
SUMMARY 

The chromatographic behaviour of 35 primary aromatic amines was inves- 
tigated by soap thin-layer chromatography, the amount of detergent on the layer 
and the concentration of methanol and hydrochloric acid in the eluent be@ varied. 
The I& vet-m pH trends of the Merent atnines on layers of silanixed silica gel, 
done and impregnated with 2 % and 4 % triethanolamine dodecylbekenesulphonate 
solutions, are discussed. Several interesting separations that cannot be effected by 
either ion-exchange or reversed-phase chromatography were carried out. 

INTFCODUCTION 

In a previous paper’, the advantages of soap thin-layer chromatography 
(TLC) in the separation of some a!?iphatic am&s were pointed out. We therefore 
considered it interesting, to study the behaviour of other compounds both in order 
to acquire a better knowledge of the retention mechanism and to establish .possible 
analytical applications. We have studied primary aromatic amines so that their be- 
havionr could be compared with that on thin layers of strong and weak anion and 
cation exchangeTsI_L. 

ExJ2ERiMENTAL 

Solutions were obtained dissolving the amines in 0.05 M ‘hydrochloric acid 
in a 19 (v/v) mixture of water and n-propanol to give a concentration of 2 mg/ml. 
The amount of each amine on the layer was between 0.5 and 2 pg, except for o- 
brornoaniline, 2&dinitroaniline, 2&dichIoroaniline and 2,6dirnethylaniliie, the 
amount of which was 4 pg. Fresh solutions were used for those amines which easily 
decompose (o- and p-phenylenediamine, 4-atninodiphenyknine and 4amino-4’- 
rnethoxydiphenylatnirie)mine). 

The atnines were detected with a soiution of 5% N,N-dimethyl-p-a&o- 
ben.&dehyde in a 5:L (v/v) mixture of ethanol and glacial acetic acid. 
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Preparation of the tayers 
T5e thin layers (thickness 300 ym) were prepared with a Chemetron automatic 

apP-t-us by mixing 20 g of silanted silica gel 60 SF (Merck, Darxnstadt, G.F.R.) 
in 50 ml of a 95 o/0 ethanol solution containing a known concentration of detergent. 
Before use, the layers were dried at room temperature for 12 h. 

Sodium lauryletherosulphate &ES), triethauolamine dodecylbenzensulphonate 
(DBS) and sodium dodecylhydrogensulphate (DHS) were used as detergents. With 
DHS, the solid detergent was mixed directly with the silica gel at the time of prep- 
aration of the layers. 

All the measurements were carried out at 25”. The migration distance was 
l-l cm unless stated otherwise_ 

RESULTS AND DISCUSSION 

Among the three detergents used, the best results were achieved with DHS 
and DBS, which exhibited the same behaviour towards the amines. As the study 
with aliphatic amines’ was effected on layers impregnated with DBS, we considered 
it useful to carry out this investigation with the same detergent so that the present 
results could be compared with the former results under the same experimental con- 
ditions. 

Inj2uence of detergent concentration 
Table I gives the R, values of 35 primary aromatic amines on silanized silica 

gel, alone and impregnated with increasing amounts of DBS. An aqueous-organic 
mixture of 1 M acetic acid and 30% methanol was used as the eluent. 

On silanized silica gel layers the aromatic amines are generally substantially 
retained and exhibit a higher affinity towards the stationary phase than the catechol- 
amine?. On the layers impregnated with DBS, lower RF values of the amincs in 
comparison with those on the layers without detergent and, for some compounds, 
a reversal of the eIution sequence can be observed. An increase in detergent con- 
centration generally involves an increase in the retention by the layer; a limiting val- 
ue, ‘however, is not reached. Such behaviour disagrees with that observed with cat- 
echolamines, which therefore precludes the assumption that the attainment of a 
limiting RF value for detergent concentrations of 3% and above with aliphatic 
amines’ could be ascribed to saturation of the stationary phase by the detergent. 

The infiuence of substituent groups on the chromatographic behaviour of the 
amines can be seen from Table T by reference to the behaviour of anilines. The in- 
troduction on to the ring of -CHs, -OCHs, -NO,, -Br and -Cl groups involves an 
increase in the retention by the layer, whereas the opposite behaviour is observed 
on introduction of an -NH, group. The presence of two aromatic rings causes a 
considerable decrease in the RF value. As regards the influence of the position of 
the substituent on the chromatographic behaviour of the aromatic amines, there are 
some differences on thin layers of silanized silica gel alone and impregnated with 
detergent. On the latter layer the ortho-isomers are less retained in the case of to- 
luidines, anisidincs and bromoaniliues and more retained in the case of phenylenedi- 
amines, diaminotoluenes and nitroanilines. Such behaviour can be used as the basis 
for the separation of the isomers. 
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TABLE E 

