Preparative-Capillary Gas Chromatographic
Systems for Trace Analysis of Rum!
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ABSTRACT

Three gas chromatographic systems appropriate for the reproducible
rapid preparation and subsequent quantitative analysis of rum concen-
trates were developed and tested. The first and second systems employed
preparative columns directly coupled to a capillary Golay column. Rum
concentrates obtained in the preparative column were collected in a
stainless steel trap of low dead space and simultaneously analyzed in the
capillary system by flash heating of the trap. The third system used the
same chromatographic equipment, with a 1/4-in o.d. trap to transfer an
amount of concentrate to a 2-ml vial. These concentrates were subse-
quently analyzed with two Golay columns. In the first system, a 10-ft
20% Carbowax 20M packed preparative column coupled to a 150-ft Golay
column through a 1/8-in o.d. trap gave excellent results in the analysis of
the volatile fraction of rums. Ten congeners eluting before alcohol were
detected in a commercial rum, six of which have not been identified. The
second system, utilizing the 10-ft Carbowax 20M coupled to a 7-ft
Porapak Q preparative column, was tested successfully with a 1/8-in o.d.
trap. About 30 congeners were detected in the same commercial Puerto
Rican rum. A 7-ft Porapak Q packed preparative column was investi-
gated in the third system provided with a 1/4-in o.d. trap. About 40
congeners were detected in two commercial Puerto Rican rums utilizing a
50-ft SE-30 Golay column in series with a 150-ft Carbowax 20M Golay
column. Results demonstrate the feasibility of obtaining a rapid and
complete analysis of distilled alcoholic beverages.

INTRODUCTION

The development of suitable gas chromatographic techniques for
isolation, characterization, and gquantitative determination of congeners
present in alcoholic beverages is essential for a better evaluation of
Puerto Rican rums. It is a well known fact that the vast amount of
chromatographic information available in the literature about the
composition of wine, beer, and distilled alcoholic beverages is still
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insufficient to establish the influence of congeneric concentration on the
quality of these products. Determination of composition of alcoholic
beverages is difficult because of the small amount of congeners present
and the complexity of the system.

The usual gas chromatographic methods (14, 22) employing analytical
packed columns are seldom useful for concentrations below 10 p/m.
Preparation of a concentrate of the sample using selective solvent
extraction (3, 5, 24) and/or distillation (19, 21) prior to chromatographic
analysis, either with high efficiency packed columns or capillary columns
(Golay or SCOT columns), have been used; but these techniques are
tedious and the final results are usually unreliable. Preparative gas
chromatography followed by capillary or analytical packed-column
techniques has been introduced recently for the same purpose, but again,
reproducible results are very difficult to achieve.

The composition of foreign rums has been investigated extensively by
Baurud and Maurice (1), Bayer (2), Bober and Haddaway (4), Fouassin
(6), Kepner et al. (9), Maurel (12), Maurel and Lafarge (3), Sihto et al.
(17), Suomalainen (20), Singer (18), and Stevens and Martin (19). In
1966 Maarse and ten Noever de Brau (11) identified 74 components on a
heavy body Jamaica rum by means of preparative and capillary gas
chromatography, mass and infrared spectroscopy. Extracts of the rum
obtained in a special extractor were separated in a packed preparative
column and further investigated in a liquid coated capillary column. A
similar investigation by Liebich et al. (10) in 1970 showed the presence of
nearly 200 compounds in a heavy body Jamaica rum. A rough estimate of
the concentration of each one of these components was also given. A
quantitative determination of free fatty acids in Jamaica rum was
carried out by Nykanen et al. (15). Timmer et al. (23) isolated and
identified a large number of nitrogen and phenolic compounds in
Jamaica rum and Scotch whisky employing gas chromatography-mass
spectroscopy. Nine nitrogen and seven phenolic compounds were added
to the list of known components of rum and whisky. Kahn (8)
summarized the literature on alcoholic beverage composition in a
comprehensive report which included a tabulation of about 400 com-
pounds found in whisky, wine, beer, and related alcoholic beverages
produced by yeast fermentation. The concentrations of 13 components of
all brands of commercial Puerto Rican rums were measured with
analytical packed-column gas chromatography (7) as well as other
instrumental methods (14, 16, 22).

This study was conducted in the Rum Pilot Plant on the development
of gas chromatographic systems for rapid and reproducible analysis of
the congeners present in Puerto Rican rums. The present paper deals
with the discussion of the development of these systems, the description
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of the equipment for carrying them out, and some of the results obtained
with various commercial rums.

