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ABSTRACT 

Three gas chrom atographic systems a ppropriate for the rep roducible 
rapid preparat ion and su bsequent quantitat ive ana lysis of rum concen
trates were developed and tested. The first and second systems employed 
preparative columns directly coupled to a capi llary Golay column. Rum 
concentrates obtained in the preparative colum n were collected in a 
stainless steel trap of low dead space and simultaneously analyzed in the 
capillary system by flash heating of the trap . T he t h ird system used the 
same chromatographic equ ipment, with a 1/4-in o.d . trap to transfer an 
amount of concentrate to a 2-ml vial. T hese concentrates were subse
quen tly ana lyzed with two Golay columns. In the first system, a 10-ft 
20 % Carbowax 20M packed preparat ive col um n cou p led to a 150-ft Golay 
colum n t hrough a 1/8-in o.d. trap gave excellen t results in t he analysis of 
t he volatile fraction of rums. Ten congeners eluting before alcohol were 
detected in a com mercial rum , six of which have not been identified. T he 
second system, ut ilizing the 10-ft Carbowax 20M coupled to a 7-ft 
P orapak Q preparative colu mn, was tested successfully with a 1/8-in o.d. 
trap . Abou t 30 congeners were detec ted in t he sa me commercial P uerto 
R ican rum . A 7-ft Porapak Q packed preparat ive column was investi
gated in the third system provided with a 1/4-in o.d . trap. About 40 
congeners were detected in two com mercial Puerto R ican rums ut ilizing a 
50-ft SE-30 Golay colu m n in ser ies with a 150-ft Carbowax 20M Golay 
colu mn. Results demonstrate the feasibili ty of obtaining a rapid and 
complete analysis of distilled alcoholic beverages. 

INTRODUCTION 

T he deve lopm ent of suitab le gas chromatographic techniques for 
isolation , characterization, and quanti ta tive determination of congeners 
present in a lcoholic beverages is essent ial for a better evaluation of 
Puerto Rican rums. It is a we ll known fact that the vast amount of 
chromatographic inform a t ion ava ilable 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 
qua li ty of these products. Determination of composition of alcoholic 
beverages is difficu lt 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 usefu l for concentrations below 10 p/m. 
Prepara tion of a concentrate of the sample using se lective solvent 
extraction (3, 5, 24) and/or disti llation ( 19, 21) pr ior to chromatographic 
ana lysis, either with high effi ciency packed colum ns or capi llary columns 
{Golay or SCOT columns), have been used; but these t echniques are 
ted ious and the final resu lts are usually unreliab le. Preparative gas 
chromatography fo llowed by capil lary or analytical packed-column 
techn iques has been introduced recent ly for the same purpose, but again, 
reproducible results are very difficu lt to achieve . 

T he 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) , Maure l (12), Maurel and Lafarge {3), Sihto et al. 
{17), Suomala inen {20), Singer (18), and Stevens and Martin {19). In 
1966 Maarse and ten Noever de Brau (11 ) identi fied 74 components on a 
heavy body Jamaica rum by means of preparative and capi ll ary gas 
chromatograp hy, mass and infrared spectroscopy. Ex tracts of the rum 
obta ined in a special extractor were separated in a packed preparative 
column and further investigated in a liqu id coated capillary column. A 
simila r investigation by Liebich et al. (10) in 1970 showed the presence of 
nearly 200 compounds in a heavy body Jamaica rum . A rough est imate of 
the concentration of each one of these components was a lso given. A 
quantita t ive determination of free fatty acids in Jamaica rum was 
carried out by Nykanen et al. {15 ). T immer et al. (23) isolated and 
identified a large num ber of n itrogen and phenolic compounds in 
Jamaica rum and Scotch whisky employing gas chromatography-mass 
spectroscopy. Nine ni trogen and seven phenolic compounds were added 
to the lis t of known components of rum and whisky. Kahn (8) 
summarized the literature on a lcoholic beverage composition in a 
comprehensive report which included a tabulation of about 400 com
pounds foun d in whisky, wine, beer, and re lated alcoholic beverages 
produced by yeast ferm entat ion. The concentrations of 13 com ponents of 
all brands of com merci a l P uerto Rican ru ms were measured wit h 
ana lytical packed-colu mn gas chromatography (7) as well as other 
instrumen ta l methods ( 14, 16, 22) . 

T h is study was conducted in t he Rum P ilot P lant on the deve lopment 
of gas chromatographic systems for rap id and reproducible ana lysis of 
t he congeners present in Puerto Rican rum s. The present paper dea ls 
wi th the discussion of the development of these systems, the descr iption 
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of the equipment for carrying them out, and some of the results obtai ned 
with various commercia l rums. 