R~~~~OFAROMAT~CAMINES-ON IHM LAYERS OF SXLANIZED SILICA GEL 

ALONE (a) AND IMPREGNATED WITH 0.5 % (b), 1% (c). 2 % (d). 3 % (e) .AND 4 % (f) DBS 
SOLUTION 

Eluent: water-metbanokcetic acid (64.3:30:5.7, v/v/v). 

a b C d e f 

Aniline 0.70 0.52 0.42 0.30 0.21 0.17 
m-Toluidine 0.64 0.38 0.31 0.22 0.14 0.11 
o-ToIuidine 0.65 0.43 0.36 0.27 0.19 0.15 
pTolnidine 0.64 0.38 0.32 0.22 0.14 0.11 
2,4-Dimethyhmiline 0.56 0.29 0.23 0.13 0.09 0.06 
2,6-Dimethyhuriline 0.44 0.31 0.27 0.1s 0.13 0.10 
m-NitroaniIine 0.41 0.36 0.36 0.35 0.29 0.28 
u-Nitroanilhte 0.32 0.29 0.27 0.26 0.23 0.22 
p-Nitronniline 0.39 0.36 0.36 0.35 0.30 0.30 
2&Dinitroadine 0.33 0.31 0.29 0.24 0.21 0.16 
m-Bromoanihe 0.37 0.27 0.23 0.17 0.13 0.10 
u-Bromoaniline 0.70 0.51 0.43 0.24 0.21 0.19 
pBromoaniIine 0.42 0.26 0.20 0.14 0.09 0.07 
p-Chloroaniline 0.44 0.31 0.25 0.16 0.11 0.07 
2,4-Dichloronniline 0.19 0.16 0.15 0.13 0.09 0.07 
m-Anisidine 0.62 0.40 0.35 0.24 0.18 0.14 
o_Anisidine 0.64 0.43 0.37 0.28 0.21 0.16 
p-Anisidine 0.70 0.45 0.37 0.25 0.18 0.14 
m-Phenylenediamine 0.86 0.68 0.62 0.46 0.38 0.30 
u-PhcnyIenedinmine 0.79 0.58 0.47 0.35 0.28 0.22 
p-?henylenedkmine 0.87 0.75 0.68 0.49 0.40 0.32 
2,6-Diaminotoluene 0.85 0.61 0.58 0.41 0.31 0.22 
2,4-Diaminotoluene 0.79 0.57 0.43 0.34 0.26 0.1s 
3,4-DiiotoInene 0.69 0.43 0.35 0.22 0.16 0.11 
3,4_Diaminonitrohen 0.58 0.52 0.50 O-44 0.39 0.33 
a-Naphthykmine 0.38 0.24 0.17 0.12 0.07 0.05 
4-Aminodiphenylamine 0.44 0.17 0.11 0.05 0.03 0.02 
tAminodiphenylnmine 0.22 0.11 0.08 0.04 0.02 0.01 
3-Methoxy4aminodiphenylamine 0.38 0.15 0.08 0.04 0.02 0.01 
4-Methoxy4’-aminodiphenykmine 0.42 0.17 0.11 O-05 0.03 0.02 
4,4’~Dinminodiphenylamiie 0.84 0.48 0.32 0.13 0.06 0.94 
2,4-Dinitro-4’-aminodiphenylamine 0.24 0.14 0.10 0.07 0.03 0.02 
Benzidine 0.68 0.29 0.24 0.12 0.06 0.04 
o-Tolidine 0.49 0.16 0.11 0.07 0.03 0.02 
o-D&i&Line 0.29 0.14 0.10 0-0s 0.05 0.04 

ZnpUence of percentage of methanol in the eiuent 
The aromatic amines behave in a similar manner to the catecholamines1~5 on 

an increase in the percentage of methanol in the eluent. On elution w&b a mixture 

containing 80% of metErano1, the 35 amines exhibit RF values between 0.67 and O.SO_ 
The strongest resolution power of the layer is achieved at a low methanol content 
(30 %I- 