APPARATUS, MATERIALS AND PROCEDURES
CHROMATOGRAPHIC EQUIPMENT

Two gas chromatographic arrays, with which congeners of rum
samples can be characterized and analyzed quantitatively, are described
below. The first one (fig. 1) works as follows: a given volume of rum (0.1
to 0.5 ml) is separated in a preparative column placed in a gas
chromatograph (B). The injection (A) is done by an automatic injector or
a gas-tight syringe. The gas chromatograph (B) can be adjusted
independently of the rest of the equipment to selected appropriate
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Fic. 1.—Flow diagram of chromatographic equipment and accessories required in the
development of system one and two.

temperatures and carrier flows through the columns. The rum sample is
fractionated according to the nature of the stationary phase of the
preparative column; but in general, one of the fractions contains most of
the alcohol-water mixture, while other fractions contain only either pure
component or enriched mixtures of other components in alcohol or water.
The desired components or mixtures which emerge from the column, as
registered by recorder (C) upon entering the Thermal Conductivity
Detector (D), are collected in a 1/8- or 1/16-in o.d. stainless steel trap
kept in a liquid N bath. When the water or alcohol signal shows on the
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chromatographic chart, the carrier flow through the trap is interrupted
by moving the component concentrator (E) two-way valve to the “Out”
position. The sample is thus vented to outside or collected separately.
The rum concentrate left in the trap is analyzed immediately by
connecting the trap outlet tubing through the injector septum of a second
chromatograph (G), where the sample enters directly into a capillary
Golay column. For this purpose the liquid N bath is removed and the
auxiliary flash heater (F) is activated for 4 min. The temperature of the
trap rises from —195.8° C to 250° C in less than 30 s. The chromatograph
(G) has all the necessary accessories to perform open tubular chromatog-
raphy, including a heated variable sample inlet splitter and separate
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Fic. 2.—Flow diagram of chromatographic equipment and accessories required in the
development of the third system.

controls for all carrier flows. The splitter column is kept open while the
sample is entering the second chromatograph; then the outlet tubing is
removed and the regular flow through the capillary column is restored by
closing the splitter column valve.

The second array in figure 2 uses essentially the same hardware with
the following changes: the gas concentrator has a higher capacity trap of
stainless steel 316, 1/4-in o.d. This allows for the accumulation of
concentrate from up to 5 mm of rum sample without flooding or any
visible change in the recorder base line. The trapped sample is not
analyzed automatically, but rather a second heated line is coupled to the
component concentrator (K) in order to transfer the concentrate quanti-
tatively to a small vial. The transfer is made with the vial kept in a liquid
N bath, and it is hand-capped with a special tool as soon as the process is
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completed. The analysis of the concentrated sample which elutes from
the preparative column is then accomplished by means of syringe
injection.

F & M 810 and Hewlett Packard 5754B gas chromatographs?® were used
in the development of techniques for the required separations. The F &
M 810 gas chromatograph was fitted with a dual flame ionization
detector, thermal conductivity detector, and automatic injector. The
Hewlett Packard 5754B was provided with both dual flame detector and
an inlet splitter for capillary Golay column work.

CHROMATOGRAPHIC COLUMNS

Three preparative columns were made and tested:
a) Stainless steel 316, 10 ft x 0.5-in o.d. packed with 20% Carbowax 20
M and Chromosorb W, acid washed, 60/80 mesh.
b) Stainless steel 316, 10 ft x 0.5-in o.d. packed with Porapak Q, 50/80
mesh.
¢) Stainless steel 316, 7 ft x 0.5-in o.d. packed with Porapak Q, 50/80
mesh.
Two capillary Golay columns were tested:
a) Stainless steel 316, 50 ft x 0.01-in i.d. impregnated with Se 30
(Silicone Gum Rubber).
b) Stainless steel 316, 150 ft x 0.0l-in i.d. impregnated with Car-
bowax 20M.
The analytical column was an 18 ft x 1/8-in o.d., stainless steel 316
tube, packed with 5% Carbowax 20M on Chromosorb W, acid washed,
60/80 mesh.

DESCRIPTION OF EXPERIMENTS

Two brands of aged light commercial Puerto Rican rums were selected
for investigation, labelled R-612 and R-621, and analyzed with a regular
analytical packed column and the new systems developed with the
equipment shown in figures 1 and 2.

The first system consisted of a 10-ft 20% Carbowax 20M packed
preparative column arranged with a 150-ft Carbowax 20M Golay column
as in figure 1. This system was investigated at selected conditions and
carrier flows. Several 1-ml preparative separations of aged commercial
rum (R-612) were obtained and the corresponding concentrates collected
in a 1/8-in o.d. or 0.08-in i.d. trap and further analyzed by means of the
Golay column.

‘Trade names are used in this publication solely for the purpose of providing
information. Mention of trade names does not constitute a guarantee or warranty of the
equipment by the Agricultural Experiment Station of the University of Puerto Rico or an
endorsement over other equipment not mentioned.



