
JOURNAL OF CHROMATOGRAPWY 109 

A SUPERIOR THIN-LAYER CHROMATOGRAPHIC PROCEDURE FOR THE 
SEPARATION OF AZA ARENES AND ITS APPLICATION TO AIR 
POLLUTION 

c. R. ENGEL AND IL SAWICKI 

Rureazt of Disease Prevention and Envirownental Control, Nafional Center for Air PoElution Control, 
U.S. Dc$artment of HcaZtJ~, Education, and Welfare, PuStic NeaZtJ& Service, 4176 Columbia Parhay, 
Cincinnati, OAio 45226 (UL3.R ,) 

(Rcccivcd May zgth, 1967) 

INTRODUCTION 

A number of systems are available for the separation of aza heterocyclic com- 
pounds from each other and from polynuclear hydrocarbons and other types of 
aromatic compounds l. Of these systems column, paper, and thin-layer chromato- 
graphy have been used most often. 

At the present stage of development, column chromatography provides the 
most information, since a dozen aza heterocyclic compounds can be determined and 
the absorption spectra of many unknown basic compounds can be obtainedz. The 
disadvantages of column chromatography are that it requires a large amount of 
organic particulates ( - IOO mg), several days for collection of an air sample, and 
several days for separation, spectral examination, and calculations. In addition the 
method requires a recording spectropkotometer. 

The paper chromatographic methods are valuable in that the techniques 
involved are simple and are readily performed by untrained personnel. The disadvan- 
tages are the length of time needed for separation and the difficulty of separating 
some of the aza heterocyclic compounds. In recent work3 with Whatm,an No. I paper, 
some compounds were not separated satisfactorily; these compounds are listed with 
their Xp values: phenanthridine, 0.48 ; benzo(lz)quinoline, o.qS, from benzo(f)quinoline, 
o*45; and Iz-methylbenz(a)acridine, O,IO, from 7-methylbenz(c)acridine, 0.06. In 
some of our recent paper-chromatographic worka, allcyl derivatives were readily 
separated from their parent compounds, but some groups of compounds were not 
separated; these are listed with their Xp values: acridine, 0.78; benzo(Jquinoline, 0.78; 
and benzo(Jz)quinoline, 0.78, from phenanthridine, 0.75 ; acenaphtheno(I,2-b)pyridine, 
0.62, and indeno(I,2,&,j)isoquinoline, 0.62, from ben’zo(l,ulz,%) phenanthridine, 0.60; 
benz(a)acridine, 0.44, from benz(c)acridine, 0.44; pyrenoline, 0.28, from 7,g-dimethyl- 
benz(c)acridine, 0.22 ; and dibenz(a,/z)acridine, 0.44 from I4-phenyldibenz(a,j)acridine, 
O.Lj.$ 

Thin-layer chromatography is useful for separating complex mixtures into 
various types of polycyclic compounds preliminary to their spectral characterization. 
The procedure offers many advantages: only small samples are required; the method 
involves less technique than does paper chromatography; analysis is fast - a few 
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hours; excitation and emission spectra can be obtained by use of an automatic 
fluorimetric scanner for thin-layer and paper chromatograms; and a chromaLogram 
can be examined directly for an individual compound or for a family of compounds5. 
In addition, quenchofluorimetric techniques can be applied to the thin-layer plate 
to eliminate interferences and improve sensitivity. Disadvantages include the decre- 
ased availability of a spectrophotofluorimeter as compared to a spectrophotometer, 
and elution problems that may occur if the compound is strongly bound to the adsorb- 
ent. In previous work1 with alumina as the adsorbent and pentanc-ether (19 : I, v/v) 

as the solvent system, the following groups of aza heterocyclic compounds were not 
satisfactorily separated: 8,1o-dimethylbenz(a)acridine, 0.54, 7_methylbenz(c)acridine, 
0.53, and benz(c)scridine, 0.53, from benzo(h)quinoline, 0.51; and phenanthridine, 
0.16, and benzo(f)quinoline, 0.14, from benz(a)acricline, 0.12. In addition the Xp values 
of five other aza heterocyclic compounds have a range of 0.19 =fi 0.03 and the values 
of six others are in the range of 0.125 + O.OI~. 

