
JOURNAL OF CHROMATOGRAPHY 

CHROM. 5655 . 1 

EVALUATLQN OF THE SEPARATION OF PHENANTHRENE, 
ANTHRACENE AND CARBAZOLE IN PURE TAR PRODUCTS 
BY GAS-SOLID CHROMATOGRAPHY 

Rcsea~clt Institute of Coal Tar Cltemistvy, Urwx~y sdvody N. E., Vala~sId MeziP&% (CzechoslovaJka) 

SUMMARY 

The results of the gas-solid chromatographic separations of ph~:nanthrene, 
anthracene and carbazole mixtures on graphitized carbon black, Bentone 34 and 
calcium chloride deposited on Chromosorb W are presented and compared. 

The phenanthrene-anthracene separation decreases in the order graphitized 
carbon black > Bentone 34 > calcium chloride, and the retention of carbazole in 
relation to anthracene increases in the order graphitizcd carbon black < calcium 
chloride < Bentone 34. 

Graphitized carbon black on Chromosorb W seems to be suitable for the fast 
analysis of technically pure anthracene and phenanthrene, and Bentone 34 on Chro- 
mosorb W for the fast determination of both hydrocarbons in technically pure car- 
bazole on short columns. 

INTRODUCTION 

The separation of phenanthrene, anthracene and carbazole is a particular 
problem in the gas chromatography of. polynuclear aromatics of practical interest 
especially in the coal-tar industry. It has been possible to separate carbazole (b.p. 
353”) f&m phenanthrene and anthracene (b-p. 337 and 340”) by gas--liquid chromato- 
graphy, especially with the use of polar phases 1, but the separation of phenanthrene 
from anthracene is not as easylwD and has been achieved only by using open tubular 
columnslo-lb. The separation of phenanthrene from anthracene by ga+solid chromato- 
graphy (GSC) has been more successful. This separation has been acl%ved on some 
inorganic salts fused on Chromosorb P, such as calcium chloridelaJ7, lithium chlorideO, 
potassium carbonatel’J8 and potassium antimonatele, and also on graphitized ther- 
mal carbon blacklOJO or on graphitized carbon black modified with phthalocyanine21. 
It is possible to deposit graphitized carbon black ,on an inert porous support22-24. 
GSC of carbazole has been studied only on some inorganic s+lts”+. 

In this paper we present and compare results achieved in the GSC of phcnan- 
threne, anthracene and carbazole mixtures on Chromosorb W coated with graphitized 
carbon black, Bentone 34 and calcium chloride, and on Chromosorb P’ coated with 
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calcium chloride. Such column packings and operating conditions are of practical 
value only if complete separation can be achieved for all components in mixtures that 
have.,‘a large excess of one component, e.g., small amounts of phenanthrene and 
carbazole in anthracene. 

EXPERIMENTAL 

The experimental conditions were as follows. 
A Fractovap Model GV gas chromatograph (Carlo Erba, Milan, Italy) connected 

with an E%z recorder (Laboratory Instruments N.E., Prague, Czechoslovakia) was 
used. The chromatograph had a flame-ionization detector. The column had a length 
of I m and I.D. 3 mm. The following column packings and temperatures were used: 

(4 20% of graphitized carbon black on Chromosorb W, SO--LOO mesh, at 340°, 
3oo”, 260~ ; 

w 5% of graphitized carbon black on Chromosorb W, 80-100 mesh, at 300’; 

6) 1% of Bentone 34 on Chromosorb W, 80-100 mesh, at 180”; 

(D) 1% of Bentone 34 + 1% of SE-30 on Chromosorb W, 80-100 mesh, at 
180'; 

(E) 0,59/o of Bentone 34 + 5%. of SE-30 on Chromosorb W, 80-100 mesh, at 
180'; 

(W 0.5~/~“of Bentonc 34 + 5% of OV-17 on Chromosorb W, 80-100 mesh, at 
180’ ; 

w ZOO/~ of calcium chloride on Chromosorb W, 80-100 mesh, at 280”, 240’; 

w zoo/, of calcium chloride on Chromosorb P, 80-100 mesh, at 280~. 
The temperatures of both the injector and the detector were 300~. The carrier 

gas was argon at a flow-rate of cu. 40 ml/min. 
Graphitized carbon black (thermal carbon black TeG-Io produced in the 