FID x 40

Preparative
65°C

FID x 160

Capillaryl

FiG. 3.—3-Preparative-capillary column chromatograms; commercial Puerto Rican rum
(R-612) separated in system one. A and B: 10 ft « 0.5-in 0.d. column of 20% Carbowax 20M
coated on Chromosorh W, A/W, 60/80 mesh; C: 150 ft x 0.01-in i.d. Carbowax 20M: 1:
Acetaldehyde, 2: methyl acetate, 3: ethyl acetate, 4: ethyl alcohol. Carrier flow: A and B,
helium at 150 ml/min and 40 Ib/in?* C, helium at 1 ml/min and 12 Ib/in® Sample collected

from 0 to 1 position.
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FiG. 4.—Preparative-capillary column chromatograms: commercial Puerto Rican rum
(R-612) separated in system one. A and B: 10 ft = 0.5-in o.d. column of 20% Carbowax 20M
coated on Chromosorb W, A/W, 60/80 mesh; C: 150 ft « 0.01-in i.d. Carbowax 20M: 1:
Acetaldehyde, 2: methyl acetate, 3: ethyl acetate, 4: ethyl alcohol. Carrier flow: A and B,
helium at 100 ml/min and 40 1b/in?; C, helium at 1 ml/min and 12 Ib/in2. Sample collected

from 0 to ! position.
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Two representative preparative-capillary column chromatograms are
shown in figures 3 and 4. The conditions for these separations are given in
table 1. The two chromatograms in figure 3 were registered at carrier
flows of 150 ml/min and 40 lb/in? for the preparative run for A and B
signals and at 1 ml/min and 12 lb/in? for the capillary run for C signal.
The chromatograms of figure 4 were registered at 100 ml/min and 40
Ib/in? for A and B signals and at 1 ml/min and 12 Ib/in? for C signal. For
comparison with existing techniques the work represented by the
chromatograms (Fig. 5, 6, 7, 8) was also accomplished at conditions given
in tables 1 and 2. Figure 5 is a 1-ml preparative chromatogram of standard
solution (P-26) described below, in which congeneric concentration is
similar to that of an average rum, carried out at carrier flow of 100 ml/min

TaBLE 1.—Gas chromatographic conditions for figures 3, 4, and 6

Preparative run
(F & M 810)

Capillary run
(HP 5754B)

(fig. 3 and 4) (fig. 3, 4 and 6)
Sample volume 1 ml Concentrate
(fig. 1)
Injection technique Automatic Concentrator
(%-in 0.d.)
Injection splitter ratio — 1:31
Detector splitter ratio 1:44 —_
Carrier Helium Helium
Carrier flow 150, 100 ml/min 1 ml/min (12 1b/in?)
(401b/in?)
Oven temperature 65°C 60° C
Oven temperature program — 30° C/min
(60° to 130° C)
Injection port temperature 240°C 240° C
Injection splitter temperature — 140° C
Detector temperature:
FID temperature 240°C 240° C
TCD temperature 285° Cat 150V
FID:
Hydrogen 35 ml/min 35 ml/min
(121b/in?%) (121b/in?)
Air 450 ml/min 450 ml/min
(331b/in?) (33 1b/in?)
Column material:
Support 60/80 a/w, Chro- None
mosorb W
Liquid phase 20% Carbowax 20M Carbowax 20M
(Golay)
Tubing Stainless steel Stainless steel
316 316
(10 ft x 0.5-in (150 ft % 0.01-in

o.d.)

id.)
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Fic. 5.—Preparative column chromatograms; standard sample (P-26) on 10 ft x 0.5-in
o.d. column of 20% Carbowax 20M coated on Chromosorb W, A/W, 60/80 mesh; 1:
Acetaldehyde, 2: methyl acetate, 3: ethyl acetate, 4: ethyl alcohol, 5: water effect in the
flame ionization detector, 6: propyl alcohol, 7: isobutyl alcohol, 8: isoamyl alcohol-buty]
alcohol-isoamyl acetate, 9: amyl alcohol. Carrier flow: helium at 150 ml/min and 40 lb/in?.

