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SUNmATT ..

Gas=liquid partition chromatography is

extract from & lov temperature coal tar. The historical
developrment of the technique is outlined and a description
given of tho essential featﬁres of the apparatus. The
theory of gas chromatography is briefly stated and
applications of the method are deseribed.

The construction and use is deseribed of a
gaseliquid chromatography apparatus in which temperature
control is maintained by an elecfricallymheated air
jocket.

Preliminary experimental work determined the
results obtainable with the apparatus at relatively lov
column %emperatures (Ca.l100°C). The adaptations
necessary for high temperature work are discussed.

o Optimum working conditions are enumerated for
the examination of thirty tar acids ranging in-boiling
point from 180-250°C and the application of additional
flash heating at the entry of the chromatographic column
ig deseribed.

Retention time data 1g given for thirty tar
acid control samples and chromatogrems for two coal tar
Xylenol fractions.

The use is then doscribed of a vapour-heated



gas=1iquid partition apparatus and retention time data

1559C and 135°C. The oxamination of the tar acid

cxtract from o low teamperature coal tar has been made,
The analysis was confined to the fraction 230~250°C
distilled from the extract. This distillate was
sub=divided by gas-liquid chromatography inte six
fractionsy in each of vhich probable compounds were
indicated by retention time data and cohfirmed by

infra-red spectroscopy.
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1. INTRODUCTION.

l.1. Summary.
The importance of tar acids in industry 1is

dealt with briefly. The production of low temperature
tar is discussed and the possibilities for research
into the utilisation of 1ts constituent materials.

Gas chromatography is presenfed as a method
for the analysis of the tar acid extract from a low
temperature coal tar. The historical development of
the technique is outlined and a description given of
the essential features of the apparatus. The theory
of gas chromatography is briefly stated and applications
of the method are described.
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1.2. - The Imvoriance of Tar Aecids In Industrv,

in 1955{ the quantity of tar acids used
tar produced (3 million tons).

About 12,800 tons of carbolic acid and nearly
'52,009 tons of refined cresylic acid wefe produced from
U.X, coal tar 1n 195%4. Demand for phenol is increasing
for phenolformaldehyde plastics and as a starting material
in adipic acid manufacturelleéding to nylon., Phenol 1is
also important in the manufacture of salicylates,
insecticides and dyestuffs and 1is uséd for the preparation
of 0il sdditives for use in the petroleum industry. The
relatively small amount of phenol in conventional coal
tars has been insufflcient to supply all the demands, and
increasing quantities of phenol are being syntheslised from
benzene.

In future years, coal tar may be made to yield
more phenol, partly}because of work carried out on
dealkylation of higher phenolsl, but chiefly through
processing the low temperature tars produced as by-products
in the manufacture of smokeless fuels. Low-temperature
carbonigatior. of coal gives a higher tar yield than high-
temperature carbonisation and extends the range of |

chenicals obtalnable by pyrolysis of coal,
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Coal tar 1s still the main source of éresols
and zylenolgs. The major use of cresols is in the plasties
Aindustry. Other outlets are as ore-flotation chemicals,
disinfecﬁantsg and in the manufacture of dyes and inks.
Xylenols are used as intermedlates for plasticisers,

antiseptics, fungicides and dyestuffs.

Tar fcid Resca

" The chemical structure of the tar acids isolated
from a high temperature tar (vertical retort) has been
studied by the Coal Tar Research Assoclation. In the
boiling range 180 = 250°C., 34 individual phenols were
1solesed and identificd.

The National Coal Board have for some years been
carrying cut extensive research on smokeless fuel production.
The subsequent increased yield of tar also provides scope
for resecarch, particularly in the utilisation of the greater
range of chemicals pressent. Analysls of the tar is
thereforo important and for thls purpose it is convenient
to di%ide the tar into acidicy, neutral and basic fractions.

This thesis describes the analysis of the tar
gcid fraction of a lowetemperature coal tar. Such a
fraction is very complex and the compounds present require
2 high degree of scparation for their identification to be
possible,

The technigue of gase-liquid chromatography has

therefore been emploved,
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1.3. Gas_Chromatography.
-1.3.1. Introduction,

The term ggs ehrom&fogranﬁx describes all

chromatographic nethods in which the traditlonal moving

1iquid phase or solvent is replaced by a moving gas.
Separations effected by gas chromatography therefore
dopend upon repeated diétributioﬁ of the substances %0 be
separated between the moving gas and the stationary phage
packea into the column. The term gasesolid chromato
describes the technique in which the fized phase 1s an
adsorbent solid (e.g. charcoal, zeolites), while the term
s=-1dquid ps n_chron phy is used where the fixed

phase is an absorbent liquid held in an inert supporting
materlal,
| The substances being separated are carriéd through
the chromatographic column by the moving gas, andimainly at
temperatures below their critical temperatures so that they
are technically vapours. The term vapour is extended to
describe all the substances separated on gas chromatographic
columng, although scme may in fact be gaﬂés. The term gas
is then restrietéd to the descripticn of the mobile phase,
| Gaseliquid partition chromatography 1s the

analytical technique which was used for the analysis of the

tar acid extract from a lovw-temperature tar,
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1.3.2. Historical Background.

