. 1120)]; M, manomater (Negretti and Zambra, mod, M2691); VP,
vacuvem pump; SC. sampls chamber (see text and ref. 2}; D, detector (Varian, mod. 02-030 968}:
HgFi, mercury Sow-meter (ref. 3).

between volume and deiector signal is obtained, and from this, by means of suitable
soft-ware procedures, the retention volume and other properties of the gas chro-
matographic peaks can be evaluafed.

FLOW SYSTEM

The fiow system is shown in Fig. I. The carrier-gas flow is regulated with the
flow regulator (FCI) and mieasured with the thermal-flow sensor (TFS), from which
the gas is fed to the injection system (VI2 and V13) and further through the column
(C) to a flame ionization detector {D). A pre-columa (PC) can be included if desired.
A h)_rci:ogen-f‘eed line to the detector must be included when hydrogen is not used as
carrier gas.

Through the valves V2 and V3, which are normally open, a sensor for absolute
pressure (APS} is connected ta the column outlet, and a senser for differantial pressure
(DPS) is connected between the column cnds,

Sample injection can be made either into a conventional ijection port, with
syringe injection through a rubber membrane, or with a more elaborate valve system?
integrated with the rest of the flow systera and operated by the computer. Sample gas
is continuously fed to injection vaives (V12 and V[3} by means of a separate stregm
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of hydrogen regufated with a needle valve (NV1). The gas fows through a thermo-
staticslly controlled giass flask (SC) containing the sample in liquid form. The vapour
preszure of the sample can be adjusted by dilution with a non-volartile solvent and by
variation of the temperature of the flask. The injection valves switch the sample gas
instead of the normal carrier gas oato the column during a shert time interval. A
stream of methane, reguiated by a separate flow controller (FC 2), is optionally added
to the sample gas to provide for an “air peak™.

The flcw-rate of the sample gas can be checked by energizing the solenoid
valves V9, V1I and V7; when this is done, the carrier gas by-passes the thermal-flow
sensor and the sample gas is fed through the sensor.

In order to avoid pressure surges at injection, it is important that the pressure
on the sample side of the injection valves eguals the column h=2ad pressure. This is
ensured by means of a special valve (NV4; see ref. 2). The sample-stream piessure
can be measured by energizing valves VIQ and V5, the differentiai-pressure sensor
then being connected to the sample-gas stream.

CALIBRATION OF THE SENSORS

The seansors for flow and pressure must be calibrated freguently te avoid
long-term drift; therefore, facilities for calibration are integrated with the rest of the
system. All calibrations are governed by the computer, which is programmed to
haadle most of the procedures automatically and to indicate to the operator when to
press a button or take a monometer reading. The computer also calculates and stores
the calibration result in a form convenient for application to the gas chromatographic

measurements.

Absolute-pressure sensor (APS)

Valves VI, V3 apd V4 are opened, ¥2 and V35 are closed and a vacuum pump
is started to decrease the pressure in the system; valve V1 is then closed, cutting off
the vacuum line. By opening toggle valve TS5, air can be admitted to adjust the
pressure of the APS to 700 mm Hg; a needle valve (NV3} is used to slow down this
procedure. A reading is taken from the manometer and the output from the APS is
measured by the signal-acquisition system. The pressure is then somewhat increased
(by meanc of T3), and another pair of readings is made. After cight readings, when the
pressure has reached its ambient value, the regression line is calculated. The entire
procedure is repeated in the pressure range 470 to 530 mm Hg needed for calibration

of the differential-pressure sensor.

Differential-pressure sensaor (DPS)

The pressure of the system is adjusted to 500 mm Hg as described above, then
valve V4 is closed, separating the two sides of the DPS from each other. More air is
admitted through T35 to adjust the pressure difference over the DPS to the first vaiue
chosen (normally 80 mm Hg), and readings of the manometer, the APS and the BPS
are taken. The pressure difference over the DPS is the difference between the corrected
manometer reaaing and the APS reading, with the calibration constants determined
as described above. Another portion of air is then admitted, and the readings are
repeated until a regression line can be computed.
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Thermal-flow senscr (TFS) - o
The instrument for calibration of the flow sensor has been described’; ft s

connected by energizing valves V2, V5, V6, V7, V8, V9 and VII. The sample-gas
stream is used for this caiibration in order to adjust the flow with a needle vaive and
not with a flow controller. The APS is used to measure the pressure in the mercury
flow-meter, and a neadle valve (NV2) is used tc adjust the pressure in the TEFS to
approximately the same vaiue as during normal operation. A suitable flow is measured
with both the mercury flow-meter and the TFS. The flow is then changed, and the
process is repeated until a regression line can be calculated.

