
REVERSED-?HASE AND SOAP THJN-LAYER CHROMATOGRAPHY OF 
Ah4U.NO ACIDS 

SUMMARY 

The chromatographic characteristics of 33 ammo acids have been studied 
using soap thin-layer chromatography (TLC). The influence of the type of detergent_ 
the organic soIvent and the acid concentration in the eluent on the chromatographic 
behaviour of the ammo acids was investigated. Many interesting separations that 
cannot be effected by ionexchange TLC have been performed. 

INTRODUCZI-ION 

The use of layers of silanized silica gel impregnated with anionic and cationic 
detergents has given very interesting thin-layer chromatographic (TLC) results for 
many classes of organic compounds I. We have extended this technique to the 
behaviour of ammo acids. These compounds have already heen studied on layers of 
algin icacidz, of ion exchangers with celhdose, pamfEn and polystyrene matrice&5 
and, more recently, on columns of hydrophobic supports as the stationary phase and 
aqueous and aqueous-organic solvents containing “ion-pairing” reagent@ or anionic 
detergents in the sodium form’-* as eluents. 

In this paper we report studies on 33 ammo acids using triethanolamine 
dodecylbenzenesulphonate (which has already be employed in previous work’), deter- 
gents in the sodium form and dodecyfhenzenesulphonic acid in order to show the in- 
fluence of the detergent form on the retention of tie amino acids. 

EXPEESMENTAL 

The test compotmds were dissolved in a 1 :I mixture of methanol and 0.1 M 
hydrochforic acid. The amount of substance deposited on the layer was between 0.5 
and t pg. 

The ammo acids were detected by spraying the wet layers with a sohnion of 
I % ninhydrin in a 5:l mixture of pyridine and glacial acetic acid and then heat& the 
Layers at tOO”C for 5 GIL 

The layers (thickness 300 pm) were prepared with a Chemetron automatic 
apparatus by mixing 20 g of sihmized silica gel 60 HF (Q (Merck, Darmstadt, 



G.F.R.) in 50 ml of 95% ethanol with a known concentration of detergent. The 
deFergent concentrations reported in the text refer to the alcoholic solution in which 
the sil - d silica gel was suspended. The detergents used were triethanokmine 
dodecylbenzenesulphonate (DBS), sodium lauryktherosulphzte (Na-LES), so&mu 
dicctyLsuIphosuccinate (Na-DSS) (Serva, Heidelberg, G.F.R.; and dodecylbenxene- 
suIphonic acid (H-DBS) (ICN Pharmaceutical, Plainview, NY, U.S.A.). Sodium 
dodecylbenxencsulphonate could net be used owing to its low solubihty in ethanol. 

The amino acids used were giycine (Gly), Amine (Ala), #?-abine @-Ah), 
wine (Serj, 2-amino-n-butyric acid (n-But), threoniue (Ihr), notie (n-Vail), vahne 
(Val). norleucine (n&u), leucine (Leu), isoleucine (IIe), proline (Pro), methionine 
(Met), dibydroxyphenylalanine (DOPA), 44odophenyhdanine (MB?), ethionine (Eth), 
tryptophan (Trp), phenylalanine (Phe). tyrosine flyr), 3,4-34odotyrosine (MIT), 
3,-%iiiodotyrosine @XI’), 3,5-diiromotyrosine (DBrT), 3,5diiodothyronine (T& 
3,3’,54riiodothyronine (Ia, 3,3’,5,5’-tetraiodothyronine cr;), aspartic acid (Asp), 
aspamghe (Asp-NH3, glutamic acid (Glu), taurine (I.au), citruhine (Cit), Iysine 
(Lys), arginine (Argj and histidine (His). 

All measurements were carried out at 25°C. The migration distance was 11 cm 
unless otherwiz stated. 

EtESuLls AND DISCWSSION 

IryQuence of type ad con.ce_tiration of detergent 
In Table i are reported the chromatographic characteristics of the amino acids 

on Jayers of s&nixed silica gel alone and impregnated with 4% Na-LES, Na-DSS 
and II-DBS solutions, eking with an aqueous-organic mixture containing 5.7% 
aoztic acid and 30% methanol (apparent pH = 2.75). On layers of s&nixed sika gel 
alone most amino acids run with the solvent front, with the exception (although with 
high & values) of the halogenated derivatives of phenylakine and tyrosine, the 
leucine isomers, phenylaknine, ethionine and tryptophan. 