Adsorbent columns were used in the first gas

- chromatographic experimenté. . The sample to be analysed

was introduced at the column inlet and then carried through
the column in a stream of nitrogen, hydrogen or air.
This process is called elutlion analysis as dlstinct from

displacement anslvsis. The records obtained show a series

of peaks‘of'vapour coheentration. If separation has been
comploto each peak represents a single pure comﬁonent of
the orlginal mixture. The peaks 1in aﬁ adsorption
chronatogram almost invariably have sharp "fronts" and
diffuse "tailg". |

118 is a modification of the

gase-adgorption technlique and was introduced by Claesson2
~1n 1946, Here the components are displaced from the
adsorbent by & displacer vapour present in constantg
concentration in the gas stream. The displacer vapour
is chosen such thet 1%t is more strongly adsorbed on the
packing than any of the cemponents of the mixture to be
separated. | Chromatograms from displacement columns
coﬁsist of a serles of gteps of wapour concentration.
Each atep correspends t© a pure component of thé nixture,
if separation has been complete,

The introduction of the gas-liquid partition
technique by James end Martin3 in 1952 was the most

irmportant advance in g8as chromatography. They used a
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stationary liquld phase of silicone fluid and stearic acid

on kieselguhr as inert support to separate a large serles of

volatile fatty aclds. The vapours were carried through the - - -

colunn in a stream of nitrogen (elution analysis), and the
concent:ation of the emerging components in the carrier gas
was determined and recorded by an automatic burette.
Dotection methods have since been conslderably extended.
Typicael gas-liquid partitlon traces consist of a serles of
pcaks. Again each peak represents a pure component 1f_
rosolution has bgen complete. Tho component is identificd
by measurement of 1ts rétention volume, where

Retention Volume ® Volume of gas X Time interval

cmorging from between introduction

cutlet of | of sample and

chromatogram occurrence of

in unit time appropriate peak on
record.

Also, the peaks differ from those gilven by adsorbent
columns since they are very nearly symmetrical. The
elution method is always used in gaseliquid partition
chromatography, displacement analysis being limited to
adgorption chromatography.

Gas-liguid partition chromatography is the
simplest in principle of the gas chromatographic methods
as well as being the most efficient and convenient in

practice.
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Various forms of apparatus have been used for
‘gaseliquid chromatography. = =~ T ¢ e e

In a typlcal apparatus the chromatographle
column consists of s glass U-tube containing the inert
support over the surface of which the stationary phase is
spread as a thin film, The carrler gas obtained from a
cylinder via reduelng valves is passed through a fine
pressure control deviée, a flowmeter, and'a needle valve
before flowing through the reference arm of a wvapour
detéctor and on to the chromztographic column. The sample
is introduced at the U-tube entry and cearried by the mobile
phase through the column, The separated constituents
emergling from the column in the stream of carrier gas pass
through the registering arm of the vapour detector where
their prescnce 1is détected and recorded automatically.
The column outlet may be maintained at elther atmospheric
or reduced pressurc. The chromatographic column is itself
enclosed in an air Jacket which 1s heated to a temperature
sultable for the required analysis. If high boiling
compounds are being exemlned, the vapour detector is also
heatcd to prevent condecnsation of ccomponents in the
registering arm.

The esgential parts of the apparatus will now be

consliderced separately.
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(2) Chrematoeraphic Column,

The column may be constructed in pyrex glass or

‘metal. For most analytical purposes straight 4 ft. - - - - - -

columns with an internal diameter of 4 mm, are satisfactory,
although 6 ft. U-tube columns are also-commonly used.
Spiralled columns have been employed4’5 %o give additional
length while retaining a compact form. For daifficult
separations long columns have been built up by joining a
serics of straight 4 ft. tubes together at top and bottom

with short U=shaped lengths of capillary tubingés

(b) Mcbile Phase.

The carrier gas should be inert to the vapours
and to the fixed phase, free from vapours and readily
‘obtained in good supply. Nitrogen was the mobilé phase
used by Jemes and MartirP in thedr original experiments and
is probably the most widely employed. B

Some property of the vapours being analysed is
used for their detection e.g. thermel conductivity, density.
Thorefore detectlion 1s made easier 1f the same'property of
the carrier gas diffgrs appreciably from that of the actual
vapours. Thus the sensitivity of many detectors 1is
increésed if hydrogen is used, since 1t has a higher thermal
conductivity and lover density than nitrogen.

