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An organic chemist usually would follow, for
purification and quality control, such well established ’
methods as separation by repeated crystallisation, disti-
llation, fractional distillation etc. However, these
methods were not efficient enough to fulfil all the
requirements of an organic chemist. Inspite of this,
only very few workers showed interest in the development
of the new methods for the separation technigue.

It seems that the 'chromatographic technigue'
had its first beginning in the year 1880. It was conducted
by a German dye chemist, Rungo.l He observed that when
solutions of dyestuffs are placed on a filter paper, they
clearly separate into well defined zones. This technique
was well known to dye-chemists during the nineteenth

century.

However, a complete separation of the components
was not rendered possible. Under the light of modern
techniques, Runge's process may be called as 'frontal
analysis'.

In 1906, Tswettz described a very typical process

of separation. Now-a-days this process is called as



'liquid solid' elé?tion chromatography. The most import
ant achievement of Tswett's investigation was the use of
pure solvents for developing chromatograms. With this
technique, Tswett could separate the colouring pigments
of the plant material. A few years later, he reported
the separation of extracts of egg yolk. Subsequently,
however, there was a fairly long gap during which no
appreciable progress was made. Actually in the year 1931,
Khun and Lederer furnished systematic refinements in this
technique, enabling them to separate complex mixtures of
terpenes and carotenoids.a Finally, Martin and Synge
introduced (1941) the partition chronatography.4 Almost

5 and Claeuon6 elaborated the

simultaneously Tiselius
three fundamental types of behaviour encountered during

adsorption chromatography.

The technique of gas liguid chromatography, was
introduced for the first time by James and Martin (1988)2
It has rendered possible, the separation and estimation
of very small amounts of volatile substances, with a wide
range of boiling points and has thus given a great impetus
to many flelds of resdarch. This new technique has now
firmly established itself as one of the most important

methods for the analyses of gases and volatile compounds.



The gas liquid chromatography (GIC) process may
be briefly described as follows. A typiecal, very high
boiling and essentially non-volatile compound is impre-
gnated on a suitable granular and inert material. This
impregnated granular material in turn, is filled in a
U-shaped column. This column has got an inlet through
which some suitable inert carrier gas, such as nitrogen,
hydrogen, helium etec., is passed, and then at the other
end of the column, the carrier gas is vented out to the
detecting device., The mixture of several components to
be separated is injected inside, at the top of the column
by some suitable injecting device. The components of the
mixture, are carried over by the gas stream. The separa-
tion of the components takes place by the repeated
equilibria between the moving gas phase and the high
boiling organic compound, which is called a 'stationary
phase'. Because of its negligible vapour pressure at
the temperature of the column, the stationary phase is
retained as such, while the volatile mixture pauefe out
of the column. Thus one and the same column filling can

be used repeatedly.

The gas liquid chromatography (GLC) is useful,:
.both for separation as well as for identification. It is
fairly rapid and more efficient than conventional fractional






distillation technigue and requires only a few milligrams
or less of the sample. Its range of application seems to
be very wide. Thus, organic compounds, boiling from
several degrees below the temperature of ice, to say

300° to 400°, can be analysed both qualitatively and
quantitatively. This technique has provided the modern
analytical chemist, an instrument of great potentiality
which has already simplified many complicated problems.

During the last few years, this technique has
been developed to a very large extent and has made its
prominent mark in almost each and every area of chemistry.
Very large number of workers have contributed to this

enormous development.

Initially, there were many obstacles, such as
difficulties in handling the instrument at high tempera-
tures, lack of highly sensitive detecting devices etc.
But in due course of time, all these difficulties were
ovoffzkmo, and now it seems that this technique is
sufficiently advanced to face complicated problems,

frequently encountered in many branches of chemistry.

It is interesting to survey the development of
this technique in its various aspects, such as, the

design of analytical as well as preparative scale columms,



the nature and the role of supporting material, various
varieties of detectors and numerous varieties of statio-
nary phases. The'fundamantal theories have been modified
by many workers., This has rendered possible a better
representation of the separation phenomenon that takes

place in a typical GLC column.,

The following deseription gives a broad outline
of the several developments that have taken place during

the last few years.

1, Packed columns:

Generally a column of 4 to 6 mm diameter and
nearly 2 meters length 1s used for the analytical separa=-
tions. But if the separations are difficult, then columns
up to 4 to &5 meterslength are also used. Glass-tubings,
copper or brass tubings are used for this purpose. The use
of stainless steel tubings, seemsto be very safe because
these do not possess any catalytic activity. Use of
copper tubing has proved that the inner surface of such
type of material may have some catalytic effeet. Now-a-days
enormously long columns (20 to 25 ft.) are being used for
difficult separations. The classical example is the

separation of the three xylene 1soners.8



In discussing the final separation obtained by
the combined effect of speed as well as resolution,
R.P.W. Scott pointed out that a compromise can be made
between the two. In this context, he has recommended

the use of programmed flow ratu.9

The most important aspeect,which is always
combined with 'column', happens to be the proper selecticn
of supporting material. The behaviour of solid support
in GIC gglumns has been systematically investigated by
Theron Johns.lo He observed that the corrected retention
time is inversely proportional to the particle size of
the supporting material. The particle size was also
found to have a marked effect on both, the pressure drop
of a column, as well as on the resolution. It was also
found that the resolution does increase as particle size
is decreased, but the actﬁal rate of increase drops off
as the particle size decreases. So, when efficiency of
resalution and pressure drop of the column are both .
considered, it indicates that a particle size of 30 to 70
mesh furnishes a good compromise.

