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SUMMARY 

A general procedure is presented which allows the prediction of gas-liquid 
chromatographic behaviour and the separation of complex barbiturate mixtures. 
Using E 301 and FFAP, binary stationary-phase columns were obtained that sep- 
arated a complex mixtnre of barbiturates selected on the basis of the their frequency. 
The barbiturates were analysed in the free form using nitrogen saturated with formic 
acid vapour as the carrier gas at room temperature. 

INTRODUCTION 

Barbiturates have been determined by ultraviolet spectrophotometry at dif- 
ferent pH vah~es’~ but this method, although sensitive and spec&, is limited because 
is does not allow differentiation between individual barb&uric acids. As has been 
reported by several workers-, gas chromatography offers many advantages, viz., 

sensitivity, speed of analysis and the separation and determination of constituents of 
mixtures_ 

It has been noted that the column caracteristics for the gas chromatography of 
barbiturates are critical_ A high liquid loading gives long analysis times, whereas with 
a low Squid loading high adsorption of barbiturates is observed, which tend to tail 
badly and highly inert support materials must be used for their analysis. Several 
workers have used phosphoric acid or organic acids of high molecular weight to 
reduce taiG3$10_ This technique yields gas chromatographic columns that are suf- 
kiently inert to barbiturates but of limited stability because of acid decomposition or 
elution- . -. . .._ 

Also, not all possible barbiturates can be separated on a single columu, al- 
though several papers have been published on the use of stationary phases of varying 
poltityy6, or combinations of polar and non-polar stationary phases’. 

This paper describes the gas chromatography of barbiturate-s by column dy- 
namic de-activation-obtained using a carrier gas saturated with formic acid at room 
temperature_ It also reports the separation, using binary stationary phases, of in- 
teresting pairs of barbiturates in a complex mixture that traditionally is separated on 
two columns of different polarity_ 

0021-%73fi2/OWWlOQO /SO275 0 1982 Ekevies Scientik Publishing Company 



3=lo L. ZOCCOLILLO, G. CAR-TONI, L. LOZZI 

BINARY Sl-ATZOWARY-PHASE COLUMNS 

Tr has been shown by Purnell and co-workers”-‘3 that the simpIe equation 

describes the gas-liquid chromatographic retention behaviour of solutes with a varied 
number of binary stationary phases, where KR is the liquid-gas solute partition coef- 
ficient for a stationary phase composed of A of volume fraction (P* and B of volume 
fraction gB, and Q,,, and K&, are the corresponding solute partition coetlicients 
with pure stationary phases A and B. Eqn_ 1 is very important in gas-liquid chroma- 
tography, as it can be used to predict the optimal composition of A and B that will 
separate any given mixture_ 

Eqn. 1 can be written in the form 

If no biending occurs between stationary phases A and B, then KR is a linear function 
of cp,. Given that KR = V,e, where Vg and e are the specif%z retention volume and the 
stationary phase density, respectively, and 

where mA, & and 9: are the weight fraction and the densities of pure A and B, 
respectively, then pA 2 nz, if & z & z e_ This approximation broadly applies to 
high-molecular-weight polymeric silicone oils or gums and so the weight fraction, 
rather than the volume fraction, can be used. After substitution in eqn. 2, the follow- 
ing equation is obtained: 

v, = c (B) + rv: (A) - ? (BN mA (3) 

The value V., of the ti mixture component for any mA fraction can be obtained 
from eqn. 3 or, better, from a graph of VS versus m, knowing only cl for the pure 
stationary phases. -Thus, if we require to separate a mixture, a stationary-phase pair 
A-B is selected such that using stationary phase B it is possible to separate those 
components not separated by A-and vice versa, and the optimal fraction m, is ob- 
tained from a window diagram. This diagram is obtained from graphs of aili versus 
m, (qj = VJVL). The largest minimal a value for any m, fraction is obtained. A 
window diagram can be approximated to an open polygonal of which the absolute 
maximum coincides with optimal m,. 

The minimal number of theoreti_cal plates required for baseline separate at the 
best m, vhe can be calculated Corn the resolution equation. For mixtures of un- 
known composition and complexity, the above-described procedure can be also com- 
pul&zed. 
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EXPERIMENTAL 

Dynamic deactivation ofthe gas chromatographic system was obtained using a 
trap with formic acid placed in the gas stream immediately before the injector and 
used at room temperature. The carrier gas was not bubbled through the formic acid. 

The barbiturates were obtained from pharmaceutical products. The formic 
acid used as tailing reducer was 98 o/0 pure, containing 2 o/0 of water. 