Other mobile phases which have been used

fnclude helium and ecarben dioxilde,
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The fixed phase must be stable and essentlally
. non=volatile at the column temperature.. . Consequently . . . . . . .
stationary phases with high mblecular weights would be

very satisfactory. However the lower viscosities given

by fluids with low molecular welghts increase the

soeparating officiency of the column. Therefore a balance

hag to be reached in practlee.

The choice of stationary phase also depends on
the chemical nature of the vapours to be separated,

(d) Inext_Support.

For high efficiency the column should be well‘
packed with small particles to give intimate contact betwecn
the two phases. There is little practlical advantage in
using particles below about 0.5mm. diameter otherwise the
column resistance to gas flow is increased and the length
restricted,

The material chosen 1s simply & mechanical
support for the stationary phase and must be completely
iner%, both chemically and from the adsorption standpoint,
to the vapours belng aralysed.

Materials such as "Kieselguhr® (Cellte 535, 545),
so far the most widely used support, have been found
satisfactory. Others include "Sterchamol®, a furnace
insulation brick ground to particle size 30 to 100 mesh7,

godivm chloridea and even glass beadsga
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.v@lhtiliged as rapidly as poasiblog otherwise resolution
of components will be poor.

Samples may be introduced direcily to the column
packing using a micropipatte3. A’micrometer syringe with
which the sample is injected on to the column through a
sorm bottle caplo has also been found convenient. Both
techniques are described in more detail in Part 2.

() Floy Meagurenent.

Severel methods of gas flow rate measurcment
are avallabla, Capillary and U=tube flowmeterll, rotameterlo

or soap bubble deviceS have all been employed.

The identity of a particular constituent is

generally established by measurement of i¥s retention time
(the time interval between introduction of sample and the
occurrence of the appropriate peak on the record).

Therefore the carrier gas flow rate must be
adequately controlled to give reproducible results. TFor
this purposé a manostat has been designed by James and
Mar%in3 to enéure a consiuant pressure at the column inlet.
Where reduced pressure is used at the column outlet,

control is offected by sulitable valves.
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(h) Tempepature Control .

S uinco a variation of 1°C in the oparating

temperature can alter the retentionjﬁoiuhé By‘abéuﬁ ''''''
5 por cent, control of column temperature must be as

accuratc ags possible to obtain reproducible results.

The air jacket surrounding the chromatographic
column may be heated either by eleetrical means or by &
surrovnding vapour Jjacket.

Heating provided by the vapour of a pure stable
liquid gives more accurate temperature control, but
clectrical heating has the advantage that the
temperature can be changed rapldly.

Both forms of heating are later deseribed in
more detail (Part 2 snd Part 3).

(1) ¥apour Dstector.

Someg form of vapour detcctor placed in the
cfflvent gas stream from the column is used to fo;low and
record separations by ges chromatography.

The detector is such an important part of a gas
chromatography apparaﬁﬁs that @ separate study has been
mede (Part 2) of the qualitles required in a good instrument

as woll as of tho types eof dotector avallable.
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1.3.4. Theory of Gas-Liquid Partition Chromatography.

Work carried out on liquid-liquid partition
'chrbmatogfaﬁhy by Martin and Synge'? led these workers to
suggest the use of gas-liquid partition chromatograms for
analytical purposes.

In their original‘work Martin and Synge used
silica 3@1 saturated with water as one phase of a
chromatogran, thé mobile phese belng some fluid immiscible
with water, the silica acting merely as mechanical support.

Separations in a éhromatogram of this tvype thus
depend upcon differenccs in the partition between two liquid
phases of the substances to be separated, and not, as 1n
all previously described chromatograms, on differences in
adsorption betwéen liquld and solid phases, |

Although Martin and Synge used the-new chromatogran
mainly for.protain chemistry, by employlng suitable phase
pairs, many other substances were found to be separable.

Tho phases were then termed mobile or moving
phage, and statlonary phase respectively.

The moblle phase necd not be a liquid but may de
a vapour, and it was suggested by Martin and Synge that
very refined separations of volatile substances should be
possible in a column in which permanent gas is made to flow
over gel 1mpregnatedjwith a non-volatile solvent in which the
substances to bo separated gpproximately obey Raoult's Law,
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This therefore led to the development of gas=
liquid partition chromatography by James and Martin. The
‘substance belng sceparated is partitioned between the. . . .
stationary liquid phase, supported by a sultable material,
and the gaseous phase, which moves through the column.

The gaseliquid partition column has two main
advantages over the ordingry liguideliquid partition columns

(a) the lowor viscosity of the moblle phase-allows
relatively longer columns to be used with a
subsequent gain in efficiency.

(b) it is gonerally ecasier to detect changes in
composition of a gas than of a liquid streanm.

