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Reagents sensitive to pH* are widely used for the detection of organte acids on
paper chromatograms and can be very eflective after neutral solvent systems (minimum
detectable quantities after chromatography (M.D.s) - 1 pg). However. sensttivities
are lowered by up to afactor of 100 when the more usetul acidic or alkaline solvents are
cmployed: micthods of eliminating acidie’alkaline residues are tedious and not alwayvs
cifective. Alternative reagents™ can generally only detect a specitic and limited range
of compounds.

However. the rron(llD-complexing ability of organic acids anrd organic phos-
phates does form the basis of a more general test®. capable of detecting as littie as 1 gg
of citric and malic acids. Unfortunately this method is only moderately sensitive
towards other organic acids. M.D.s normally being 0-100 grg. and at least one of
the reagents employed is a known health hazard.

Thus we have devised a test based on similar principles in which uncomplexed
iron{lIl) is revealed by its well known reaction with soluble thiocyanates. Its chiet
advantages are that it will detect less than 3 g of any one of a wide range of com-
pounds and that its sensitivity is not impaired by most solvent residues. Moreover. the
reagents used are innecuous. inexpensive and readily available while the treated chro-
matograms are quite stable.

The most generally useful form of this test is to dip the chromatograms through
.12, (w/v) AR ammbnium thiocyanate in acetone and. after dryving at 20-30 . to
dip them through 0.03%,, (w/v) anhyvdrous iron(lll)chloride in acetone. lron-
complexing spots generally appear as bleached. white zones on a pink background
immediately the paper dries. However. cinnamic. glveollic. lactic. oxalic and quinic
acids give yellow spots. while maleic acid gives a red and p-aminobenzoic acid a bluish
colour.

Tauble I shows that the test was reasonably sensitive towards all the compounds
cxamined, except for benzoic and p-aminobenzoic acids. Morcover, many substances
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3LE 1

SITIVITY OF THE IRONWID-THIOCYANATE REAGENT TOWARDS ORGANIC ACIDS AND

GANIC PHOSPHATES

compounds were spotted cold in the form indicated in parentheses onto Whatman No. 3MM paper. The chro-
ograms were run in the organic phase of rerr-amyl alcohol-formic acid-water (80:10:40 v:v) for 16 'h at 20-25 |
d for 3 h at 20-25°, and reated with 1.1 (w:v) AR ammonium thiocvanate in acctone followed by 0.03%,
)} anhyvdrous iron(IH) chloride in acetone as described in the text. The papers were examined by retlected day-

t. Unless otherwise stated. compounds vielded a single, white spot.
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-Aminobenzoie acid (H)
x-Aconitic acid (H)
enzote acid (H)
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Ixaloacetic acid (H)
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Juinic acid (H)
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Tartarie acid (Na. K)

sanic phosphates

wdenosine triphosphate (Na)
‘ructose I-phosphate (Ba)
‘ructose 6-phosphate (Ba)
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lucose L-phosphate (K)
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*hosphoenolpyruvite (Na)
Ribose S-phosphate (Na)
Irthophosphate (K)
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Spot Colour M.D.
area L fug)
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100
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50
5
30 2
6.0 3"
2.0 pink 3
2
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5
2
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35 2
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5
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5
3
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20 7
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1.0 37
1.0 5°°
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1.0 2
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3.0 1
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Full treatment 30 min after
dipping through FeCl,

Colour

bluc
bluc centre

vellow
pink centre

vellow with
pink centre

vellow
pink

yvellow

vellow

white with
vellow centre

2

Full trearment 3 days
after dipping throush
FeCly

M.D: Spor Colour
fug) arca
fenri
100
5 5.077
30 i.5
5 20 yellow
5 35
5 457
220
2 20 yellow
2 2.5 cream
4 20
2 25 vellow
-0 1.0 pink
3 3.0
20 3077 vellow
40 TtT
40 208
2 33
10 25
R B
3 20 velow
2 25
i 1.0
10 05
3 1.3
R
3 0577
3 057
10 1.07°
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1 257"
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1 1.0
035 257

