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In the present study, athin layer chromatography (TLC) and areverse
phase high performance liquid chromatographic (HPLC) separation
methods were developed for the commercially available azo derivative
pigmentsie PR1 (pigment red 1), PR2 (pigment red 2), PR5 (pigment
red 5), PO5 (pigment orange 5) and PY 1 (pigment yellow 1) and also
for the azo derivative dyesi.e., 1-[ (4-chlorophenyl)azo]-2-naphthal enol
(DY), ethyl 4-[2-hydroxy-1-naphthyl)azo]benzoate (D2) and 1-[(2,4,6-
tribromophenyl)azo]-2-naphthalenol (D3) together with their potential
reduction/degradation products, aromatic primary amines. In addition,
three different commercial ink preparations contanining PR2, PR5 and
PO5 were analyzed by using these devel oped HPL C system following
solvent extraction. Compounds were separated by athin layer chroma-
tography system employing plastic backed silica gel adsorbents and
various solvent system combinations consisted of petroleum ether,
acetone, chloroform, dichloromethane and methanol. Thereverse phase
HPLC system was consisted of a mobile phase of acetonitrile:water
(67:33, v/v) and a Zorbax Eclipse XDB-C8 column (4.6 x 150 mm-
long) and it was delivered at aflow rate of 1 mL/min. The detection was
carried out at a maximum wavelength of 220 nm.

Key Words: Azo dyes, Printing pigments, TLC, RP-HPLC, Ink
analysis.

INTRODUCTION

Azo-based dyes and last many pigments have been used in a number of appli-
cations by the printing industry for years"®. They are rarely pure initially because
of the presence of impurities in the reactants and the occurance of side reactions
during manufacturing®. It has al so been shown that synthetic precursor, intermediates
and degradation products of these dyes could be potential health hazards owing to
both their toxicity and their carcinogenicity®®. Biological reduction of an azo dyeis
responsible for the possible presence of toxic aminesin the organism. The reduction
can also occur non-enzymatically™.
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The use of selective chromatographic separation techniques is necessary for
theidentification of individual substances, especially for the detection of toxic degra-
dation products such as aromatic amines from azo compounds. TLC is one of the
most popular chromatographic methods because of its ease of use and its ability to
quickly generate qualitative information™*2 Although TLC is quite cost effective
and sufficent for differentation of many writing inks, much research has been devoted
to exploring applications of high performance liquid chromatography (HPLC).
HPL C offers more resolving power and may generate quantitative information on
coloured and uncoloured components™**. Chromatography has been explored as
potential method for differentiation of ink samples. In recent years, several papers
have described the separation of azo dyes and pigments. Most of these studieswere
employed reversed-phase ion pair chromatography. HPL C has successfully differ-
entiated many ink samplesin distinguishable by TLC. HPLC isalso auseful tool to
identify in impurities in azo dyes. The present report describes a simple, fast and
reliable TLC and HPL C system.

EXPERIMENTAL

High performance liquid chromatograph was consisted of a HP-Agilent 1100
solvent delivery system, a Zorbax Eclipse XDB C8 (3.9 x 150 mm). HPL C column,
a Rheodyne Model 7125i Injector, an HP-Diode-Array (G1315A) Detector and
HP-Agilent ChemStation Integration Software.

Pigmentsand dyes. Pigment red 2 (PR2), pigment red 5 (PR5), pigment yellow 1
(PY1) and pigment orange 5 (PO5) were kindly obtained from DY O Pigment and
Dye Cooporation, Izmir, Turkey as a gift. Pigment red 1 (PR1) and azo dyesi.e.,
D1, D2, D3 were previously prepared in our laboratory and their melting points
were uncorrected®™. The solvent based cerigraphy ink with PR5, the water based
flexo ink with PR2 and the solvent based flexo ink with PO5 were also obtained
from DYO. The chemica structures of these dyes and pigmentswere given in Table-1.

Other chemicals used in the study were purchased as follows. Acetone,
diethylether, toluene, ethyl acetate, cyclohexane, dichloromethane, chloroform,
methanol, petroleum ether (40-60 °C), acetone, sulphanilic acid, benzocaine, aceto-
nitrile (HPL C grade) and plastic backed silicagel plates (Kieselgel 60 F254) (Merek);
p-chloroaniline, 2,4,6-tribromoaniline, 2,6-dichloroaniline and 4-nitroaniline
(Aldrich); p-nitroaniline (BDH); 4-methyl-2-nitroaniline (Lanchester).