Injhence of acid concentration in the elrrent 
In order to study the influence of the acid concentration in the eluent on the 
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liehaviour of the aromatic amines, we carried out measurem ents on layers of silankd 
silica gel alone and impregnated with 2% and 4% DBS, eluting with solutions with 
various hydrochloric acid concentrations in methanol-acetic acid-water mktnres. 
Fig. 1 shows the RX verszcs apparent pH treuds of the clifhent au&es on silanized 

silica gel layers, and the hfluence of the acidity in the- absence of detergent can be 
seen. 
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Fig. 1. RM values versus apparent pH of the eluents for some aromatic amines oa thin layers of 
s~&nized silica gel. Eluents: water-methanol (30°/~acetic acid (5.7O/J uld hydrochloric acid mix- 
tures. (a) o-Nitroaniline; (b) m-nitroa.niIiie; (c) 4-tiodiphenylamine; (d) aniline; (e) m-phenyl- 

Curve (a) is peculiar to those amines, such as o-nitroauiline and 2,4-dinit~o- 
aniline, which are completely deprotonated in the pH range studied. Their constaut 
RF values with chanag pH indicate that changes in the protonic activity have no 
effect on their cbromatograpbic bebaviour, contrary to what would be expected. It 
should be noted, furthermore, that the behaviour of these amines is not correlated 
wit’n the ionic strength of the eluent, as was shown by some experiments carried out 
on the same layers using sodium chloride solutions at concentrations between 0.025 
and 0.25 M in an aqueous-organic mixture containing methanol (30%) and acetic 
acid (5.7%) as ihe eluent. Experiments at constant pH and changing ionic strength 
were also effected with amines in the protonated form, and it was found that even 
for these compounds the influence of the ionic strength is negligible. 

Curves (c) and (e) relate to mono- and diamines .that have at least one pro- 
tonated amino group in the pH range stud.ietI Also for these com~unds constancy 
of the RF values with varying pH was found. Curve (e) relates to compounds such 
as phenylenediamines, toluenediamines and 4,4’-diaminodiphenylamine and curve (c) 
to amines that exhibit a higher aflkity towards the stationary phase, such as 2,4- 
dimetbykniline, 4-amino-dipbenyIamine and 3-methoxy4aminodiphenykmine. 
Curves (b) and (d) are peculiar to monoamiues whose chromatograpbic behaviour 
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is aE&cted by a change in the pH of the eluent, probably owing to the progressive 
protonatiou of their amino group. 

It should be noted, however, that the infkence of pH is perceptible only at 
low pH values_ Such behaviour seems to be iu disagreement with the acid-base char- 
acteristics of several amines (m- and p-nitroaniline, the three bromoanilines, p- 
chloroadine and 2&dichIoroaniline) whose chromatopraphic behaviour should be 
a&cted by a change in pH over the whole pH range studied as their pK, dues 
are between 1.00 and 3.98 (ref. 6). Such disagreement can be explained ou the 
basis of the pH differences iu the layer and in the solution. With pH measure- 
ments on the layer as described in a previous paper’, we obtained the trends shown 
in Fig. 2. Such trends, which relate to different pH values of the eluent, iudiczue 
the formation on the layers of a pH gradient, the start of which is increasingly de- 
layed as the acid concentration iu the elueut increases. In particular, the pH OQ the 
layer does not change appreciably with eluents with higher pH values [curves (a) 
and (b) in Fig. 21, notwithstauding the 0.8 pH uuit difference. Such an occurrence 
accounts for the constancy of the RF values in the pH range 2.75-1.95 for those 
amiues which are not completely protonated. 
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Fig. 2. pH values of silanized silica gel suspensions referred to the centre of the strips (2 x 10 cm)‘. 
Apparent pH oftheeluents:(a)275; Q 1.95;(c)1.6O;(d) 125;(e) 1.05;(f) 0.75. 

The chromatographic characteristics of the amines on layers of silanized silica 
gel impregnated with 2% DES solution are reported in Table II. Contrary to their 
behaviour on silauized silica gel alone, all of the amines exhibit increasing RF values 
with a decrease in pH, except for o-nitroaniline and 2&dinitroaniline, whose&values 
do not change. The highest increase in the RF w&es is observed with benzidine, o- 
tohdine, +dianisidine and 4,4’-diaminodiphenyhuuine, probably owing to the pres- 
ence in their molecules of two amino groups that are completely protonated at the 
pH values listed in Table IL 

In order to iUustrate the influence of the pH of the eluent on the behaviour 
of the amines on these layers, Fig. 3 shows some typical & versus pH trends. Corn- 
parison of these trends with those in Fig. 1 reveals a similarity in the pH range 2.75- 
1.95.and a marked difference at lower pH values. 
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TABLEII 
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RF VALUES OF AROMATIC AMlNES ON TEilN LAYERS OF SILANZED SILICA GEL 
IMJ?REGNATED WlTH 2% DBS SOLUTION 

EIuents: hydrochloric acid solutions in water-me~ol(30°~~tic~~cid (5.7%) 