10304,10

The relative rates at which different substances
"move through a gas-liquid partitlion column are dependent on
tho nature of the forces (e.g. Van der Waals forces,
hydrogen bonding) involved in their solution in the
#tationary phase. Each component as 1% emoerges from the
column 1ls recorded by a vapour detector as wvapour
concentration against time or volume of effiuent gass
Qualitative identification of each recorded peak is then
carried out by measurcment of retention time or retention
volume vhere:- |

time which clapses before"tho
centre of the zone of the

substance under ccnsideration
emerges from the column.

Retention Time (t)

Flovw Rate (F) volune of gas cmerging from

outlet in unit tinme.
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i-’:(:

Retention Volume of the centre of the zenc (V) = t x F

1.3.4.2. Gag Compressibility. - - - - - - - - - oo e

- The tﬁeory of gas-liquid chromatography differs
from that of the liquide-liquid %echnique, where a constant
partition coefficient is assumed, only by virtue of the fact
that the mobile phase is compressible and thus produces a
gradient of gas velocity down the column.

James and Martin3 have carried out the necessary
modifications to the theory of Martin and Syngel2 (1941) %o
allow for this and their calculations are reproduced in
Appendix T.

| If a 1s the area occupiedvby the gas phase in any
cross-sectlon of the columh, L the column length, 1y’ the gas
prsssﬁre at the column inlot and p, the pressure of gas at

outlet, then it hax been shown that

YR = 2 .@lﬁ {P1/Po > =1

3 Br (P1/Po)c - 1

- The Rp valus is the normal chromatographic
paramater and represents the rate of movement of the zone
of the substance uvnder conslderatlon relative to the rate
of flew of the moving phase.

It is 2lso showm that as P1/Po tends o unity

then (P1l/Po)> - 1 f%ends %to 3 and VR tends to the limiting
(PL/Pp)= = 4 2
aL

rotontion volumo V% v
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o v o2 y0 (PL/Po)3 =1
e 3 RGBT

. James and Martin. tested the theory by comparing
et four different pressures:

(a) *heorvetical eand experimentally determined flow
rate ratleg,

{(b) values obtained fcr‘ﬁa for difforent compoundgs.

Satisfactory agrecment was obiained.

lo3e4.3. Column Efficiency.

The chromatogram is closely analogous in 1ts mode
of oporation to distillation and a useful picture of the
chromatographle procass is galned by employing the concept
of the_theoretical plate, introduced to chromatography by
Martin and Syngel-za

The H.E.T.P. or "height equivalent to ocne
theoretical plate” 1s the thicknasss of thé layer in which

equilibrlum is established between the two phases.
Calculption of Colunn Efficiency.

Two equatlons have been derived by James and
Martin for calculating the number of theoretical plates
from the experimental curves. (See Appendix I ).

Eavation 1.

212
r = 2 %7 heL
No, of thecoretlcal plates.

Pezk height of wvapour.

Distence frem start of record to centre of peak.
Arca urder peak. '

vhore

ey

el ol o)
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Fanatien 2.

o= ﬂfﬁ;,,,z
- z2

where t = Time taken for centre of zone to emerge.
v 2 Tims %aken for the middle 68.3 per ccnt
of the zone to emerge. .
Faly agreement has been found between results

obtained by the two methods.

1.3.4.4., Faetors Affocting the Derree of Sepaxation,
(a)

flelenacy .,
Diffusion is much more rapid in the gas than in
the 1iquid, therefore diffusion in the liquid phase will
nermally be the factor limiting efficlency. The column
efficiency 1is increased with reduction in flow rate but
lengthwise diffusion in the gas along the tube becomes
relatively important at very slow flow rates, and reduction
‘beyond a limiting value leads to a spreading qf the vapour
peak and’a consequent reduction in efficiency. There 1is
thus an optimmm flow rate wvalue.

Different columns of the same length show slight
variations in the H.E.T.P., since it is difficult to
raproduce the same ﬁniformity of packing and of dispersion
of the liquid phase even with the most careful technique.

The number of theoretical plates is proportionalh
%o the length of the column, James and Martiﬁ?have
daseribed 4 £, columns with offlclencles varying from
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700 to 1200 plates, while gn 11 £%. eolumn had a plate
bends of the celumn by the method of construction.
When the limlting factor 1s diffusion in the
- 1iquid phase, the H.E.T.P, is inversely proportional to
the diffuvsion constant, Therefore ralsing the
temporatiuro will inerease the diffusion constant and
produce an lnereasa in efficiency.
The nature of the liqulid phase wlll influence
the efficiency of a column since the diffusion constant
of the solute in the llquld phase will generally be
inversely proportional to the viscosity of the‘liquid.
Fluids of low viscosity are therefore recommended.
The ratio of length to dlameter is very large
with gas-=liquid columns and moderate inereases in diameter
should be possible without appreciable effect on efficiency.
In fact, Jomes and Martin3 found one 4 ft. column of
diameter l.2cm. had an efficiency of 850 plates, while
with 4mm, diameter columns the efficiency varied from
700 to 1200 plates (at 100°C),
(b) éhanwa of Retention Volume

