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Detection of mercaptopyridines and mercaptopyrimidines in planar
chromatography with iodine–azide reaction as a detection system
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Abstract

Reaction between iodine and azide ion induced by mercaptopyridines and mercaptopyrimidines was utilized as a detection system in TLC
and HPTLC. The developed plates were sprayed with a freshly prepared mixtures of sodium azide and starch solution adjusted to pH 5.5, and
exposed to iodine vapour. The spots became visible as white spots on violet-grey background. The iodine–azide detection system has been
proved to be the most favourable and enabled to detect quantities per spot in the range of 1–20 pmol (HPTLC) and 1–60 pmol (TLC). The
iodine–azide tests were compared with other visualizing techniques commonly used in planar chromatography (iodine vapour and UV254).
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he developed method was applied to detection of thiopental in biological samples.
2005 Elsevier B.V. All rights reserved.
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. Introduction

The widespread use of thiols as drugs[1], cosmetics[2],
orrosion inhibitors[3], agents in photographic[4] and vul-
anization[5] processes and chemical analysis of varied
etal ions[6] as well as different bio-oriented compounds

7,8], has created a demand for the selective detection of these
ompounds at trace levels in natural samples.

Planar chromatography is one of the oldest methods[9]
ut still one of the most widely applied for screening of many
rganic compounds using different detection methods[10].
any applications for thiols detection exploited include var-

ed spray reagent containing for example mercury(II)[11] and
I) [12], platinum(II) [11], iron(III) [13] permanganate[14]
ons as well as sulphuric and phosphomolybdic acids[15].
o improve detection the prechromatographic derivatization
eactions are sometime suggested[16]. The most common
ethods utilized for detection in TLC are visualization under
54 or 336 nm[17] and with a TLC/HPTLC scanner[18].

∗ Corresponding author. Tel.: +48 42 635 58 08; fax: +48 42 665 57 71.

In this paper, we have focused on employing
iodine–azide reaction as the proposed method of dete
of mercaptopyridines and mercaptopirymidines in orde
improve their detection sensitivity at a pmol per spot le
In practice, azide reacts with iodine only in the presenc
sulphur(II) compounds. It offers a mean of selective and
sitive detection of thiols as inductors of the iodine–a
reaction. This method bases on visual observation o
plates after spraying with freshly prepared solution of sod
azide and starch and exposure to iodine vapour[19]. The spot
become visible as white spots on a violet-grey backgro
The proposed procedure can be applied to screening t
thiols in natural samples.

2. Experimental

2.1. Materials and apparatus

All thiols compounds were obtained from Aldrich, Flu
and Lancaster. Thiopental was purchased from Bioch
E-mail address:robzak@chemul.uni.lodz.pl (R. Zakrzewski). GmgH (Kundl, Austria).
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The plates were developed in a horizontal DS-chamber
(Chromades, Poland) and sprayed with a TLC-sprayer
(Merck).

2.2. Solutions and reagents

Thiols solutions were obtained by dissolving 100�mol of
particular reagent in 10 ml 0.1 M solution of sodium hydrox-
ide and diluted with methanol to 100 ml. 10 ml 10% (v/v)
aqueous sodium azide solution and 1 ml 0.025 M potassium
iodide were added to 12.5 ml of 1% aqueous starch solution,
adjusted to pH 5.5 with 0.1 M hydrochloric acid solution and
diluted to 25 ml. When the dependence of detection limits of
thiols was investigated, the amount of potassium iodide (0,
1, 10, 100, and 500 mM) was added into spray solution. All
solutions were prepared fresh daily.