In this paper we discuss a new superior system of separation by which many of 
these compounds can be separated. With this improved separation, spectrophoto- 
metric and spectrophotofluorimetric characterization and assay of aza heterocyclic 
compounds is simplified. 

EXPERIMENTAL" 

Ei&!ment 
The fluorescent colors were examined in a Chromato-Vue Cabinet (Kensington 

Scientific Corp., Berkeley LO, Calif.) under a 3660 J% light source. 
AbsorpLion spectral characterization and determinations were made with a 

Cary recording spectrometer, Model II, equipped with 3-ml cells of I-cm path length. 
An Aminco-130wmcan spectrophotofluorimeter was used with the following settings: 
sensitivity 50, slit arrangement No. 2, and phototube RCA type IP 21. An Aminco 
thin-film scanner was used in fluorimetric examination and scanning of the thin-layer 
chromatogramsc. 

A Technicon time-flow fraction collector was used in the column chromato- 
graphic separations of the basic subfractions of the organic airborne particulate 
fractions preliminary to the analysis of the polynuclear aza heterocyclic compounds. 

Reagents 
Pentane was distilled before use. The aza heterocyclic compounds were obtained 

in the purest: form from various sources and were used without: further purification. 
The impurities present in these compounds were ascertained through thin-layer 
chromatography of IO ,ug amounts of each compound on silica gel. By this method 
the amount and type of impurities can be ascertained, and the various aza compounds 
can be considerably purified (Figs. I and. 2). In most cases the impurities were not a 
major problem in the analysis of these compounds. 

The silica gel G plates (Analtech, Inc., Wilmington, Del.) and the silica gel G 
F254 plates (Brinkman Instruments, Inc., Westbury, N.Y,), both 20 by 20 cm, were 

* Mention of commercial proclucts does not constitute cnclorsctnent by the Public Health 
Service. 
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Figs. I and 2. Thin-layer chromatogram on silica gel with pcntnne-cthcr (7:3, v/v) as developer. 
All compounds were prcscnt in IO 116 amouxlts: (I) 7,g-dimethylbenz(c)acridine; (2) g,r2-di- 
mctl~ylbcn2(a)acriclinc; (3) bcnzo(I,m,ut)phennnthricline; (4) indenq(I,2,3-i,j)isoquinolinc; (5) 
acenaphtho(r,2-b)pyricline; (G) clibenz(a,1i)acricline; (7) x4-phenyldibcnz(n,j)acridine; (8) 7-phenyl- 
clibenz(c,lc)acricline; (9) pyrenolinc; (IO) dibcnz(a,j)acridine; (I I) 1 II-I-indeno( r,2-b)quinoline; 
(12) acenaphtho(r,2-b)quinoxalinc; (13) bcnzo(k)quinoline; (14) benzo(f)quinoline; (15) acridine; 
(xG) phenanthridinc; (17) 3-methylacridine; (18) bcnz(a)acridine; (19) bcnz(b)acridine; (20) benz- 
(c)acridino; (21) 8,x2-climethylbenz(a)acriclir~e: (22) S,ro-dimctlrylbenz(n)ncridinc; (23) 12-methyl- 
bcnz(a)acridine; (24) 7-mcthylbcnz(c)acridinc. The fluorescence colors of the compounds and 
impurities are shown. For color abbreviations see footnote b to Table I, * 
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coated with an appropriate adsorbent to a thickness of 250 m,u. The silica gel-cellulose 
(2 : I) plates used for separation were made by the supplier’s recommended procedure 
for silica gel plates (Brinl~man Instruments, Inc.). The silica gel (Davison Silica Gel; 
mesh size 100-200) was used in column chromatography without activation. 