APPARATUS, MATERIALS AND PROCEDURES 

CHROMATOGRAPHIC EQUIPMENT 

Two gas chromatographic arrays, wi th whi ch congeners of ru m 
samples can be characterized and ana lyzed quant itative ly, are descri bed 
below. T he first one (fig. 1) works as fo llows : a given volume of rum (0.1 
to 0.5 ml) is separated in a preparat ive column placed in a gas 
chromatograph (B). T he injection (A ) is done by an automatic injec tor or 
a gas-tight syringe. The gas chromatograph (B) can be adjusted 
independen t ly of the rest of the equ ipment to selected appropria te 
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FIG. l. - Flow diagra m of chromatographic equ ipment and accessories requi red in the 
development of sys te m one and two . 

temperatures and carrier flows t hrough the columns . T he rum sample is 
frac t ionated according to the nature of the stationary phase of the 
preparative column ; bu t in general, one of the fractions con ta ins most of 
the a lcohol-water mixture, while other fr ac tions contain only eit her pure 
component or enriched mixtures of other component s in alcohol or water. 
T he desired components or mix tures which emerge from the column, as 
registered by recorder (C) upon entering the Therma l Conductivity 
Detector (D), are collected in a 1/8- or 1/ 16-in o.d. stain less steel t rap 
kept in a liquid N bath. When the water or a lcohol signal shows on the 
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chromatographic chart, the carrier fl ow through the trap is interrupted 
by moving the component concentrator (E ) two-way va lve to t he " Out" 
posi tion . The sa mple is thus vented to outside or collected separately . 
T he rum con centra te left in the trap is ana lyzed im mediately by 
connecting the trap outle t tubing through the injector septum of a second 
chromatograph (G ), where the sample enters d irectly into a capi llary 
Golay column. For t his purpose the liquid N bath is removed and the 
auxi liary flash heater (F) is activated fo r 4 min. The temperatu re of the 
trap rises from - 195.8° C to 250° C in less than 30 s. The chromatograp h 
(G) has a ll the necessary accessories to perform open tubular chromatog
raphy, includ ing a heated variable sample inlet splitter and separa te 

I nJ ection 
Flame 

Trap 
Dewar Fl ask 

B F & M 8 10 Gas Chromatograph 
C 7829A HP Strip Cha rt Rec~de r 

G HP 57 5 4B Gas Ch r crnatograph 

FIG. 2.-Flow diagram of chromatographi c equipment and accessories required in the 
developmen t of th e third syste m 

controls for a ll carrier fl ows. T he splitter colu mn is kept open while the 
sample is entering the second chromatograph ; then t he ou tlet tub ing is 
removed and t he regu la r flo w t hrough the capil lary column is restored by 
closing t he spli tter column va lve. 

T he second array in figure 2 uses essentially the same hardware wi th 
the following changes : the gas concentrator has a higher ca pacity trap of 
stainless stee l 316, 1/4-in o. d. T his allows for the accum ulat ion of 
concentrate fro m up to 5 mm of rum sample without flooding or any 
visible change in the recorder base line. T he trapped sam ple is not 
analyzed automatically, but rather a second heated line is coupled to the 
component concentrator (E) in order to transfer the concen tra te quanti 
tatively to a small via l. The t ransfe r is made with the vial kept in a liqu id 
N bath , and it is hand -capped with a special tool as soon as the process is 
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completed . T he ana lysis of the concentrated sample which e lutes from 
the preparat ive column is then accomp lished by means of syringe 
injection . 

F & M 810 and Hewlett Packard 5754B gas chromatograp hs 3 were used 
in the development of techniques for the required separations . T he F & 
M 810 gas chromatograph was fitted with a dua l flame ionization 
detector, thermal conductivity detector , and automatic injector. The 
Hewle t t Packard 5754B was provided with both d ual fl ame detector and 
an inlet spli t ter for capilla ry Golay column work . 

CHROMATOG RAPHIC CO LUMNS 

Three preparative columns were made and tested : 
a) Sta inless steel 316, 10 ft x 0.5-in o.d . packed wit h 20% Carbowax 20 

M and Chromosorb W, acid washed. 60/80 mesh . 
b) Stainless stee l 316, 10ft x 0.5- in o.d . packed wi th Porapak Q, 50/80 

mesh. 
c ) Stainless stee l 316. 7 ft x 0.5 -in o.d . packed wit h P orapak Q, 50/80 

mesh. 
Two capill ary Golay columns were t es ted : 
a) S ta in less steel 316, 50 ft x 0.01- in i.d . impregnated with Se 30 

(S il icon e Gum Rubber). 
b) S tain less s tee l 316, 150 ft x 0.01-in i.d. im pregnated with Car 

bowax 20M . 
The ana lyt ical colum n was a n 18 ft x 1/8-in o.d .. s ta in less stee l 316 

tube. packed with 5% Carbowax 20M on Chromosorb W, acid washed. 
60/80 mesh. 