Crushed fire brick powder or 'celite' type
supports have been extensively used, right from the
beginning of this technique. The effeect of adsorption,



surflace area, packing density etc. have been studied by
previous workars].'l-ls An interesting observation has

been made by Baker, Lee and Hnll.le They found that the
percentage of stationary phase is a very critical factor

for supports having fewer fine pores.

However, modern trends in the case of supporting
material, are to use 'fluorine' containing polymer supports.
J.J. Kirkland has found that "Feflon-6'17 is comparable to
'Chromosorb W' as a solid-support.

The adsorption effects have been mainly lessened
by using several silanising agents, such as: '

CHg
1) Trimethyl chlorosilane CHg——81i—CHg
Cl
CHg
(11) Dimethyl dichlorosilane Cl—81i—CHg
Cl

(111) Hexamethyl disilazane (CHg)3 S1i-NH -81 - (CHgz)g

According to Kirkland, dimethyl dichlorosilane
seems to be the best one of the type.17 A novel type of
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supporting material has been introduced by the same
author. These are glass beads, modified with thin
layers of finely divided diatomaceous ear&h. It 1s

claimed that HEIP values of C.8 mm have been obtained

by using such type of supporting matorial.ls

2. Capillary columns:

The use of columns with very small diameter was

already predicted by Martin.19 Golasy elaborated the

20 '

necessary theoretical aspects of capillary columns.
The use of such a column attained a very high practical
value when it was coupled with highly sensitive ionisation

detectors. The most important factor, for capillary columns,
happens to be the high number of theoretical plates. '

Warren Averill®! has described the prastical
hints for the preparation of capillary columns, He has
discussed the difficulties and also the temperature
limitations of a typical stationary phase which is used
in capillary columns. He has mentioned that the phase,
which is sufficiently stable at 200° in packed columns,
vill be stable upto 160° when used in’capillary column.
The reproducibility of sample splitter is also discussed.



The exact comparison ¢f the efficieney of a
packed column and a capillary coclumn can be made only
after a eritical comparative evaluation of the two types
of the columns. Necessary theoretical treatment has been
given by J.H. Purnell who has discussed the effect of dead
volume on calculation of theoretical plates. This factor

22,23
assumes vital importance in the case of capillary columns.’

3. Detectors

With regard to detector devices, the thermal
conductivity cell still represents the most widely used
detector. ©Several designs have been described for the
construction of thermal conductivity cells. Rccontly24
several attempts have been made towards eliminating flow
sensitivity by screening the heated elements. It is
claimed that some of the thermal conductivity cells can

be used above aoo°.25’33 "

Gas density balance was used by James and Martin?7
This type of detector is a network of channels in a metal
block, that compares the relative densities of the measuring
and reference gas using a differential thermocouple anemé-
meter sensing device. This net work of channels is mecha-
nically equivalent to a Wheatstone's bridge circuit.
However, both the above mentioned types of detectors have



their limitations. This is where the lonisation detector
has proved to be the most useful. In general, all these
detectors employ changes in the electrical conductance

of the effluent gas brought about by various methods of
ionisation. Here, very large changes in electrical
conductance can be realised and high signal to noise
ratios can be readily achieved. Lovelock or Me William
and Dewar ionisation detectors are now commercially
ava:l.].able.g8 Such type of detectors are specially
suitable for capillary columns. Only minute quantities

of samples are sufficient for analysis.

In the field of this detector development most
of the workers feel a need for adequate comparison between
the varicus types of detectors available today. The most
notable attempt has been made by Dimbat et al.>> who
described the sensitivity parameter by the fcllowing
equation.

AxClxC2 xC3

S = (ml x mv per mg.) = o

where S = sensitivity parameter.
A = peak areaj; sq. cm.
Cl= recorder sensitivity, mv per cm. of chart
Co= chart speed, min per cm.

C3= flow rate at exit of column, ml per min.
corrected to column temperature and atmos-
pheréc pressure.

W = weight of sample, mg.
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Very useful comparison data have been given by

1.G. Young.°0

From this data, it can be obviously seen
that ionisation detectors are several times more sensi-

tive than the thermal conductivity detectors.

Very recently, a new trend has started dominating :
this.aroa. The use of fast scan mass spectrometry with
capillarx columns was illustrated by Dorscy,gg_gl.sl With
this technique they could trace out the presence of several
acot;la in a typical sample of fruit volatiln.a2 Royaa
Teranishi g&ngl. calculated the column efficiencies and

foun& that there was no significant loss by operating one
.end of the capillary column under the mass spectrometer
vacuum. Rancor Ryhazoa4 illustrated tQat a mass spectro-
meter can serve as a good detector for effluents coming

out from high temperature GLC cglumn.

4. Development of the theory .

The fundanentai'chnori;a have been dovolbpod
through the efforts of many workers such as van Deemtor,35
Martin, Synge and others. A theoretical plate treatment
is described by Martin and Synge.as They fefined theore-
tical plate as a section of the column in which the vapour
leaving the.spotion has the composition that would be in

equilibrium with the average concentration of liquid solute
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within the section. In the process of passing through
one theoretical plate, the equivalent of one equilibrium
between the liquid phase and vapour phase occurs. So the
overall separation achleved with a typical column always
depends on the two factors, (1) separation per plate, and
(1i) number of plates. The separation effected by cne
equilibrium 1s dependent cn the nature of the stationary
phase as well as the nature of the components to be
separated. The method of calculation of the number of
theorotical plates is represented by the formula n =16x(%502
where: (i) n = number of theoretical plates.

