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Thin-layer chromatography of aromatic amines an cadmium acetate 
impregnated silica gel thin layers* 

2:. .,, Extending previous work’, results of investigations regarding the separation of 
aromatic amine isomers on silica gel layers impregnated with various cadmium salts, 
i.e. sulphate, acetate, phosphate, etc., are now reported. Better mutual separation of 
some amines, such as anisidines and xylidines, is achieved on cadmium acetate 
impregnated layers. 

The relationship between R’M values and basicity of the amine was also studied 
in more detail. A close correlation, which can be expressed by the following equation, 
was observed from the data obtained on unimpregnated silica gel layers. 

R’M = a -I- fi(p&) + c(pJGJ2 

Cadmium sulphate impregnation was found to increase b, the coefficient of the first 
orcler term of the above equation, and a linear dependence between the difference of the 
R’M values and the p& values of the amines, which had been suggested in the previ- 
ous paper, was also observed in some cases. Cadmium acetate, on the other hand, 
rather increased the standard deviations between R’M values and pK, values. 

Exfierimental 
Thin layers, 0.2-0.25 mm thickness, were prepared according to the method 

described in the previous paper’, and the amines were spotted on the layers as 0,5% 
methanolic solutions. 

4-Methoxyazobenzene, picric acid, and 4-(a’-hydroxy-z’-naphthylazo)-2,5- 
dimethoxy-benzanilide** were developed alongside the amines as reference compounds. 
The Rp values of the amines were then corrected by means of the correction equation 
proposed by DHONT et aC.” and the lip values of the reference compounds, 

Resdts 
The corrected Rp values of amines are shown in Table I. A few amines gave 

spots which tailed; RF data of such spots are marked st(spot length/spot width being 
between 2 and 4) or t(ratio more than 4). 

Mean Rs values (ovtho isomer = 1.00) of meta and $ara isomers were calculated 
from the data of toluidines, anisidines, chloroanilines, and bromoanilines and are 
shown in Table II, Judging from these Rs values, caclmium sulphate impregnation 
seems to give the best separation of isomers. But experimentally better results were 
sometimes obtained on cadmium acetate impregnated layers. For example, ortho and 
weta isomers of anisidines or six isomers of xylidines were separated from each other 
only on the latter layers. 

l Part of this work was presontecl at the Kyushu District Meeting of the Jspancsc Chemical 
Society, Oct., 1971, Kumamoto, Japan. 

l * This compound was obtdnocl by coupling diazotizocl Naphtliol Fast Rluo RR sncl z- 
naphthol, and purifiocl by the recrystallization from a benzcno-pyriclino mixture; 
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TABLE I 

RF X 100 VALUES ASD p& VALUES OF AROUATIC ABIINES ON UXIXPREGXATED AND IMPREGNATED THIN LAYERS 

Ref. I = 4-Methoqwobenzene; ref. 2 = pick acid; ref. 3 = 4-(2’-hydrorry-I’-naphthylazo)-2,5-dimetho~-benzanilide. 
Solvent systems: S, = benzene-acetic acid (g:r); St = benzene-acetic acid (8 : 2) ; S, = benzene-ethyl acetate-acetic acid (IO : IO : I) ; S, = benzene+ 
ethyl acetate-acetic acid (6:3x). Layers: L, = Unimpregnated layer; Lz = cadmium sulpbate impregnated layer; & = cadmium acetate impregnat- 
ed layer; La = cadmium phosphate impregnated layer. 
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4*5 NOTES 

TABLE II 

MEAN & VALU&S OF ISOMERS (RF VALUE Ol? ortho-ISOMI$R = 1.00) 

Per solvent systems and thin layers, see Table I. 

s, S, 

1 ‘I I -a I ‘3 I 44 I ‘I, L, L, ’ I., 

mela isomer o-75 O.GI 0,5G 0.72 o.so 0.73 0.73 0.76 
pava isomer 0.44 0.23 0*35 0.42 0,56 0.44 0.5G 0.40 
_---._---- _.__ - ..____ .-.- ---- -.._--_ .._._ ---- _._- 