DeveZo?ers 
Pentane-ether (7 : 3, v/v), main system. Pentane-nitrobenzene-triethylamine 

(80: 20 : 0.01, v/v/v), Pentane-ether (g : I, v/v). Dimethylformamide-water (35 : 65, v/v). 

Fwning reagent 
Plates were sprayed with trifluoroacetic acid to bring out the fluorescent colors. 

T7h-layer chromatografd~y $rocedure 
A solution (1-5 ,A) containing about I ,ug each of several aza compounds was 

spotted with a pipet 1,5 cm from the base of a coated glass plate (20 by 20 cm). The 
spotted plates were placed in a glass jar containing 150 ml of the appropriate solvent 
system and were developed in an ascending manner. The shortest development time, 
45 min, was obtained with silica gel and pentane-ether (7: 3, v/v) ; the longest devel- 
opment time, 4 r/2 to 5 11, was obtained with silica gel-cellulose (2 : I) and dimethyl- 
formamide-water (35 : 65, v/v). After the plates were developed, they were placed 
briefly under the ultraviolet light in the cabinet, and all fluorescent spots were 
marked. Some plates were sprayed with trifluoroacetic acid fumes, and the fluorescent 
spots marked. 

With the silica gel F254 plate, the fluorescence colors were marked under long 
U.V. light, when the background was non-fluorescent. Under low U.V. light, dark 
non-fluorescent spots appeared against a green fluorescent background. _. 

Cohm clzromatogra$$iy $rocedwe 
One gram of the untreated silica gel was added to a small volume of methylene 

chloride containing 20-50 mg of the basic fraction, The methylene chloride on the 
silica gel was evaporated so that the organic material was homogeneously dispersed. 
This silica gel was then added to a 0.5 by 15 in. column, which contained a lower layer 
of g g of untreated silica gel. 

The column was eluted with successive IOO ml volumes of pentane solutions 
containing the following percentages : of ether o, S, 16, 24, 35, 45, 60 and IOO; of 
acetone 20, and 40 ; the column was then eluted with a roe-ml volume of acetone. 
Fractions of approximately 20 ml were collected, placed in a vacuum oven, and evapo- 
rated to dryness. 

The residue in each of the tubes was dissolved in a small volume of pentane and 
transferred quantitatively by repeated washings to a 3-ml spectral cell of r-cm light 
path. The ultraviolet-visible absorption spectrum of each tube was then determined. 

The various aza compounds were identified by the appropriate bands in their 
spectral, and in some cases were estimated by the baseline techniqueg. 

RESULTS AND DISCUSSION 

The satisfactory separation of a number of aza heterocyclic compounds that 
previously had not been separated was accomplished by using silica gel as the adsor- 
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bent and pentane-ether (7 :3, v/v) as the developer. This system required about 45 
min for the solvent front to travel 15 cm. 

The separation of these compounds is dependent on the amount of steric pro- 

tection of the aza nitrogen combined with the 
nitrogen atom for the silica gel and the eluent. 

The adsorbent has a very strong attraction 

competitive attraction of the -aza 

TABLE I 

for the exposed aza nitrogen atom. 

&!p VALUES AND BLUORESCENCE COLORS,.OF SOME AZA HETEROCYCLIC COMPOUNDS ON SILICA GEL 

Conzjboauad Pentane-ether 
(7:3, v/N 

Rp’C Colov” 
dYY 
plate 

7-Pl~enyldibcnz(c,l~)acriclinc 0.gG 
8,x0-Dimcthylbenz(a.)acridine 0.94 
S,r.2-Dimet1~ylbcnz(a)acricline 0.93 
Bcnz(c)acridinc 0.90 
Dibcnz(a,c)phenazinc 0.88 
I I, Iz-Dimcthyldibcnz(a,c)pl~cnazinc 0.88 

7,g-Dimcthylbcnz(c)acridine 0.87 
Bcnzo(a)naphtlio(2,~-c)phcnazine 0.56 
‘Tribenzo(a,c,k)phcnazinc 0.86 
Tribenzo(a,c,i) phcnazine O.SG 
7,1o-Dimethylbenz(c)acricline 0.57 

