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SUMMARY 

Organic porous hydrocarbons like Porapak Q and related types have been found 
to be very suitable as lipophilic solid phases for thin layer chromatography and/or 
column chromatography. 

‘Many solvents in the polarity range from carbon tetrachloride up to methanol 
travel well along the layer in a reasonable time. 

,’ 
Separation of aromatic hydrocarbons is due to the dispersion forces (solute- 

sorbent) ‘which act not only according to the number of nuclei but also according to 
the spatial configuration of the respective molecule (e.g. phenanthrene-anthracene). 
Very sharp separations can be obtained if the electron cloud of the hydrocarbon part of 
any molecule is disturbed and/or sterically shielded ,by a heteroatom and/or a non- 
hydrocarbon functional group (e.g. carbazole-diphenylene oxide-diphenylene sul- 
phide&+azafluorene ; diphenylene sulphide-6,7-bcniothionaphthene ;, biphenyl-hy- 
droxybiphenyls etc.). 

The material is very convenient for the production ‘of standard thin layer plates 
e.g. by cold-pressing the powdered polymer on plates of suitable materials. 

Some years ago1 one of us pointed out how stationary phases which had been 
theoretically and extensively investigated in the field of gas chromatography could 
be usefully applied in other chromatographic techniques, such as column and/or thin 
layer chromatography, He referred to the novel results which can be obtained in thin 
layer chromatography by using substituted montmorillonites, molecular sieves and 
other materials which are well known as gas chromatographic packings. This idea was 
followed up successfully by RITTER, MEYER, AND GEISS~ who used Bentones as 
stationary phases for the TLC separation of isomeric polyphenyls. 

Recently JANAHS introduced porous organic polymers such as Porapak Q 
(Waters Associates Inc., Framingham, Mass., U.S.A.) into thin layer chromatography. 
This material, an ethylvinylbenzene polymer crosslinked with divinylbenzene, had. 
been developed by HOLLIS~ as an interesting packing for gas analysis by gas chromato- 
graphy. In thin layer chromatography, new separation possibilities for aromatic 

* Dedicated to Prof. Dr. I?. CClta on the occasion of his 70th anniversary. 
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hydrocarbons have been described3 as a result of the perfect lipophilic nature of 
Porapak, (an aromatic polyhydrocarbon) and its very convenient physical properties 
(white, hard powder or granular material, very good wetting ability). 

In this paper we wish to refer to new separations of aromatic and heterocyclic 
hydrocarbons achieved on Porapak Q, N and P. Some correlations between the 
structure of substances to be separated and their chromatographic behaviour on given 
porous polymers are demonstrated and discussed. . . 

EXPERIMENTAL AND RESULTS 

For our experiments, we used Porapak Q of particle size 100/120 mesh (batch 
455), I20/150 mesh (batch 3gg), 150/200 mesh (batch 132 and 413) and zoo/325 mesh 
(batch not given), Porapak N of particle size 120/150 mesh (batch 500) and Porapak 
P TOO/I~O mesh (batch 381). 

The development was carried out by the ascending technique in an S-chambers. 
In order to reduce the amount of material necessary we used plates with longitudinal 
grooves of triangular cross section (0.7 mm deep, and 1.0 mm wide), The solvents used 
were : ethyl acetate, acetone, acetone-propanol (I : I, v/v), propanol, and ethanol 
(Lachema N.E., Brno, C.S.S.R.). The inclination of the plate was IO degrees. 

The model substances were several aromatic hydrocarbons and their derivatives, 
and heterocyclic compounds of like structure (Urx Works N-E., Ostrava, C.S.S.R.; 
Koch-Light Co. Ltd., London ; Aldrich Chemical Laboratory, Inc., U.S.A. ; Gesellschaft 
fur Teerverwertung, Duisburg, West Germany). The samples were applied in benzene 
solutions. The spots were detected by observing their fluorescence under a U.V.-source; 
non-fluorescent or slightly fluorescent compounds were sprayed with saturated 
tetracyanoquinodimethane solution in anhydrous acetonitrile (o.iz g TCQM/ioo ml) 
and subsequently with tetracyanoethylene ‘in benzene (0.3 g TCE/roo ml). 

