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Teflon tubing, keep the solvent cool as it approaches the substrate. Without these 
coils the solvent would become warm at the top of the column. When the level of 
solvent has risen to G, stopcock A is carefully opened to allow the eluting solvent to 
flow into flask D. When the solvent at the top of the column is no longer colored by 
the material being chromatographed, the level may be permitted to rise until it returns 
to flask D by way of the insulated glass side arm. At this point, the solvent is being 
cooled at the top of the column, and excess solvent is being returned to D by “spill- 
over”. Solvent passes !hrough the column performing the chromatographic separa- 
tion and flows back into D by way of stopcock A. In D, pure solvent is redistilled to 
the top of the column, while any eluted compound remains in flask D. With the chaise 
of suitable solvents, i.e., those in which the compound being chromatographed moves 
very slowly, the column can be operated overnight without attention. The continuous 
moclification may be used to separate components on the column. As the bands ap- 
proach the bottom of the column, with stopcock A closed, they may be collected 
through stopcock l3. This procedure is necessary with heat-sensitive compounds. 
Alternatively, the eluting bands may be collected in flask D. After each band has elut- 
ed, both stopcocks A and I3 are closed; flask D, containing the eluted band, is cooled 
and is replaced with a flask containing pure solvent. In the same way, a change to 
more polar solvents can be effected. The column can be used with most common 
substrates and solvents. 

This column has been successfully used in the chromatography of meso- 
tetrathienylporphin and metalloporphins. These results will be the subject of a 
forthcoming paper. 

This work was sponsored by the United States Air Force, under contract 
AF33(615)-2644. 
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Separation and identification of amino acids on starch thin Rayers 

Thin-layer chromatography (TLC) has been successfully applied to the separa- 
tion and identification of amino acids. BRENNER et aL1v2 separated and identified 
22 amino acids by a two-dimensional technique using silica gel as sorbent. By using 
several solvent mixtures they separated all the amino acids examined except 
leucine and isoleucine. In four systems of solvent mixtures on cellulose thin layers, 
VON ARX AND NIZ-IER~ separated and identified 52 amino acids of the 57 examined. 

SYNGE* and MOORE AND STEINS used starch in separations of 
column chromatography, and taking $is into account, we tried to 
acids by two-dimensional chromatog;aphy on thin layers of starch. 
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NOTES 315 

Recent usage of maize starch for TLC has given good results in separations of 
some cationsol’ and anions* as well as condensed phosphate@. 

Procea?wa. For preparation. of the thin layers commercial maize starch (MS) * 
and rice starch (RS) * * were used. After purification, which has already been de- 
scribedegO, the MS was dried in the air overnight and then in a vacuum oven at 60”. 
The dried MS was milled in a Waring Blender and sieved through a 325 mesh (ASTM) 
sieve. RS was used without purification. 

(a) 27 g of MS and 3 g of gypsum were suspended in 35 ml distilled water and 
the suspension was coated on to glass plates (20 x 20 cm) with the Desaga equipment* * *, 
thickness ca. 0.2 mm after drying (5 plates). 

(b) 18 g of RS and 2 g of gypsum were suspended first in 20 ml 96% ethanol 
and then in 40 ml distilled water and the suspension was applied to glass plates as 
described in (a) ; thickness ca. 0.12 mm after drying (5 plates).The previous suspension 
of RS in ethanol is necessary in order to prevent the formation of bubbles which 
appear when RS is suspended only in water. 

The thin layers were dried in the air at room temperature. The addition of gyp- 
sum is not necessary but it binds the starch more firmly to the glass plate and pre- 
vents the thin layer from forming very tiny capillaries which disturb the regular 
migration of the solvent mixture through the thin layer. 

Twenty-two amino acids* * * * were examined (Table I). Spots of I ~1 containing 
x ,ug of each amino acid (2 ,ug of asparagine) in 0.1 N WC1 were applied by micro- 
pipette on a corner of the glass plate at a distance of 2 cm from the edges. The chro- 
matograms were developed in a glass chamber, which contained 50 ml of solvent 
mixture. The chromatograms ‘were run both ways at room temperature without 
previous saturation of the chamber with solvent. After developing in the first 
dimension the chromatograms were dried for 20 min at So”. 

Solvonts. In all cases the solvent mixture for the first dimension was: 
(1) n-butanol-acetone-diethylamine-water (IO : IO : 2 : 5). 