s

and 40 lb/in® Figure 6 is a 1-ul capillary separation with the Carbowax
20M Golay column of solution prepared with equal volumes of acetalde-
hyde, ethyl alcohol, methyl, ethyl, and isoamyl esters, and propyl, butyl,
isobutyl, isoamyl, and amyl alcohols. This chromatogram was taken at a
carrier flow of 1 ml/min and 12 lb/in?% Figures 7 and 8 are chromato-
graphic separations of 3 ul of R-612 and R-621, respectively, utilizing
the 18-ft analytical packed column of 5% Carbowax 20M, set at carrier
flow of 12 ml/min and 40 lb/in%
The composition of standard solution (P-26) is given below:
Component Concentration (mg/100 ml at 80° P)
Acetaldehyde 4.6
Methyl acetate 2.8
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Fic. 6.—Capillary column chromatogram; standard sample (P-26) on 150 ft x 0.01-in
i.d. Carbowax 20M column. 1: Acetaldehyde, 2: methyl acetate, 3: ethyl acetate, 4: cthyl
alcohol. 5: propy! alcohol, 6: izobutyl alcohol, 7: isoamyl acetate, 8: butyl alcohol, 9:

isoamyl alcohol and 10 amyl alcohol. Carrier flow: helium at 1 ml/min and 12 lb/in*
Ethyl acetate 9.0
Acetal 7.6
Propyl alcohol 14.5
Isobutyl alcohol 6.4
Isoamyl acetate 3.4
Butyl alcohol 3.2
Isoamyl alcohol 19.5
Amyl alcohol 4.9

A single 10-ft Porapak Q preparative column was investigated with 1
ml of standard sample P-26 in an arrangement similar to figure 1. The
preparative chromatogram is shown in figure 9, and conditions are shown
in table 3. A similar 7-ft Porapak Q preparative column was also tested.
This shorter Porapak Q column was more suitable although it had a
poorer resolution (fig. 10). Porapak Q phase removes water first, followed
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Fic. 7.—High efficiency analytical packed column chromatograms; 18 ft x 1/8-in o.d.
column of 5% Carbowax 20M on Chromosorb W, A/W, 60/80 mesh. A: Standard solution
(P-26). B: commercial Puerto Rican rum (R-612), 1: Acetaldehyde, 2: methyl acetate, 3:
ethyl acetate, 4: acetal, 5: propyl alcohol, 6: isobutyl alcohol, 7: isoamyl acetate, 8: butyl
alcohol, 9: isoamyl alcohol, 10: amyl alcohol. Carrier flow: helium at 12 ml/min and 40
1b/in®.

by acetaldehyde, ethyl alcohol, and other congeners of alcoholic bever-
ages. The purpose of these tests was to determine the amount of
concentrate that could be collected with a single preparative run for
direct injection into capillary Golay columns. Tests were conducted with
0.1- to 0.4-ml rum samples, and a 1/8-in o.d. trap. Separation of samples
larger than a 4 ml overflowed the 1/8-in o.d. trap, and it was necessary to
stop the carrier flow. Chromatograms of the rum concentrates, using
direct injection through the concentrator, were somewhat useful but lack
of resolution for the heavy fraction was observed.

A second system which consisted of 7-ft Porapak Q packed preparative
column followed by a 10-ft 20% Carbowax 20M packed preparative
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column coupled to the 150-ft Carbowax 20M Golay column through
component concentrator as in figure 1 was also developed and investi-
gated extensively. The Porapak Q preparative column was placed in the
F & M 810 Gas Chromatograph (B) and the 20% Carbowax 20M
preparative column in the Hewlett Packard 5754B Gas Chromatograph
(G) in parallel with the Carbowax 20M Golay column. The carrier flow
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Fic. 8.—High efficiency analytical packed column chromatograms; 18 ft x 1/8-in o.d.

column of 5% Carbowax 20M coated on Chromosorb W, A/W, 60/80 mesh. A: Standard
solution (P-26), B: commercial Puerto Rican rum (R-621); 1: Acetaldehyde, 2: methyl
acetate, 3: ethyl acetate, 4: acetal, 5: ethyl alcohol, 6: propyl alcohol, 7: isobutyl alcohol, 8:
isoamyl acetate, 9: butyl alcohol, 10: isoamyl alcohol, 11: amyl alcohol. Carrier flow:
helium at 12 ml/min and 40 lb/in2

was directed from the Porapak Q to the Carbowax 20M preparative
column. More than 20 preparative chromatograms were taken with this
arrangement at different conditions and sample volumes. Chromato-
grams of 0.1 to 1 ml of R-612 were carried out by direct injection of the
rum concentrate with component concentrator provided with a 1/16-in
o.d. trap for the 0.1-ml sample and a 1/8-in o.d. trap for the other. The
capillary separation corresponding to the 1-ml preparative chromatogram