(11) ty= retention time for solute

(111) t= b _and width.

The height equivalent to a theoretical plate is calculated
by dividing the column length by the number of plates.

6 is useful for

The rate theory of van Deemter-
considering the effects of several column and operational
parameters.

This equation is shown below:

2 2
HETP = 2 pdp + arD as 31 . a“f .
u 2(1+k)* D 1iq.

" = A + Bu +Cu

where A = multiple path effect
B = molecular diffusion
C = resistance to mass transfer.
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During the last few years, this theory has been modified
considerably. It is substantially established that at
least two gas phase mass transfer térms are necessary
in addition to the previcusly accepted van Deemter
equation.

In the year 1961 Jones reintroduced the van
Deemter gas phase mass transfer tern.37 Very recently
a number of papers have been published which deal with

such type of modifications to the original theory,32-40

Applications of gas chromatography

The technique of gas chromatography has helped
many branches of chemistry. The examples are too numerous
to be mentloned in a brief introduction. Therefore, a
general dolcription of some of the important points is
furnished below. :

Fatty acids and esters have been analysed with
great care and aecuracy.ﬂ"44 Steroids have been analysed
at fairly low temperatures- The analyses were rendered
possible by using low loaded columns. Thus recently,
vanden Houvol,g;_;l.‘pnalysod, bile acids, sex hormones
and adrenal cortical steroids. For this purpose, they
used column, containing SE-30 staticnary phase to the
extent of 0.78F only. %%



In the case of amino acids, the modern trend is
to convert them into some suitable volatile derivatives

and then snalyss on GLC columns,>’ 39

There are some cases where GLC analysis had
helped to certain extent for the study of reaction mecha-
nism.® For example, Summerbell et al. have utilised
this technique for the study of iodine replacements in
diiodides. The analysis of metals has been effected by
the separation of organo-metallic complexXes. With the
proper modifications in this field, it can be expected
that GLC should help in routine analysis of metals and
alloys. Very recently Nestor L. Soulages has doicribed
a gas chromatographic method for the determination of
lead alkyls,®5! |

Some workers have tried the possibility of
separating optically active compounds. For example,
‘Casanova and Corey separated. (+) camphor.ﬁ2 For this
they follpwed the route of ketal formation with D(-) +2,3-
butanediol- AA ten feet column of tricyano-ethoxy propane
as a stationary phase was found tq be very useful for the
separation of ketals. They also observed that only
partial separation could be effected on columns containing
silicone oil, silicong rubber, tricresyl phosphate,
carbowax, dinényl phthalate etec.



Factor ble separat

The final separation obtained on a typical GLC
column, happens to be the result of several factors.
Broadly, they can be classifiled 1nt6&%§rts. The part
one covers the variable parameters of a typical column:
(1) length, (i1i) diameter, (1i1) inlet and outlet pressure
ratio, (iv) the nature of the supporting material, (v)
the mesh size of the supporting particles, (vi) the
temperature of the column, (vii) the flow rate of the

carrier gas, ete.

The part two, which is responsible for the
final separation, happens to be the nature of the
stationary phase. Consequently, significant change in
the degree of separation can be achieved by changing the
nature of the stationary phase.

rt gtat

The importance of the nature of the stationary
phase has been stressed by many workers. The general
requirements of a typical stationary phase, are briefly
discussed.

When a certain organic or organometallic compound
has to be used as a stationary phase, it should have the
following properties. '
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It should be stable at the temperature of column.

Here it is worthwhile to mention that the stability of a
stationary phase has to be judged in situ. That means,
it should be stable, when it is in close contact with
supporting material. A simple vapour pressure determi-
nation data may be some times misleading. For example,
it has been fcund that dinonyl phthalate has got low
vapour pressure in a temperature range of 120-150°. But
actually, it has been observed that columns, prepared
with this stationary phase, do not have a long life at a

temperature of 140° to 160°.57

Dimethyl formamide, dimethyl sulpholane, ethyl

acetoacetate and other polar compounds have been used as

stationary phases at sufficiently low temperatures. They

have proved to be very useful for the separation of the
mixtures of saturates and unsaturates. However, above a

certain temperature range their vapour pressure becomes

so high that these compcunds cannot be used as stationary

phases.

Silver nit 1

Similarly, at low temperatures, solutions of
silver nitrate in some suitable organic solvents have
been used and they have proved to be superselective.

A mixture of l-methyl cyclohexene, 3-methyl cyclohexene,



4-methyl cyclohexene and methylene cyclohexane was
completely resolved on such columns at 30°.%% 1somerie
Cg and C9 cyclohexenes and p-menthghes are completely
rescolved with such type of stationary phaus.s4 Finally
it was observed that silver nitrate-ethylene glycol and
silver nitrate-glycerin columns can be used up to a temp-

erature range of 30° to 65°,55

From the discussion, it is clear that at compara-
tively high temperatures highly pelar stationary phases
cannot be used for a long time, because of their volatility.

But one can use different types of stationary phases.

Liguid paraffins - CHz - (CHg)p - CHg

It is commonly used in a range of rocom temperature
to nearly 100°. The maximum usable temperature depends

upon the grade of paraffin oil.

A.I.M. Keulemans used this stationary phase at a
temperature of 0°.% 1he sample analysed was a mixture of
C3 and C4 hydrocarbons. It was observed that the separa-
tion of all the components was not possible.

James and Martin have used different types of
stationary phases for the separation of hydrocarbons.57
They have used a temperature ranging from 60° to nearly 200°.

