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SUhiMARY 

The chromatographic characteristics of 16 ahphatic amines on silica gel plates 
impregnated with phenol, quinol, pyrogallol, +cresol, pchlorophenol and ochloro- 
phenol were studied and their correlation with “rhe equilibrium constants of the -. 
adducts formed by the interaction of amines with exhlorophenol as impregnant has 
ken attempted. A suitable adsorbent system and a solvent system for the efficient 
separation of the smines have been developed. 

INTRODUCFKON 

The use of impre_gnants for improving the thin-layer chromatographic (TLC) 
separation of phenols1-3, aromatic aminescg and aliphatic ami~&O*~ has been 
described and seems to oEer interesting possibiities for developing new systems for 
the separation of various classes of compo-us&. As hydrogen bond formation between 
the impregnant and dipbatic tines was considered to in&ence the chromato- 
graphic behaviour of the amines 0x1 metal salt-impregnated plates”, it was con- 
sidered worthwhile to investigate the influence of impregnation with other com- 
pounds capable of undergoing hydrogen bond formation with aliphatic amines. This 
paper describes studies on the chromatographic behaviour of aliphatic amines on silica 
gel plates impregnated with diEerent phenols, and the determination of equihbrium 
consutnts of adducts formed between ahphatic amines and o&Iorophenol and their 
correlation with hi?, and & values. 

TLC plates (iayer thickness 0.5 mm) were prepared by spreading with a 
Stahl-type applicator a slurry of SO g of sihcz gel G (BDH. Poole, Great Britain) and 
various amounts of impregnants in 103 ml of distilkd w&er, except for ocresol, for 
which water-ethnnol (93) was used, The plates were dried for 24 h at a constant 
temperature of 60 5 1°C. Different phenols used as impregnants were either recrys- 
talhzed or redistih~ and kept in dark &ass containers before use. 
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TLC OF ALPHATIC AMINES 227 

Aqueous solutions of amines were applied to the TLC plate by meam of a 
micropipette (Clay Adams, Parsippany, NJ, U.S.A.) and developed with n-butanof- 
acztic acid-water (35:S:lO). 

An aqueous solution of cobalt(U) thiocyanate, prepared by dissolving 
ammonium thiocyauate (3 g) and cobalt(II) chloride (1 g) in 20 ml of distilkd water, 
was used as the spray reagent for detecting all amines on silica gel and phenol- 
impregnated plates, except for pyrogallol- and quinol-impregnated plates. The amines 
appeared as blue spots. The colour faded after 2 h, but was restored by spraying with 
water or keeping the pla+%s in a humid atmosphere. For pyro,@lol- and quinol- 
impreganted plates, a solution of 3 g of ninhydrin in 100 ml of n-butanol f 3 ml of 
acetic acid was used. After spraying with the nini&rin solution, the plates were 
heated at lOO”C, when violet-red spots were obtained. 

RESULTS AND DISCUSSEON 

Tertiary amines and aza aromatic compounds act as good electron donors 
towards phenol in forming strong hydrogen bonds13J4. Jinpregnation of silica gel 
plates with diEerent phenols was therefore carried out in order to study the chro- 
mato,oraphic behaviour of different aliphatic amines on these impregnated plates. 

Table I gives the hR, values of 16 aliphatic amines on silica gel G plates, im- 
p.regnated with 2% aqueous solution of various phenols, using n-butauol-acetic 
acid-water (355:lO) as developing solvent; this system was found to be the most 
suitable after investigating diEerent proportions of the components. For com_parison, 
aliphatic amiues were also chromatographed on non-imprcgnatcd silica gel G plates 
using the same solvent system, 

On phenol-impregnated pIates, methylamine, ethylamine, ethy~enediamine and 
diethylenetriamiue showed slight tailing, and methylamine-dimethylamin~trietha- 
nolamiue, diethyIamintiethyknin~-propylamine-aliykunine and diethylene- 
trizmke-ethykuediamimine were not scpaz%e~I. A difEercnce in hRF values of -& 3 was 
taken as a criterion for satisfactory separation. On quinol- and pyrogallol-impregnated 
plates, tailing of the spots was greatly reduced but the hRF values of a n-umber of 
axnines were close to each other. Further, on activation the TLC plate turned dark 
grey with pyrogallol and light brown wiffi quinol as impregnant. With o-cresol as 
impregnant, the spots ofethylenediamine and diethylenetriamine showed slight tailing, 
and dietbylamin+triethylamine, n-propylamiue-allylamine and dimethylamine- 
triethanolamine were not separated. With pchiorophenol as impregnant, the spots 
of m&y&nine, ethyiamine, ethylenediamine and &ethylene&&mine showed slight 
tailing, and methyiamin~methylamine and t.riethylzmint+rr-propylamin~a?lyl- 
amine were not separated. On non-impregnated sika gel G plates the tailing of the 
spots was much greater than that on impregnated plates. Also, many of the aliphatic 
amine-s were not separated- 