U.S.S.R., graphitized at 2200’ for 8 h, specific surface area 7.9 m”/g) was deposited 
on Chromosorl> W (80-100 mesh, Carlo Erba) from a suspension in benzene (Chromo- 

RELATIVE RETENTION VOLUMES, V/J~, 01” TCIR COMPONENTS 

Column packing Column v1t 
(SCC EXPERIMl%NTAL) tCW+WtWC 

W) Plrenantlrre~nc Anthvacam Ca~dmzoEc 
---__--_- _____ _.__._..______. .________________..--_--~--- _..... -.--- _ _ -_-- 

A 

H 

340 0.80 1.00 0.42 

300 0.77 1.ooa 0.3f-5 
2Go 0.76 1.00 0.32 

300 0.79 1.00 0.70 
180 0.8r X.00\’ >30 
180 , 0.83 1.00 >3ok* 
180 0.87 1.00 25 
180 0.02 1.00 9*7 
280 0.89 1.00= 3.9 
240 0.87 1.00 5,6 
280 0.85 I.OOd 6.1 

I- - -e-p --I-...---- --..- 

Rotontior~ times: 0 6,s rnin ; b 10.0 tnin; = I,O n-h; d +z min. 
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Fig. I. Separation of an cquimolar mixture of phcnnnthrcnc, anthraccnc and carbazolc on the 
column containing 2o”fo of gmphitizccl carbon black on Chromosorb W (packing A). Column 
tempcraturc, 300’ ; column length, 1 m. 

Fig. 2. Separation of impurities in technically pure anthmccne. Conditions ns in Fig. 1. 

sorb W was poured into this suspensionrand benzene was evaporated on a water bath 
with continuous mixing). Bentone 34 (l?. W. Berk and Co. Ltd., London) was deposited 
in the same way. The phases containing SE-30 (methylsilicone) or OV-17 (methyl- 
phenylsilicone) were applied from toluene solutions. I’mpregnation with calcium 
chloride (pure CaCl,a 2H,O, Lachema N.E., Brno, Czechoslovakia) was performed 
from a methanolic solution and the dry packing was muffled at 640” for 2 11.’ These 
materials were packed by vibration into U-shaped glass columns with the ends con- 
nected to a vacuum. Samples (0.2-1.0 ,A) of o.~-I,o~/~ benzene solutions of phenan- 
threne, anthracene and carbazole (refined by zone melting by Lachema N.E.) and 
their mixtures were injected with a IO-@ Hamilton microsyringe. 

The results of the separations are presented in Table I and the best separations 
in Figs. I and 2. 

RESULTS AND DISCUSSION 

Fig. I shows the separation on the column containing graphitized carbon black 
on Chromosorb W. The elution of the components is mucll.easier than that previously 
reported on graphitized carbon black alone 10. Phenanthrene and anthracene are well 
separated”and carbazole is eluted before them owing to non-specific dispersion inter- 
actions. Fig. 2 shows a practical example of the analysis of impurities. 
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Since Rentone 34 requires a relatively low working temperature, a low concen- 
tration on the support must be used to achieve reasonable retention times. The separa- 
tion of phenanthrene from anthracene is good, with symmetrical peaks, but carbazole 
is not eluted even after 5 h owing to specific interactions. This packing is of practical 
value for the determination of very small amounts of both hydrocarbons in technically 
pure carbazole. 

The separation of the same mixture on the column containing calcium chloride 
on Chromosorb W or Chromosorb I? under isothermal conditions is relatively poor. 
Separation of phenanthrene from antkracene is not easy and, although carbazole is 
held back sufficiently relative to anthracene, tailing occurs. 

The ease of the phenanthrene-anthracene separation decreases in the order 
graphitized carbon black > Bentone 34 > calcium chloride, and the retention of 
carbazole in reMion to anthracene increases in the order graphitized carbon black C 

calcium chloride < Bentone 34. 
The best and fastest GSC separations of phenanthrene from anthracene can 

thus be achieved on short columns packed with graphitized carbon black on Chromo- 
sorb W and with Bentone 34 on Chromosorb W under isothermal conditions. Graphi- 
tized carbon black may be preferred for the analysis of technically pure anthracene 
or phenanthrene and Bentone 34 
pure carbazole. 
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