For the second dimension the following solvent mixture were used: 
(II) phenol-water (75 :25, w/w) ; the vapour phase is equilibrated with 25 %, 

aqueous ammonia, 
(III) isopropanol-formic acid-water (40 :2 : IO), 
(IV) isopropanol-water-acetic acid-pyridine (50 : 40 : IO : 4), 
(V) n-butanol-acetic acid-water-pyridine (40 : IO : 50 : 2) ; upper layer. 
Detection. (I) Ninhydrin-lutidine reagent (NL) consists of 0.25 g of ninhydrin, 

g5 ml of methanol and 5 ml of 2,4-lutidine. The developed and dried chromatograms 
were sprayed with NL reagent and heated in an oven for 10-20 min at 80”~ Coloured 
spots of the amino acids appeared (Table I). If the chromatograms are allowed to 
remain a few hours at room temperature in the dark, the spots become more inten- 
sively coloured. 

(2) Diethylamine-ninhydrin reagent (DEAN)10 consists of 0.25 g of ninhydrin 

* 
** 

*** 
***lb 

Produced in “Servo Mihalj”, Zrenjanin, Yugoslavia. 
Powder white, “Carlo Erba”, Milan, Italy. 
Dcsaga GmbH, Heidelberg, Germany. 
E. Merck A. G., Darmstadt, Germany. 
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3x6 NOTES 

and IOO ml of vt-butanol. After development the chromatograms were dried and 
sprayed with ?z-butanol saturated with a 20 o/o aqueous solution of acetic acid. The 
wet chromatograms were exposed to diethylamine vapour for z rnin and dried in a 
stream of warm air and then sprayed with reagent. After IO-GO min heating in an 
oven at 80” the coloured spots of the amino acids (Table I) appeared. 

nesztzts mad disczcssio~a 
(a) The maize starch was not found to be a suitable sorbent for the separation 

and identification of amino acids by TLC. The spots of a groat number of amino 
acids are diffuse so that they overlap and with their close Rp values it is impossible to 
identify them. This is especially true for amino acids with high RF values where the 
spots are a little extended, in the solvent mixtures (I), (II), and (IV), and very ex- 
tended, in the solvent mixtures (III) and (V), in the direction of development. 
With a two-dimensional technique the spread increases a good deal and it is impos- 
sible to separate them. 

(a) 

-1 

(cl 

m 

I 

(b) 

(d: 

Fig. I n-d. Thin-layer chromatograms on rice starch (RS) of zz amino acids (see Tablo I) obtained 
by solvent mixtures combinations I -j- II, I + III, I + IV, and I + V. Start point and solvent 
front are traced. 

J. Chomatog., 21 (1966) 313-317 



NOTES 317 

(b) Rice starch proved to be a suitable sorbent for the separation and identifi- 
cation of amino acids by TLC (Figs. I a-d). By using RS all the amino acids examined 
except leucine and norleucine (Figs. I b and c) were separated by the combinations 
of solvent mixtures I + III and I + IV. The solvent mixtures I + II do not clearly 
separate the following groups of amino acids: methionine, valine and norvaline, and 
tryptophan, isoleucine, leucine,’ phenylalanine and norleucine. The combination 
I + V neither separated glycine from ornithine nor methionine, valine and norvaline 
from each other. The combinations of solvent mixtures I + III, I + IV and I + V re- 
solved isoleucine from leucine and norleucine. The advantages of combinations I + III 
and I + IV are perceptible especially if the speed of migration is taken into account 
(Table I). The spots of the amino acids are much smaller than on MS, have a regular 
shape, and are not too diffuse. By combined use of the detection reagents NL and 
DEAN it was possible to identify reliably every amino acid which was separated. 

Comparison of the results obtained on RS with the results obtained on silica 
gel1 9 2 and cellulose3 as carriers showed that RS was not inferior. It is possible to use 
the same or slightly modified solvent mixtures. There is no appearance of double 
solvent fronts whether the solvent mixture is acidic or basic. The speed of migration 
of the solvent mixtures is less than that on cellullose or silica gel thin layers but still 
good in comparison with paper chromatography. The sensitivity of detection is very 
great and 0.1 to 0.5 PLlg; (asparagine) of various amino acids could be detected when 
the chromatograms were sprayed with NL reagent. In two-dimensional chromato- 
graphy it is not recommended that the spots of amino acids shoukl contairrless than 
0.5 pg (L pg for asparagine) . The DEAN reagent is less sensitive. Good reproducibility 
in separation can be obtained under similar working conditions. 

The lack, of separation of the amino acids on the MS layers can be explained 
by examination of the sizes of the various starch grauules. MS has a bigger (20-30 p 
longitudinal axis) granule than RS (2-10 ,u, longitudinal axis), which causes a more 
rapid migration of the solvent mixture through the layers of MS and hence a worse 
separation. 
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