DESCRI PTI O . OF EXPERIMENTS 

Two brands of aged light commercia l P uerto Rican rums were se lected 
for investiga tion. labe lled R-6 1:2 and R-6:2 1. and a na lyzed with a regular 
ana lytical packed column and the new systems developed with the 
equipment shown in figures 1 and 2. 

T he firs t system consisted of a 10-ft :20% Carbowax 20M packed 
prepara tive colum n a rranged with a 150-ft Carbowax :20M Golay column 
as in figure 1. T his system was investiga ted at selected conditions and 
carrier flows. Several 1-m l prepara tive separa tions of aged commercial 
rum (R-61:2) were obta ined and the correspond ing concent ra tes collected 
in a 1/8-in o.d. or 0. 08- in i.d. trap and further analyzed by means of t he 
Golay colu mn . 

3 Trade na mes are used in t his pu blica t ion sole ly for the purpose of providing 
informati on. Mention of trade nam es does not consti t ute a guaran tee or warranty of the 
equipment by the Agri cultu ral Experiment Sta tion of the Uni\'ers ity of Puerto R ico or an 
endorsement over other equip ment not menti oned. 
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Aceta ldehyde, :2: methyl acetate, 3: ethyl acetate, 4: ethyl alcoho l. Carr ier fl ow: A and 8, 
helium at 150 mllmin and 40 lb/in ' ; C, helium at 1 ml/m in and 12 lb / in 2 . Sam ple collected 
from 0 to l position. 
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FIG . 4.-Preparative-cap illa ry column chromatograms: commercial Pue rto Rican rum 
(R-6!:2) separa ted in system one. A and 8 : 10ft " 0.5- in o.d . co lu mn of:20 ' i Carbowax 20M 
coated on Chromosorb \V, A/ W. 60/80 mesh : C: 150 ft ·, 0.01 -in i.d. Carbowax 20M: l : 
Aceta ldehyde, 2: met hyl acetate, :J: ethyl acetate. -1: e thyl alcohol. Carrier flo w: A and B. 
hel ium a t 100 ml/min and 40 lb/in '; C, helium at 1 ml/min and 12 1b/in'. Sample collected 
from 0 to l 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 carr ier 
flows of 150 ml/min and 40 lb/ in 2 for the preparative run for A and B 
signals and at 1 ml/min and 12 lb/in 2 for the capillary run for C signal. 
T he chromatograms of figure 4 were registered at 100 ml/min and 40 
lb/ in 2 for A and B signals and at 1 ml/min and 12 lb/in 2 for C signal. For 
comparison with existing techniques t he work represented by the 
chromatograms (Fig. 5, 6, 7, 8) was also accomplished at condi t ions given 
in tables 1 and 2. Figure 5 is a 1-ml preparative chromatogram of standard 
solution (P -26) described be low, 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 

P reparat ive run Capill ary run 
(F & M 810) (HP 57548) 
(fig . 3 and 4) (fig. 3, 4 and 6) 

Sample volume 1 ml Concent rate 
(fig. 1) 

Injection technique Automa tic Concentrator 
( 1/a -in o.d.) 

Injection spiitter ratio 1:31 
Detector split ter ratio 1:44 
Carrier Helium Helium 
Carrier flow 150, 100 ml/min 1 ml/min (12lb/ in ') 

(40 lb/in ' ) 
Oven tempera ture 65° C 60°C 
Oven temperature program 30° C/min 

(60° to 130° C) 
Inject ion port temperature 240 ° c 240 ° c 
Injection spl itter temperature 140 ° c 
Detector temperature : 

FID temperat ure 240° c 240° c 
TCD temperature 285° Cat 150 V 

FID : 
Hydrogen 35 ml/min 35 ml/min 

(12 lb/in2) (12 lb/ in ' ) 
Air 450 ml/min 450 ml/min 

(33 lb/in') (33 lb/in ' ) 
Column material: 

Support 60/80 a/w, Chro- None 
mosorb W 

Liquid phase 20 % Carbowax 20M Carbowax 20M 
(Golay) 