Such behaviour is sin&r to that observed on ~01~s of &bonded silica 
eluting with a solution at pH 250 containing 10% n-propanol’. The iodo derivatives 
of thyronine are strongly retained, and can be separated from each other and from 
al! others, which is difkrent to the results on impregnated iayers, where such com- 
pounds remain at the starting point. 

In the presence of Na-I.ES a general increase in the retention of basic amino 
acids and those with an aromatic ring in the sidechain is observed. For the other 
compounds the retention is insu&ient for separations to be effected. 

On layers impregnated with Na-DSS the amino acids are more strongly 
retained than with Na-LES. However, acidic amino acids and those with an 
aliphatic sidechain shorter than C5 e.xhibit high Rr values (2 0.9) and therefore the 
layer is not suitable for their separation. Several amino acids give rise to elongated 
spots OIL both layers. Also, DBS did not give the remits expected on the basis of its 
previous use with other ciasses of organic compounds’. The retention power of the 
layer impregnated with this detergent, is in fat< intermediate between that of layers 
impregnated with Na-LES and Na-DSS. 

The selectivity towards amino acids is similar with the three detergents. 
Further, on layers irnpre_gaFed with DBS. the detection of the less retaincd amino 
acids (RF > 0.8) is adverseXy afktcd by a violet colour in the vicinity of the solvent 
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TABLE1 

RF VALUES OFAMINO ACIDSQNLAYEEECOFSILANEED SILICAGELALONE(1) 
ANDEM.PREGNATEDWlTH4%Na-~LES(2),4% Na-DSS(3)aad4% K-DBS(4) 

EzFlea:vlmfi?r~ad~ al (64_315.7:30)_ 

din?.b&d &zyer 

I 2 3 4 

0.96 
O.% 
0.95 
O.% 
0.92 
0.93 
0.85 
0.57 
0.91 
O.% 
0.95 
0.86 
0.71 
0.79 
0.89 
0.92 
0.53 
0.78 
0.63 
0.70 
O-23 
0.12 
0.05 
O*% 
0.36 
036 
O_% 
0.96 
O.% 
O.% 
O_% 

i-E 
i73 
O.% 
0.94 
O.% 
0.84 
0.8s' 
0.65' 
O&Y 
0_75' 
0.96 
0.85 
0.67 
0.36 
0.56 
0.87 
0.90 
0.19 
0.48 
0.29 
0.40 
OSIO 
0.00 
0.00 
0.95 
O.% 
O.% 
0.96 
O-95 
0.56 
0.44 
0.53 

0.94 0.54 
094 0.52 
O-47 0.35 
0.94 0.64 
0.89 0.39 
0.94 0.59 
O-65- 0.21 
0.71' 0.30 
0.35 0.12 
0.41 0.13 
0.51' 0.15 
0.92' 0.46 
0.63 0.21 
0.46 0.12 
0.15 0.07 
0.37 0.12 
0.70 0.27 
0.78' 0.41 
0.08 0.03 
0.30 0.11 
0.13 0.05 
0.24 QO8 
0.00 0.00 
0.00 OJJQ 
0.W 0.00 
0.92' 0.59 
0.95 0.69 
0.95 0.65 
3.96 0.96 
0.90' O-49 
0.14 0.06 
0.08 0.04 
0.13 0.06 

= Elongated spot 

front, which can be ascribed to the reaction between ninhydrin and triethylanolamine 
displaced during the elution process. 

In the presence of H-DBS most amino acids are strongly retained, with the 
exception of taurine, which contains a sulphonic group in the molecule and runs 
almost with the solvent front, in a similar manner to the results observed on Iayers of 
alginic acid2 and poIystyrene-bati ion-exchange&. The spots are very compact for 
all amino acids and therefore the data given here refer to layers impregnated with 
H-DBS. 