TaBLE 2.—Gas chromatographic conditions for figures 5, 7, and 8

Preparative run Analytical run
(F & M 810) (HP 5750B)
(fig. 5) (fig. 7and 8)
Sample volume 1 ml 3ul
Injection technique Automatic Syringe
Detector splitter ratio 1:44 —
Carrier Helium Helium
Carrier flow 150 pl/min at 12 ul/min (40
(40 1b/in?) 1b/in?
Oven temperature 65°C 60° C
Oven temperature program 20° C/min (65° 20° C/min (50°
to 150° C) to 150° C)
Injection port temperature 240° C 240° C
Detector temperature:
FID temperature 240° C 240° C
TCD temperature 285° Cat 150V —
FID:
Hydrogen 35 ml/min (12 35 ml/min (12
1b/in?) 1b/in?)
Air 450 ml/min (33 450 ml/min (33
Ib/in?) Ib/in?)
Column material:
Sunport 60/80 a/w, Chro- 60/80 a/w, Chro-
mosorh W mosorb W
Liquid phase 0% Carbowax 20M 5% Carbowax 20M
Tubing Stamless steel Stainless steel
316 (10 ft x 0.5-in 316 (18 ft x Ys-in
od.) o.d.)

TCD
water FID
1 alcohol
2
X
x512

\

o
IR

~
Fi1c. 9.—Preparative column chromatogram; 1 ml commercial rum (R-612) taken by
syringe injection. Preparative column: Porapak Q, 50/80 mesh, 10 ft x 0.05-in 0.d. Carrier
flow: helium at 102 ml/min and 60 lb/in%

570
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TaBLE 3.—Gas chromatographic conditions for figures 11, 12, and 13

Preparative run

Capillary run

(F & M 810, HP 5754B) (HP 5754B)
(fig. 11 and 12) (fig. 11 and 13)
Sample volume 1, 0.4 ml Concentrate
(fig. 1)
Injection technique Automatic Concentrator
(¥s-in 0.d.)

Injection splitter ratio — 1:81
Detector splitter ratio 1:44 -
Carrier Helium Helium
Carrier flow 150 ml/min at (40 1 ml/min (12

1b/in?) Ib/in?%)
Oven temperature 65° to 150° C (HP 60° C

Oven temperature program

Injection port temperature
Injection splitter temperature
Detector temperature:

FID temperature

TCD temperature
FID:

Hydrogen

Air

Column material:
Support

Liquid phase
Tubing
Support

Liquid phase
Tubing

5754B)

105°t0220° C (F & M
810)

60° C/min

240° C

240°C
285°Cat 150V

35 mi/min (12
Ib/in?)

450 ml/min (33
Ib/in?)

60/80, a/w, Chro-
mosorb W
20% Carbowax 20M

(10 ft x 0.5-in
o.d.)

None
Porapak Q, 50/80
Stainless steel
316 (7 ft x 0.5-in
o.d.)

30° C/min (60°
130° C)

240° C

140° C

240° C

35 ml/min (12
1b/in?%)

450 m!/min (33
1b/in?)

None

Carbowax 20M
(Golay)

Stainless steel
316 (150 ft x 0.01-in
i.d.)

of figure 11 A is shown in figure 11 B. For the 0.4-ml separation, the
preparative chromatogram is in figure 12 and the capillary chromato-
gram in figure 13. For the 0.1-ml separation the preparative chromato-
gram is in figure 14 and the capillary chromatogram in figure 15.
Conditions for figures 11 to 15 are given in tables 4 and 5.

The third system consisted of a 7-ft Porapak Q packed preparative
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Water Alcohol Congeners

Air

F16. 10.—Preparative column chromatogram; 5 ml commercial rum (R-612) taken by
syringe injection. Preparative column: Porapak Q, 50/80 mesh, 0.5-in o.d. Carrier flow:
helium at 100 m!/min and 40 lb/in*.

FID x 40
\ B
FID x 20§
Capillary
60°C

. .

Preparative

Fic. 11.—Preparative-capillary column chromatograms; 1 ul commercial rum (R-612)
taken in system two. A: Preparative columns: Porapak Q, 7 ft x 0.5-in o.d. followed by 20%
Carbowax 20M coated on Chromosorb W, A/W, 60/80 mesh, 10 ft x 0.5-in 0.d. B: capillary
column: Carbowax 20M, 150 ft x 0.01-in i.d. Carrier flow: preparative columns, helium at
150 ml/min and 40 lb/in?; capillary column, helium at 1 ml/min and 12 lb/in® Sample
collected from 0 to 1 positions.
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F16. 12.—Preparative column chromatogram; 0.4 ml commercial rum (R-612) taken in
system two. Preparative columns: Porapak Q, 50/80 mesh, 7 ft x 0.5-in o.d. followed by
20% Carbowax 20M coated on Chromosorb W, A/W, 60/80 mesh, 10 ft x 0.5-in o.d. Carrier
flow: helium at 150 ml/min and 40 lb/in% Sample collected from positions 0 to 1 and 2 and 3;
from 1 to 2 the sample was discarded.
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Fic. 13.—Capillary column chromatogram; rum concentrate from chromatographic
separation in figure 12, Capillary column; Carbowax 20M, 150 ft x 0.01-in i.d. Carrier flow:
helium at 1 ml/min and 12 lb/in*
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Fi6. 14.—Preparative column chromatogram; 0.1 ml commercial rum (R-612) taken in system two. Preparative columns: Porapak Q, 50/80
mesh, 7 ft x 0.5-in o.d. followed by 20% Carbowax 20M coated with Chromosorb W, A/W, 60/80 mesh, 10 ft x 0.5-in o.d. Carrier flow: helium
at 150 ml/min and 40 Ib/in% Samples collected from positions 0 to 1 and 2 to 3; from 1 to 2 discarded.
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column arranged with Golay columns as in figure 2. Two capillary Golay
columns were used coupled together, 50-ft SE-30 Golay column followed
by 150-ft Carbowax 20M Golay column. In the experiments the Porapak
Q preparative column was tested first with 1-, 2-, 3- and 5-ml rum
samples using a 1/4-in o.d. trap. All the preparative chromatograms were
excellent. Additional chromatograms were taken with syringe injection of
5 ml of R-612 and another commercial light aged rum (R-621). The
concentrates were trapped, transferred to 2-ml vials, and sealed immedi-
ately. Typical preparative gas chromatograms of 5-ml samples are shown
in figures 16 and 18 with conditions in table 6. The corresponding