T ubing Stainless steel Sta in less stee l 
316 316 

(10 ft x 0.5-in (150ft x 0.01 -in 
o.d .) i. d .) 
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FIG. 5.-Prepara t ive column chroma togra ms; standard sa mple (P-26) on 10ft x 0. 5-in 
o.d . colum n of 20 % Carbowax 20M coated on Chromosorb W, A/W, 60/80 mesh; 1: 
Acetaldehyde, 2: methyl ace ta te, 3: ethyl aceta te, 4: ethyl alcohol, 5: water effec t in t he 
fl am e ioni zation detector, 6: propyl alcohol, 7: isobu tyl alcohol, 8: isoamyl a lcohol-buty l 
alcohol-isoamyl acetate, 9: amyl alcohol. Carrier flow: helium at 150 ml/m in and 40 lb / in 2 • 

and 40 lb/in 2 • Figure 6 is a 1-,ul capi llary separation with the Carbowax 
20M Golay column of solution prepared wi th equal volumes of ace ta lde
hyde, ethyl alcohol, methyl , ethyl, and isoamyl esters , and propyl, buty l, 
isobutyl, isoamyl , and amyl a lcohols. T his chromatogram was taken at a 
carrier flow of 1 ml/min and 12 lb/in 2 • Figures 7 and 8 are chromato
graphic separations of 3 ,ul of R-612 and R-621, respectively, utili zing 
the 18-ft analytical packed column of 5% Carbowax 20M, set at carrier 
flow of 12 ml /m in an d 40 lb/i n 2 . 

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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FIG. 6.-Capilla ry colum n chromatogra m ; standa rd sa mple (P-26) on 150 ft x 0.01-in 
i.d. Carbowax 20M colum n. 1: Aceta lde hyde, 2: methy l acetate , 3: ethyl acetate , 4: ct hyl 
alcohol. 5: rnopyl alcohol, 6: i:'.o bu ty l a lcoho l, 7: isoam yl aceta te, 8: bu ty l a lcohol. 9: 
isoamyl alcohol and 10 amylulcohol. Ca rrier flow: h elium at l ml/m in and l 2 lb / in 2 

Ethyl acetate 9.0 
Aceta l 7.6 
P ropyl 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 P orapak Q preparat ive colum n was investigated with 1 
ml of standard sample P-26 in an arrangement sim ilar to fi gure 1. T he 
preparat ive chromatogram is shown in figu re 9, and condi t ions are shown 
in tab le 3. A simi la r 7-ft Pora pak Q preparat ive colu m n was also tested. 
This shorter Porapak Q colu mn was more suitable a lthough it had a 
poorer resolu tion (fig. 10) . Porapak Q p hase removes water fi rst, followed 
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FIG. 7.-High efficiency analytical packed column chromatograms; 18 ft x l/8- in o.d . 
column of 5% Carbowax 20M on Chromosorb W, A/W, 60/80 mesh. A: Standard solu tion 
(P-26 ). B: commerci al Puerto Rican rum (R-612), 1: Acetaldehyde, 2: met hyl acetate , 3: 
ethyl acetate, 4: aceta l, 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 
lb/in ' . 

by acetaldehyde, ethyl alcohol, and other congeners of a lcoholic bever
ages. The purpose of these tests was to determine the amount of 
concentrate t hat could be collected with a single preparative run for 
direct injection in to 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 flo w. Chromatograms of the rum concentrates, using 
direct injection through the concentrator, were somewhat useful but lack 
of resolu tion 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 t hrough 
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 para llel with the Carbowax 20M Golay column . T he carrier fl ow 
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F IG. 8 .-High efficiency a na lytica l packed colum n chromatograms; 18ft x 1/8- in o.d. 
colu mn of 5% Carbowax 20M coated on Chromosorb W, A/ W, 60/80 mesh. A: Standard 
solu tion (P-26), 8 : commercia l Puerto Rican rum <R-621); 1: Acetaldehyde, 2: methyl 
acetate, 3: ethyl aceta te, 4: acetal , 5: ethyl a lcohol, 6: propyl a lcohol, 7: isobuty l alcohol, 8: 
isoa myl acetate, 9: butyl a lcohol, 10: isoamyl alcohol, 11: amy l a lcohol. Carrier fl ow: 
helium at 12 ml/ mi n and 40 lb/in 2 

was d irected from t he Porapak Q to t he Carbowax 20M preparative 
column . More than 20 preparative chromatograms were taken with this 
a rrangement at different condi tions and sample volumes. Chromato
grams of 0.1 to 1 ml of R-612 were carried out by direct injection of the 
rum concentrate wi th 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. T he 
capillary separation corresponding to the 1-ml preparative chromatogram 



TABLE 2.-Gas chromatographic conditions for figures 5, 7, and 8 

Sample volume 
Injection technique 
Detector sp litter ratio 
Carrie r 
Carrier fl ow 

Oven temperature 
Oven temperature progra m 

Injection port temperatu re 
Detector te mperature: 