2.3. Planar chromatography

TLC silica gel 60 F254 aluminium sheets (Merc, Darm-
stadt, Germany; 10 cm× 5 cm, 0.2 mm thick layer), HPTLC
silica gel 60 F254 aluminium sheets (Merck, Darmstadt, Ger-
many; 5 cm× 5 cm, 0.2 mm thick layer) were used for the
determination of detection limits of all thiols. The plates
were spotted 1 cm (in TLC) or 0.5 cm (in HPTLC) from
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2.3.2. Detection with the non-improved iodine–azide
procedure (non-improved I2–N3

−)
After drying, the developed plates were sprayed with a

freshly prepared 1:1 (v/v) mixture of 1 M sodium azide solu-
tion and 1 M iodine solution in 1 M potassium iodide solution
adjusted to pH 6.0. Due to catalytic effect of the CS or C S
bound, the spots which were read after 2 min, became visible
as white spots on a yellow background and they were stable
for several minutes.

2.3.3. Detection with the iodine procedure (I2)
After drying, the developed plates were exposed to iodine

vapour for 10 min. The spots became visible as brown spots
on a yellow background.

2.3.4. Detection with the UV254 procedure (UV254)
After drying, substances were visualized under a UV lamp

(254 nm) using TLC or HPTLC plates with a fluorescent indi-
cator.

2.4. Analytical application of developed procedure

Developed procedure was applied to detect thiopental in
blood serum and urine samples.
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he edge of the plate with 1�l of appropriate thiol solutio
deposition area≈0.2 cm2) using 0.1–1�l pipette (Brand)
istance between spots was 1 cm. The plates were d
ped using a horizontal DS-Chamber, which was re

or use 30 min after the solvent was poured into it.
eveloped distances were: 8 cm (for TLC) and 4 cm
PTLC). Methanol was used as a mobile phase. Then p
ere air dried with a hair dryer. Spots were located
isualization with improved iodine–azide, iodine, UV254
rocedures. For some thiols, non-improved iodine–a

echnique was applied. The particular thiol concentra
potted decreases in following experiments like a
ration function. The detection limits were obtained
ix experiments and was considered when the spot
esponding to the smallest amount of thiol appeared
imes.

.3.1. Detection with the improved iodine–azide
rocedure (improved I2–N3

−)
After drying, the developed plates were sprayed wi

reshly prepared mixture of sodium azide, potassium io
nd starch solution adjusted to pH 5.5 and were exp

o iodine vapour for 5 s. Due to catalytic effect of the CS
r C S bounds, the spots became visible as white spo
violet-grey background and they were stable for se
inutes. The spots were read after 2 min since they

aken out from iodine chamber. When concentration of po
ium iodide into a spray solution was 0.5 M, the spots w
hite on a brown background. They were stable for s
ours.
.4.1. Detection of thiopental in a spiked blood serum
ample

A 300�l of serum with appropriate amount of thiope
al (at the level of�M) was placed in the conical flask a
iluted to 1 ml with methanol. If necessary, the precipita
as filtered. The 1�l of the filtrate, standard and blank so

ions were spotted on the HPTLC plates. Then, the plate
eveloped with dichloromethane as a mobile phase an
pots were visualized with iodine–azide reaction as a d
ion system.

.4.2. Detection of thiopental in a spiked urine sample
A 4 ml of urine with appropriate amount of thiopental

he level of�M) was placed in the conical flask with 750�l
.1 M EDTA and fix up to 10 ml with methanol. If necess

he precipitation was filtered. The 1�l of the filtrate, standar
nd blank solutions were spotted on the HPTLC plate. T

he plate was developed with methanol as a mobile p
nd the spots were visualized with iodine–azide reactio
detection system.