” The results. obtained are summarized in the tables and figures. 
Table I lists the flow rates of solvents used on Porapak of various particle size 

as well as on different types of Porapak of the same particle sizes as quoted above. 
Table II illustrates the repeatability of Rp values of several hydrocarbons on 

Porapak Q of four different particle sizes (100/120, 120/150, 150/200, ZOO/325 mesh). 
The separation power of the thin layers with the smallest and largest particle sizes, 
is expressed as the number of theoretical plates calculated in the usual manner, i.e. 

TABLE I 

BLOW RATE (SEC) OF SOLVENTS IN VARIOUS TYPES OF PORAPAIC 

Tyfie of Porapak S, S, S, 
meih size 

S.1 S, 

Porapalc Q 1oo/120 90 60 230 330 155 
Porapalr Q x50/200 135 90 360 590 210 

POl%pak Q 200/325 210 190 580 930 4 I 0 
Porapalc P,roo/Iao Go 40 195 290 96 
Porapalr N 1o?/r20 So 70 200 300 15“ 

S1 = ethyl acetate; k2 = acetone; S3 = acetone-propanol (I : 1, v/v) ; S, = eihanol; S, = pro- 
pa nol. 
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TABLE II 

THE INFLUENCE OFPARTICLE SIZE OF PORAPAIC Q ON REPEATABILITY OF~?IP VALUES AND SEPARA- 
TION EFPICIENCY 

Solvent : acetone. 

Com$ound 

I ,G-Dimctl~ylnapl~tl~alc~~e 100/120 0.78 zG3 
120/150 o-75 - 
I50/200 0.77 - 
2001325 0.78 780 

Fluorcne 100/120 0.73 178 
120/150 0.72 - 
150/200 0.70 - 

200/325 0.70 350 

3,4-Benzopyrcnc 100/120 
120/150 
150/200 
200/325 

I,I2-Eenzoperylene 100/120 
12oJi50 
150/200 
200/325 

0.48 53 
0.48 - 
0.51 - 

0.47 230 

0.48 -13 
0.47 - 
o,qG - 
0.48 200 

!n = 16(x/y)2 (where x is the distance from the spot centre to the start andy is the length 
of the spot). 

Table III summarizes the Rp values of 46 compounds measured in 5 solvent 
systems. These values are the average values of 2-3 measurements, where differences 
in RF did not exceed 0.03. The compounds are listed according to the number of 
aromatic nuclei and functional groups. The mode of detection and spot colours are 
listed, too. 

DISCUSSION 

Chronzatogra#iic parameters 
The flow rates for the capillary flow through a thin layer are favourable, as can 

be seen from Table I. In fact, the flow rates decrease in the order Porapak P < N < Q, 
and for particle size 100/120 < 120/150 < r50/200 < zoo/325 mesh. The reproducibility 
of RR values on Porapalc Q of the hydrocarbons used as model compounds, is’good, 
even when using specimens of the above sorbent considerably differing in particle size 
(100/120 and zoo/325 mesh). The particle size, however, exerts a considerable influence 
on the separating efficiency. The individual types of Porapak (Q, P, N) differ in the 
type of substituents on the benzene rings of the copolymer and in the degree of,cross- 
linkage. 

Fig. I: shows the RF values of a selected Series of hydrocarbons having I: to 6 
nuclei in the system Porapak Q, N, and P-ethyl acetate, acetone, and propanol, 
respectively. Shifts in the retention sequence were observed only for durene and pyrene ; 

the retention behaviour of other conipounds had a monotonous course. 
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TAB%E III 