FID temperat ure 
TCD temperature 

FID: 
Hydrogen 

Air 

Column material: 
Suoport 

L iquid phase 
Tu bing 

x512 

FID 
alcohol 

2 

Prep arative run 
(F & M 8 101 

(fig. 5) 

1 ml 
Auto matic 
1:44 
Helium 
150 JLllmin at 

(40 lb/in 2
) 

65° c 
20 ° C/ min (65° 

to 150 ° C) 
240° c 

240° c 
285° Cat 150 V 

35 ml/min (12 
lb/in 2

) 

450 ml / min (33 
lb/in') 

60/80 a/w, Chro-
1 11o~orb \V 

20 % Carbowax 20M 
Sta inless steel 

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

Analyt ica l run 
(HP 57508) 
(fig. 7 and 8) 

3 JLl 
Syringe 

Helium 
12 JLl/min ( 40 

lb/in'l 
60° c 
20° C/min (50° 

to 150° C) 
240° c 

240° c 

35 ml / min (12 
lb/ in') 

450 ml/ min (33 
lb/in ' ) 

60/80 a/w, Chro-
mosorb W 

5% Carbowax 20M 
Sta inless steel 

316 (18 ft X 1/s -in 
o.d .) 

F1c. 9.- Preparative column chro matogra m; 1 ml comme rcia l rum (R-612) taken by 
syringe injection. P reparative colu mn : Porapak Q, 50/80 mesh, lOft x 0.05- in o.d . Carrier 
flow: heliu m at 102 ml/m in and 60 lb/in 2• 

570 
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TABLE 3.-Gas chromatographic conditions for figures ll , l2, and l 3 

Sample volume 

Injection technique 

Inject ion splitter ratio 
Detector split ter ratio 
Carr ier 
Carrier flow 

Oven te mpera ture 

Oven te mperature progra m 

Inject ion port temperature 
Injection splitter te mperature 
Detector temperat ure : 

FID tem perature 
TCD tempera ture 

FID: 
Hydrogen 

Air 

Column materia l: 
Su pport 

Liq uid phase 

T ubin g 

S upport 
Liquid phase 
Tubing 

Preparative run 
(F & M 810, HP 57548) 

(fig. ll and 12) 

1, 0.4 ml 

Automatic 

1:44 
Hel iu m 
150 ml/min at (40 

lb/ in') 
65 ° to 150° C (HP 

5754B) 
105° to 220° C (F & M 

810) 
60° C/min 

240° c 
285 ° C at 150 V 

35 ml/min (12 
lb/in ") 

450 ml /min (33 
lb / 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 (7ft x 0.5-in 
o.d. ) 

Cap illary run 
(HP 5754 8 ) 

(fig . 11 a nd 13) 

Concentrate 
(fig. 1) 

Concentrator 
( 1/s-in o.d.) 
1:31 

Helium 
1 ml/min (12 

lb / in ') 
60 ° c 

30 ° C/min (60° 
130° Cl 

240° c 
140° c 

35 ml/min (12 
lb/in 2

) 

450 ml/min (33 
lb/ in 2

) 

None 

Carbowax 20M 
(Golay ) 

Sta inless steel 
316 (150 ft x 0.01 -in 
i d) 

of figu re 11 A is shown in figure 11 B. For the 0.4-ml separation, the 
preparative chromatogram is in fig ure 12 and t he capi llary chromato
gram in figu re 13. For the 0.1-ml separation the preparative chromato
gram is in fig ure 14 and t he capillary chrcmatogram in figure 15. 
Cond itions for fi gures 11 to 15 are given in tab les 4 and 5. 

T he third system consisted of a 7-ft Porapak Q packed preparative 
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FIG. 10.-Prepara t ive column chromatogram; 5 ml com mercia l rum (R-612) taken by 
syringe inject ion. Prepara tive column: Porapak Q, 50/80 mesh , 0. 5-in o. d. Carri er fl ow: 
helium at 100 ml / min and 40 lb / in ' · 

FII> x 4 0 

(\ 
J \~ 

~ . ~ 
Prepara t i ve 

l 
FIG. 11.-Preparative-capi ll ary column chrom atogra ms ; 1 1'1 comm erc ial rum (R-61 2) 

taken in sys tem two. A: P repa ra tive colu mns: Pora pak Q, 7ft x 0.5- in o.d. followed by 20% 
Carbowax 20M coated on Chromosorb W, A/W. 60/80 mesh, 10ft x 0. 5- in o.d . B: capillary 
column : Car bowax 20M , 150 ft. x 0 .01-in i.d . Carr ier flow: prepa rative columns, heliu m a t 
150 m l/min a nd 40 lb/ in '; capilla ry column, helium a t 1 ml/m in and 12 lb/in ' . Sample 
collected from 0 to 1 posit ions. 
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FIG. 12.-Preparative colum n chromatogram; 0.4 ml commercial rum (R-612 ) taken in 
system two. P reparative 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, 10ft x 0.5- in o. d . Carrier 
flow: helium a t 150 ml/min and 40 lb/ in 2• Sample collected from positions 0 to 1 and 2 and 3; 
from 1 to 2 t he sample was discarded . 