ACCURACY OF CALIBRATIONS

The mercury manometer (Negretti and Zambra M26921). readable to 0.05 mm
Hg, is accurate to within 0.} mm Hg (ref. 4). The uncertainty of the regression line
is about 0.12 mm Hg (this figure includes the drift during one month}.

The foregoing is valid only if the calibration is restricted to a relatively small
patt of the range, as the calibration graph is not straight, but has a well-defined
curvature®. Thus, the calibrationerror forthe APSisabout0.15mm Hg(v/0.122-0.13)-
For the DPS, it is 0.22 mm Hg (1/0,152 - 0.12 1 ¢.122) as the calibration of the latter
depends on the calibration of the former.

The accuracy of the flow sensor at 50 ml/min (760 mm Hg and 0°) is estimated
to 0.05 mil/min (+/0.035° +.0.0352)- The accuracy of the mercury flow-meter is about
0.67% (6.035 mi/min) (ref. 3), and the uncertzinty of the calibration line is of the
same magnitude.

The column-bath thermometer was calibrated by the Thermochemistry Labora-
tory, Lund; the total error in temperature measurement was less than 0.05 °K.

\
ELECTRICAL SYSTERE

Sigral-acguisition system

In this system (shown in Fig. 2), the analogue signals from the differernt sencors
(see Table I} are fed to an eight-channel multiplexer, which comprises two MGS
analogue switches AM 3705CD, National Semiconductor} (M1 and M2). The ““chan-
nel select”™ signals come from the control unit (see below). The multiplier has differen-
tial inputs, making iz unnecessary to te all signal returns in the system together and
so eliminating some earthing problems.

From the outputs of the multiplexers, the signals pass twa FET amplifiers
(Al and A2) (LHOQ42CD, Nationa! Szwiiconductor) connected as voltage followers
in order to increase the input impedance of the system. After a 2ATISC amplifier
(A3; Fairchild), the sigral is refzrred t: earth potential.

The “sample and hold” ampiifier (SH) is built around an operational amplifier
(LH 0023GC, National Semicondtctor), tha output from which goes to the 14-bit
anzlogue-to-digital converter (AD) (MP§i14, Analogics). The 14-bit digital-data lines
from this are fed to an imwerface (16-bit digital [/O} connected to the computer
(ALPHA LSI-2, Computsr Autor-ation). ]

The “start sampling” signul, developed from the control unit (see below),
triggers 2 moncstable multivibrator (SN74121, Texas Instruments). The pulse fength
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Fig. 2. Signal-acquisition system.

determines the sampling time of the “sample and hold” amplifier. The trailing edge
starts the AD-conversion. The sampling time must ba fonger than the setting time of
the multiplexers, buffer amplifier and “sample and hoid™ amplifier; 508 gsec has
been found satisfactory. After the conversion (which takes approximately 80 usec),
the AD-converter issues the signal EOC (End of Conversion) to the interface, gener-
ating an interrupt to the computer and thereby signalling that signal measurement is
ended and valid data are available. )

Control unit

This unit is shown in Fig. 3. The 8 least-significant bits {(numbered BO to B7)
of the output buffer of the interface are used to develop various control signals. Bits
B4 to B7 are fed to a decoder (SN 74134, Texas Instruments). A clock pulse from the
interface is distributed to one of the 16 outputs (CO to CI5) of the decoder, depanding
on the state of the inputs (B4 to B7). The remaining bits (BG to B3} are connected to
several 4-bit “latches™ (D-type flip-flops, SN7473, Texas Instruments), connected in
parallel, which are clocked by the signals C0O to ClI5. In ths way, it is possible to
develep [6 indeperdent sets of each 16 control signals for various uses.