The binary stationary-phase columns were prepared with mechanical mixtures 
of the appropriate amounts of support + selected stationary phase A (FFAP) and 
support f selected stationary phase B (E 301). Table I lists the barbiturates of the 
selected model mixture examined. The components were selected on the basis of their 
frequency. 

RESULTS AND DISCUSSION 

Fig. 1 shows the shape of the amobarbital peak obtained without (peak A) and 
with (peak B) formic acid in the carrier gas as tailing reducer. Formic acid greatly 
reduces the adsorption of barbiturates on silanized or unsilanized Chromosorb. 
Indeed, from measurements carried out with the barbiturates in the mixture there is a 
linear response from low6 to lo-’ g injected. Further, with carrier gas saturated with 
formic acid it is possible to analyse directly barbiturates as their alkaline salts in water 
or methanol solutions. 

A large number of stationary phases were examined but without obtaining the 
complete separation of all of the compounds of the mixture. With stationary phases 
of Iow polarity such as Apiezon L or silicone -gum, having methyl or phenyl groups, it 
is possible to separate allobarbital-butethal and amobarbital-pentobarbital but not 

t tmin) 

Fig. 1. Shape of amobarbiral peak obtained (A) w&&out a&d (B) with formic acid in the carrier gas. 
Colknn temperature. ZOO’C: carrier _ps. nitrogen: detector. flame ionization. 
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A-O_ Compound 4 R2 4 

1 Barbital Elhyl Ethyl Hydrogen 
2 Aliobarbital Ally1 Aliyl Hydrogen 
3 Butethal Ethyl Butyl Hydrogen 
3 Amobarbitai l3hyI 3-Methylbutyl Hydrogen 
5 Pentobarbital Ethyl I-Mcthylbutyl Hydrogen 
6 Secobarbi’al Ally1 I -&fethylbutyl Hydrogen 
7 Hcxobarbital Mcthyi 1 -cycIokxcnyI Methy 
S Phenobarbital E!byI Phenyl Hydrogen 
9 Heptabarbital Ethyl I-Cycloheptenyl Hydrogen 

Fig 2 V.. rt-rws concentration of FFAP in E 301 for the barbitumtes listed in Table I. Column tempera- 
- _XWC; Can;a gzs_ nitrogen saturated with formic acid. Apohr coimnn: 3% (w.iar) E MI on C&o- 
mosorb W (SO-100 mesh). Poiar col-I t % ( w;w) FFAP on the same support_ . . 
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hexotibital-phenobarbital_ With polar stationary phases containing groups such as 
RCN, RQH, RCOOR’, ROR’ and RCOOK it is possible to separate the last pair but 
not the others. To separate all of the barbiturates in the mixture a binary stationary 
phase column was prepared containing E 301 (silicone grease) and FF&P (prepared 
from Carbowax 20M and a derivative of terephthalic acid) (Carlo Erba, Milan, Italy). 

% FFAP - 

Fig. 3. Window diagram for the barbiturates listed in Table I. The best I value is predicted to lie at 0.2% 

FFAP in E 301. 
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Fig 4. Chrornatogran~ of the barbiturates fisted in Table 1 at mA = 0.27; FFAP in E 301. Column. 3 Eli x 
0.3 cm I.D.; packing, E 3OI(3 %, w/w) and FFM (I%, w/w) on Cbromosorb W (SO-100 mesh), mechani- 
Cally ~~Gsedtcolum& temperature__XO’C: carrier gas. nitrogen saturated with formic acid vapour. 
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The apolar column was prepared from 3 % (w/w) E 301 on chromosorb W (SO- 
100 mesh). The polar coiumn was prepared from 1 oA (w/w) FFAP with the same 
support 

Fig. 2 shows graphs of VS versus FFAP concentration for each of the barbitu- 
rates in the mixture. only the range of FFAP concentrations of interest, O-12%, is 
reported. The points where the liucs CROSS each other corresponds to Ziij = 1. 

Fig. 3 shows the window diagram for t&e selected mixture. The largest minimal 
I value is obtained for the pairs phenobarbital-hexobabital and amobarbital-pen- 
tobarbital and corresponds to 0.2 y0 FFAP in E 301_ With this z value, for a baseline 

separation of the repotted barbiturates 4500 theoretical plates are required, which 
was obtained with a column 3 m long. 

The gas chromatogram in Fig_ 4 shows that a complete separation of all of the 
barbiturates in the mixture is achieved with such a column. 
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