The nature of the staticnary phase was also different in
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each case. n-Octadecane was a nonpolar stationary phase.
Benzyl diphenyl may be looked upon as a medium polarity
stationary phase. However, their exhaustive studies
revealed that no single stationary phase will be efficient

to separate all the components.

Esters:

Amongst all the medium polarity stationary phases,
the ester type phases happen to be the most versatile and
useful for different types of separations. Esters of
phthalic acid have been extensively used. Dinonyl phtha-
late, dibutyl phthalate, didecyl phthalate are the
prominent members of this series. These phases are used

over a wide range of temperaturu.sa’s9

Pollard and Hardy used dinonyl phthalate and
dibutyl phthalate for the separation of halogenated
compounds within a temperature range off 25° to 60°.6°
It was also observed that such types of stationary phases

do have some interactions with the samples.

Zubuk and Conner used didecyl phthalate at 1100,
130°, 1850° for the separation of terpenic hydrocarbons.®®
Eventually, they observed that slight acidity of these
stationary phases may cause some acid catalysed rearrange-

ments of the thermolabile terpenic hydrocarbons.
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James and Martin used dioetyl phthalate for the
separation and identification of the methyl esters of
saturated as well as unsaturated fatty acids ranging from
formic aeid to n-octadecanoic acid.62 They made a very
important observation that the less viscous dio8thyl
phthalate gave columns of higher efficiencies than the
more viscous paraffinic phaseg so that whatever that is
lost by fall in separation faetor, is gained in greater
zone sharpness. They also observed that it was not
possible to cover the whole range of acids from C1 to Ci8

by operating the column at only one temperature.

Daniel E. Martire, has used dinonyl phthalate for

studying the aspects of thermodynamies of solutions.63

Iricresyl phosphate

irjeresyl phosphate is also being used very widely
as a medium polarity stationary phaseg. Haslam and Jaffs
used this stationary phase for the analyses of monoterpenic
hydrocarbons.64 These investigations were in turn used for
the examination of commercial varieties of dipentene samples.
It was found that those pairs of monoterpenic hydrocarbons,
which eculd not be separated on dodecyl phthalate, were
separated on tricresyl phosphate and vice versa. Once

again, these columns were used at 100° to 108° only.
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Herout et al. used trieresyl phosphate at 136°
for the evaluation of ground unglazed tile as a supporting
material-65 By changing the percentage of triecresyl
phosphate in a stepwise manner they were able to construct
columns giving about 2300 no. of theoretieal plates. A
mixture of «X-pinene, myrcene, Aa-earom, limonene and

p-cymene was completely separated on this column.

Liberty and Cartoni also carried out a systematic
examination of the monoterpenes occurring in the essential
oils66 and they have recorded the retenticn volume data
for eleven hydrocarbons with tricresyl phosphate and
silicone fluide DC 680, as the stationary phases. These

phases have been used at100°,

Poly glycols

Totally different series of stationary phases
are available in the range of moderate temperatures
(130-170°) . These compounds happen to be the various
varieties of polyethylene glycols (Molecular weights
ranging from 100 to 6000; higher values are described in
the litoraturo).67 The lower molecular weight members
are very solubde in water compared to the higher members
which are less soluble.
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Polyethylene glycols with end groups
ROCHgCHg - (CCHgCHg)p - ocagcnzon'

This group offers possibilities of many varieties,
because the chain length, as well as the end groups, can be
changed at will.

Polypropylene glveols

These types of glycols are also available. They

are not so soluble in water,

An exhaustive study of these polymers has been
carried out by E.R. Adlard.67 A neat approach to the
investigation of such type of polymers, has furnished
very useful information. In the beginning,polyethylene
glycols of various molecular weights were studied. Then
the necessary temperature, required to attain 1 mm vapour
pressure, was recorded in each case. It was found that
within a temperature range of 110° to 130°, all the poly-
glycols attained a vapour pressure of 1 mm. It‘wal
supposed that within this temperature range, this stationary
phase is fairly stable for a long time. A column was
prepared as usual by using polyethylene glycol-400 as a
stationary phase. Then a mixture of alcohols and ketones
was run over this column at 100°; column was then run for

400 hours and again the same mixture of alcohols and ketones



was run on the column. It was found that both the
chromatograms were almost identical, indicating that the
stationary phase must be fairly stable during these two
runs. From this it was concluded that, this stationary
phase is stable at 100° for extremely long time. It was
found that polyethylene glycol type of polymers are

highly selective for aromatic hydrocarbons.67

Halogenated esters

Halogenated esters have been used by Langer and
oth.ers.68 These are tetrahalophthalate esters. They are
usually found to be selective for metd and para isomers,
including the xylenes. These stationary phases were found
to be stable up to 100° tec 120°. At high temperature it
seems that they lose their selective property.

From the above discussion, it 1s clear that highly
polar and selective staticnary phases can be used at low
temperatures to attain the desired separation. The number
of stationary phases that can be used at moderate tempera-
tures, say between 90° to 140° or even up to 180° is very
large. But comparatively polar or seleetive type statio-
nary phases are few. Many workers have reported the tempera-

69,70

ture limitations of stationary phases. Such type of

temperature dependence data have been compiled by previous
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workars,71 These data, especially regarding the maximum

possible usable temperature for a typical stationary phase,
have been based on a very large number of experimental
evidences. However, a glance at these tables showsthat

as the temperature range goes on increasing, the number

of stationary phases, goes on decreasing. Thiq indicates
that in practice there are only few stationary phases
wnhich can be used in a temperature range of 200° to 300°
or higher.