The separation factor is taken as the ratio of
two retention times or retention volumes. It is therefore

a measure of the separation of two peak maxima.
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Sincey, in a homologous series the higher
members will have larger latent heats of vapcrisation,
-their change of vapour pressure with temperature will be
larger than with the lower members, and the factor of
separation willl decrease with rise in'temperature provided
the gas flow rate and inlet pressure are unaltered. This
has been confirmed cxperimentally. |

| Two compéting factors are now introduced.
Raising the column temperature decreases the retention
volume but increases thevdiffusion.rates° If the same gas
flow rate is maintained the former factor predominates,
resulting in a decrcase in efficiency. If, however, flow
rate factor and retention volume factor are set off against
one another by adjusting the flow rate to give a constant
retention time, the plate number is increased by raising
the column temperaturel3.

Relative retention volumes can be altered by

changing the nature of the stationary liquid phase314o
The degree of separation should be high when the fixed
phase 1s of a similar chemical nature to the vapours being
analysed, since increased vapour solubility 1s possible.
Hence paraffin has beén recommended for hydrocarbon

separationsl5, benzyladiphenylls and picric acid-fluorene7

for aromaties, and diglycerol for alcohols’,
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1.3.9. Quantitative Annalysis in Gas Chromatography.

Quantitatlve estimates of the constituents of a

‘mixture can be obtained from the recorded chromatograms., - -

For thils purpose a detector which produces a
stepped rather than a peaked chrométogram (see pages 26~37)
is preferred since each step'height measures directly the
quantity of a particular constituent present.

With detectors which produce peaked chromatograms,
the quantity of vapour is directly related to the area under
the peak. The area may be measured by a planimeter, by
cutting out the pealt shape on suitable paper and welghing,
or by multiplying peak heights by half band widths™C.

The most commen method of quantitative analysis is to
méasure peak heights. since these are also proportional to
quantity of vapour when small vapour samples are employed
as in normal practice. |

‘ In the case of a deteéto; vwhich has a response
depending on the nature of thé vapour, calibration of peak
helght against percentage component must be carried out fo;
each vapour being analysed.
Internal Standard and Internal Normalisation Technique,

It is difficult to lntroduce an exact guantity of

e liguld szmple, and also to reproduce exact operating
conditicns from analysis to analysis, These difficulties

are overcome with the internal standard'methodl7 by adding
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a suitable volatile compound in known propoTrtion to the

mixture. Peak heights are then referred to the peak

height.of ﬁhelihtéfnél'sténdard, - In the internal
normalisation methodlé, areas of all the peaks present
are.added and the total arca is normalised to 100 per cent.
The ratios of individual areas to this total give

percentage concentrations directly.

1.3.6.

Analytical distillation is the most direct

comparison with gas chromatography, for both methods
involve repeated distribution between two phases one of
which is gaseous. Héwever the basic principle of .
separation 1s more efficient in the case of gas
chromatography. In distillation the substances to be
separated are required to £ill thg whole of the column,
since they actually form the phases and an overlap
fraction therefore exists. In gas chromatography, the
mixtﬁre to be resolved is quite separate from the fixed
phase which is already present in the column. No analogue
of azcotrope formation has yet been found in gas
chromatography.

In torms of theoretical plates, gas
chromatography 1s also more efficient. A very good
fractionating column is only capable of an cfficiency of
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colunns can have efficiencics of a few thousand

- theeretical plates.

The versatility of gas chromatography also
makes it possible to change the order of o separation by
alteration of the fixed phase. Gas chromatographic
separations arc also rmuch more rapid than those by
distillation being completed in minutes rather than hours.
Also, normal operation requires ruch smaller sample
quantitiess these can be scaled up if preparative work

is necessary,
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1.3.7. Some Applications. of Gss Chromatography.

The early exper ments by James and Martin3

involved the separation of volatile fatty acids. Complete

resolution was obtained of all normal acids (and iso acids
up to at least Cg) on a 4 £t. column and of all the lsomers
of valeric acid on an 11 ft. column.

The same technique was used by Jemes, Martin and

Howard Smithl4

for the separation and micro-estimation of
ammonia and the methylamines and by Jamesl8 for the separation
of volatile aliphatic amines and of the homologues of pyridine.
Raylo applied the technique to the separation of
mixtures of hydrocarbons, alcohols, ethers, esters, aldehydes
and ketones using "dinonyl" phthalate as stationary phase and
thermal conductivity for detection. Using the game fixed

phase Ray19

scparated propane, propylene and the 04

hydrocarbons, | | ‘
Bradford, Harvey and Chalkleyt/ used G.L.P.C.

to obtain sixteen clear chromatographlic peaks from a

petrolevm fraction, the separation very‘much facllltating

the subsequent identification of thirty-two componenté.
Pollard and Hardy2o have studied the factors

affecting the order of elution of halogenated methanes while

Evans and Tatlowl have applied gas chromatography to organic

fluorine chemistry.
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Grant and Vaugha%zhave used the technique to

tar naphthaso

In a completely different field Glueckauf and
Kitt23 have employed gas chromatography for the separation
‘of hydregen isotopes. ‘

Whiﬁham?4 has used the technique for the
analysis of petroleum products and has introduced liquid
samples up to 3m1° to a large scale unit with a column

bore of 1.27¢m.