x40 

60'C 

F IG . 13.-Capillary column chromatogram; rum concentrate from chromatographic 
separation in figure 12. Capillary column; Carbowax 20M, 150ft x 0.01-in i.d . Carrier flow: 
helium at 1 ml!min and 12 lb/ in 2• 
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FIG. 14. - Preparat ive column chromatogram; 0.1 ml commercial rum (R-612) taken in system two. Preparative col umn s: Porapak Q, 50/80 
mesh, 7 ft x 0.5-in o.d . fo llowed 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 lb/in 2• Sam ples collected from positions 0 to 1 and 2 to 3; from 1 to 2 discarded. 
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column arranged with Golay colu mns as in fig ure 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 exper iments the Porapak 
Q preparat ive 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 syr inge injection of 
5 ml of R-612 and anothe r 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-m l samples are shown 
in figures 16 and 18 with cond itions in table 6. The corresponding 

xl60 

X 40 

so 

X 40 

6ooc 

FIG . 15.-Capillary colu mn chromatogra m; rum concentrate obta ined from chromato
graph ic sepa rat ion in figure 14 . Capillary col umn: Ca rbowax 20M, 1.50 ft x 0.01 -in i.d. 
Carrier flow: helium at 1 ml/min and 12 lb/in 2 . 

capillary chromatograms for 5-Jl injections are reproduced in figu re 17 
for R-612 and in figure 19 for R-621. Figure 20 is another 5-Jl run of 
R-62 1 in which a higher alcohol ic content was used . 

RESULTS AND DISCUSSION 

T he investigat ions 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 
d ifferent gas chromatographic techniques wit h the same liquid phase to 
obtain additional signa ls not previously de tected in P uerto Rican rums 
which elute p rior to ethyl a lcohol. T he 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 &M8l0) (HP5754Bl 

(fig. 14) (fig. 15) 

Sample volume 0.1 ml Concentrate 
(fig. 1) 

Inject ion techn ique Automatic Concentrator 
(f.- in o.d.) 

Injection splitter ratio 1:80 
Detector spli tter ratio 1:44 
Carrier Helium Helium 
Carrier flow 150 ml/min (40 1 ml/min (12 

lb/in 2
) lb/in') 

Oven temperature 65° to 150° C (HP 60° c 
57548) 

Oven temperature program 60° C/min 20 ° C/min (60° 
to 130° C) 

Injection port temperature 240 ° c 2400 c 
Inject ion splitter temperature 140° c 
Detector temperature: 

FID temperature 250° c 240° c 
TCD temperature 285° Cat 150 V 

FID: 
Hydrogen 35 ml/min (12 35 ml / min (1 2 

lb/in 2
) lb/in 2

) 

Air 450 ml/min (33 450 ml/min (33 
lb/in 2

) lb/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 (10 ft x 0.5-in 316 (150ft x 0.01-in 
o.d.) i.d. ) 

Support None 
Liquid phase Porapak Q, 50/80 
Tubing Stainless steel 

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

fi ed. The chromatograms of the high effic iency 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 
alt hough the overall duration of t he 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 

Sample volume 
Injection technique 
Inject ion spl itte r ratio 
Detector splitter ratio 
Carrier 
Carrier f1ow 
Oven temperature 
Oven temperature program 
Injection port temperature 
Injection splitter temperature 
Detector temperature: 

FID temperature 
TCD temperature 

FID: 
Hydrogen 
Air 

Column mater ial: 
Support 
Liquid phase 
Tub ing 

105 oc 

Alcohol .... a ter 

TCD 
xl6 

1 

1 ml 
Syringe 

1:40 
Helium 

Preparative run 
(F &M8!0) 

102 ml/min (60 lb/in ' ) 
150° c 
20° C/min (150 ° to 220 ° C) 
240 ° c 

230° c 
275° Cat 150 V 

35 ml/min (1 2 lb/ in ' ) 
450 ml/min (33 lb/in ' ) 

None 
50/80, Porapa k Q 
Sta inless steel 316 
(10ft x 0.5-in o.d .) 