.4.3. Detection of thiopental in a real world urine
ample

4 ml of a urine sample of a 54-year patient (dosa
40–160 mg thiopental/h) was collected. Thiopental
etected in the same way as with the spiked u
ample.
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Table 1
Detection limits of mercaptopirydines and mercaptopyrimidines in TLC and HPTLC using methanol as a mobile phase

Number Compound Formula Method Detection limit (pmol/spot) RF

Improved I2–N3
− Non-improved

I2–N3
−

I2 UV

c(KI) =
0 mM

c(KI) =
1 mM

c(KI) =
10 mM

c(KI) =
100 mM

c(KI) =
500 mM

1 2-Mercaptopyridine TLC 20 20 20 20 80 2000 300 400 0.86
HPTLC 7 7 7 7 80 200 200 0.82

2 4-Mercaptopyridine TLC 20 20 20 20 200 6000 500 400 0.83
HPTLC 20 20 20 20 200 200 100 0.81

3 N-Oxo-2-mercaptopyridine TLC 1 1 1 1 4 500 100 0.85a

HPTLC 1 1 1 1 2 200 50 0.85a

4 3-Hydroxy-2-mercaptopyridine TLC 60 60 80 80 400 500 500 0.88
HPTLC 20 20 70 70 300 300 400 0.91

5 4,6-Dimethyl-2-mercaptonicotine nitrile TLC 60 60 60 60 90 600 500 0.88
HPTLC 20 20 20 20 20 300 300 0.86

6 4-Mercapto-2,3,5,6-tetrachloropyridine TLC 20 20 20 20 20 30 700 0.99
HPTLC 20 20 20 20 20 20 600 0.99

7 2-Mercaptopyrimidine TLC 7 7 20 20 20 2000 70 500 0.83
HPTLC 2 2 7 7 7 30 200 0.79

8 Thiopental TLC 4 4 4 4 7 2000 300 300 0.96
HPTLC 2 2 2 2 5 150 200 0.96
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9 2-Thiobarbituric acid TLC 4 4 4 4 7 80 100 0.93
HPTLC 2 2 2 2 2 30 60 0.92

10 1,3-Diethyl-2-thiobarbituric acid TLC 25 15 15 250 3000 80 500 0.98
HPTLC 10 10 10 150 700 50 150 0.97

11 2-Thioorotic acid TLC 10 6 4 4 8 150 250 0.95
HPTLC 8 2 2 2 2 80 100 0.90

12 2-Mercapto-4(3H)-quinazolinone TLC 1 1 2 2 8 150 400 0.87
HPTLC 1 1 1 2 2 80 100 0.87

13 2-Mercapto-4-methyl-pyrimidine TLC 3 3 2 2 20 400 500 0.80
HPTLC 2 2 2 2 7 30 200 0.79

14 4,6-Dimethyl-2-mercaptopyrimidine TLC 3 2 2 2 30 200 500 0.80
HPTLC 2 2 2 2 8 30 100 0.76

15 4-Amino-2-mercaptopyrimidine TLC 10 10 10 80 300 100 200 0.80
HPTLC 10 10 10 60 200 30 70 0.80

16 4,5-Diamino-2,6-dimercaptopyrimidine TLC 10 10 20 20 100 70 400 0.80
HPTLC 8 10 20 20 70 30 150 0.82
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3. Results and discussion

There are parameters common to TLC with iodine–azide
detection system which control the optimum performance of
thiols detection. Some of them have impact only on the sep-
aration process; others influence only iodine–azide detection
procedure. However, a large number of parameters usually
affect them both. We checked the influence of iodine, pH of
spray solution, concentration of sodium azide and induction
time on the detection limits of thiols listed inTable 1. The
different plates were tested.

In this part of our article, we would like to present the most
relevant points of our study we managed to establish.

3.1. Separation

TheRF data (TLC and HPTLC) are summarized inTable 1.
There was no need to find new chromatographic systems
because several different ones had been proposed for stan-
dards[13–15].

It was necessary to establish good resolution of thiopental
in biological samples since the iodine–azide detection system
is sensitive towards other thiols component of the samples
(e.g. cysteine, glutathione).