8ilicone grease and Apiezone grease are the most
important members of these series. Analysis of extremely
high boiling compounds like fluoroesters of camphorie acids,
high molecular weight fatty acid esters, alcohols, amines,
is rendered possible by the use of silicone grease or
aplezone grease. The versatility of silicone grease at
this temperature range is already described by the
previous workers.72 But unfortunately, both of these
stationary phases lack the 'polarity' factor. As a result,
whatever separations we may get from these stationary

phases are mainly based cn boiling point differences only.

Rohrschneider has studied the polarity of a
number of ligquid phases. The values, compiled by him,
were relative ones,73 being based on the value of

'oxidipropionitrile' as '100' and squalane as '0'.



24

According to this scale, the relative polarity of silicone
oil is found to be '7' only.

However, it is soon realised that a medium pola-
rity stationary phase with certain favourable characteri-
stics 1s absolutely necessary. It should be fairly stable
within a temperature range of 40 to 240°. It should have
good resolving power. In this context polyester type of
plasticisers were introduced as stationary phases. They
proved to be excellent for analytical work. The most
important beneficial factors of these ester type plasti-
cisers are as follows,

X They can be used over a wide range of temperature.
9 They are viscous liquids or low melting solids.
8. They can be easily synthesised.

4, lhey can be made fairly stable by proper chemical
reactions.

8. They can be blended with other stationary phases
without any difficulty, and

6. They are found to be fairly stable upto 200-240°
If not, they can be further purified and they can
be made stable at the above mentioned temperatures.
Previous workers have used polyester stationary
phases in various ways. Their results are being briefly
discussed. They studied only limited number of polyesters.
It was found to be rather difficult tec compare the relative
retention time data obtained by one group of workers with
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those obtained by other groups. Moreover, if at all such
type of comparison has to be done with two observations,
then it is absolutely necessary that all the column
variables should be taken into consideration. Unfortu-
nately, such observations were rarely available in the
literature. Therefore only a limited analogy is given
here.

In the year 1969, Lipsky, Landowne and Godet
furnished a strikingly remarkable method of performing
analyses of fatty acid esters by using several varieties
of polyester type plasticisorl.74 Previous observations
presented by other workers gave an idea that Apiezone
or Silicone type of stationary phases are not sufficiently

good for the separation of fatty acid csters.75'77'

Many
difficulties were encountered when such type of analyses
were carried out. Although some columns consisting of
celite -545 coated with 'Apiezone' grease as a stationary
phase gave efficiencies of nearly 3000 plates, the
separation of each feaction of the very commonly occurring
series of C;g acld esters was not complete at all. Some
very typlcal separations as linolenate from linoleate

were found to be very difficult and hany a times there

was considerable overlapping. Moreover when total mixtures

of fatty acid esters were run on such type of columns, it
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Then a column of sebacate polyester of diethylene
glycol was used at 204°. On this column, it was found
that retention times were lesser when compared to 'Apiezone'
columns. Moreover it was found that the unsaturated acid
esters are retarded and came out from the column after
the corrdsponding saturated esters. Here linoleate and
linolenate esters were separated completely. But stearate

and oleate esters were not resolved.

For further studies, another polyester synthesised
}rom neopentyl glycol and adipic acid was subjected for
further examination at 196°. But this stationary phase
also failed to separate the saturated and the mono-

unsaturated ester mixture.

From these observations, it was felt by these
workers that more polar stationary phases may separate

such type of mixtures.

Therefore, a polyester of adipic acid and
butylene glycol was used and fortunately some separation
of stearate from oleate was noted. Yimilarly when
adipate polyester of diethylene glycol was used, the
separation of important mono-, di-, and tri- unsaturated

C18 acid esters from stearate was found to be complete.
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therefore been carried out and the results presented

in three different parts of this thesis.

Since our interest specially concerned the
essential oils and terpenoids, the work carried out
so far, regarding their analyses and estimation using
gas chromatography 1s being briefly discussed here.

GIC technique as applied to the
study of essential olls

Fairly large number of workers have utilised
this technique for the study of essential oils. Some
of the important results which point out the speciality
of this technique are discussed below.

Heartwood constituents were studied by Jarl
Runeberg.’® The neutral oil was initially fractionated
using suitable vacuum, and the fractions having boiling
range of the sesquiterpenic hydrocarbons were screened
on GLC column. A Fye Argon Chromatograph was used and
the stationary phase was a mixture of 2,4-dini¥rophcnyl-
2-naphthyl ether (15%) and dibenzyl ﬁ%}dine (0.75%),
impregnated on Silocel C2g Pirebrick. Infrared and gas
chromatographic analyses showed the presence of «-cedrene,

thujopsene and cuparene.
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Analysis of lemon oil was carried out by R.A.
Bernhard.so The early attempts were not so successiul.
For example, only five distinct peaks were obtained with
the old GLC technique. Subsequently, the same author™!
used LAC-4-R777 and LAC.2.R446 as stationary phases in
conjunction with a sensitive detector and as many as
twenty two peaks were recorded. It was also found that
there were ten small peaks near the start of the chrdmato-

gram. These minor constituents escaped detection by the

old analytical methods. 4t the same time, it is interesting -

to note that the total analysis was over within only 40 to

80 minutes.