577 

Frc . 16.- Preparative colum n chromatogram ; 5 11 1 commercia l rum (R-612) ta ken by 
syr inge injection. Preparative colu mn: Porapak Q, 50/80 mesh, 7 ft x 0. 5-in o. d . Carrier 
flow: helium at 100 m l/ min and 40 lb /i n 2 • Samp le collected from positions 1 to 2, from 0 to 1 
discarded . 
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FIO x 40 

FlG. 17. -Capillary co lumn chromatogram; .~ Ill commerci al rum sample concentrate 
(R-6 12) taken in figure 16. Cap illary columns: SE-30, 50 ft x 0. 01 -in i. e! . followed by 
Carbowax 20M, 150 ft x 0.01-in i.d. Carrier fl ow: helium at 1 ml/min and 12 lb /in 2 • 

220°C 

Alcohol-water s iynal congeners 

F IG. lB.-Prepa rat ive column chromatogram; 5 J.L l commercia l rum (R-621) taken by 
syringe injec t ion. Prepara t ive column: Porapak Q, 50/80 mesh, 7 ft x 0.5-in o.d. Carrier 
flow: helium a t 100 ml/m in and 40 lb/ in 2• Sample collected from positions l to 2, from 0 to 1 
di scarded. 
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in the cap illary chromatogram depends to a large extent on the 
preparative carrier flow rate . T he ethyl alcohol content of the concen
trate correspond ing with the last signa l 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 signa l for 
ethyl alcohol due to a later cut (position 1) during the preparative 
separation. T he collection procedure at th is poin t is high ly efficien t, 
insuring reprodu cibi lity of the analysis . In t he exper iment Carbowax 

60"C 

FIG. 19.-Capillary colu mn chrom atogra m; 5 J.l l commercia l ru m sa mp le concen trate 
(R-62 1) take n in figure 18. Capi llary columns: SE-:10, 50 ft x 0.01-in i.d. fo llowed by 
Carbowax 20M, 150ft /. 0.0 1·in i.d. Carr ier flow: helium at 1 ml/min and 12 lb / in 2

• 

20M proved to be the best liquid phase to invest igate the compos ition of 
alcoholic beverages in terms of congeners that elu te pr ior to ethyl a lcohol 
but is not sui tab le to obta in those fractions con tain ing the heavy 
congeners because these are separated in a mixture with t he a lcohol a nd 
the water . 

T he resul ts obtained with a sim il ar system provided with a 7- or a 10-ft 
Porapak Q packed preparative column were not as good as those 
obta ined with a 20% Carbowax 20M . The preparative chroma tograms 
reproduced (figs. 9 and 10) are exce llent and illustra te the feasib ility of 
removing most water and ethyl alcohol fro m an alcoholic beverage, 
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6ooc 20°/ min t o l2 0 °C 

FIG. 20 .- Capillary column chromatogram ; 5 ILl commercial rum sample concentrate (R-621) taken from 5 ml of rum. Capillary column: 
SE-30, 50ft x 0.01-in i.d. followed by Carbowax 20M, 150ft X 0.01-in i.d. Carrier f1ow : helium at 1 ml/min and 12 lb/in 2• 
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TABLE 6.-Gas chromatographic conditions for figures 10, 16 through 20 

Sample volume 
Injection tec~nique 

Injection splitter ratio 
Carrier 
Carrier flow 

Oven temperature program 

Injection port temperature 
Injection spli tter temperature 
Detector temperature : 

FID temperature 
TCD temperature 

FID: 
Hydrogen 

Air 

Column materia l: 
Support 
Liquid phase 

T ubin g 

Support 
Liquid phase 

Tubing 

Preparative run 
(F &M8l0) 

(fig. 10, 16 and 18) 

5 ml 
Syringe 

Helium 
100 ml /m in (40 

lb/in 2) 

60° C min (105° 
to 220° C) 

240° c 

240° c 
285° Cat 150 V 

35 ml/min (12 
lb/in 2

) 

450 ml / min (33 
lb/in ' ) 

None 
50/80, Porapak Q 

Stainless steel 
316 (7ft x 0. 5- in 
od) 

Cap illa ry run 
(HP 5754Bl 

(fig. 17, 19 and 20) 

5 ,ul (fig. 2) 
Concentrator 

( V.. -in o.d .) 
1:40 
He lium 
1 ml /min (12 

lb/in 2
) 

20° C/min (60° 
to 120° C) 

240° c 
140° c 

240° c 

35 ml / min (12 
lb/in') 

450 ml/m in (33 
lb/ in 2

) 

None 
Carbowax 20M 

(Golay) 
Stainless steel 

316 (150ft x 001-in 
i d) 

None 
SE-30 (silicone 

gum) 
Stainless steel 

316 (1 50ft x 0. 1-in 
i.d.) 

leaving a concentrate rich in congeners. Attempts to analyze this 
concentrate by direct injection into a capillary Golay colum n fa iled 
because of the strong broadening of the chromatographic signals. The 
system with t he Porapak Q preparative column was found to be deficient 
as such to get a complete d irect analysis of rum, a lthough the data 
obtained were useful in the deve lopment of the two fur ther systems. 