A title pK of eluent 

1.95 1.60 I.25 I.05 0.75 

Aniline 0.34 0.42 0.50 
m-Toluidine 0.23 0.29 0.38 
o_Toluidine 0.27 0.35 0.45 
p_Toluidine 0.23 0.30 0.40 
2&DikxethyIaniiine 0.16 0.21 0.25 
2,6-Dimethylaniline 0.21 0.27 0.33 
m-Niirnsniline 0.35 0.36 0.47 
u-N&roan&x 0_26 028 0.29 
pNitroaniIine 0.35 0.36 0.39 
2&Dinitroakliue o-24 0.25 0.24 
m-Bromoaniline 0.17 0.21 0.29 
n_Brcmoaniline 0.24 0.28 0.43 
pBromoaniline 0.15 0.19 02.5 
pchloroaniline 0.18 0.22 0.30 
t,4-Dichloroaniline 0.13 0.16 0.23 
m-Anisidine 0_28 0.34 O-42 
o-An&line 0.33 0.41 0.48 
p-Anisidine 0.30 0.38 0.44 
m-Ph~ylenediiine 0.53 0.60 0.69 
o-Phenylenediamine 0.40 0.48 0.55 
p-Phenylenediamine 0.58 0.67 0.75 
2,6-Diaminotoluene 0.42 0.58 0.62 
2,dDiaminotoluene 0.38 0.49 0.56 
3+Diaminotoluene 0.25 0.33 0.39 
3,4_Diaminonitrobenne 0.46 0.46 0.45 
a-Naphthylamine 0.13 0.15 0.21 
4Aminodiphenylamine . 0.07 0.09 0.13 
2-Aminodiphenylamine 0.04 0.06 0.08 
3-Methoxy4aminodiphenylamine 0.06 0.08 0.11 
PMetho?Ey4’-aminodiphenykmine 0.07 0.09 0.13 
4.4’-Diammodiphenyiamine 0.21 0.37 0.48 
2,4Dinitro-4’-aminodiphenylamine 0.08 0.09 0.12 
Benzidine Q-15 0.27 0.45 
o-Tolidiue 0.08 0.16 0.31 
o_Dianiiidine 0.10 0.21 0.37 

0.60 
0.49 
0.56 
0.51 
0.34 

E 
Ob9 
0.49 
0_24 
0.40 
0.57 
0.35 
0.40 
0.33 
0.52 
0.58 
0.55 
0.76 
0.66 
0.80 
0.69 
0.66 
0.53 
0.54 
0.28 
0.18 
0.12 
0.15 
0.20 
0.72 
0.17 
0.62 
0.51 
0.61 

O-70 
0.55 
0.61 
0.57 
0.45 
0.54 
0.65 
0.29 
0.57 
0.25 
0.46 
0.65 
0.43 
0.49 
0.45 
0.59 
0.65 
0.62 
0.80 
0.76 
0.82 
0.77 
0.76 
0.72 
0.64 
0.37 
0.28 
0.17 
0.24 
0.36 
0.79 
0.26 
0.80 
0.76 
0.80 

Particularly on layers impregnated with 2% DBS, the monoamines ex@ibit a 
rectilinear trend with a slope of about 0.6 in the pH range 1.6U-0.75. The constancy 
of & values in the pH range 2.75-1.95 cau be ascribed to the formation of a pN 
gradient similar to that observed with silanized silica gel [see curves (a) and (b) in 
Fig. 21, which involves small pH differences on the layer. ‘Fhe straight portion of- a 
curve for an amine corresponds to the presence on the layer of- an ion-exchange 
mechanism rather than a partition mechanism. The slope of the straight portions, 
which is lower than the theoretical value’, can be ascribed to the formation of the 
pH gradient on the layer, and also to the presence of a partition process due to 
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2 1 0 

PH 

Fig. 3. & values V.TSLLF apparent pH of the eluents for some aromatic amines on thin layers of silan- 
ized silica gel impregnated with 2 % DBS solution. Eluents: water-methanol (30y&acetic acid (5.7 %) 
and hydrochloric acid mixtures. (a) 2-Aminodiphenyiamine; (b) o-tolidirte; (c) p-bromoaniline; (d) 
p-toluidine; (e) 2&diaminotoluene; (f) m-phenylenediamine. 

the use of aqueous-organic eluents. Such an occurrence concerns thkse amines whose 
RF values at a given pH of the eluent are higher than that at the beginning of the 
gradient. Therefore, the behaviour of some diamines, such as the phenylenediamines 
and toluenediamines, which are less affected than the other d&mines by changes in 
the pH of the eluent, can be ascribed to their R, values being higher than that at 
the beginning of the gradient; the pII gradient on the layer, in fact, involves the 
incomplete protonation of the two amino groups and therefore slopes similar to those 
for the monoamines are achieved [see curves (e) and (f) in Fig. 31. The diamines, 
w&h exhibit RF values lower than that at the beginning of the gradient, give rise 
to straight portions with a slope twice that of the monoamines [see curve (h) in Fig. 
31. 