It appeared that methanol was sufficient enough as a
mobile phase to separate thiopental from other sulphur(II)
c ut it
w ental
i use-
l use
o dis-
c was
n tural
c arge
s used
a ed
a s in
p le
s
0 e as
a sitive
t
w
0 and
f bile
p id not
i es.

ved
i ines
a with
t lution
i

3

ion
m pre-
ompounds (e.g. cysteine, glutation) in urine sample b
as necessary to find another solvent to separate thiop

n serum sample. Acetonitryl as a mobile phase was also
ess since the spots with great tailing overlapped. The
f dichloromethane was found highly satisfactory for
rimination between all spots in serum sample and there
o interference. Cysteine, cystine and glutathione are na
ompounds of blood and urine present in a relatively l
cale in those biological samples. When methanol was
s a mobile phase theRF value for all compounds mention
bove was nearly 0. However, there were still two dot
lanar chromatograms (RF = 0.78 and 0.71 in urine samp
eparated with methanol as a mobile phase andRF = 0.2 and
.03 for blood sample separated with dichloromethan
mobile phase) that corresponded to compounds sen

oward iodine–azide detection system. Since theRF values
ere different from the case of thiopental (RF = 0.96 and
.27 for urine sample with methanol as a mobile phase

or blood serum sample with dichloromethane as a mo
hase, respectively) the presence of these compounds d

nterfere with detection of thiopental in biological sampl
In order to show the usefulness of the impro

odine–azide detection system, three mixtures of pirymid
nd pirydines were separated in HPTLC and detected

he proposed method. The obtained outcome of the reso
s depicted inTable 2.

.2. Detection

The optimum conditions of the improved detect
ethod using iodine–azide reaction for thiouracils were
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Table 2
HPTLC analysis of mixtures of thiols (developed distance 4 cm); solvent methanol:dichloromethane 1:3 (v/v)

Mixture of compounds Spotted amount (pmol/spot) RF

I2–N3
− UV254 I2–N3

− UV254

2-Mercaptopyrimidyne 9 70 0.62 0.60
2-Mercapto-4-methylpyrimidyne 3 210 0.75 0.74
4,6-Dimethyl-2-mercaptopyrimidyne 10 100 0.80 0.81
4,5-Diamino-2,6-dimercaptopyrimidyne 10 200 0.25 0.26

N-Oxo-2-mercaptopyridine 7 50 0.95 0.95
4-Mercaptopyridine 50 100 0.66 0.67
2-Mercaptopyridine 25 200 0.86 0.87
4,6-Dimethyl-2-mercaptonicotine nitrile 60 600 0.75 0.76

2-Thiobarbituric acid 6 200 0.70 0.72
Thiopental 6 600 0.95 0.95
1,3-Diethyl-2-thiobarbituric acid 30 500 0.88 0.88
2-Thioorotic acid 6 300 0.08 0.07
2-Mercaptopyrimidyne 9 70 0.62 0.60

sented in a previous report[19]. In this report, we have
expanded the application of the method to the group of mer-
captopyridines and mercaptopyrimidines and the influence of
iodide ions on detection limits was checked. All studied thiols
listed inTable 1were checked considering optimum condi-
tions for the detection method of the described thiols and
they remained the same as the previous ones. The 4% sodium
azide solution, pH 5.5 was applied to detect all thiols listed
in Table 1using iodine–azide reaction as a detection system.
As in the previous report[19], the plates were exposed to
iodine vapour for 5 s. This is the time within which iodine is
adsorbed on the TLC plate. The exposure time is so short due
to adsorption of iodine on the plate and vanishing of white
spots. The spots became visible as white dots on a violet-grey
background within 2 min due to catalytic effect of the CS
and C S bonds. The spots were stable within several minutes
due to sublimation of iodine from the plate. Appearance of
white spots could take some time, due to the induction time
which depended on by induction properties of a particular
thiol. It is the time within which the induction reaction has
finished. This is less than 2 min in each case.

3.2.1. Comparison of the detection limits using different
detection methods

The comparison of the detection limits of thiols achieved
by using different detection systems (iodine–azide proce-
d ries
i t the
i l, the
d ost

all of the analysed sulphur(II) compounds using iodine–azide
detection system.