x 160

%160

40

60°c
Fic. 15.—Capillary column chromatogram; rum concentrate obtained from chromato-
graphic separation in figure 14. Capillary column: Carbowax 20M, 150 ft x 0.01-in i.d.
Carrier flow: helium at 1 ml/min and 12 lb/in%.

capillary chromatograms for 5-u injections are reproduced in figure 17
for R-612 and in figure 19 for R-621. Figure 20 is another 5-u run of

R-621 in which a higher alcoholic content was used.

RESULTS AND DISCUSSION

The investigations with the first system, in which a 10-ft 20%
Carbowax 20M preparative packed column was coupled to a 150-ft
Carbowax 20M Golay, demonstrated that it is possible to combine two
different gas chromatographic techniques with the same liquid phase to
obtain additional signals not previously detected in Puerto Rican rums
which elute prior to ethyl alcohol. The preparative capillary chromato-
gram (fig. 4) contains 10 different signals, 6 of which are still unidenti-
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TaBLE 4.—Gas chromatographic conditions for figures 14 and 15

Preparative run

Capillary run

(F & M 810) (HP 5754B)
(fig. 14) (fig. 15)
Sample volume 0.1 ml Concentrate
(fig. 1)
Injection technique Automatic Concentrator
(t-in 0.d.)
Injection splitter ratio — 1:80
Detector splitter ratio 1:44 —
Carrier Helium Helium
Carrier flow 150 ml/min (40 1 ml/min (12
1b/in?) 1b/in?)
Oven temperature 65° to 150° C (HP 60° C
5754B)
Oven temperature program 60° C/min 20° C/min (60°
to 130° C)
Injection port temperature 240° C 240° C
Injection splitter temperature — 140° C
Detector temperature:
FID temperature 250°C 240°C

TCD temperature
FID:

Hydrogen

Air

Column material:
Support

Liquid phase
Tubing
Support

Liquid phase
Tubing

285°C at 150 V

35 ml/min (12
1b/in?)

450 ml/min (33
1b/in?)

60/80, a/w, Chro-
mosorb W
20% Carbowax 20M

Stainless steel
316 (10 ft x 0.5-in
o.d.)

None

Porapak Q, 50/80

Stainless steel

316 (7 ft x 0.5-in
o.d.)

35 ml/min (12
1b/in?)

450 ml/min (33
1b/in?)

None
Carbowax 20M

(Golay)
Stainless steel

316 (150 ft x 0.01-in

i.d.)

fied. The chromatograms of the high efficiency technique using 1/8-in
o.d. columns (fig. 7 and 8) show fewer corresponding signals. The
improvement in resolution attained (figs. 3, C and 4, C) is very marked
although the overall duration of the chromatographic analysis (figs. 4, A;
4, B and 4, C, combined) increased substantially. The efficiency of the
preparative separation is such that the amount of alcohol in the final
concentrate can be reduced to a very low level, but the number of signals
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TaBLE 5.—Gas chromatographic conditions for figure 9

Preparative run

(F & M 810)

Sample volume 1 ml
Injection technique Syringe
Injection splitter ratio — .
Detector splitter ratio 1:40
Carrier Helium
Carrier flow 102 ml/min (60 Ib/in?)
Oven temperature 150°C
Oven temperature program 20° C/min (150° to 220° C)
Injection port temperature 240° C
Injection splitter temperature —
Detector temperature:

FID temperature 230°C

TCD temperature 275°Cat 150V
FID:

Hydrogen 35 ml/min (12 1b/in?)