The technique of 'programmed temperature' GLC
is being used extensively now-a-days. The neutral leaf
0il of the crecping Jjunipers from Prairies was studied
by Couchman and Rudloff.®2 By using the linear programmed
temperature technique, they were able to find out.as many
as 42 components, a few could not be properly identified.
Duplicate runs of the sample of the oil, rendered possible
the percentage data determination of almost all the compo-
nents. Amongst the 42 components, it is worthwhile to note
that the percentage composition of some of the components
was very low. For example,linalool and citronellol were
present to the extent of 0.80% only, while camphene and
p-phellandrene were present to the extent of 0.20%.



Similarly, the chemical composition of the
vclatile oil of the leaves of Savin juniper was studied
by the same author.83 Unce again a programmed tempera-
ture GLC technique was used. The presence of as many as
37 components was recorded. Many sesquiterpenic oxyge-
nated compounds were found to occur in traces. Such type
of trace analysis can be rendered possible by GILC technie
gue only. Previous workers, who studied the same oil,
could detect and isolate oily those components which were

present in large proportion.

'Dipentene' samples were carefully analysed by
Haslam and Joffs.64 They could identify 8 to 10 compo-

nents in those samples.

The 0ld methods of estimation of monoterpenic
alcohols were investigated by Holness.™® He investi-
gated the method of determination of citronellol in
admixture with geraniol. First, the conventional method
of hot formylation was used on the assumption that boiling
anhydrous formic acid converts citronellol to its formate
and geraniol to hydrocarbons. It was supposed that the
ester value of the formylated material could be used to
determine the exact percentage of citronellol in the

presence of geraniol. Actually, it was proved by the



GLC analyses of the reaction products that several
by-products are formed. The percentage of these by-
products depends upon the experimental conditions.

Thus it was proved that from citronellol some glycol
diformate is always produced and this causes high results
at high concentration of acid. With geraniol, hydrocar-
bons are definitely formed, but simultaneously some other
reaction products are also obtained, some of which have
an ester value. The hot formylation thus always shows
higher apparent content of eitronellol than actually
present in the mixture.

Now-a-days characterisation of essential oils
as such, is of ten being carried out by GLC analyses. As
a matter of faect the composition of an essential oll is
influenced by several factors, such as the genetic origin
of the plant from which it is extracted, and the process
which is followed for the extraction.

In orddr to trace out the geographical origin
of a typical essential oil sample, Smith and Levi have
used GLC technique.85 They have examined two varieties
of peppermint cil. These are Mentha piperita and Menthsa
arvensis. Initlally they found the percentage composi-

tion of the several components which are present in these
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two varieties of oils. From this data, the ratios of
the constituents were calculated. The ratio of percen-
tage composition of limonene/cineole was very useful
and informative. Values ranging from 0.2 to 0.7 were
characteristic for Mentha piperita variety, and values
greater than 2 were characteristic for Menths arvensis oils.
Cbviously one variety can be easily differentiated from
the other. In this way they have shown that the ratios
of such type of suitably chosen constituents give a very
valuable idea about the origin and variety of the oil.
They have also described the experimental procedure for
the detection of common adulterents in these two oils.

These observations illustrate the utility of
the GIC technique for the study of essential oils. Since
the National Chemical Laboratory has been one of the
leading centres of research on essential cils in India,
we were interested in developing stationary phases, which
will be helpful in characteristing and estimating the
constituents present in the large number of essential oils
examined by us. In this context, we have sy'tcmaticdfiy
synthesised a series of polyesters and studied them in
details for their solvent capabilities in GLC columns
for the separation of terpenoids and related products.
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8., Tridecane-l,13-diol: CH2-(CH2);1-CHg
CH CH

It was prepared by the lithium aluminium hydride
reduction of the diethyl ester of brassylic acid. However,
this glycol did contain traces of second component, as
shown by GLC analysis. It was used as such,

m.p. 74-76° (11t. 76°).

9. Pentadecane-1,16-diol: CHg-(CHz)13-CHg
CH CH

It was also obtained by the lithium aluminium
hydride reduction of the diethyl ester of pentadecane
dicarboxylic acid, m.p. 87°  (1it. 88%),

The other series of polyesters studied were as
follows:

(L) Ethylene glycol (constant glycolic fragment), and
(1) Succinie acid
(11) Adipic acid
(1i1i) Sebacic acid.

(2) Pentane-1,5-diol (constant glycolic fragment), and
(1) Suceinic acid

(11) Adipic aecid
(111) Sebacic aeid.

(3) Hexadecane-1l,16-dicarboxylic acid(constant), and
(1) Butane-1,4-diol
(11) Decane-1,1n-diol
(111) Pentadecane-1,15-diol.



The sources of the correspording acids have
been already described in the previous chapter.

Preparation of the polyesters:

The preparation of the polyesters of the corres-
ponding glycols and acids was carried out, as described
in the last chapter with some modifications.

In the previous series, we have used a temperature
of 135-140°., A few preliminary experiments showed that
this range of temperature was rather low. Therefore, the
temperature of ester formation in the present case was
maintained at 145-150° throughout. At this temperature
range, the starting mixture of the corresponding acid and
the glycol at once became homogeneous and the process of

ester formation was found to be satisfactory.

The resulting mass was dissolved in nethylaqo
chloride and wherever necessary, chloroform was used.
This solution was washed repeatedly with water, dried
(sodium sulphate), the solvent removed and the residue

dried to constant weight.

Polyester derived from ethylene glycol and'adipie
acid is a viscous liquid. Cne that has been synthesised _
from adipic acid and butane-l,4-diol is a semisolid. The



rest of the polyesters obtained from pentane-l,f-diol
onwards upto pentadecane-l,16-diol and adipic aeid are
all low melting solids.