7-Mcthylbenz(c) acridinc 0.55 
Tribcnzo(a.,c,k)riaphtho(2,I-j)phenaziuc 0.84 
Dibenz(a,j&)acridine 0.53 
Benzo(l~)quinolinc 0*73 
rII-I-Incleno(I,z-b)quinoline 0.09 
Pyrcnolinc 0.5s 
Phenazine 0.55 
RcenaphCho(I,2-b)quinosaline 0.50 
r4-Phenyldibcnz(a,j)ncriclinc 0.46 

Acricline 0.38 
3-Methylacricline 0.38 
Dibcnz(a,j)acridinc 0.38 
g,12-Dimethylbcnz(a)acridine a*37 
Benz(a)acriclinc 0.36 
Indeno(I,2,3-i,j)isoquinolinc 0.34 
3-Methylbcnzo(f)quinoline 0.33 
Phenanthridine 0,2g 
AcenaphClio(1,2-b)pyridine 0,25 
l3enzo(Z,m,~~z)plienanChridine 0,22 
Benzo(f)quinoline 0.21 
Benz(B)acridinc 0.00 
gW-Pyriclo(2,3-b)inclolc 0,oo - 
gEI-l?yrido(3,4-b)indcle 0,ooc 

I? 
BG 
BG 
BG 
Y 
PlC 
BG 
Y 
PlC 
10 
BG 

BG 

; 
BG 

F 
B 
113 
I3 

BG 
BG 
13 
B 

:: 
I? 

1% 
BG 
B 
- 

; 

f2 Average of 4 to 5 values. 
2~ B = blue; Br = brown; G = green; 1 = light; P = purple: l?k = pink; R = red; Y = 

yellow ; 0 = orange; V = violet. - = no fluorescence, so located by the quenching of a fluorescent 
plate. 

C Other aza compounds that rcmninccl at the origin include adenine, adenosine, caffeine. 
guanylic acid, purinc, and t.heophylline. 
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Therefore, the most sterically hindered molecule would be expected to move the 
greatest distance from the origin, and have the highest Rp value. This was found to be 
true, as shown in Table I, wherein 7-phenyldibenz(c,h)acridine has the highest Rp 
value of 0.96 and benz(b)acridine has the lowest Rp value, remaining at the origin. 

The following groups of aza heterocyclic compounds that were not separable 
previously were satisfactorily separated by this system, as shown by their respective 
RF values in Table I: 8,Io-dimethylbenz(a)acridine, 0.94, 7_methylbenz(c)acridine, 
0.85, and benz(c)acridine, 0.90, from benzo(h)quinoline, 0.73, and phenanthridine, 
o.zg, and benzo(f)quinoline, 0.21, from benz(a)acricline, 0.36. In addition, pyrenoline, 
0.58, was separated from 7,g-dimethylbenz(c)acridine, 0.87, and dibenz(aJz)acridine, 
0.83, was separated from r4-phenyldibenz(a,j)acricline, 0.46. 

Comparison of the aromatic hydrocarbons with their aza derivatives clearly 
shows the effect of the attraction of silica gel for the aza nitrogen group. Where the 
aza nitrogen is sterically protected, the l+ value of the aza arene is approximately the 
same as that of the corresponding aromatic hydrocarbon; for example, dibenz(a,c)- 
anthracene, 0.91 and dibenz(a,c)phenazine, 0.88; and dibenz(aJ%) anthracene, 0.90 
and dibenz(a,lz)acridine, 0.83. Where the aza nitrogen is not sterically protected, the 
aza compound is strongly attracted to the silica gel and the XI; value is low, as shown 
in a comparison of the RF values of the aza compounds with those of the analogous 
aromatic hydrocarbon compounds : for example, pyrenoline, 0.58, and benzo(a)- 
pyrene, 0.90; acenaphtho(I,z-b)quinoxaline, 0.50, and benzo(lz)fluoranthene, o,go; 
acenaphtho(~,z-b)pyridine, 0.25, and fluoranthene, 0.92 ; benzo(Z,~~,~)phenanthridine, 
0.22, and pyrene, 0.91. Another nitrogen in the molecule, as in the phenazines, 
weakens the attraction of the aza nitrogen for the silica gel. Thus, anthracene, 
phenazine, and acridine give RF values of 0.93, 0.55 and 0.38. 