Cornents.

Sinece the introduction 6f the gas-liquid
partition technique by James and Martin in 1952, the
applications of the subject have become extremely
nmerous. |

The tecﬂnique has become invaluable in both
research and industry for qualitative ldentifications

and routine quantitative analyses.
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1T infra-red or mass spectrometric methods were employed,

these would have to be used in conjunction with analytical
distillation or chemlcal analysis since a high degree of
separation is first required.

Gas=liquid partition chromatography has
therefore been used in this work, since 1q”addition‘to
its use for qualitative analysis, the methbd gives more
rapid and efficient separations than any other
analytiéal technique. This makes infra-red spectroscopy
a powerful gsupplementary tool.
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2, ELECTRICALLY-HEATED GAS-LIQUID CHROMATOGRAPHY
APPARATUS .,

2.1, JFntroduction, -

This sectlion describes the constructlion and use of
a gase=iiquid chromatography apparatus in which temperature
control is maintained by an electrically-heated air jacket.

A preliminary study is made of the rgie of the
vapour detector in gas chromatography with a description
of the various detectors.

The gasellquld apparatus 1s first described as a
working unit and then the essentlal features are dealt with
in detail,

Preliminary experimental work determined the
results obtainable with the apparatus at relatively low
operating temperatures (ca.100°C). The adaptations
necessary for high temperature work are discussed.

Optimum working conditions are enumerated for the
examination of thirty ¢tar aclds ranging in boiling point
from 180-250°C and a method of increasing the detector

‘Sensitivity is described as well as the application of

additional flash heating at the cojumn entry.
Retention time data is given for thirty tar acid
contrel samples and chromatogrems for two coal tar xylenol

fractions.
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2.2. Yapour Detectors,

- Gas chromatographic apparatus. 1s automatic in
cperation and separations are followed and recdrded by
some type of wvapour detector placed in the effluent gas
stream from the column. There are two distinct types,
differential and integral detectors:-
(a) Differential Detector.
This detector mcasures some function of the
vapour concentration and the resulting chromatogram from
an elution analysis consists of a series of peaks. The
position of a pesalk, retention volume or retention time, is
characteristic of the vapourl producing 1it. The area under
the peak is a measure of the quantity of that wvapour present.
(b) Integpal Detector,
This detector measures some function of the total
quantity of vapour which hay passed through the column,
The corresponding chromatogram frem an elution eanalysis
consists of a series of steps and is an integrated form of
the trace given by the first detector. The positions of
naximunm slope correspond t0 the peak maxima (retention times),
and step heights, measured betwecn one step and the next, to
peak ereas giving the quantity of each vepour. The length
| of a gtep is of no significence apart from measuring the

difference in retention times of two neilghbouring components.
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2.2,1. [Egsgenitial Featvures of a Datector.

(2) Sengitivity,
~~ The sensitivity should -be as high as possible . . . . .

meking trace components readily observed and enabling
columns to be run with low sample quantities. The lower
the sample load, the higher the performance. A detector
should ba sensitive to all vapours.

(b) Spred_of Rasnonse.

Rapid changes of wapour conecentrations are
‘normally produced in a gaseliquid partition analysis,
The detector must be correspondingly rapid in response to
fgllow these changes accurately. Consequently it should

heve only a small internal volume,

- The response siould be linear %o assist
quantitative analysis and should preferably be some simple
function of the number of wapour molecules, rather than of
thelr kind, so that a fr@éh calibration is not required
for each new vapour, \

The detector should be simple and inexpensive to
congtruct énd should not react with or destroy any of the
vapoufs wvhich may have %o be recovered after passage through
the detector. The electric signal from the detector should
be qapablo of operating an sutomatic recorder. The |
r@sﬁiting base line should be stable koth for'short periods
(roise) and for long periods (drift).
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2.2.2., Difforentisl Detectons.,

Severgl differential detectors are available

(a) Thermal Conductivity Cell.
{b) Gas Density Balanco. '
(¢) Tho Hydrogen Flame Dotector,
(d) Infra-Red Cas Analyser.

{(e) The Bsta Roy Detector.

(f) Ccurface Potential Detector.

"These will now be stﬁdied in more detail.