Thin layer chromatography (TLC): The samples from stock solutions of
compounds in acetonitrile were applied into plastic plates and these were developed
in the solvent systemsi.e., S1: petroleum ether:acetone (70:30,v/v); S2: petroleum
ether:ethyl acetate (80:20 v/v); S3: petroleum ether:chloroform (50:50, v/v) and
$4: dichloromethane. The compounds were visualized under 254 nm UV light and
their Rr x 100 values were recorded (Table-2). All pigments and dyes produced
yellow to orange colours under the visible light. A TLC chromatogram of dyesand
pigments and their potential degradation/reduction products, primary aromatic
aminesis represented in Fig. 1.
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TABLE-1
CHEMICAL STRUCTURES OF PPIGMENTS AND DYES STUDIED
Pigment or dye . .
(Abbreviation) Chemical name Chemical structure
Pigment Red 1  1-[(4-Nitrophenyl)azo]-2- QN@N=N
(PRY) naphthalenal @

naphthalencarboxamide

' 4-[(2,5-Dichlorophenyl)- @
Hgﬁ(;w:;gedz az0]-3-hydroxy-N-phenyl-2- @ ‘

N-(5-Chloro-2,4-

_ dimethoxyphenyl)-4- (H{Cy LN S0,
Pigment Red5  [[5][(diethylamino)sul phonyl]-
(PR5) 2-methoxyphenyl]azo]-3- N=N
hydroxy-2-naphthal ene-
carboxamide
! . 0, ‘s
Pigment 2-[(4-Methyl-2-nitro- °d
Yellow 1 phenyl)azo]-3-oxo-N- N= N_é_c_g
(PYY) phenylbutanamide - 0
NO, OH
Pigment 1-[(2,4-Dinitrophenyl)azo] -2- O,N =N
Orange 5 naphthalenol ’
(PO5)

HO
(1) 1-[(4-Chlorophenyl)azo] - 2- GON=N O
naphthalenal O

HO
(02) Ethyl 4-[2-hydroxy-1- HsczoocON=N O
naphthyl)azo] benzoate O

B HO
(D3) 1-[(2,4,6-Tribromophenyl)- &QN:N O
azo]-2-naphthalenol . O
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TABLE-2
CHROMATOGRAPHIC PROPERTIES OF PIGMENT AND DYES AND
THEIR DEGRADATION / REDUCTION PRODUCTS (SEE TEXT FOR

THE SOLVENT SYSTEMS)
. TLC (R, x 100) HPLC
Compound (abbreviation) a1 < = ) (RY)

1-[(4-Chlorophenyl)azo] -2-naphthalenol (D1) 8347 6285 5648 88  11.22
4-Chloroaniline (4CA) 51.78 2381 1851 64 251
1-[(4-Nitrophenyl)azo]-2-naphthalenol (PR1) 60.86 3714 2962 7866 585
4-Nitroaniline (4NA) 3913 1142 1203 6666 202
Ethyl 4-[2-Hydroxy-1-naphthyl)azo]benzoate (D2) 7043 4666 3148 5733 827
Benzocaine (BZK) 46.08 19.04 1203 3333 219
1-[(2,4,6-Tribromophenyl)azo]-2-naphthdenol (D3) 84.34 7238 5740 9589 28
2,4,6-Tribromoaniline (TBA) 80.87 6857 6852 9452 6.03
2-[(4-Methyl-2-nitrophenyl)azo]-3-oxo-N- 6087 39.04 3796 8767 7.80
phenylbutanamide (PY 1)
4-Methyl-2-nitroaniline (MNA) 5478 3333 2963 7808 261
N-(5-Chloro-2,4-dimethoxyphenyl)-4- - - 463 7397 395
[[5[(diethylamino)sul phonyl]-
2-methoxyphenyl]azo]-3-hydroxy-2-
naphthal encarboxamide (PR5)
4-[(2,5-Diclorophenyl)azo]-3-hydroxy-N-phenyl- 67.82 4762 3889 6849 385

2-naphthal encarboxamide (PR2)
1-[(2,4-Dinitrophenyl)azo] -2-naphthalenol e (PO5) 5913 39.04 3055 4246 511

-, ),

O o O O
),

e O

i 2 3 4 5 6 7 8 9 10 11 12 13

Fig. 1. A TLC chromatogram of dyes and pigments and their potential degradation/reduction
products, primary aromatic amines (solvent system: S3; see Table-2 and tex for abbre-
viations and solvent system) (1= D1; 2=4CA; 3= PR1; 4=4NA; 5= D2; 6 = BZK;
7=D3;8=TBA; 9=PY1; 10=MNA; 11 = PO5; 12 = PR2; 13 = PR5)
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High performanceliquid chromatography (HPL C) of dyesand pigments:
An HPLC method in which D1, D2, D3, PR1 and PY 1 were separated from their
corresponding potential degradation/reduction products, primary aromatic amines
i.e, 4CA, BZK, TBA, 4NA and M NA were developed. All compounds used in the
present study were detected in areverse phase isocratic HPL C system consisted of
a mobile phase of acetonitrile:water (67:33 v/v) and a Zorbax Eclipse XDB-V8
HPLC column (4.6 x 150 mm). The flow rate was 1 mL/min. The detection was
performed at a maximum wavelength of 220 nm.