The second system, in which the 7-ft Porapak Q packed preparative 
column fo llowed 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 t he concen trate collected fro m a 0. 1-~ 1 rum 
sample when using a 1/16-in o.d. trap. Other traps investigated fo r 
collection of the concentrates arising from larger rum samples were found 
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to be unsui table for d irec t injection because the Golay column signals 
were unresolved due to the broadening caused by congeners that elute 
after ethyl a lcohol on Carbowax 20M. In general the system works 
effic iently for t he separation of those congeners whi ch elute prior to ethyl 
alcohol, but only seven congeners were detected in t h is region of the 
chromatograms (figs. 11 and 13). Inspection of the chromatogram in 
figure 13 shows the presence of about 30 congeners in a commercia l 
P uerto Rican rum. T he part of the system with the two prepara tive 
columns is useful for separating water and ethyl alcohol as a single signal 
(fig. 12). 

T he third system with the 7-ft Porapak Q preparative column, 
developed in t he presen t study, does not provide a d irect 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 t hat a bout 40 congeners can be detected in 
two commercial Puerto Rican rums. An advantage of this system is that 
it is useful for repetitive capi llary injection. T herefore, it is appropriate 
for identification purposes. 

Successfu l preparative -capillary techniques were performed with the 
systems developed and described herein. Wh ile th is technology st ill 
needs a great deal of refinemen t, the resu lts obtained a re better than 
those reported previously. T his is the fi rst instance in which preparative 
and capillary column separations have been uni fi ed into a simple and 
versatile technique fo r the analysis of a lcoholic beverages . 

RESUMEN 

Se describe el desa rrollo de t res sistemas cromatogni.ficos de vapo r uti les para el anidi 
sis de congenericos presentes en trazas en los rones y se discuten algunos de los resultados 
cuali ta tivos obtenidos. Los sistemas emplean columnas preparatorias para obtener con
centrados de a lgunos de los congenericos de los rones, los cuales luego se ana lizan en col
um nas capilares del tipo Golay. En los primeros dos sistemas, se acoplo directamente Ia 
columna preparatoria a Ia columna capilar. El concentrado obtenido en Ia columna prepara
toria se condenso en un colector de acero inoxidable de poco volumen y se anali zo simul ta
neamente en la columna ca pilar luego de haber calentado ra pidamente el colector. E l 
tercer s istema ernpleo el mismo equipo, pero un colector de mayor volum en transfirio Ia 
muestra concent rada a una a mpolleta de 2 mi. antes de ser analizada en columnas ca pi
lares. El primer s iste ma con colu mna preparatoria de 10 p ies de largo y 0.5 pulgada de dia
meLru exter ior cargada con 20% de Ca rbowax 20M y Chromosorb W, lavado con acido, un 
cedazo de f>0/80 mal las, seguida por una columna capila r de 150 pies x 0.01 pulgada de dia
metro inter ior impregnada con Carbowa x 20M, dio magn ificos resul tados en el analis is del 
aroma del ron, logrando separar 10 congimeres antes de obtener !a sei1a l de alcohol etllico. 
Un sis tema similar, con una columna preparato ria de 10 pies x 0.5 pulgada de d ia metro ex
terior y la columna cap ilar de Porapak Q, con un cedazo de 50/80, ma llas no fue tan eficaz 
por el ensancham ien to de las se iiales. El segundo sistema, que uti liza Ia columna prepara
toria de 10 pies de 20% Carbowax 20M, seguida par !a de 10 pies de Porapak Q, acopladas 
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a Ia columna cap ilar de Ca rbowax 20M y que utili za colectores de 1/8 y 1/ 16 pulgada dedi
a metro exterior fue capaz de separa r unos 30 congenericos y ademas hizo posible obtener 
agua y a lcohol como una sola senal. Una columna de 7 pies x 0.5 pulgada de d ia metro ex
terior cargada con Pora pak Q, cedazo 50/80, se prob6 en el tercer sistema, provisto con un 
colector de 1/4 pulgada de dia met ro exterior. Con este sistema se logra ron senales de unos 
40 congenericos en el concentrado uti lizando una columna capilar de 50 pies x 0.1 pulgada 
de dia metro interior, impregnada de SE-30 y seguida porIa de 150 pies de Carbowax 20M. 
Los resul tados de esta investagac i6n demostraron que, utili za ndo siste mas similares a los 
estudiados, es factible hacer un analisis de bebidas alcoh6licas des tiladas mucho mas co m
pleto que lo que se ha hecho hasta Ia fecha por otros metodos. 
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