The other polyesters derived, either from hexa-
decane-l,168-dicarboxylic acid and the corresponding glycols,
or from sebacic acid and the corresponding glycols, are
all low melting solids.

The approximate molecular weights were obtained
by the end group titrations in alcoholic solutions. Some
of the polyesters were not fairly soluble, their titrations
were rendered difficult. The results of these observations

are recorded in Table 1.

In order to have consistency in the case of
retention time data recorded for 1,u-dicarboky11c acid
and dilethylene glycol polymers and the present polymers,

tne following samples were chosen as standard samples.

Monoterpenie hydrocarbons

(1) «-Pinene, (ii) B-pinene, (1ii) A®-carene,
(iv) limonene, (v) tricyclene, (vi) camphene, (vii) 1:8a
cineole, and (viii) p-cymene.
Nonterpenic samples:

(1) Cyclohexane, (ii) methyl aleohol, (iii)
ethyl alcohol.






129

Monoterpenic oxygenated compounds

(1) x~Terpineol, (ii) linalool, (i1ii) l-borneol,
(iv) isoborneol, (v) menthol, (vi) isopulegol, (vii) :
camphor, (viii) carvone, and (ix) bornyl acetate.

Sesquiterpenic hydrocarbons

(1) Tetrahydroelemene, (i1i) p-selinene, (iii)
caryophyllene, (iv) humulene, (v) longifolene, (vi) longi-
cyclene, and (vii) cyclopentadecane.

All these samples were nearly 985% pure as found

by GLC analyses.

Impregnation and filling

Indian fire-orick luppoft (60-R0 mesh) was used
throughout these experiments. The required glhantity of
the peolyester and fire-brick powder was weighed up to a
milligram. The polyester was dissolved in methylene chloride
or chloroform as required and then it was impregnated upon
tue fire-brick support by slurry method. The solvent was
slowly removed on wateéfbath. The impregnated material was
dried at 110-120° for several hours to a constant weight.
Thus the material was ready for filling the column.
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in the case of present investigation also, one
and the same column was used in order to have uniformity.
When the study of one cclumn filling was over, it was
removed from the column, the column was washed repeatedly
and then dried by passing hot air for some time. Great
care was taken so that there would not be any chance of
contamination of the previcus cclumn filling with the
next one. |

Every time column was tested for inlet pressure
and the corresponding flow rate of the carrier gas. If the
expected flow rate was not obtained with the required
inlet pressure, then the column was repacked. Thus it
was rendered possible to adjust the expected flow rate
with desired inlet pressure (within the limits of + 3 mm.).

In the previcus chapter, it has been shown that
if the column variables are normalised properly, a direct
comparison of the retenticn time data is rendered possible.

S0 the fcllowing column parameters were maintained constant.

l. Column length : &Lft.

2. Weight of the column 1.98 g. (+ 0.0086)
3. Carrier gas flow rate(hydrogen) 4 lit./hr.
4, Inlet pressure (1) 125 (+ 3 mm) at 80°
(1i) 180 (+ 4 mm) at 163°
5. Bridge current: 180 mA
€. Sample size: 1 1 (hy the help of Hamilton
syringe, 10 yl capacity).
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In the previous series, it was observed that
sometimes the retention times were too high. Therefore
in the present investigations, the weight of the column
liquid was reduced to 1.98 g,, against 2,96 g. which
was the case with the previous series. However, some
columns were run with still lesser weight of the poly=-
ester, but the retenticn times were found to be teo low.
Therefore the weight of the column liquid was maintained
at 1,98 g. throughout these experiments. Once again the
retention times were recorded with the help of a stop-
watch, as deseribed in previous chapter.

RESULIS AND DISCUSSICN

Monoterpenic hydrocarbcons and the other low
boiling nonterpenic samples were run at 80° only and the
retention time data are presented in Table 2,

Monoterpenic oxygenated compounds and sesquiter-
penic hydrocarbons were run at 163-165°. The results are
presented in Table 3.

A glance at these two tables, once again furnishes
a clear arithmetical relationship between the retention
time of hydrocarbons and number of methylene groups in the
glycolic fragment of the polyester. Cnce again the arithe






Iable 3

Retention time in min. at 163.64° Acidic component - Adipic acid - constant.
Compound 8ili- Apie- Number of methylene groups in the glycolic fragment of the
' cone  zone polyester.