135 

Rp VALUES OF SOME AROMATIC COMPOUNDS IN DIPBERBNT SOLVXNT SYSTEMS 

No. Compotc~rzd St~wctzwe COlOUY of Xp ,in solvents (qf. Table r) 
spot 

S, SE S, S, Sb 
- 

0.88 0.78 0.74 0.43 0.55 

0.89 0.81 0.74 0.43 0.51 

0.90 0.80 0.75 O.rlI 0.52 

D urene lbxl~ I 

2 

3 

4 

5 

6 

7 

8 

g 

?‘O 

II 

12 

=3 _ 

Naphthalenc Light 
browna 

O-0 Lifiht reel” Biphenyl 

cHmcH3 
3 

0.87 0.79 0.74 0.27 0.42 

o.s5 0.77 0.73 0.27 0.42 

2, G-Dimethyl- 
naphthalcne 

I ,5-Dimethyl- 
naphthalcne 

Grcyn 

Grcya Q3 0 CT’ 
=n3 

cHma:“: 
3 3 

Viol&~ 0.88 0.80 0.68 0.34 0.47 

0.86 0.77 - 0.27 0.40 

z,s,G-Trimcthyl- 
naphthalene 

4,4’-Dimethyl- 
biphenyl CH3NCH3 

Blue-greena 

Inclolc Dark grey* 0.8G o.go 0.90 0.85 - 

5-Hyclrosy- 
hyclrinclcne 

0.57 0.89 0.91 0.&3 0.90 

0.90 0.90 0.89 0.90 o-go 

Dark 
grew* 

4-Hyclroxy- 
hyclrinclene 

Reda 

a-T-Iydrosy- 
biphenyl 

Light 
green* 

0.92 0.90 0.92 0.89 0.8G 

T.&lit 
grecna 

4-I-Iyclrosy- 
biphenyl 

0.g2 0.89 0.92 0.85 0.83 

z,a’-Dihyclroxy- 
biphenyl 

Brown* 0.94 0.89 0.92 0.88 0.83 

(Continued on p. x36) 
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T_4BLE III (confiinued) 

No. Compound Strzdtwe co1ozLI’ of Rp in solvents (cf. Table I) 
spot 

s, s2 & S.1 c Lb 

a-Phenyl- 
naphthalenc 

Blue- 
greena 

0.80 0.74 0.67 

Viol&b 0.85 0.73 0.48 

Violet? 0.82 

Violeta 0.80 

0.74 

0.70 

0.70 

O.GG 

Green* 0.82 0.68 

Violet+ p.88 0.50 

Viol&b 0.85 o-47 

Violetb 0.85 0.51 

Brown* 

BlUea 

0.73 

0.90 

0.77 

0.74 

o-73 

o* 73 

0.76 0.80 0.80 o.G4 

0.83 0.85 

Oranges 0.87 0.85 0.85 0.71 

Viol&a 0.81 

0.75 

0.7G 0.69 

Greena 0.87 0.89 0.8G o.G6 0.80 

r,2,3,4-Tetra- 
hydromthraccne 

14 

15 

IG 

*7 

18 

I9 

20 

21 

22 

23 

24. 

25. 

~-Methyl- 
anthracene 

a-Methyl- 
anthracene 

Acricline 

Carbazole 

4-Azafluorene 

a-Methyl- 
acricline 

” 26 a-I-Iydroxy- 
fluorene 

O.IL+ 0.25 

0 a9 00 

e333 
na 

cn,- CH2 

63 00 

Anthracenc 0.16 0.22 

Phenanthrenc 0.26 0.33 

0.27 0.36 Fluorcne 

Acenaphthene 0.32 0.35 

0.20 0.26 

3 @IQ&j 0.15 0~23 

@@@Jcu3 0.15 0.22 

O.G2 o.G5 

0.31 0.40 

, 
,,’ (Co,ztinzrod on fi, x37) 
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TABLE IT’L (continzted) 

w 

No. Compound Slrarchre Colozcr of l?p in solvents (cf. Table I) 
spoi 

S, s, s, s, sti 

27 

28 

29 

30 

3= 

32 

33 

34 

35 

36 

37 

38 

a-Methyldi- 
phenylene 
oxide 

I ,S-Dimethylcli- 
phenylenc 
osicle 

a-Hydroxydi- 
phenylene 
oxide 

Diphenylene 
sulphide 

6,7-Benzothio- 
naphthene 

Pyrenc 

4,5-Methylene- 
phenanthrene 

Fluoranthene 

2,3-Benzo- 
Auorenc 

D’ihydro- 
pyrene . 

