- _GAS
CHROMATO-

GRAPHIC

DETECTORS

BY D.J.DAVID




GAS CHROMATOGRAPHIC
DETECTORS

ol

D. J. DAVID

Senior Research Group Leader
Analytical instrumentation
Monsanto Research Corporation

A WUEY-INTERSCIENGE'FUBLICATION |

JOHN WHEY & SONS, New.York.. %c.london ¢ Sydney ¢ Toronto



Copyright © 1974, by John Wiley & Sons, inc.
Al rights reserved. Published simutt ly in Canad

No part of this book moy be reproduced by any means, nor
transmitted, nor tronsiated into a machime language with-
out the written permission of the publisher.

Library of Congress Catologing in Publication Datex
David, Donald Joseph, 1930
Gas chr tographic detectors.

"A Wiley-Interscience publication.”

Emetud bibii i,
orup

1. Gas chromatography—Apparatus and supphies.
I Title. °

QD117.C5D38 544’926 73-4773 )
ISBN 0-471-19674-6 )

Printed in the United States of America
1098765432



PREFACE

Gas chromatographic detectors have evolved rapidly
over the past decade. This evolution has occurred to
meet the rapidly changing demands of a complex socio-
technological society that is attempting to cope with
industrial and environmental problems. These devices
have made major contributions to the definition of
these problems which is the first step toward solution.

Following the introduction of gas chromatography
the quest began to improve the sensitivity of the tech-
nique by more sensitive and/or more specific detectors.
The invention and development of the flame ionization
detector allowed the determination of trace components,
the presence of which were not previously realized.
This permitted process refinement which, in turn, trig-
gered the need for more sensitive and specific methods
of detection.

Concurrently, analytical techniques were sought
which would not only permit quantitative analysis of
trace materials but also discriminate between these
components and major amounts of potentially interfering
materials. This need became acute for pesticide resi-
due analysis. While gas chromatography provided the
separating ability, there still existed major problems
in detection and discrimination over background when
picogram quantities of contaminant were involved. The
need for specificity and sensitivity in pesticide resi-
due analysis led to the development use of the electron
capture detector and the coulometric detector.

In the interim period additional detectors have
appeared that have been developed to fill other speci-
fic needs or extend certain areas of application.
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Many of these devices have not yet achieved commercial
importance, while others, which achieved initial com-
mercial importance, have since been relegated to less
prominent roles. It is this dynamic and changing evo-
lution that makes it difficult to accurately pinpoint
the importance of each new detector or detection
method. Unfortunately, not every reported detector or
detection concept could be included but those thought
to be significant or have potential havé been treated.
The impact of many detectors has already been felt and
others still to be introduced will doubtlessly have
major influence on the field.

Although the detectors treated here have been
described previously by the inventors and subsequently
by many skilled investigators, a single volume has not
appeared compiling this technology in ene central work.
Because of the importance that these devices have
achieved, it is hoped that this book will be of major
assistance to those chromatographers new to the field
or those who require a source of ready information of
past pioneering efforts. ‘

The author is indebted to many colleagues and as-
sociates who through the years have been major sources
of inspiration and help and particularly to those
chromatographers at Tracor, Inc., Austin, Texas, who
contributed in the investigation and development of
many detectors and other chromatographic devices.
Special appreciation is extended to Mrs. Mary Smith who
performed a substantial portion of the initial typing
and Mrs. Jean Weaver who typed the final manuscript and
provided major assistance in its preparation.

D. J. David
January 1973
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Chapter I

INTRODUCTION

I. HISTORICAL BACKGROUND

The introduction of the technique now known as gas
chromatography by James and Martin in 1952 [1] ushered
in an instrumental technique whose development and
applicability have been largely unmatched. The initial
years saw the introduction of relatively simple, un-_
sophisticated commercial instrumentation with only one
or, at’ the'most, two detectors, which were limited in
sensitivity.

These instruments were found generally in the
analytical laboratories since these laboratories are
charged with analysis, control, and characterization
of many types of materials. Today, these instruments
are found in many different kinds of laboratories and
it is not unusual to find organic chemists, pharmaceu-
tical chemists, pesticide chemists, engineers, mate-
rials scientists, and the like using gas chromatographs
for rapid analysis of chemical products and methods
development. Thus the applications of gas chromatog-
raphy have grown, limited perhaps only by the time,
imagination, and ingenuity of the people using them.