2 3 4 5 6 9 10 13 186
«-Terpineol 4.30 4.80 7.56 9.20 9.20 10.60 - 12.00 - 12.40 11.78
Linalool 2.83° 3.70 3.40 4.00 4.15 4.95 4.5 4.60 4.76 4.9 4,60
Borneol 3.96 9.20 6.76 8.7 8.60 9.70 1:0.40 10.93 11.66 11.45 10.75
Isoborneol 3.70 3.47 5.0 7.33 7.2 8.96 - 9.75 10.26 10.00 2.78
l-Menthol 3.8 9.33 &§.20 7.00 7.18 8.17 B.B0 9.66 2.8 9.76 10.70
Camphor 3.36 7.75 4.70 5.40 5.5 6.10 6.80 6.85 0 6 R N 7.00
Carvone §.37 14.10 10.00 11.57 11.5% 12.80 13.60 156.10 14.80 13.80 = 13.80
Isopulegol 3.66 10.00 4.80 6.8 6.00 6.87 7.93 9.10 2.30 " 8,13 9.40
Bornylacetate 6.10 13.60 6§.00 6.80 6.20 7.00 8.25 9.77 9.83 9.81 9.70
Tetrahydro- N - '
elemene 10.80 27.356 3.40 4.05 4.9 6.60 8.10 11.50 12.70 185.13 14.65
B-Selinene 16.13 45.80 8.00 9.63 11.356 15.00 17.80 23.90 26.13 29.56 B .75
longifolene 11.65 33.00 4.66 6.53 6.93 8.7 10.80 15.80 16.00 19.16 18.60
Caryopohyllene 12.66 34.00 5.40 6.00 7.43 9.60 10.80 15.90 16.90 19.26 19.10
Humulene 14.30 30.50 6.93 8.17 9.9 12.25 15.00 21.13 21.85 25.41 26.00
Iongicyelene 10.33 32.80 3.80 4.40 5.26 6.76 9.00 11.80 13.00 14.15 15.40
Cyclopenta-
decane 27.60 - 7.26 10.00 12.40 18.00 22.00 31.56 33.83 43.% -
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In our previous investigations, we have described
the use of variocus polyesters as stationary phases in gas
liquid chromatography of terpenoids. Initially, polyesters
from l,w-dicarboxylic acids with diethylene glycol wore‘
studied as GLC substrates. It was found that the number
of methylene groups in the acid fragment-gxgi a profound
influence, giving an arithmetical relationship in the case
of retention time; of hydrocarbens. When the series of
polyesters from varicus l,w-glycols and some fixed acids
like adipic acid were used as substrates, the similar
effect of spacing of methylene groups in the glycoliec
fragment was also observed. The effects of molecular

welghts and temperature gradient have also been studied.

From these observations it was felt that polyesters
having properties of both the series may find wide appli-
cations. Since the long chain acids or glycols are not
always easily accessible, it was thought that some of the
hydroxy acids, commercially available from indigenous
sources might be very useful for the synthesis of polyesters

via self-condensation.

1 observed that esterified oleic

Previous workers
acid, possibly because of its unsaturation, is useful in

the separation of monoterpenic hydrocarbons and oxygenated






EXPERIMENTA AL

Two varieties of polyesters have been prepared

and their solvent capability on GIC columns, studied.

esters f e c ensatio £ xy acid

: Polyesters cross-linked with diglycerol or penta-
erythritol are fairly stable substrates and are known to
give good soparation.g With a view to propéro a polyester
from a A&droxy acid permitting self cross-linkiﬁg, we
selected aleuritic acid HO-CHg-(CHg)g-CHOHCHOH- (CHg)7-COOH.
It is available in abun&anco in India from anindigonoug raw
material, shellac, It ponsésses interesting strucéural
features. Besides the terminal primary hydroxy group, it
contains two vicinal secondary hydroxyl groups at carbon
9 and 16. Because of the presence of the vicinal hydroxyl
groups in the central part of the nolgculc, it is capable

cf giving cross-linked polymer.

Along with aleuritic acid, another straight chain
monohyﬂrox& acid, w-hydroxy stearic acid,
HO-CHg-(CH2)1§-CHg-COOH has also been employed for self-
polymerisation. Unlike aleuritic acid, it is capabke of
only forming straight chain polymers on self-condensation.

Ci
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liquid was decanted off. The remaining column filling.

was agaln washed with aqueous aleochol till the pH of the
washings was nearly 8. The mass was dried in an oven and
again used as column filling to record thetrotention time
data. It was noted that the retention times were very low
Rkhen compared te the previous values. This indicated that
the alcoholic alkalli must have extracted out the stationary
phasej however, at the same time the decomposition of nono;

terﬁenic oxygenated compounds Hﬁd nearly vanished.

II. weHydroxy stearic acid polymers

This column filling was suspended in 100 ml of
aleohol, and with constant stiiring, titrated with 0.4 N
ayueous KCUH solution till it was slightly alkaline. The
whole mass was slowly heated on a water bath toc dryness and
the resulting column filling, heated in an air oven for
several hours. 7This column filling was again filled in
the column and the retention time data were recorded. At
this stage chromatograms of sesquiterpenic hydrocarbons
as well as monoterpenic oxygenated compounds did not show
any tailing or decomposition, but the retention time values
were less by nearly 20%. This may be due to the fact that
some quantity of stationary phase might have been lost
during the abcv§ mentioned process; or neutralisation of

the free carboxylic groups might have changed the general
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Compound asis dab
thylene
glycol
polyester.

Kelerpinecl 1.435

Linalool 0.629

Borneol -

Isoborneol -

Menthol -

Camphor 5.40=1.0

Carvone -~

Dihydrocarvone -

Longifolene 0.6685

Caryophyllene -

Humulene 1.019

Longicyclene -
Cyclopentadecane -

Table 3
Relative retenticn times (with respect to camphor) at 163-164°

Azelaic
acid die-
thylene
glycol
polyester.

1.644
0.7568

9.25=1.0

1.329

1.909

Brassylic
acid die-
thylene
glycol
polyester.

1.608
0.7476

10.3=1.0

1.971

2.617

Adipic Adipic w-Hydroxy
acid acid stearic
l,4-but- 1,4-but- acid

ene diol ane diol polymer#*

polyester. polyester.

1.577 1.729 1.547
0.6893 0.7762 0.6373
1.496 1.646 1.418
1.234 1.399 1.2019
1.190 1.454 1.2356
11.1=1.0 ]2:l5=10 5.75=1.0
2.072 2.173 -
1.365 1.473 -

1.0 1.338 2.28

- 1.427 2.423
1.432 1.908 2.869
0.7823 1.080 1.826
1.712 2.301 5.217

3.95=1.0

1.63

2.15

* Relative retention time data were

column filling.

recorded on neutralised
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