The decreased attraction is probably due to the decreased basicity of the 
phenazine as compared to the analogous monoaza compound. For example, acridine, 
pKa 5.60, is more than 10,000 times stronger as a base than is phenazine, pKa 1~23. 
Thus, the electron densities at the phenazine nitrogens are decreased and the attrac- 
tion of their nitrogens for the silica gel is considerably weakened, although some 
attraction is apparent. The remainder of the phenazines with their high Rp values 
definitely show this effect. 

A few of the aza compounds that remained at the origin include adenine, 
adenosine, purine, theophylline and caffeine. These compounds contain NH and 
C=O groups, which are attracted more strongly to silica gel than is the aza nitrogen 
group. The non-fluorescent compounds were located by using the silica gel F254 plate 
and pentane-ether (7 :3, v/v) as the developer. Neither the compounds nor the plate 
were fluorescent under long U.V. light. Under low U.V. light, all the compounds 
appeared at the origin as dark non-fluorescent spots against the green fluorescent 
background of the plate. 

In an attempt to further the characterization of the aza arenes on a silica gel 
chromatogram, we investigated the fluorescence quenching effects of a non-volatile 
quencher in the developer 0. Pentane-nitrobenzene-triethylamine (80 : 20 : 0.01, ,v/v/v) 
was used as the developer for the silica gel plate, and 3 h was required for the solvent 
front to travel 15 cm. The fluorescence of all the compounds, put on the plates in 
0.1 ,ug amounts, appeared to be quenched on both wet and dry plates. The compounds 
included benz(c)acridine, acridine, pyrenoline, phenanthridine, g,Iz-dimethylbenz(a)- 
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acridine, I+phenyldibenz(a,j)acridine, indeno(r,z,3-&j)isoquinoline, dibenz(a,lz)-acri- 
dine, acenaphtho(I,M)pyridine, dibenz(a,j)acridine, benzoCf)quinoline, benzo(lz)- 
quinoline, benz(a)acridine, and 7-phenyldibenz(c,l)acrkLine. After the plates were 
sprayed with trifluoroacetic acid fumes, the fluorescence colors were not intense 
(detection limits were about 0.05 ,ug) ; the compounds that remained quenched were 
pyrenoline, phenanthridine, indeno(I,2,3-i,j)isoquinoline, acenaphtho(r,z-b)pyridine, 
benzo(h)quinoline, and benzoCf)quinoline. Separation was similar to that obtained 
with the pentane-ether (7 : 3, v/v) developer; however, the separation of 7-phcnyl- 
dibena(c,Iz)acridine, benz(c)acridine, and dibenz(a,?z)acridine was improved <and benz- 
(a)acridine and acridine remained at the origin. 

The column chromatographic system discussed in this paper was used for the 
separation and determination of a standard mixture of five aza heterocyclic hydro- 
carbons. A mixture containing I m.g each of 7-phenyldibenz(c,h)acridine, dibenz(a,h)- 
acridine, benz( a) acridine, benzo (h) quinoline, and benzo(f) quinoline was chromato- 
graphed on the silica gel column. As indicated in Fig. 3, the largest molecule comes 
off the column first. This is because the aza nitrogen is most sterically hindered in this 
molecule. The silica gel adsorbent has a strong attraction for the aza nitrogen. The 
relative positions of the aza heterocyclic compounds can be affected by changes in the 
developer and in the moisture content of the adsorbent, by the availability of the aza 