The use of lower percentages of detergent does not give any improvement 
from an analytical standpoint, as a marked decrease in the retention of the amino 
acids with a decrease in the concentration of detergent on the layer is observed. 
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lh..ence of the acidiry of the ehzent 
The chromatographic b&&our oft&e amino acids on layers impregnated with 

4% H-CBS soiution is considerably afhted both by the pH of l &e eIuent and by its 
ionic strength. On the basis of the acid-base characteristics of these compounds, 
with a change in *the apparent pH of the eluent the degree of proton&ion of the amino 
and of the carboxyiic group can be varied. As dongated spots are obtained with 
a&aIine elrrents and the amino acids are only slightly retained_ the change in the 
apparent pH of the eluent is interestin g from an anal*d point of view only in 
acidic media; f&e resuits are reported in Table II. 

TAELE II 

RF VALUES OF AMINO ACIDS ON THIN LAYERS OF SILANIZED SILICA GEL IM- 
PREGNATED WITH 4% H-DBS 

Elucnts: (I) 0.5 M HCI + 1 M CH,COOH in 30% CEI,OH @H 0.7); (2) 0.1 M HCI + 1 M CHr 
CCWH in 30% CH,OH @H 1.25); (3) 0.1 MN&l f 1 M CH,COOH in 30% CH,OH (PH 2.75); 
(4) 0.1 M CZi,COONa i 1 M CH,COOH in 30% CH,OH (@4.10): (5) 0.1 M CH,COONa i 
O-1 _U CH,COOH in 30% C&OH @H 5.10); (6) 1 M CH#XIQN~ i 0.1 M CH,COOH in 30 oA 
CH,OH (pH 6.10). 

AJnkoaaii E&en2 PGCCWHP 

I 2 3 4 5 6 

G!y 0.83 0.70 0.72 0.16 0.76 0.83 2.34 

B”xis1 0.8x 0.74 0.64 0.64 0.68 0.65 0.74 0-M 0.77 0.67 0.82 0.81 2.34 3.m 
Ser 0.85 0.76 0.76 0.79 0.77 0.86 2.21 
Il-BUt 0.65 0.48 0.55 0.67 0.73 0.82 - 
Thr 0.83 0.72 0.77 0.77 0.77 0.85 2.15 
n-v2l o-45 O-26 0.37 0.52 0.60 0.75 2.36 
Vd 0.54 0.33 0.44 0.60 0.67 0.74 2.32 
n-Leu 0.24 0.15 O-17 0.36 0.40 0.70 2.39 
Lcu 0.26 0.17 0.19 0.39 0.42 0.65 2.36 
EC 0.31 0.20 0_24 0.45 0.48 O-70 2.26 
Pro 0.63 0.48 0.64 0.65 0.66 0.77 1.99 
Sf.5 0.42 0.28 0.34 0.50 0.51 0.74 2.28 
Eth 0.26 0.16 0.20 0.31 0.36 0.57 - 
TrP 0.13 0.08 0.10 0.22 0.22 0.40 238 
Pk 0.21 0.15 0.17 0.32 O-28 0.49 1.83 
Tyr 0.45 0334 0.44 0.60 0.57 0.76 2.20 
&pa 0.59 0.47 0.57 0.72 0.66 e.s. * - 

?mP 0.05 0.03 0.03 0.07 0.05 0.12 
!bfrr 0.20 0.12 0.13 0.31 0.24 0.49 - 

DlT 0.0s 0-W 0.05 0.11 0.11 0.30 212 
D&T 0.15 0.08 0.08 0.24 0.19 0.43 2.17 _ 
Asp-NH2 0.85 0.73 0.73 0.73 0.75 0.82 2.02 

0.86 o.i9 0.79 0.80 0.80 0.86 1 .8&3.85 
GIu 0.83 0.76 0.76 0.80 0.85 0.90 2.19*4.2.5 
T2u 0.96 0.96 0.36 O.% 096 0.96 1.5 
Cit 

z; 
0.60 0.68 0.69 0.71 243 
0.14 0.24 0.26 0.27 :“;6 2.18 

0.28 3.08 0.13 0.13 0.!4 0.62 2.01 
0.40 0.11 0.22 0.22 0.22 e-s. 1.78 

* es. = &Egizted spot 
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Table 11 also gives the p& vahtes of the carboxyiic groups of amiuo acids. It 
can be seen that in the pH range 0.7425 the prevailing species of the amino acids is 
the cationic form, whereas in t: = pH range 5.1-6. I the amino acids are completely in 
the xwitterionic form. 