The thermal conductivity cell or katharometer
has so far been the most widely used detector in gas
chromatography. It consists of a hot wire suspended
down the centre of a tube through which passes the gas
from the column, An electric current heats the wire, its
temperature rlsing until the stage is reaehed‘whéra input
of electriecal energy balances loss of heat energy. The
hot wire serves as a resistance thermometer,

In most kathavometer arrangements two thermal
conductivity cells are used. Pure carrler gas passes
through one (reference cell), and the effluent carrier gas
ccntaining the components to be identified passes through
the other (analysis esll). The cells are generally
incorporated in some Yype of Wheatstons Bridge arrangeaent,
A.battery or somne other d.c. electrical source Supplies the
béidge currcnt and heating for the wire; The out-of-balanceo

fron the bridge is a measure of the rate of loss of heat
fror the wire.,
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Nitrogen is the moblle phase normally employed.
. Slnece most gas-vapour mixfures have lower thermal o
conductivities than the gas alone, greater sensitivity to
vapour concentration is obtained if hydrogen or helium,
which have high thermal conductivities, 1s used instead of
nitrogen. An increase in bridge current also produces a
greater sensitivity since the temperature of the wire is
inereased.

Thermal conductivity cells are generally fitted
within a metal block which must be maintained at constant
temperature, since any change in the temperature of the
tube walls will affect the rate of heat loss from the wire.

Metal block thermal-conductivity cells are in use
in which the hot wires are replaced by thermistors.

(b) Ges-Density Balance.

Thls detector was developed for gas chromatography
by James and Martin®?, A system of gas channels is used
like a Wheatstone Bridge to compensate pressure differences
due to flow. The actual pressure difference set up and
used in the measurement is then related to gas dénsity only.
The instrument ccnsists of a copper block in which a number
of tubes are bored. The unit 1s maintained at the column
temperature. Wheon a difference in density occurs between

the gas from the outlet of the chromatographic column and
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the pure nitrogen from a reference column, a flow of gas

is caused in a cross~channel in the copper block. This

flow 1s detected in the channel by a small electriéaliy'
heated filamenf situated below and equidistant from two
connected thermojunctions. The stream of hot convected
gas from the filament 1s displaced towards one or other of
the thermojunctions, heating cne and cooling the -other,

A thermoelectric eon.f. is produced which 1s amplified and
recorded automatically. The recorder deflection has a
linear relation to the difference in density of the two gas
gtreams. The gas=-density balance is rapid in response and
extremcly sensitive.

(c)

The Hydrogen Flame Detector,

This microflare detector was designed $y_Scott26.
Hydrogen is employed ag ecarrler gas and is burnt at a small
Jet at the column exit. A thermocouple placed slightly
above the flame is engulfed when the flame iengthéhs due to
the presence of an organiec vapour in the gas. The output
from the thermocouple 1s fed through a suitable
potentiometric network %o a recorder.

The thermocouple may be made of platinum/platinum 2
144, rhodium (high temperature work), Chromel/Alumel or
irén/constantano The last aprpears to give a hilgher overszll

sensltivity and a more constant zero than the others and has
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proved most effective, although used outside its normal
pracilcal range, |

© The jet 1 made of pyrex glass capillary with a
bore of approximately 0.2rm, A number of baffle plates
are necessarily incorporated in the detector to reduce the
affects of draughis, |

The theory of the detector 1s, at the moment,
rather uncertaln but appears to dépend on the heat of
combustion and rate of burning of the substance présentu
A linear relation exists between peak area and weight of a
hydrocarbon vapour producing the peak,

The only apparent disadvantage of the detector 1s
that 1t destroys the vapour being analyéedo It is, hovever,
low in cpst, simple to consiruct, and has a sensitivity as
high as that of the vapour-density bridge.

A detector has been deseribed by Grant®?, which
employs a microfleme similar to that of Scott, but the
luminosity of the flame rather than 1ts temperature 1s
measured., The exit hydrogen from the célumn is
carburetted and the detector produces a very much larger
response for arcmatic thén for saturated hydrocarbons.

(d) Infro-Red Gas Analvser.

The infra-red gas analyser has been recommended

t28

by Martin (A.E.) and Smar as a more waiform and more

sensitive meens of detecting components.
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It was indicated that for infra-red absorbing
gases, it would be sufficient to use a detector in the
‘instrument which was sensitive to all the components present
in the sample. Nevertheless the sensitivity to different
vapours would still vary, and also adequate sensitivity might
not be readily obtalned. With organic vapours, these
difficulties are overcome by passing each compound emerging
from the column througﬁ a tube containlng copper oxide
heated to dull redness, or some other suitable oxldlsing
agent, converting the carbon to carbon dioxide and any
hydrogen to water vapour. These gases are then passed into
an infra-red gas analyser sensitive to carbon dioxide.