&I S* 

L, L, L, r, L, L, 

m2dn isomer 
pnra isomer 

0.80 0.84 0.73 0.87 0.70 0.71 
0.58 0.49 0.47 0.58 0.2s 0.42 

The relationship between the X’M and pKrc values of amines is clearly shown in 
Figs. 1-6, in which the R’M values of amines on various layers are plotted against the 
pKa values of amines. This shows that the amino group in the amines takes the 
leading role in the adsorption to the surface of silica gel, ancl the contribution of the 
other groups towards the adsorption may be much smaller than that of the amino 
group, since the adsorption energy” of the amino group to the silica gel is much larger 
than that of the other groups. As is shown in Figs. 1-3, the R’M values of the amino- 
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Fig. I. Relationships botwocn the R’M and pKII, vnlucs of amincs on unimprcgnatcd silica go1 thin 
layers. Solvent system : bcnzcnc-ncctic acid (g :I). B = Aminobonzoic acid. 
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Fig. 2, IioliLtionsllips br?tuxxxr the A!‘.~1 xncl pI\’ ,, vnlucs of nmincs on cntlmiuln sulpliatc itnprcgnat - 
ccl silica gel thin Inycrs. Solvent system : twnxcnc-arctic acid (9 :I). 13 - Aminobcnzoic ncid. 

Fig. 3, &htiOnsllips bctwxn the h?‘nJ and PI<& v;tlUcs Of m’nines On cadlniulil acctatc iInpx?gnatcd 
silica gel thin laycrs. Solvent system: bcnzcnc-acdic acid (9:r). B = hminobcnxoic acicl. 

bcnzoic acids have properties which differ from those of the other amines. This may 
be clue to tile larger adsorption energy of tlie carbosyl group as opposed to that of the 
amino group. 

The relationship between the X’M and p& values of the amines can be espressed 
as the general equation (I). The coefficients of each of the terms were calculated and 
are shown in Table III. The R'M vnlues of the arninobenzoic acids were, however, 
omitted from the calculation, since the values were far from normal. 

Impregnation with cadmium sulpliate increased b, the coefficient of the first 
order term, and, ns is shown in Figs. 7 and 8, the AX’M values, i,o., the clifferences 
between the R'ns values on layers impregnated with salt and on unimpregnatecl 
layers, were found to have a clear relationship with the pKa values of the amines. 
This may suggest tllat the kino group of the amines, or more corqctly, an unshared 
electron pair in the amino group, also plays a part in the adsorption of sthe amino 
groups on cadmium sulpliate. As the pKn values of aromatic amines generally increase 
in the order of the ortlzo, w&n. and #zra isomers, good separation can be expected on 
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Fig. 4. liclationships bctwcn the R’,II and pll’,, values of ainincs on unimprcgnntctl silica gel thin 
layers. Solvent system: bcnzcnc-ethyl acctatc-acetic acicl (G : 3 : I), 

Fig. 5. Relationships bctwccn the I?‘.jr and pI\‘,, values of anlincs on CibdIIIiUIII sulplmtc imprcgnat- 
ccl silica gel thin laycru. Solvent systcrn: Lwnzcnc-ethyl acctntc-acetic acid (G : 3 :I). 
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caclmiuln sulpl~.te impregnatccl layers. Unsahfactory results were, however, .some- 
times obtained on this layer, cspccially for the separation of amines with similar PI<, 
vdues. 
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pig. 7. Rchtionsllips bctwccn tllc AR’,jr and pI\‘,, values OF unrincs on cadmium sulpllatc imprcg- 
natccl silica gel thin litycrs. Solvent systcnl: bcnzcnc-acctic acid (9: I), dR’,~j = 0.16 [pK,‘] - 0.34; 
Y = 0.84. 
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Fig. 9, I$clntionsliips br:twccn the dlr”,~, and plC1, values of aniincs on caclniinm ncctatc iniprcgmit- 
ccl silica &cl thin layers. Solvent systcni: bcnzcnc-ctliyl acctntc-uwtic acid (6 :_j :I), 

Cnclmiunl acctatc, on tlic other Iinncl, I~ncl tlic cffcct of increasing the stnnclnrcl 
cleviations in the equation. As is sl~own in Fig, 9, the .AR’,I~ values have little correln- 
Lion with the pK n values on cilclniiunl acetate iniprcgnatecl layers. Supposedly, 
impregnation with the latter salt introcluces some new factors which affect the separa- 
tion nieclianisni on tlic layers. A characteristic of the separation of aniines on caclmiuni 
acetate inipregnatecl layers was the partial recluction of the tailing of spots, but these 
unknown factors may be corisiclerecl to be primarily responsible for it, 
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