" “Through the years gas chromatographs have been
perfected in many ways. The temperature range of the
column oven has been greatly extended and some chro-
matographs are available with a column temperature
range from -100°C to +500°C. The efficiency of inlet
systems has been increased; this allows optimum
vaporization of a large percentage of the many varied
samples presented to the unit. Flow controllers,
septa, and the like, have all been improved, resulting
in a greater ease of operation for the chromatographer.

1



2 Introduction

These instrumental refinements have prompted
advancements in column materials, column packings, and
column preparation. These factors, have been respon-
sible for even wider areas of usage of the technique.
An examination of the literature reveals chromato-
graphic methods that cover all fields of endeavor and
most types of analyses. Monographs have appeared on
general theory [2-12] and specific areas of applica-
tion [13-20].

In spite of these advances, the gas chromatograph
is to a large extent the instrument it was in the late
1950s with the notable exceptions mentioned above. The
period from 1960 to the present saw the development and
commercial introduction of a number of important new
detectors. These detectors have allowed higher-
temperature operation, greater sensitivity, greater
linearity, and in some cases specificity, not presert
previously. ‘

The improved means and methods of detection,
coupled with the other cited instrumental improvements,
have broadened the scope of gas chromatographic appli-
cations. It is impossible to judge the significance of
detector development in relation to the other improve-
ments, but it can be said that without suitable and
desired means of detection, the finest column separa-
tions would be useless.

This monograph attempts to treat. only those
‘detectors that have been developed primarily as gas
chromatographic detectors, are self-contained, and are
an integral part of the chromatograph. Devices such
as mass spectrometers, infrared spectrophotometers,
and the like, are therefore not included in this cate-
gory since®they are more properly ancillary devices.
Table I summarizes most. of the presently used gas
chromatographic detectors and their attributes. Any
gas chromatographic detector can be thought of essen-
tially as a transducer. It senses the presence of a
component foreign to the carrier gas, is affected by
it and converts the physical presence of the component
to an electric signal the extent of which is.propor-
tional to the amount of foreign component.

Béfore various detectors can be appreciated or
knowledgeably compared, it is essential that certain

basic principles and terms associated with detectors be
understood.. ,
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II. CLASSIFICATION OF DETECTORS

Halasz [21] has classified detectors into two cate-
gories which he called “families." The first family
includes those detectors whose response, S, depends
on the concentration of sample in the carrier gas as
given by

- Vi
= r . e - r ——
S ! LR

where r, = proportionality constant, v, = sample flow
rate, moles/second, and v, = carrier flow rate,
moles/second.

The second family of detectors consists of those
detectors whose reponse, S,, is dependent only on the
mass flow rate of the sample, v;; thus the signal is
independent of the sample concentration in the carrier
gas. This is expressed as

52=I‘2'V1

where r, = second proportionality factor.

In the first family of detectors, if the sum of
the molecules in the detector is constant, then the
detector is independent of the mass flow rate of the
sample, whereas the second family of detectors is not.
The response of the first category includes the well-
used katharometer, and the signal snould be expressed
as response per concentration. The flame ionization
detector response, which is in the second category,
should therefore be compared in units of signal per
mass flow rate of sample. This is illustrated in
Figure 1. It can be seen that the two curves cross
so that at increasing mass flow rates (sample flow
rates), and decreasing sample concentration, the sensi-
tivity of a flame ionization detector will exceed that
of a katharometer. At very small mass flow rates, the
converse can be true and the sensitivity of a kathar-
ometer can exceed a flame ionization detector (FID).

In the case where the concentration of sample fed
to both detectors is increased but the mass flow rate
is held constant, the response of the flame ionization
detector remains unchanged while the response of the’
katharometer detector increases. This is illustrated
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Figure 1 (Ref. 21). Detector signal as a function of
sample flow rate, v,, at constant sample concentration,
c;, in the carrier gas.

in Figure 2. Hartmann [22] has pointed out that in
practice the carrier flow rate cannot be varied by
more than 25% without optimizing the detector response.

FAMILY 2

DETECTOR SIGNAL

Figure 2 (Ref. 21). Detector signal as a function
of sample concentration, c,;, in the carrier gas at
constant sample flow rate, v;.