Air 450 ml/min (33 Ib/in?)
Column material:

Support None

Liquid phase 50/80, Porapak Q

Tubing Stainless steel 316

(10 ft x 0.5-in 0.d.)
105 °c
TCD
x16
Alcohol water \ ongeners
1 2

F16. 16.—Preparative column chromatogram; 5 ul commercial rum (R-612) taken by
syringe injection. Preparative column: Porapak Q, 50/80 mesh, 7 ft x 0.5-in o.d. Carrier
flow: helium at 100 ml/min and 40 lb/in% Sample collected from positions 1 to 2, from 0 to 1
discarded.
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FID x 40 bk 160

Fic. 17.—Capillary column chromatogram; 5 gl commercial rum sample concentrate
(R-612) taken in figure 16. Capillary columns: SE-30, 50 ft « 0.01-in i.d. followed by
Carbowax 20M, 150 ft x 0.01-in i.d. Carrier flow: helium at 1 ml/min and 12 lb/in2.

106°c 220°C
TCD|f 16
2
Alcohol-water signal Congeners

Fi6. 18.—Preparative column chromatogram; 5 ul commercial rum (R-621) taken by
syringe injection. Preparative column: Porapak Q, 50/80 mesh, 7 ft x 0.5-in o.d. Carrier
flow: helium at 100 ml/min and 40 lb/in%. Sample collected from positions 1 to 2, from 0 to 1
discarded.
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in the capillary chromatogram depends to a large extent on the
preparative carrier flow rate. The ethyl alcohol content of the concen-
trate corresponding with the last signal of figure 3, C, was very low and
corresponds with an early cut, position 1, in the preparative last signal.
The capillary chromatograms (fig. 4, C) show a more intense signal for
ethyl alcohol due to a later cut (position 1) during the preparative
separation. The collection procedure at this point is highly efficient,
insuring reproducibility of the analysis. In the experiment Carbowax

120°9g

60°c it
FID x 80 Lo k\»)

Fic. 19.—Capillary column chromatogram; 5 ul commercial rum sample concentrate

(R-621) taken in figure 18. Capillary columns: SE-30, 50 ft x 0.01-in i.d. followed by
Carbowax 20M, 150 ft x 0.01-in i.d. Carrier flow: helium at 1 ml/min and 12 Ib/in®

20M proved to be the best liquid phase to investigate the composition of
alcoholic beverages in terms of congeners that elute prior to ethyl alcohol
but is not suitable to obtain those fractions containing the heavy
congeners because these are separated in a mixture with the alcohol and
the water.

The results obtained with a similar system provided with a 7- or a 10-ft
Porapak Q packed preparative column were not as good as those
obtained with a 20% Carbowax 20M. The preparative chromatograms
reproduced (figs. 9 and 10) are excellent and illustrate the feasibility of
removing most water and ethyl alcohol from an alcoholic beverage,



X

40 x 80

Qec

——~Jj 60°Cc  20°/ min to 120°C

F16. 20.—Capillary column chromatogram; 5 1l commercial rum sample concentrate (R-621) taken from 5 ml of rum. Capillary column:
SE-30, 50 ft x 0.01-in i.d. followed by Carbowax 20M, 150 ft x 0.01-in i.d. Carrier flow: helium at 1 ml/min and 12 Ib/in%
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TaBLE 6.—Gas chromatographic conditions for figures 10, 16 through 20

Preparative run
(F & M 810)
(fig. 10, 16 and 18)

Capillary run
(HP 5754B)
(fig. 17, 19 and 20)

Sample volume
Injection technique

Injection splitter ratio
Carrier
Carrier flow

Oven temperature program

Injection port temperature
Injection splitter temperature
Detector temperature:

FID temperature

TCD temperature
FID:

Hydrogen

Air

Column material:
Support
Liquid phase
Tubing
Support

Liquid phase

Tubing

5 ml
Syringe

Helium

100 ml/min (40
1b/in?

60° C.min (105°
to 220° C)

240° C

240°C
285°Cat 150 V

35 ml/min (12
1b/in?)

450 ml/min (33
1b/in?%)

None
50/80, Porapak Q

Stainless steel
316 (7 ft x 0.5-in
o.d.)

5 ul (fig. 2)

Concentrator
(%-ino.d.)

1:40

Helium

1 ml/min (12
Ib/in?)

20° C/min (60°
to 120° C)

240° C

140° C

240°C

35 ml/min (12
1b/in?)

450 ml/min (33

1b/in?)

None

Carbowax 20M
(Golay)

Stainless steel
316 (150 ft x 0.01-in
1.d.)

