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Purification by Automatic Gas Chromatography
Milton Tenenbaum and Frank L. Howard

(Febraary 15, 1902)

i:li. completely agtomatic appacatus bes boen developod for the preparative-seale purit-

cation of componnds by gas-Heuid chmmatngmp%{;
pump that injects & sample into the solumno,
chromstogram i3 treced has a awiteh mounted at the uppey margin

mein comnponent occurs when the recorder
awitch.

A clock timer %ariudical]}f activaies B
recording potentiometer an which the
Caollection of the purified
goes to the end of the seale and tripe the

be semsitivity of the detector bridge ciccuit is adjusted zo that coly the trace

coused by the major component will activate the collestion

Teluene, &

were obiained with toluene.

pas,]
henzena, and mesitylene were purified m‘t-ﬁ the apparatis. Heat resulta
In one pass through the apparatus, 92 percent of the impurities

were removed from the toluene and the purified produot was collected st & rate of 25 ml of

liquid per dey.

1. Introduction

In recent years, several reporis (1, 2, 3, 4] ! have
been published describing automatically controlled
apparatus for the pre tive-scela purification of
materials by gas-li uig artition chromatography.
The basic design of Ambrose and Collerson {1] is
typical. A timer and a master circuit automatically
eontro] the introduetion of the sample and the col-
leetion of product according to & preset time progran.
Theesa devices generally contain a rather complex
elecironic controller and require that the preset
program remain synchronized during unattended
pertods.  Thus, changes in operating conditions such
a3, the temperature of the column or Aow rate of the
carrier gas, can canse the sample input cyela to
become out of phase with the eollection cycle and
result in contamination of the product.

A completely automatic praparative-scnle appa-
ratus has been developed in these laboratories to
augment other separation methods for the isolation of
bighly purified compoundz, This apparatue operates
jn such & way that controlled aligquots of the sample
are introduced aceording to a preset timed cycle while
collection of product is governad only by the trace on
the recorder, not by a fumihg mechamsm, The sam-

le is injected sutomaticelly with a pump ectivated
a clogk timer, Automatic collection i8 accom-
pfiahed with solenoid valves activated by a micro-
switch mounted at the margin of the recorder and
collection occurs only when the recorder pen is at the
top of the scale. No difficnlty has been experienced
due to bage line drift of the recorder dunng weeks of
continuoys vze. The apparatus is relati ea3y Lo
construet and requires only simple elacrt-rica.ly controls.
When uvsed in conjunction with a column of adequate
efficiency it is possihle to obtein & high degree of
purification nt reasonably fust collection rates,
1 Fignred 1n Twaokata mdleats the Hieealnre referances it the end of thin paper.

2. Apparatus
2.1. Sample Intreduction

A microbellows purep (Research Appliance Co.,
Pittshurgh, Pa.)t ia ua-acf to introduce Jiguid samples
into the system. The amount of liquid that can be
delivered per atroke by this pump may be varied
from 0.05 ml to 1.0 ml; for amounts grenter than 1 ml,
one must introduce samples by two or more strokes,

1 Baveral components of the apparatng med oo donpbed By name of menma-
taurer $o avald detatled deseiptioms. Thisia oot intended to Imply that these wre
praberred; suitahle prodicts made By othar [Lrere Y Secen a8 wall,
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A cam timer driven by a clock motor activates the
pump; it is deactivated by a locking relay circuit
which is monitored bﬁ u mieroswiteh loeated on the
pump shaft. Since the helium carrier gus pressures
in the input side of the aystem are often about &0
% reservoir ig usad to contain the sample
to eliminate leakage past the ball check valves in the
pump. The regervoir is a sieel cylinder connected to
the carrier gas line s0 that an equalizing back pressarc
ia maintained ahove the liquid. The valve above the
cyiinder is opened momentarly and then closed after
tﬂu pressure has built up. Upon leaving the pump,
the sample is vaporized in & ggsh evaporator. The
evaporator was constructed from a brass block and is
heatad with a cartridge heater. A block dingram of
the apparatus i= given in figura 1.

2.2, Column

The column used in the purification of tolucoc,
sthylbenzene, and mesitylene consists of four 7.5-{t
lengths of 0.5-in. Ld. straight copper tubing con-
nected in series to give a cuﬁmm 30 ft long. There
are no constrictions at the connecting points between
the lengths of tubing. The ends of the tubes were
hard soldered together with very shert connections
batween them., Ogl‘he tubing was filled with 100 to
120 mesh firebrick coated with 7 percent polyethylene
glyeol of average molecular weight 1,000.

The packed tubea were inserted in a brass tube
(3 in. 0.d. by & ft) which was connected to a liquid
hoiler at the bottom and & condenser ab the top, the
outzide of the brass tube waz wrapped with heating
tape. Thiz srrangement makes possible uniform
hepting of the columne but ja not convenient when
one wishes to make frequant changes in temperature
Eince it requires draining and refflling of the boiler
with another liquid of the desired boaling point. For
the cxperiments in this report water wag used oe the
bailer liguid.