The best separation of aJJ the aliphatic amines studied was obtained when 
2 % o-chlorophenol was used as the impregnant- There was no taiIing with any of the 
amines and the hR, values differed by 3 or more units in each instance. 

mixture of them was and 
the spots were smallest with o-chiorophenol-impregnated plates. 
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Table If gives the hRF values of amines on #.&I layers of silica gel containing 
increasing concentrations of u-chlorophenol. The /SF V&ES for a particular amine 
decry as the concentition of u-chlorophenol increases and becomes almost constant 
for most of the tines at concentrations higher than 2 %_ Tailing of spots for some 
amines was observed when 0.5 or 1% of impregnant was employed. However, no 
tailing for any of the amines was observed when the concentration of u-chlorophenol 
was 2 %. Hence 2 ok was the most suitable concentration. 

TABLE II 

SEPARATION OF ALIPHATIC A~hf?;VA_kUES) ON SILKIAGEL G IMPREGNATED 
WITN DIFFERJZNT CONCENTRATIONS OF’u-CHLOROPHENOL USING n-BUTANOt 
ACETIC ACID-WATER (35:S:lO) 

0.5 Z 2 3 5 

- Methylamine a*. 

Dimethylarnine 
&- 28 26 26 26 

32 31 31 31 
Trimethyhmine 35”’ 3.5 35 35 35 
Ethykunine 48 l *. 46 46 46 46 
Diethylamine 52”’ 52 50 50 50 
Triethy@nine 60 .*. 55 
n-Pmpylamine 59 59 5’5 

53 53 
57 57 

Isopropylamiue 66 64 63 63 63 
Di-n-butyIamine 83 81 80 80 78 
Tri-n-butyhmiae 89 86 85 85 84 
Dieffiylenetriamine 23” 20 .*. 17 17 15 
Ethylenediamine 27,. 24”’ 22 22 20 
cyflohe;cylamine 80 79 76 76 77 
AlIylamine 63 60 60 60 60 
Didlylanine 69 60 66 60 60 
Triethanohmiue 3s 38 3s 38 3s 

*- Medium tailing. 
-*- sligllt tailing. 

Before discussing the possible role of u-chlorophenol in the silica gel-a-cbloro- 
phenol system, it should be noted that the trends of the tr& values obtained for 
difikent amines with non-impregnated silica gel and with silica gel-o-chlorophenol 
(50:2, w/v)-impregnated layers are similar (Table I). Hence, it is reasonable to 
assume that the forces responsible for TLC separation in the two instances are 
similar. It is pertinent to point out that Pires and Roseiral’ accounted for the TLC 
separation of aromatic amines on silica gel G plates by assuming the presence of a 
hydrogen bond of the type 

Si-OH- - - _!_Q /I 

d 
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Hence the sepa.r&on of ahphatic antines OQ tihlorophenoGnpregn&ed plates 
may also be dne to hydrogen bond formation between the K atom of the OH group 
of o-chlomphenol and M atom of the NH, group of the amine. 

To verify this possibility and to establish any correlations between the chro- 
matographic behaviour of aliphatk amines on o-chlorophenol-impregnated plates 
and the hydrogen bonding the&n, eqnilibrium stndies were carried out on hydrogen 
bond form&on between o-chforophenol and atiphstic amines, using the spectroscopic 
method of Baba and Snznki’s. 

The increase in absorbance ofthe shifkd band with increase in donor conccn- 
trzxtion was employed for the cakulation of eqtihbrium constants for hydrogen bond 
formation. The cquihbrium constants were Cal&ted from the following eqlration 
given by B&a and SuzukP: 

1 1 5 l 
E-& - = K(&p - &I) - c I 

(&* - +) 

where 
&f = molar extinction coe&Sent of the non-hydrogen-bonded or fret mole- 

Cole; 
sp = molar extinction coefficient of the hydrogen-bonded molecule; 
E = molar extinction coctlkient as observed in sohrtion in which the concen- 

tration of ekctron donor is e. 
By keeping the concentration of the electron acceptor and the ccl1 Length 

constant, throughout a set spectm, the E terms in Baba and Suzuki’s equation can 
be rephtced with the corresponding absorbances (A) and the equilibrium constant can 
be evr&.mted from a plot of l&4 - A,) verszzr I/C_ 

All of the studies were con&& to the benzcnoid absorption region in the 
range 260-2!W nm and at a constant temperatnre of 30 f OS”C_ The soIutions of 
o-chlorophenol and amines were prepared in cyclohexzme- A typical spzctrnm of the 
system o-chIorophenokyclohexyk.mine is shown in Fig. 1. This shows the prcscncc 
of isosbestic points which indicate the existence of a I :l hydrogen-bonded complex 
between the OH group of ochlomphenol and the lone pair of electrons of the N atoms 
of the amine_ Similar behaviour was observed for the other tics. 