The detector 1is capable of high sensitivity,

0.01 per cent carbon dioxide in nitrogen readily giving a
full-scale deflection when using a 30cm. absorption cell.
Once the gas analyser has been calibrated for carbon dioxide,
the sensitivity to any other organic vapour is directiy
proportional to the number of carbon atoms in the moleculé.
Careful drying and Speciél cooling of the gas :fter
combustion are not required.

(e) Beta Ravy Detector.,

Measurements of the current passing between two
electrodes at different potentials in a gas ionised by some
type of radiation have been used for analytical purposes by

a number of workers. A method based on this principle was
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developcd for detection in gas chromatog?aphy29, using

£

g

he%a Pays enitted. from o radiocactive. source. .
The detector deccrlbed by Boer3o enploys two cells,

cne for the earrier gas and one for the column effluent.
Tha gas in the c¢ells is bombarded with beta rays from a
radicactive source. The cells have a common central
‘eleetrode and separate sourées of stabillsed voltage are
conneceted between the walls of the cell and this electrode,

| The two ionisation currents are arranged to be
opposed and pass through a common high resistance (ca.1030hmz) .
Any voltage developed across the latter by current varlations
is transferred %0 an electromoter-amplifier (impedance
converter), and thence to the recorder. Radloactive
strontium has been used as the source of radiation.

The detector is extremely sensitive and
calibration ics virtually unnecessary. The cell itself is
simple to construct,; and is adaptable for use at high
tcmperatures, but the auxiliary apparatus required is more
elaborate and costly than for, say, the katharometer. Care
1g also necessary in handling the radiczetive source.

(£) Surface Potentisl Detechor.

The work of Pnlllips (G»)31 indicated the
zo3sibility of using changes in surface potential for the
dotection of =ma2ll vapour concentratiocns. The method has

becen applied to gas chroratography.
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The detector comprises two metal plates, one of

which 1s coated with a suitable surface film (e.g. steariec

acid or octadecanol) | One plate is made to vibrate close
to the other setting up an A.C, signal in a resistance
connccting the two plates. This signal is proportional to
the'diffarence in the potentials a% the two surfaces

(metal and surface film on metal) and is amplified and
recorded, In practice, when nitrogen alone passes between
_the plates, tho signal produced is biased out by a
potentiometer, so that only the changes in surface
'potential differenco, from passage of nitrogen plus
adsorbable vapour between the plates, are recorded.

Very high sensitivity is obtained with polar
vapours, and since the adsorbability of vapburé increases
with molecular weight, so also does the instrument
sensitivity. The detector is therefore particularly
sultable for very low concentrations of relatively
nonevolatile materials. The instrument is somewhat
sluggish and non-linear in response, so that 1ts use has
been mainly limited to displacement analysis,

- Qther Differential Deteclors T

Gas interferometers

32,33

have been used in the
field of gase-adsorption chromatography. Adsorption

separaticns of Erypton and xzenon, prcduced as atomic fission
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products, have been followed by measurements of

- radioactivlty34; E Griffiths35'haS'investigated flov-

impedance methods and carried out measurements on the
gpecific heat of the effluent gas, the latent heat of
vapour adsorption and en changes in the dielectrie
constant of the column during the chromatographic

process.
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2.,2.3. JInteeral Detectors.

includes-

(a) Automatic Recording Burette.
(b) Nitrometer,

These willl now boe discussed separately.

The development of this detector was carried out
by Jamesnand Martin3 for the aufomatic analysis of volatilie
acids and bases in the first gas-liquid partition
chromatography experiments. |

The effluent gas from the column is bubbled up
through a titration cell containing a suitable indicator.
Phenol red 1s used for fatty aclds and methyl red for
volatile bases. The pH of the solution in the cell is
altercd by the acldie or basic vapours passing through and
the indicator colour changes. This change is picked up by
a photoeleetric control cirecuit which then operates a
burette and drives a recording pen across a revolving chart.
Standard acid or alkali is added from the burette until the
colour, and hence the pH, of the original solution is
attained.

(b) Nitrometer,

The nitrometer was developed for gas chrematography
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by Japak36,_ 'Tbisvintegral detecting systea is
based on measurement of volume of the component over
a concentrated potassium hydroxide solution in which
the earrier gas, carbon dioxide, 1s absorbed. ~'The
increase of voilume over the potassium hydroxide level,
.caused by the gasecus fraction; disturbs a set
pressure cystem, The pressure change causes the
movement of an equalizing liquid in a manometer.
This switches on a motor which sets the recording
mechanism in motion.

| The detector can only be used with,vapours
which do not condense and which are unattacked by
alkali. The method 1s therefore unsultable for acid
vapours and certain halogenated hydrocarbons which are

prone to hydrolysis.



The gas chrematography apperatus censtructed

S A
vas baged cn o design by Brodford 7‘§§|§£.

(£.C.Z., Bi