£ Contittued on p. 296}
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‘ABLE i (cenriniucd j

“ompoend

Thiocyanate only,”

13 min after dipping

Full treqaiment 30 min after
dipping throush FeCls

NOTES

Full treatment 3 days
after dipping  through
FeCly

AM.D. Spur Colour  AM_D. Caolour M.D. Spot Colour
{1y} area (ugj fug) area
(co) {fenrj
imine acids

Aspartic acid (H) - 100 2 cream 3 1.0 cream
Glutamic acid (H) - 100 5 cream 5 1.0 crenm
Glycine (H) 100 20 5 cream 10 1.5 cream
Leucine (H) 140 5 yveliow 5 1.5 yvellow
Arginine (H) 100 3 vellow s 1.0 vellow

® The Ry values of the components located by thiocyanate alone were identical with those revealed by the full
orm of the test except in the case of arginine. Morcover, on the basis of position and relative intensity the test
evealed the same compoenznts in the organic phosphate preparations as the malybdenum bhue reaction®.
** Gave two spots at the 40-pg level.
“*7 At low concentrations (ca. 3 ng) oxalic actd runs as a small compact spot close to the origin which bleaches
he reagent maximally after 24 h, and acquires a brown centre after about 7 diys. At higher concentrations (ca. 10
1g) a red streak 1s formed in addidion.
§ Gave three spots at the 10-ug level.

were visible as bleached spots against a very pale background after the chromatogram
had been dipped through thiocyanate alone. and this probably provides the most
sensitive known chemical method of detecting organic phosphates.

Iron-complexing compounds originally present in the paper and.or solvent
become localised into zones during chromatography and this will cause an uneven
background if the detecting reagents are insufficiently concentrated. The effect is
worse for two-dimensional chromatograms and those run in phenol-containing sol-
vents: such chromatograms may have to be dipped through 2.2° ) amimonium thio-
cyanate and 0.06%, iron(Ill)chloride even though this halves the mean sensitivity
according to iests on citric. fumaric, 2-oxoglutarie, and succinic actds. On the other
hand. under tavourable conditions. it is possible to obtain double the normal sensitivity
by using 0.4¢, ammonium thiocvanate and 0.013%,, iron(I{)chioride.

The test has given completely satisfactory results on chromatograms run in
combinations of phenol. propanol. butanol. amyl alcohol. benzyl alcohol. formic
acid, acetic acid. propionic acid. water. ammonia. chloroform and diethyl cther.
However. its sensitivity is much impaired by phenol-water (100:39.w/v) in equilibrium
with 2 & ammonia or methyl ethyl ketone-acetone-formicacid- water (80:6:2:12_viv).

Stock solutions of the reagents in acctone are stable for at least thirty days at
20- if kept in darkness. However. solutions which have already been used to dip chro-
matograms should not be stored. Neither should unused solutions be exposed to in-
tense light for more than a few hours as this decomposes the thiocyanate. Dipped
chromatograms should not be allowed to lie in contact with each other for long
periods but otherwise may be stored for at least one year in darkness or 36 h in day-
light without significant loss of spot visibility: light does partially bleach the back-
eround however.

Chromatograms treated with these reagents fog X-ray tilm by contact within
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two weeks. Thus, where appropriate, radioautograms should be prepared bct’orcr the
papers are dipped.

The iron(I11)-hexacvanoferrate(I1) reaction can also be used to detect Ol'L'dnl(.
acids and sugar phosphates but the best mean sensitivity obtained with 0.03 %] (w/v)
anhydrousiron(lil) chloride in acetone followed by 0.04 97 (w/v) potassium hexacvano-
ferrate(H){potassium ferrocyanide) in 3027 (v/v)aqueous ethanol. was only one quarter
of that of the test described herc for thc compounds given in Table L.

NOTE BY THE EDITOR

This reaction has already been employed tor detecting tluoride on paper chro-
matograms and it should be kept in mind that inorganic anions which complex iron-
(I11) can interfere.
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