Fig. 3. Elution of 7-pllcnyldibcna(c,k)acridine, clibcnz(a,h)acricline, bcnz(a)acricline, and bcnzo(lr)- 
quinolinc on a silica gel column. All compounds put on in I mg amounts. The percent recovery 
calculstcd for each compound is shown near the appropriate structure. Benzo(f)quinoline was also 
put on but was not elutecl. 
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nitrogen to the :adserbent : atid &e solver& ‘and by the :relative’ size of, the mslec~@s 

being, separated. These,factors oxplain,why the’benz(&cridine ran before the ben~oa 
(It)quinoline on the column but the order w~,reversed on the thinrlayer plate. Benz(a)- 

:,, ‘acridine and benzo(h)quinoline appear .to he. the most sensitive to conditions in the 
system. The benz(c)acridine would be eluted bcttieen dibenz(a,h)acridine and benz(a)- 
acridine, 18s shoti by our skpar+tion’ of various basic fractions, discussed later. The 
benzo(f)quinoline was not eluted from tihe column even’ though acetone and methanol 
-were pAssed through then columu. ‘The .uhraviolet-visible absor$ion spectrum of each 
tube. ~&as. then determined. : By use ‘.of the’ appropriate bands in their spectr+j the 
percent .,re.cover$ of the aza compounds i;f the standard mixture was estimated by the 
.baseline ‘techujquea. ,The& values are also shown in Fig+ 

AE’PLICAT1CW 

The’ separation of’ a basic fraction2 of coabtar pitch is shown in Fig. 4. The 
ad&bent was’silica gel and the developer was pentaue-&her (7 : 3, v/v). The standard 

’ 
‘: 

dg. 4. Thin-layer. chronktogram on silica gel Mth peritane-ether (7 : 3, 
:, ,compwnds~o~ left’ present in ‘0. E pg amounts. Reading jrom, top 

v/v), as d&eloper. Standard 
to ‘Ix&tom : (x) 7-phenyldibekz- 

(e,k)acridine, benr(c)acridine, dibenz(a,k)acridine, benxo(li)quitioline,, pyrenoliue, .acridiue, benr(a)- 
:. a&dine,, phenanthridine, benro(f)quinoliue; .and go-rpyfido(2,3eb)indole; (2) bbic fraction 

equi,valent,,ta:zoo yg..df coal-W- pitch. The flu,orescence colors qf the compounds are shown. l?or 
color abbreviations see +otnote b to Table I. ,! ‘, ,I, 
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campoti& were put on the plate in 0.X pg amounts, zMl the amount’ of bzic fraction 
put on was equivalent to 200 pg of caaktar pitch. By the relative 22~8 values and fluo- 
rescence colors, the following aza hetarocychc compounds were identified in the basic 
fraction: benx(~)acridine, benzo(lt)quinoline, acridine, benz(a)acridine, and phen- 
anthridine. 

Two-dimensional thin-layer chromatography, especially with mixed adsorbents, 
‘followed by direct fluorimetric examination, has been found invaluable3n character- 
izing a large variety of polynuclear air poktautsy. Two of the developers used success- 
fully in the basic fraction separation were pentane-ether (g : r, v/v) and dimethyl- 
formamide-water (35 :65, v/v)~. Used in conjuction, these solvent systems give even 
better separation For our investigation the amount of basic fraction equivalent to 
2 mg of coal-tar pitch was put on a silica gel-cellulose (2 : x) plate. A standard mixture 
of 0.2 @ each of benz(c)acridine, Irk-indeno(r,zu&)quinolPle, acridine, dibenz(cz,ji)- 
acridine, and benzo(f)quinoYine was also put on the plate. The first dimension ‘was 
developed by pentane-ether (g:r, v/v), which took about 3 h to travel, JZ~ cm. The 
plate was allowed to dry, and the fluorescence colors of the standards were marleedl 
The standard mixture was again put on the pIate and was developed in the second 

‘. 

. 