2.3, Datector and Collaction

The detector is a hot wire thermal conductivity
unit operated with a d-¢ power supply (TRIIB)
and 99920, Gow Mac Co., Madison, %.J.}‘ Flow
of gas through the detector is controlled with a soeall
needle valve. The valve is ndjusted so that about
one percent of the total effluent from the eolumn
passes through the detector and the remainder of the
effluent siream is ecarriad to two solenoid wvalves
{$90A140 Ct and 390D104 Ct, Hoke Inc., Cresshill,
N.1). These sclonoid wvalves are controlled by a
microswitch (Minneapolis Honeywell No. [SM23)
rmounted on & Brown 1-mv recording potentiometer,
When elution of the major component cavses the
recorder pen carrier to press on the microswitch, the
aolencid valves are activated through a relay so that
the purified major component iz collected by diver-
gion of the gas stream inte & cold trap connected to
the exit of the normally closed walve. When the
recorder pen is below the activating switch, the car-
rier gas straain containiog components to be rejectad
iz wvented to the atinosphere through the normally
open zolenoid walve. _

3. Experimental Procedure

The procedure used to operate the system beging
with sgection of the appropriate chromatographic
colutnn, column temperature, and gas flow rate for
the separation which is planned. erimanta are
mgde to determine the time that will be required
for each eycle, the sensitivity setting of the defector
which will permit only the major component peak
to go to the top ol the scale, and the maximnm
quantlty of sample which may be processed without
overloading the colwnn. The apparatus is then run
continuously until the desired quantity of purified
material 15 collected. Figure 2 18 a portion of the
recorder traec during purification of toluene.

Reagent grade tolucne, ethvlbonzmene, apd mesi-
tyiene obtained from Eastman Kodak Co, were used
as sts.n.i:f materials. The purities of the first two
cotnpounde ware determined by the freezing point
method [5, 6, 7] before and after purification. The
analyscs indicated that hefore purification the
toluens was 53,4 molo percent and the ethylbenzene
80.1} mole percent pure. Freezing point annlyses
wera not made on mesitylens beenuse a svficent
guantity of puriied product {50 ml) was not
collected.
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Froure 2. Porfion of chromofogram from  purficalion of
: toluene,

3.1. Purification of Toluene

The reservoir wos filled with 100 ml of toluene.
The timer and pump were adjusted so that 0.44 mi
of the toluene was injected into the column ov
20 min. The column temperature was set at 100
and the heliurm carrier gas pressure was 50 pei. A
trap cooled with dry ice was vsed to condense and
recover the pur'rﬁefiy sample. Abocut 8¢ percent of
the materia]l processed was collected as purified
product in the trap during 2.2 davs. Figure 3
shows the cryoscopic analyses of the toluene befors
and after purification by this method. Meiti
curves wero used because toluene tends to supereoo)
excessively. The unalyses indicated that 92 percent
of the tota] impurity was removed to give a produet
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of 99.95 mole percent tolvene. Chromatographic
analyses of the prodvet aod starting material are
shown in figure 4. No peaks other than the major
component were observed m the purified produvct.
The chromatographic anslyses were made with a
Perkin-Elmer vapor fractometer, model 154, using a
150-ft polypropylene glyeol Golay capillary eolumn
end & hydrogen flame ionization detector set at
maximum gengitivity.
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3.2, Purificaton of Ethylbenzene

A charge of 100 ml -of ethylbenzeno was processad
in a2 manner similar to thai described for toluene.
In thiz case the rata of sample introduction was
0.25 ml every 20 min. The column temperature
was 100 °C and the carrier gas pressure 70 psi.
After 5.5 days, 70 ml of purified ethylbenzene was
collected in' the eold trap. Cryoscopic analyees
(fig, 5) indicated that the purity was raised from
001 mole percent to %9.8 mole percent so that 78
percent of the impurities were removed., A large
part of the decrense in separating efficiency from
that observed with toluene appears to be due to
abL I un}.ty shown in the ¢hromsatographic analyses
{fig, 6), The peak which oceurs sfter 17 min was
not. gompletaly removed by the process. This peak
waz not well defined whet traced on the preparative
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Cimditions of analyals sane as in Sgurs 4.

acale recorder, It was broad and flat and may have
built up an ghtion background thereby contami-
nating the msjor component. If a higher purit
were desired, the product could be teran throug
the apparatus, or flp;rther investigation done te find
a more effactive column or substrate,

3.3, Purification of Mesitylene

A chromatographic analysis of a sample of reagent
rade mcsit.ylgleprevealed the presence of several
atge peaks dve to impurities. After purification
wirt?h tﬁ auntomatic spparatus described, a similar
analyeia of tha product indicated the &Idrity lavel
waa increased substantially, The pun product
was then reprocessed to increase its purity further.
Figure 7 shows the chromatographic snalyses of
the original sample, the produeect ecollecied after
the Arst fractionation, and the final product obtained
alter the sacond fractionation. T]l;e largs amount
of impurity with an clution time close o that of
mesitylene madc this & difficult separation under
the conditions ysed. JIn an attempt to reduce the

supcrposition of peaks dJuring purification, the
amoyunt of megitylene charged into the column was
adjusted to only 0.1 ml every 20 min. It & a
parent thai even tha smaller charga did Dot entireﬁ.:
eliminete this difficulty.

3.4, Improvements in the Apparatus

After the purifications just deseribed, tha acti-
vating switch at the end of the scale was removad,
and replaced by a wvariakle-camn operated swiich
mounted on & shaft at the center of the large gear
that controls thedpositiun of the pen carriage. us
one may start and stop collection of purified material
at any point on the scale by adjustment of the cam
opening and its rotary peosition. This improvement

allows the entire chromatogram, when properly
attenuated, to be pressnted on the chart, and makes
sible a better selection of the collection time, A
poriion of the impurities represented saa
“shoulders” on the main peak may theroby be
rejected,
4_ Conclusion

An apparatus has been developed for fully nuto-
matic ]‘::ul rification of materials by gas-liquid o u-
tography, With the column used, toluene was
purified to s high degree, byt mesitylens was not ao
eifactively separsted from its impurities. It is
heliaved that the method has much wider adapta-
biliiy than described herein. By appropriatc changes
in the column wvariablez Involved, the process
could undoubtedly be improved in efficiency and
veraatility,

The authors gratefully acknowledge the assistancs
of Herbert B. Lowey, instrument maker, who
fabricated some of the parts of this apparatus.
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