When the pH is increased, keeping the concentrations of counter ion, glacial 
acetic acid and metbanol constant, a meral increase in the RF values is observed 
(Table II), and it is therefore evident that the zwitterionic form of the amino acids is 
kss retained than the cationic form_ At the lowest pH (O-7), however, an increase in 
the Rp vahres is observed compared with those at pH L2.5, as hydrogen ion act as a 
counter ion. 

On plotting the RM values of the amino acids as a function of the apparent 
pH of the eluent in the pH range 0.7-1.55 (that is, in the pH range in which the 
cationic form prevails), straight J.&s are obtained for most compounds; the slopes 
are between 0.5 and 0.7 for neutral and acidic amino acids and between I and L-1 for 
basic amino acids (lysine, arginine and histidine). Although these vahies are about 
half the theoretical vah&, the straight lines show that the retention of the amino 
acids in strongiy acidic solutious is greatly affected by au ion-exchange process. 
Such a process sms to act even in the presence of the xwitterionic form. In fact, the 
differences between the RF values in columns 5 and 6 in Table IT, obtained with 
eluents of pH 5.1 and 6.1 and differing ouIy in the counter ion (Na+) concentration, 
can be explained only with the presence of an ion-exchange process on the layer. 

It should be noted that the inftuence of the apparent pH of the eluent on the 
TLC characteristics of the amino acids is similar to that observed in column chroma- 
tography in the same pH range even if under different conditions of both the eluent 
composition and the stationary phase’. 

Ing?uence of the nature and concentration of the organic solvent 
The study of the influence of the nature and concentration of the oqquic 

solvent on the retention of amino acids was carried out keeping the acetic acid and 
the sodium chloride concentrations constant at 1 and 0.1 M, respectively_ The 
replacemeut of methanol with ethauol, n-propauol and acetonitrile did not give 
sign&ant differences_ An increase in the methanol concentration, in contra% rest&d 
in an increase in the RF values towards a constant value, as observed in previous 
work’. The strongest resolving power of the layer was achieved at a low methanol 
content (20-30 %)_ 

Use of water-organic solvent mixtures as eluents 
In order to study the behavior of amino acids in the absence of counter ions 

derived from both salts and strong acids, we used water-methanol, water-acetic acid 
and water-formic acid mixtures as eluents, Independent of the kind of organic solvent, 
mixtures with a water-organic solvent ratio of less than 1 cannot be used. In fact, with 
high percentages of organic solvent (7Oy-& the eluent does not run uniformly and 
elongated or irregular spots are achieved for those compounds which are less 
retained. Therefore, the data in Table III refer to eluents with pcrccutages of oq+nic 
.&vent between 10 and 50%. 

From the data in Table IPI it is apparent tha& together with ffie increase in the 
percentage of organic sohvent, a general increase in the RF values and, for some 



0.60 
0.56 
0.31‘ 
0.66 
0.50 
0.64 
OS 
0.44 
020 
0_21 
OS3 
0.55 
029 
0.14 
0.05 
0.12 
0.37 
O-46 
0.03 
0.08 
0.04 
0.07 
O_CO 
0.00 
0.00 

iii-: 
Oh 
0_94 
056 
O-07 
0.03 
0-m 

O-61 
0.60 
0.45 
0.65 
053 
0.62 
0.43 
0.48 
0.32 
038 
O-37 
056 
03s 
032 
024 
0.28 
0.4% 
OS 
0.13 
0.29 
oa 
027 
0.00 
OX0 
0.00 
0.55 
0.63 
0.61 
091 
0.55 
0.18 
o-12 
0x5 

032 
0.66 
Oi25 
056 
0.09 
0.13 
0.03 
0.03 
O-04 
0.32 
0.11 
0.04 
0.02 
0.05 
0.13 
024 
O-02 
0.03 
0.02 
0.03 
0.00 
0.0 
OS0 
0.59 
0.73 
0.63 
036 
0.39 
0.02 
0.02 
0.02 

i-z 
0:38 
0.66 
0.31 
059 
0.14 
020 
0.07 
0.07 
0.09 
037 
0.20 
o-11 
0.08 
0.07 

- :s 
o:ot 
0.10 
0.03 
0.08 
0.00 
0.00 
0.00 
OS9 
033 
0.68 
036 
0.46 
0.09 
0.07 
0.03 