Mexahydro- 
pyrene 

1,2,3,4:Tetra- 
hyclrofluor- 

‘. anthene 

WO” 

Violet” 0.82 0.71 o.GS 0.31 0.47 

Violet& 0.80 0.70 o.GG 0.32 0.41 

Grecna 0.96 0.86 O.cJI 0.75 0.97 

Ycllow~ 0.82 0.70 o.GG 0.60 0.60 

Violet9 0.82 0.74 0.61 0.28 0.38 

Greenb 0.75 0.70 0.61 O.IG 0.28 

Vjolet& 0.74 o.G5 0.61 0.15 0.26 

Greenb 0.75 0.64 0.47 0.05 0.10 

Violet+ 0.75 0.61 d.,iS ‘0.05 0.12 

Greenb o-74 0.68 0.61 0.14 0.27 

Greena 0.74 0.65 0.56 0.13 0.26 

Yellowb 0.79 9.62 0.42 0.09 O.TO 

(kontinzckd on’&. ~38) 
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TABLE III (codifwed) 

No. Compound Stvt~ctzrre COlOLLY of Rp in solve&s (cf. Table I) . 
spot 

39 

40 

41 

42 

43 

44 

45 

4G 

x-Azapyrene 

2.Aeafluor- 
anthem 

2,3-Benzo- 
carbazole 

3,4-Bcnzo- 
pyrene 

I ,?-Benzo- 
pyrene 

2,3-Benzo- 
Ruoranthene 

3,qBe&o- 
fluoranthene 

I, x2-Bcnzo- 
perylcne 

0 

8 0 0” 

QpQ 

@&IQ 
0 ?!s8 00 

00 

00 @a 0 0 

0 

6 00 
0 

00 83 00 
00 

Green b 
I 

Green’, 

Violet’, 

Violet*’ 

Light 
greenb 

Whiteb 

Greenb 

Violetb 

o.so 

0.79 

o.so 

0.65 

o.Gg 

o.GS 

0.67 

o.Go 

0.74 o.Gz 0.30 

0.76 0.70 0.27 

0.73 0.76 0.27 

o*47 0.34 0.05 

0.59 0.42 o.oG 

0.55 0.43 o.oG 

0.56 0.33 0.05 

o.4G 0.35 0.06 

0.30 

0.31 

O.Zi?fj 

0.06 

0.10 

0.08 

0.07 

0.08 

-- 

u Coloured spots: TCQM + TCE complexes. 
b Fluorescence. 

Correhztiof-8 of RF values of model s&stances (ON Pora;b,ak Q) with their’styuctzye 
The material used for TLC is chemically an aromatic polyhydrocarbon, a 

lipophilic solid stationary phase. The most important intramolecular forces controlling 

1. ~~hYbW2dO~., 33 (~968’) 132-1~~3 
. < ., :‘. . / ’ ‘, 
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I Porapak N 
Bl Porapak Cl 

‘0 Porapak P 

Acetone 

l! q 

q 

IFJ f4 IIN q Cl IBI Ethyl acetate 

0 
cl 

: 
Ii 

IQ ISI 
q 

cl 
Cl 0 

3 
cl a Propanol 

cl 
ii I 

Fig. 1. RF values of a selected series of hydrocarbons for systems of Porapalr Q, N, or I?-ethy 
acetate, acetone, or propanol. 

the degree of sorption are dispersion forces; i.e. solute sorption, and consequently the 
Xp value will be the lower the more the solvent is akin to a hydrocarbon. The hydro- 
carbons, therefore, will be preferentially sorbed while structural characteristics, e.g. 
number of aromatic rings and the presence of heteroatoms or substituents, will 
suppress the sorption inthe stationary phase and the’increase in molecular size will 
enliance the sorption. In Fig. 2 we can see that the RF values decrease with increasing 
number of nuclei in the molecule of the model compound. 

RF 
1.0 

0.5 

0.C 

Fig. a. Plot of. RF values of selected hydrocarbons against the molecular weight, respectively 
the’number of aromatic rixigs: A = Ethyl acetate; n A acet6ne; 0’ = prop,anol;,.a + +tha$A. 