The values of A and A,, read at 35,000 cm-’ in each instance, are given in 
Table ITI together with the concentration (C) of the aEnine used in each run. 

For cakuMing the equilibrium constant for hydrogen bond formation in each 
instance, I&4 - A=) was plotted against l/C (Figs. 2 and 3)_ By extrapoiation of the 
line to cnt the 1/C axis, the value of the equilibrium constant (K) of hydrogen bond 
formation for each amine was evaluated (Tables HI and JY). 

For studying the correlation between K and the dhRF values or bemeen Iog 
K and ARM, dh& and dRM were evalnated; the values are given in TabIe IV and 
plots ofK verzr AhR, and Iog K version ARK ate shown in Fig. 4. It can be seen &&at 
the kZF vaiue for any partifxtlar amine is lower on the impregnated than on the non- 
impregnated silica gc1 plate, that AhR, increases l.ine&y with K and that ARM is 
fine&y r&ted to log K These results suggest that amongst the various forces 
responsibIe for the TLC separation of amines, hydrogen bond formation plays a 
prominent role_ 
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Fii 4. (ix), Rtktianstip bcwecss 6: 2nd AR,; (b). rtlatidp ksvcen Iog K and ARM. 

In order to establish whether there was any corre4ation between the ARM 
vi&es and the bskitics of the am&s, AIY, values were CatcuIaM with the help of 
convexsio~~ factors given by SnydeP, by taking E as 1.1 and tabulated p& values”. 
The v&es are given in Table V and the plot of pK m-s-us AK, is shown in Fig. 5. It 
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TABLE V 

pK* AND AR:, VALUE!3 

Amine P% A’ B 
l * 

Dl&$klEZ? 
. 

~RF Rh mF 64 
f&d 

pCf&yIamine 10.657 28 0.35 26 0.40 -0.05 
Dimethylamine 10.732 0.24 31 0.29 -0.05 
Trimethylamine 9.810 

;: 
0.20 35 0.20 0.00 

Ethylamine 10.807 49 -0.07 46 -0.01 -0.06 
Diethyhmine 10.489 54 -0.17 50 -0.09 -0.08 
Triethylzniue 11.010 62 -0.33 53 -0.15 -0.18 
n-Propylamine 10.7u4 59 -0.27 57 -0.23 -o.tM 
Isopropylamine 10.720 66 -0.42 63 -0.35 -0.07 
n-Butylamiae 10.560 85 -1.16 -0.87 -0.29 
Tri-n-butykmine 10.830 90 -2.ao 

f: 
-1.16 -0.84 

Diezhyknetriaroine - 26 0.40 17 0-M -0.24 

EthyIenediamine 10.712 30 0.31 22 0.50 -0.19 
Cyclohexylamine 10.660 82 -0.97 76 -0.71 -0.26 
Allylamine 63 -0.35 60 -0.29 -0.06 
DiaUyknine 70 -0.53 66 -0.15 -0.38 
Trietbanokamine 38 0.14 38 0.14 0.00 

- A = Non-impregnated silica gel. 

l * B = silica gel G + 2% u-chlomphenol(50:2, w/v)_ 
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Fig. 5. Rektionship between PK. and AR& 
amine; 5 = 

1 = Methykmine; 2 = dimethylamine; 4 = ethyl- 
diethyknine; 6 = trkthyJ&niue; 7 = n-propylamine; 8 = isopropyrsrmine; 9 = n- 

butyiamine; 10 = tri-a-butylamine; 13 = cyclobexyIarnine. 

can be seen that no correlation exists between the pI& value of an amine and the 
AR& value, unlike the behavior observed by Yasud# in the TLC separation of 
aromatic zmines on silica gel layers impregnated with cadmim~~ sulphate. 
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It therefore seems that the TLC behaviour of aliphatic ztmimzs on siiica gel G 
thin Iayers and o-chlorophenol-impregnated layers is due to hydrogen bond formation 
between the amine and silica gel in the former instance and between the amine and 
silica gel as well as o-chlorophenol in the latter_ 
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