Fig. 5. Two .dimensional thin-layer chrgmatographic separation on silica gel_ceflulose (2 : x) of 
basic fraction equivalent to zz mg of coal-tar pitch and the characterization of seven spots. Stand- 
ards put on in cxz pg amounts: (t)’ a&dine; (2) benz(a)acridine; (3) benz(c)acridine; (4) benro(f)- 
quinoline; (5) benzo(h)quinoline; (6) dibenz(a,j)acridine; (7) xrN-indeno(f,zz-b)quinoline. The plate 
was sprayed with trifluoroacetic acid fumes and the tiuorescence colors marked. For color ab- 
breviations see footnote b to Table 1. 
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I: 1 dimt$nsion by dimethylformamide-water (35 : 65, ,v/vj, whi& TV& donut 4 x/z ‘h kti 
: i&ii x3 cm: T&e .plate W&S dowed, to dry, qd the. fluorescence ,colors were marked 

&er it, had been sprayed with trifluoroacetic acid fun& Fig. 5 shoes that benz(& 
actidifie,‘~ ‘;.aoridjne, ‘benzo(f)quinoline, dibenz(a,j)acridine, and ~tEM.ndeno(~,s4!+ 

0” ,quinolind o&n Widentified in the basic fraction by use of the 22, values obtained~in the 
two,‘@tierent solvent systems. Similarily; benzo(Pt)quinohne and benz(a)acridine were 
identified by developing these. standards twodimensionally on a similar plate with 
the’btiic fraction. All of these~eompounds have been identified previously by another 
system, of separation and direct fluorimet+ examinations. ‘It must be emphasiz& 
that because this mixture was extremely complicated, each spot contains several 

,’ compounds. For this reason fluorimetric’ characterization is necessary for any sepa- 
ration or assay method involving these compounds. 

‘The column chromatographic procedure described earlier was applied to a 
complicated mixture, the basic fraction of a sample of coaLtar pitch. Twenty to fifty 
mg of the basic fraction was put on the column and the elution procedure followed.’ 
The absorption ~spectrum in pentane was ihen obtained for each tube. Spectral 
examination of .a.basic fraction of coaLtar pitch indicated the presenke of 76o pg of 
benz(c)acridine and 4x0 pg of benz(a),acridine per gram of original sample. Previous 
work with a. somewhat analogous sample2 gave values of 600 ,and ~ooo pg of benz(e)~ 
acrid@ and benz(a)acridine, respectively, per gram of _an airborne particulate sample 
polluted with. coal-tar pitch. These values include the alkylated derivatives. Ql+ 
viously the separation of alleyl derivatives needs to be studied. The difficulty is that 
alkyl derivatives are not available. Because of tts differences from the alumina 
column chrotiatographic method, we believe that the silica gel method merits further 
development and stvdy. 

In ‘conclusion, we recommend that the silica gel thin-layer chromatographic 
method be used for the improved separation of the aza arenes and that”3 be applied 
to air pollution tialysis. l 

.’ A thin-layer chromatographic method +or separation of $olynuclear aza hetero- 
cyclic compounds tith silica gel.is presented which is superior to previously reported 
paper and thin-layer chroniatographic methods. Many. of the groups of compounds 
had run together in previous separation methods, This procedure has been applied to 
the separation of yarious,basic fractions of interest in air pollution studies. Benz(c)- 
,acridine, benzo(lz)quinoline, acridine, benz(a)acridine, and phenanthridine can be 
separated. and identified in these samples with the help of two4imensional thin-layer 
chromatography on silica. gel-cellulose (z : I). 

In addition, a column chromatographic separation of a basic fraction of coal-tar 
pitch,withsilica gel as the adsorbent, #was investig&ted, ‘and the amounts of benz(c)- 
acridine and’benz(a)acrkline were estimated. Evidence ,obta.jned from the absorption 
spectra indidates the presence of a large number of unkriown and previously identified 
compounds in the fractions; . 

.’ 
The ‘various silica ‘gel methods a.ro recommended for use in air pollution 

stud%!s. ‘.’ :. * 5. 
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