O-70 
0.65 
0.62 
0.69 
051 
0.63 
038 
0.43 
0.M 
0.30 
0.33 
056 
O-44 
0.34 
029 
0.32 
0.61 
0.68 
0.14 
0.41 

Ei 
Ok0 
0.00 
0-W 
0.65 
0.76 
o-74 
0.91 
0.63 
0.16 
0.12 
0_16 

0.70 
OS 
059 
0.77 
0_32 
0.63 
0.15 
0.18 
OS? 
0.07 
0.09 
0_32 
030 
0.11 
0.05 
0.07 
025 
038 
0.02 
0.07 
0.03 
0.06 
O.CQ 
0.00 
0.00 
0-70 
lL&” 
0.75 
036 
0.40 
0-m 
0.05 
0.07 

.tio acids, even a IeveIling of such vaiue5 are olxewxl. With a 7:3 w&x-methanol 
the trend of the RF v&es is similar to that obtained elutig with 1 _I.# acetic acid in 
30% qeChaao1 (see T&e I), apart from a general slight increase intheRpvalues.Ch 
repking metha with the same percentage of acetic xi& the layer e&&its a 
higher selectivity to%* the amino adds, ezipeci* t0wCd.s the tiphtic atids. 
Further, more compact spots are obtained and thereGore water-acetic acid mixtaes 
are suitable for anaiytical purposes. 

Ch changkg from acetic to formic acid, the greatest d.Serenuzs oaaxr with 
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the lower zdiphati~ amino acids, which exhiiiit big&r RF vdus. The use of fam3ic 
acid, tkerefore, does not giye any particular advantage over acetic acid, 

The sequence of RF values far amino acids using soap TLC is &E&rent from 
that observed on tkin layers of ion excbangers2-*, 

&par&ions of amino acids suck as Pke-TF-Dopa, Gly-A&t, Lerr-Ile and 
Ser-Thr, which can be carried out only with di@cuEy on ion exchangers, can be 
easily achieved OQ layers in;pregn&ed. with H-DEE% 

Among tie numerous separations &at may be effected on the basis of ffie 
RF values rep- in Tables 11 and XIX, we carried out those more interesting from 
aLa ma&tic& standpoint that cannot be eEtted on layers of ion exchangers with 
ce~rrlose2 or pdy.sty~& matrices_ Fig. 1 shows the separation of c-C6 n-alkyl-a- 
amino acids with water-acetic acid (9:1) as eIuenL Under the same experimental 
cum&ions, tke pairs aspartic acid-glutamic acid and SerinrzAzreonine kave aiso been 
sepzzzted_ Tke fast p&r was also sepamti on the same layers witk water-formic 
acid (7:3) as eIuent. The separation of the two acidic amino acids, however, is diEcult 
with soap TJLC. 

FiTi 1. RLin-layer fzkmnatogratn of IedkyI-Q~o acids on - diGa g-21 impregnated with 
4% K-DES solution, M&sation distase: 13 cm. Eheat: water~cetk acid (92). S.P. = start potit; 
SF. = solvent ikxk 

Fig_ 2 shows tke two separations of difEerent amino acids (the more in- 
terestig of which comems the ;zromatic amino acids and their iodo derivatives) 
obtained by duting with watet-acetic acid (1 :I). 

Fig. 3 shows the separation of some pairs of isomeric amino acids with 0.1 M 
sodium acetate f 1 M acetic acid in 30% methanol as eluent. 



Fii 2 Thin-&yzr cbromatogram of Q&O acids OP zehnizd silh geI inlpregmed with 4% H- 
DBS sohttion. Migratim d.ismce: 12cm. Eluent: w.er+aztic tid (l:l)_ S-P. = sect pofnt; 
SE. = solvent front. 

S.E c - 

0= 0 
0 n-w 0 

Ire 
0 0 

-c)o 

59. . . . . . 

Fig.3.~~chromatogramofpaifiofisonztrica~o~~on~sillcagefim- 
pxgc~ted with 4% H-DBS solution. Migratioa d&awe: 12Sun. Eluaxtr 0.11cb sodium setate 
solatiofx in wate~-ms.FmnoIsatic acid (64.390-57). S.P. = start paint; S-J?_ = sobrent finnt_ 
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