The stock solutions for all dyes and pigments were prepared in acetonitrile.
From these solutions, the concentrations of 28 ng/pL for PY 1; 4 ng/uL for MNA,;
9.3ng/pL for PR1; 5ng/pL for 4NA; 10 ng/pL for D1; 25 ng/pL for 4CA; 26.7 ng/pL
for D2; 5 ng/uL for BZK; 50 ng/pL for D3 and 7.5 ng/pL for TBA were injected
into HPLC in 20 pL amounts. The chromatograms are demonstrated in Fig. 2.
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Fig. 2. HPLC chromatograms representing the separation of PY 1, PR1, D1, D2, D3 and
their potential degradation/reduction productsM NA, 4NA, 4CA,BZK and TBA,
respectively

HPLC Analysis of ink samples with PR5, PR2 and PO5: For the HPLC
analysis of ink samples, the ink (1 g) was washed three times with the suitable
solvents (10 mL) with the solvent order of increasing solvent power? as shown in the
Fig. 3. The experiments were done duplicate. At each extraction stage, the mixture
was vortexed and then mixed in atube shaker for 10 min and finally centrifuged for
5 min at 4000 rpm to separate the solvent from the insoluble matter. Every time, the
extraction solvent (supernatant) was carefully decanted and the solid part was mani-
pulated with the following solvent. In the final stage, acetone was evaporated and
the residue (the extract) was dried, weighed (50 mg) and reconstituted with aceto-
nitrile (1 mL). These final sample was centrifuged and the supernatant was applied
to both TLC and HPLC (20 yL). Theresulted chromatograms are shown in Figs. 4-7.
The UV spectra obtained from authentic dye and pigments are presented in Fig. 8.
The UV spectra obtained following the extraction of ink samples were the same as
the authentic compounds (Figs. 4-8).

Inthe Fig. 2, HPL C chromatograms representing the separation of PY 1, PR1,
D1, D2, D3 and their potential degradation / reduction products M NA, 4NA, 4CA,
BZK and TBA, respectively (Table-1).

Figs. 4-6 showsthe chromatograms from PR5, PR2 and PO5 standards together
with the extracts obtained with following solvent extraction of commercial inks
prepared with PR5, PR2 and PO5. The similarity of UV sperctral data between the
standards and extraction materials confirm the structure of pigments.
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Ink
wash with petroleum ether and
centrifuge
solution may contain low molecular
Residue weight additives i.e., plasticizers, oils, resin

hot petroleum ether (80-100°C range)

and centrifuge

waxes in solution
Residue
diethyl ether

and centrifuge

solution may contain low
Residue molecular weight resins
cold toluene

and centrifuge

Residue solution may contain acrylic,

polyamide, polyester resins
acetone

and centrifuge

Residue solution may contain

(Pigment) cellulosics

Fig. 3. Procedure applied for the pigment extraction from ink formulations with PR2,
PR5 and PO5 (obtained from reference 2)

A TLC chromatogram which belongsto the same extractsis presented in Fig. 7.
As shown, the pigments in ink samples can be isolated with these methods.
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(a8) An HPL C chromatogram of authentic PR5 and (b) its UV spectrum

(c) A chromatogram obtained following extraction from a solvent based
serigraphy ink with PR5 (d) its UV spectrum
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Fig. 6. (a) An HPLC chromatogram of authentic PO5 and (b) its UV spectrum
(c) A chromatogram obtained following extraction from a solvent based
flexo ink with PO5 (d) its UV spectrum
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Fig. 7. TLC chromatogram of authentic PR5, PR2, PO5 and following extraction
from ink samples with PO5 (d) its UV spectrum PR5, PR2 and PO5
(S=standard; | = ink; Solvent system: S3)

RESULTSAND DISCUSSION

In studies reported in the literature, reverse-phase HPLC systems and mobile
phases including buffer solutions with the gradient elution were mostly used for
the analysis of azo dyes™?. In the present study, all the dyes and pigments and their
reduction/degradation products were separated using a simple isocratic reverse-
phase HPL C system with amobile phase without any buffer solution. The compounds
were eluted in reasonable retention times.
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Fig. 8. UV spectraof PY1, PR1, D1, D2, D3 and their potential degradation
products MNA, 4NA, 4CA, BZK and TBA
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In the studies reported previously, the HPL C analyses of azo dyeswere carried
out using gradient HPL C systems with the buffered mobil phases™?. In the present
study, avery fast isocratic method without any buffer system was devel oped for the
dyes and pigments. On the other hand, all compoundswere recorded with reasonable
TLC Rr x 100 vaues and HPL C retention times (Table-2). In addition, these compounds
were able to be separated from their potential degradation/reduction products, primary
aromatic amines (where the authentic standards were available). The recovered
pigments by solvent extraction from commercially available 3 ink samples (PR2,
PR5 and PO5) were also detected by these systems.

When the potential risks caused by azo group of dyesand pigment in the organism
or inthe production stage and on the shelf are considered, theimportance of investi-
gation of these rapid, sensitive and reliable detection methods for such compounds
could be understood. The present separation methods provide compositional information
and these can easily be used for ink analysisin the forensic identifications.
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