J. Clf”omato&, 33 (w(i8) 13::143 ,. 
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1.0 

t 1 
A 

A A 
A 

A 

RF 
1.0 

‘0.5 
i 

18 38 

Fig. 3. Relation between the size, and structural features of some compounds 
on Porapak Q (for designations see Table III ancl Fig. 2). 

and Xp values 

For donor acting solvents (e .g. ethyl acetate or acetone) we can, as a first ap- 
proximation, draw a straight line on which the’ decreasing &? values will lie, and also 
extrapolate for compounds having a larger number of rings. With solvents which are 
acceptors (e.g. propanol, ethanol) where dispersion forces play a smaller role, the 
major forces are the inductive ones. A solute substance is polarised by the mobile 
phase and, accordingly, more or less firmly retained in the stationary phase or extracted 
into the liquid- mobile phase. 

In Fig. 3, we can see the above-mentioned differences. The degree of hydro- 
genation of the aromatic molecule is barely reflected by the Rp values in any system 

A 
A 

4 !k 
0 

A i 

A 

A 
A 
A 

A 

0 0 

0 

A 2 

0 

0 

A 

0 

0 

0 
I, 

0.01 L_l_L_ 
17 27 30 23 24 15 22 

9 

.’ 

Fj$:,, ft:, dmparison. of’ RF values of ar&na,tic hy&&arbonk and their hetcrocy$ic analogues on 
Porapalr .Q (for, ‘ckkignations see Table’ III and Fig;. 2). 

‘:/; 
,,P 

,I .;:: 
:.;\ 

, . . ,3 
: I ,:L ‘,l..> 
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(Cf. anthracene-tetrahydroanthracene; pyrene-dihydropyrene-hexahydropyrene ; 

fluoranthene-tetrahydrofluoranthene) . In the system Porapak Q-ethanol, however, 
we can find a dependence of the RP values on the size and structural features of the 
compound in question (cf. acenaphthene (o.32)-fluorene (o.26)-phenanthrene (0.25)- 

anthracene (0.17)~methylanthracene (o.+J). 
The presence of any heteroatom in the ring exerts a considerable influence on 

the RF value as it brings about a change in the magnitude of the dispersion forces 
displayed by the molecule as well as a pronounced change in the electron density of 
the molecule with a consequent alteration of sensitivity towards donor-acceptor 
properties of the mobile phase. 

Fig. 4 serves as an illustration of some of the above postulates (cf. fluorene- 
2-methyldiphenylene oxide-carbazole-diphenylene sulphide-4-azafluorene-[indole] ; 

anthracene-acridine ; fluoranthene-2-azafluoranthene; pyrene-I-azapyrene; 2,3- 
benzofluorene-2,3-benzocarbazole) . In some particular cases (see Fig. 5) the differences 

RF 

1.C 

0.5 

0.0 

RF 

1.C 

i A 

A 
A 

9 
4.5 

0 

a 

30 0.0 I I 

22 25 

@gQl lQqp-CH3 
7 

Fig, 3. Differences in Rp values of very similar heterocyclic structures on Porapalc Q (for designa- 
tions see Table III and Fig. 2). 

are especially pronounced (cf. diphenylene sulphide-6,7-benzothionaphthene ; acri- 
dine-2-methylacridine) . 

A non-hydrocarbon’substituent has the greatest influence on the Rp values. 
On the one hand, it reduces by steric hindrance the possibility of adsorption of the 
hydrocarbon part of the molecule on the “hydrocarbon” surface of ,the stationary 
phase, thus considerably reducing that part of solute-sorbent .molecular interactions 
based on dispersion forces, while on the other hand, itis prone to interaction with the 
mobile phase by displaying donor and/or acceptor properties. This .iS illustrated in 
Fig. 6 (cf. biphenyl-4-hydroxybiplienyl ; 2-methyldiphenylene oxide-2-hydroxy- 
fluorene-2-hydroxydiphenylene oxide). 

‘. ., 

Analytical a$@ications 
: Thin’layer chromatography on Porapak Q permits easy separation of: 

(i) Small quantities of polar substances and several heterocyclic compoundsin 

J. Chvomatog., 33 (1968) ,r32-rq..i 
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,‘, 

l?ig, 6. Infl&ncc of a ,non-hydrocarbon substituek on Rp values on I? 
see Tab+ III and Fig; 2). 

‘, “,’ ‘: .’ 