None

SE-30 (silicone
gum)

Stainless steel
316 (150 ft x 0.1-in
i.d.)

leaving a concentrate rich in congeners. Attempts to analyze this
concentrate by direct injection into a capillary Golay column failed
because of the strong broadening of the chromatographic signals. The
system with the Porapak Q preparative column was found to be deficient
as such to get a complete direct analysis of rum, although the data
obtained were useful in the development of the two further systems.
The second system, in which the 7-ft Porapak Q packed preparative
column followed by the 10-ft Carbowax 20M was coupled to the 150-ft
Carbowax 20M Golay column, demonstrated that it is possible to reach a
complete direct separation of the concentrate collected from a 0.1-ul rum
sample when using a 1/16-in o.d. trap. Other traps investigated for
collection of the concentrates arising from larger rum samples were found
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to be unsuitable for direct injection because the Golay column signals
were unresolved due to the broadening caused by congeners that elute
after ethyl alcohol on Carbowax 20M. In general the system works
efficiently for the separation of those congeners which elute prior to ethyl
alcohol, but only seven congeners were detected in this region of the
chromatograms (figs. 11 and 13). Inspection of the chromatogram in
figure 13 shows the presence of about 30 congeners in a commercial
Puerto Rican rum. The part of the system with the two preparative
columns is useful for separating water and ethyl alcohol as a single signal
(fig. 12).

The third system with the 7-ft Porapak Q preparative column,
developed in the present study, does not provide a direct method for
analysis of rum. However, an excellent separation of rum was achieved
with only a few of the volatile congeners missing. The Golay column
chromatograms, reproduced in figures 17, 19, and 20, and obtained in the
last step of the system, show that about 40 congeners can be detected in
two commercial Puerto Rican rums. An advantage of this system is that
it is useful for repetitive capillary injection. Therefore, it is appropriate
for identification purposes.

Successful preparative-capillary techniques were performed with the
systems developed and described herein. While this technology still
needs a great deal of refinement, the results obtained are better than
those reported previously. This is the first instance in which preparative
and capillary column separations have been unified into a simple and
versatile technique for the analysis of alcoholic beverages.

RESUMEN

Se describe el desarrollo de tres sistemas cromatograficos de vapor ttiles para el anali-
sis de congenéricos presentes en trazas en los rones y se discuten algunos de los resultados
cualitativos obtenidos. Los sistemas emplean columnas preparatorias para obtener con-
centrados de algunos de los congenéricos de los rones, los cuales luego se analizan en col-
umnas capilares del tipo Golay. En los primeros dos sistemas, se acoplo directamente la
columna preparatoria a la columna capilar. El concentrado obtenido en la columna prepara-
toria se condenso en un colector de acero inoxidable de poco volumen y se analizo simulta-
neamente en la columna capilar luego de haber calentado rapidamente el colector. El
tercer sistema empled el mismo equipo, pero un colector de mayor volumen transfirio la
muestra concentrada a una ampolleta de 2 ml. antes de ser analizada en columnas capi-
lares. El primer sistema con columna preparatoria de 10 pies de largo y 0.5 pulgada de dia-
metro exterior cargada con 20% de Carbowax 20M y Chromosorb W, lavado con acido, un
cedazo de 60/80 mallas, seguida por una columna capilar de 150 pies x 0.01 pulgada de dia-
metro interior impregnada con Carbowax 20M, didé magnificos resultados en el analisis del
aroma del ron, logrando separar 10 congéneres antes de obtener la senal de alcohol etilico.
Un sistema similar, con una columna preparatoria de 10 pies x 0.5 pulgada de diametro ex-
terior y la columna capilar de Porapak Q, con un cedazo de 50/80, mallas no fue tan eficaz
por el ensanchamiento de las senales. El segundo sistema, que utiliza la columna prepara-
toria de 10 pies de 20% Carbowax 20M, seguida por la de 10 pies de Porapak Q, acopladas
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a la columna capilar de Carbowax 20M y que utiliza colectores de 1/8 y 1/16 pulgada de di-
Ametro exterior fue capaz de separar unos 30 congenéricos y ademas hizo posible obtener
agua y alcohol como una sola senal. Una columna de 7 pies x 0.5 pulgada de diametro ex-
terior cargada con Porapak Q, cedazo 50/80, se probo en el tercer sistema, provisto con un
colector de 1/4 pulgada de diametro exterior. Con este sistema se lograron senales de unos
40 congenéricos en el concentrado utilizando una columna capilar de 50 pies x 0.1 pulgada
de diametro interior, impregnada de SE-30 y seguida por la de 150 pies de Carbowax 20M.
Los resultados de esta investagacion demostraron que, utilizando sistemas similares a los
estudiados, es factible hacer un analisis de bebidas alcoholicas destiladas mucho mas com-
pleto que lo que se ha hecho hasta la fecha por otros métodos.
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