Another advantage of iodine–azide reaction as a detection
system in planar chromatography over other examined meth-
ods of detection was the quality of obtained chromatograms.
Spots of all the thiols detected with the proposed method
were compact with sharp edges against the violet-gray back-
ground of the plate and provided an accurate measurement
of RF value.

Applications of the iodine–azide procedure in detection
of thiopental in biological samples are shown inTable 3. The
detection limits of thiopental in spiked blood serum and urine
samples are 30 and 0.5 nmol/ml sample, respectively. The
detection limits in spiked samples corresponds to the detec-
tion limits for standards. To confirm the proposed procedure,
thiopental was detected in a real world urine sample. TheRF
value for thiopental, and other sulphur(II) compounds in the
sample are in accord with the one for the spiked sample.

The optimum conditions of the improved method of detec-
tion using iodine–azide reaction were checked in compari-
son with non-improved detection method for some studied
mercaptopyridines and mercaptopyrimidines. The method
involving iodine–azide reaction was based on spraying the
plates with a mixture of sodium azide and iodine solution (in
potassium iodide solution)[20]. As a result, white spots on a
yellow background appeared. However, it was observed that
t onse-
q ction
l oth-
e The

T
D d dista

S it (pm

B .27
U 6
ure, iodine vapour and UV) used routinely in laborato
s listed inTable 1. The presented outcome indicates tha
odine–azide method is the most favorable one. In genera
etection limits were established at pmol per spot for alm

able 3
etection limits of thiopental in biological samples; HPTLC (develope

ample Solvent Detection lim

lood serum Dichloromethane 3
rine Methanol 2
he excess of iodine made the white spots vanish and c
uently, this was the reason of the greatly increased dete

imits. The phenomenon does not generally occur when
rs visualization techniques of TLC plates are applied.

nce 4 cm) with improved iodine–azide detection system

ol/spot) Detection limit (nmol/1 ml sample) RF

30 0
0.5 0.9
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excess of a visualization solution does not make detection
higher. It is important and difficult to spray the plates with
finely divided spray solution for optimum staining of the TLC
plates. It is overcome by applying iodine vapour in the pro-
posed procedure. Some examples are shown inTable 1. The
detection limits were established at nmol per spot level for
each compound.

3.2.2. Influence of iodide ions on detection limits
obtained with iodine–azide procedure

The present potassium iodide solution in the spraying mix-
ture also adversely affected the detection limits. Hence, the
introduced improvements to the method made it more favor-
able. The hampering effect of the iodide ions in iodine–azide
reaction induced by many thiols or organothiophosphorus
compounds is intensed with increasing iodide ions concen-
tration [21]. In the previous report, the effect of potassium
iodide concentration on detection limits was not examined
[19]. According to the Kurzawa’s report[22], an increase of
potassium iodide concentration makes an increase of iodine
consumption into iodine–azide reaction induced with mer-
captopyrimidines and an increase of induction time. We
investigated the influence of iodide ions on the detection lim-
its obtained with improved iodine–azide procedure (Table 1).
We sprayed TLC plates with solution containing proper
amounts of potassium iodide (1, 10, 100, 500 mM). When
t pray
s und
c of
p on of
i ound
i n a
r reac-
t pots
t spray
s

hich
c tion
a akes
d iols
( ide
i ce-
d ine,
2 ne).
W mM
a and
m ods.
B ely
d lates
a non-
i n of
m ively
h

4. Conclusion

The discussed results confirm the potential and the bene-
ficial effects of iodine–azide reaction as a detection system
in planar chromatography. The proposed detection system
allows selective and the most sensitive detection for mer-
captopyridines and mercaptopyrimidines at pmol per spot
level. The other applied detection methods routinely used
in TLC-iodine vapour and UV gave a positive but less sen-
sitive test. Iodine–azide detection system for detection of
thiopental in biological samples is simple, with inexpensive,
readily available chemicals and with short analysis time. The
non-improved methods has not been wildly applied since rel-
atively high detection limits obtained with the procedure.
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