As the detergent concentration on the layer is increased (to 4”/,), Rx versus 
pH trends similar to those in Fig. 3 are obtained_ A greater change with a decrease 
in the pH of the eIuent in the pH range 2.75-1.95 and a higher slope of “Je straight 
portion below pH 1.95 are obtained. Such differences can be ascribed to the strongest 
retention of the amines as the detergent concentration increases and therefore Rc 
values’ smaller than that of the beginning of the pH gradient on the layer can be 
achieved. 

o-Nitroaniline and 2&dinitroaniline exhibit constant & values over the whole 
pH range, even on layers impregnated with 4 % DES. Such values, however, are lower 
than those on 2% DBS and on silica gel alone [see columns (a), (d) and (f) in Table 
I]. The behaviour of these two amines, which are completely deprotonated over the 
whole pH range and therefore cannot give rise to an ion-exchange process, can be 
ascribed to an adsorption process by the hydrophobic side-chain of the detergent- 



A similar behaviour has been observed for these compounds, although more markd, - 
on polystyrene-based ion exchan-4, which cor&c~~~ the sin&&y-between soap 
and ion-exchange chromatography. This similarity has also been observed in the paper 
chromatography of some dyes* and, more receutly, in *the colrUnn c&ou&ography 
of ammo acidsg. 

Among all the separations that can be effected on the basis of the RF values 
of the amines reported in Tables I and fz and of those-on layers impregrukd with 
4% DBS on changing the pH of the eluent, we-carried out some of those .which 
cannot bc obtained on layers of polystyre& or cellulo&~2‘ion exchangers- 

Fig. 4 shows the separation of the three phenylenediamines and that of the 
three ni~~anilines and 2,4dinitroaniline on silanixed silica gel impregnated with 2% 
DBS, with 0.5 M hydrochloric acid in an aqueous-organic mixture containing 30% 
of methanol and 5.7% of acetic acid (pH = 1.05) as the eluent. On the same layers, 
the three toluenediamines have also been separated, with 0.1 M hydrochloric acid 
in the above aqueous-organic solution (pH F MO) as the eluent. 

S-f 

S.f 

0 Q 8 
00 

00 

0 0 

0 
0 8 

Fig. 4. Thin-layer chromatogram of some aromatic amines bn silankd silica gel i~~pregnated with 
2% DES solution. Migration distance: 12.5 cm. Eluent: 0.5 M hydrochloric acid solution in water- 
methanol (30°~u%ic acid (5.7 “b. (a) m-Phenyksdknine; (b) pphenyknedkkne; (c) u-phenyl- 
enediamine; (III) mixture of phenylenediamines; (d) 2,4-dinitroaniline; (e) o-nitroaniline; (f) p-nitro- 
aniline; (g) m-nitroadke; (n) mkture of dir&o- and nitr&niiks. 

By using the two-dimensional technique, we achieved the separation of 13 
aromatic amines (see Fig. 5), eluting inthe fust direction with 1-M acetic acid in 
an aqueous-organic mixture containing 40 oA of-methanol and in the second direc- 
tion with the same eluent used in the separation of the amines- in Fig. 4. On silica 
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Fig. 5. Two-dimensional separation of 13 aromatic amines on layers of s&m&d silica gel imp-- 
nated with 2% DBS solution. (1) Development with water-methanol-acetic acid (54.3:40:5.7) (solu- 
tion A); (2) development with OS M hydrochloric acid so!ution in w&x-methanol (30yWkxetic acid 
(5.7%) (solution B). Migration distance: 13 cm in both directions. (a) 3-Methoxy-kuninodiphenyl- 
amine; (b) 2&dinitrozniline; (c) cr-naphthylamiue; (d) u-tolidine; (e) pbromoauiline; (f) p-nitro- 
aniline; (g) ptoluidine; (h) 3&diaminotoluene; (i) p-anisidine; (1) benzidine; (m) aniline; (n) 4,4’- 
diaminodiphenyhunine; (0) pphenyIenediamine. 

gel, both alone and impregnated with the detergent, the separation of be&dine, O- 
tolidine and o-dianisidine and that of 4-aminodiphenylamine, 2-aminodiphenylamine 
and 4,4’-diaminodiphenylamine can also be carried out. 
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