At present, only 3 latch units (LO to £.2} are in operation (as shown in Fig. 3).
The set of signals from L0 is used for the multiplexer control (signal CQ also starts
the sampling sequesce); the set from LI is used for the thermometer select (see below);

TABLE L
ANALOGUE INPUTS

Channel No. Usage

Mercury flow-meter

Temperature-measuring system

Flow sensor (TFS)

Pressure sensor (APS)

Differential-pressure sensor (BPS)

Electrometer (Keithley 41 7K) connected to the detector

|U|4-ri-Q
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Fig. 3. Control unit.

and the set from L2, which is further decoded (SN7442, Texas Instsuments}, is used
for other control functions, such as controlling the injection valves?, controlling the
mercury fow-meter® and placing marks on the recorder (see below). As an example,
if the bit pattern 0010 0101 (hexadecimal 25) is placed on the output buffer, the clock
pulse wouid cause latch L2 to be set to 0104, thus lowering the output S5, which
would, in our system, reset the injection vaives afier an injection.

Temperature-measuring sysient

In this system, shown in Fig. 4, thﬁ temperatures of the column thermostat
and the mercury flow-meter are measured & by two platinem-recistance thermomerers
(E666 and EICH, respectively; Rosemount Enginesring Company}), Teor and Tegy

Selact {‘?:_
G—

Fig. 4. Temperature-measuring system,
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_respectively; these thermometers are of the 4-lead type. One pair of leads is connected
in series with a reference resistor (Ryer} of about [50 2 (temperature coefficient
2 ppra/°C) and a constant current generator. By means of a relay multiplexer {(con-
trofled by signals from the controf unit as described above), the voltage drop across
each of the resistances Tegry Ty and Ryer can be measured. For this measurement,
the second pair of leads is used.

An arrangement of three amplifiers (al, A2 (LHO0042CD WNational Semi-
conductor); A3 (©A725C, Fairchild)} provides high impedance and signal-level ad-
justment, and refers the output voltage to earith. The output is connected to input
No. [ of the signal-acquisition system:.

The measurement of thermometer resistance consists of the following steps
(handled by the computer}:

(1} Connect Rgper

(2} Measure voltage

(3) Comnect Tegr (or T}

{4) Measure voltage

(5) Divide readings, multiply by value of Rggp.

The computer then calculates the temperature with use of Callender’s formula®.

Peak marker

The detector signal (output from a 417K Chromatographic Electrometer,
Keithley) is fed to channel No. 5 of the signal-acquisition systcm; it is also connected
to a recorder via 2 circuit designed to apply marks to the recorder on order from the
computer. This circuit (see Fig. 5) consists of a fip-fiop built of two NAND-gates
(SN7400, Texas Instruments). The outputs of this flin-filap trigger a2 monostable
muitivibrator (MV, SNT4121, Texas Instruments). The outputs from the Iatter (one
positive and one negative) are NANDed with the signals from the fiip-flop. The

—

1 T

Caonilrat

Monastabie
multivibeator

O
Petactor signal @

Fig. 5. Peak marker.
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signals are applied via resistors to an operational amphﬁer @(A741 Fairchild), through
th"h the signal fron: i detector passes. Thus, either & positive or a negative pulss
is added to the detector signal when a trarsition appears on omne of the inputs of the
flip-finp. The length of this pulse is determined by the timing componants of the
multivibrator; 200 msec has been shown to be suitable. The height of the marks on
the record can be adjusted by means of the resistors. The circuit can also amplify
the total detector signal to suit a particular recorder.
This circuit is used to place 2 mark when the computer defines the becmmng
or end of a caromatographic peak, thereby enabling visual control of the pefformance
of the peak-finding computer programs.

CONCLUSION

The principle of direct measurement of retenrion volume, realized in the
apparaius described, can give considerable improvemant in the accuracy and precision
of retenticn-volume measurements®. This approach seems to have several advantages,
especially for studies of the effects involved in gas chromatographic separation; it is
also uscful in analytical gas chromatography when accurate retention data are
required.
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