:. : .,“.’ 
‘1’ .‘hydr@cqrbons, .e+. e%trerr@y weak phtqols, pxygen, nitr&en, 

comp6u,nd~,~ in :,F,q and @etroleum products. 
.,’ ,; $i! ,yy$lrocarbons differing in molecular shape and,polari 

(,, 

‘orapak Q (for designations‘ 

I( 

an< sulphu*-containing ’ 

sability, e.g. anthracene ” 

OF SEVERAL COMPOUND’S PRESENT IN TECHNICAL ‘ANTHRACENB AND PNENANTHRENE : 

I---, 

.’ Bghanol Acetone A celone- 
$rqbanoZ 

‘,’ (,r:r* v/v) ., 
L 

Phenkthrcne 
Anthracene . 

337 0.26 0.74 0.70 
,341 0;16 ‘, ?*73 0.48 

.,. ” ! ,.,, * 

&rid& 
I 

0.76 ‘0.80 
t .+rlAZOl~ ,.,, : ” ~, .,.‘,:,,, :. ..’ ‘, 

0.83 ‘0.85 
, ~_aj;&?,.$;pile;vl:. <‘, ; 

‘3x9. .0.88 
oxkbi$henyl ., “, 

0.89 0.92 

~G&D& ‘. 
3?5 0.88 ,, z.i;, 0.92 
3.52 

ri8-f3ime~~yl;diph’enirlene oxide 3 I 6 1, 
0.66 0.86 
0.32 ” : &o : 0.66 

‘: .$,a’jDihycir 
: aKf+Ijrdrotiyt 

., .:, . ._ ,:,,, 
&rises, the 8~ valu& of. seyeral .&&o&-xd& p&&d S$ 
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DISCUSSION 

GRUBMOFBR : How werethesmall Porapak beads applied to form a usable layer? 
I<UBECOVA: The beads were applied in the form of loose layers to a metal,plate 

with lines engraved parallel with the direction of flow. A transverse groove,in the plate 
accommodates the solvent which is supplemented by means of a ‘syringe during 
chromatography but it is possible to,. prepare normal plates by pouring an inert solvent 
suspension of Porapak on a glass plate and drying at room temperature..A homologous 
layer has been obtained frequently, . e ,: ,. b -:. ,: ‘. 

BRENNER : Are molecular sieve effects involved in the separation .on, Porapak @? 
JKNCHEN : What led you to suppose that the separation ,is based on dispersion 

forces? 
KUBECOVA: Porapak (a copolymer of styrene, vinyIbenzene .and ethylvinyl- 

benzene) is usually not considered as acting as a molecular sieve. It acts as an adsorbent 
with a large specific surface area (102 me/g) due to the high microporosity. Because 
Porapak is a pure polyhydrocarbon without any polar groupI’ the’adsorbent-sorbate 
interactions’have been represented by dispersion forces’only: The role of dispersion: 
forces, in, the,interaction between solute substances (hydrocarbons) ,.and Porapak (a: 

polyhydrocarbon) is illustrated by Fig: ,2, which shows the:.8equenceof, R$ values, of. 
naphthalene, phenanthrene and benzopyrene ; Rp values decrease with the increasing 
number of condensed rings. i ‘.: ,. 8, ,‘, .I,,, 

” 1 .’ JANCHEN : Molecules with the lowest molecular weight migrate : fastest ; this 
indicates.that the separation cannot be due to a molecular sieve effect,.if,we understand 
that .niolecular sieve is a wrong expression -it should be called a molecular trap, yet 
molecular sieve is the standard terminology. ‘,. .’ “. ,.‘!, . i-. 

.XAI~: If I understand it correctly, Porapak is.the polystyrene matrix of:an ion-. 
exchange resin; ..but without any ion-exchange groups attached. .It would thus make it 
possible: to isolate in pure form the non-polar molecular interactions often -encountered 
in ’ the,‘chromatography of, say; purine derivatives on ion-exchange. resins.’ I,.wonder 
whether.with, .very high ,molecular weights, and, with loads exceeding the Capacity. of 
the-external surface of the beads, molecular sieve (exclusion) effects wouldnot become 
operative?.. Naturally, if only the external surface, of the,,beads is .available. for ad- 
sbrption;,.this suggestion is not justified; : ,:..: m,. 1’ I> ,’ ..‘, ‘. ’ . : 
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