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Abstract

Azo dye ligand (DCPAC) namely (1E,6E)-4-((E)-(2,5-dichlorophenyl)diazenyl)-1,7-bis(4-hydroxy-3-methoxyphenyl)
hepta-1,6-diene-3,5-dione was prepared by coupling diazonium salt of 2,5-dichloroaniline with curcumin in basic con-
ditions. The ligand (DCPAC) and its Pd(II) complex were characterized by elemental analysis (C.H.N.), mass spectros-
copy, 1H NMR, FT-IR, UVeVisible spectra, and molar conductivity. The molar ratio method was applied to ascertain the
stoichiometric composition of pd(II) complex in aqueous solution which was 1:2 (metal ion to ligand). Azo curcumin
ligand binding with Pd (II) ion used the enolate form moiety of curcumin under alkaline conditions which was observed
by infrared spectra. New azo curcumin (DCPAC) and its Pd(II) complex have been evaluated as latent fingerprints
detection.
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1. Introduction

C urcumin is one of the most famous yellow and
red dyes respectively, and it is considered as

an active and powerful component in Turmeric
(Curcuma longa) [1] and its chemical formula was
approved by (Roughley & Whiting in 1973) [2] and it
is called (Di feruloylmethane). It has systematic
name according to the (IUPAC) system as follows.
(E,E)-1,7-Bis (4 -Hydroxy)-3 Methoxyphenyl 1,6-

Heptadiene-3,5- Dione). Several studies in recent
years have shown that curcumin is a potent inhibi-
tor of the initiation and promotion of tumor for-
mation chemicals induced by carcinogens in
animals [3] and contains potent antioxidant, anti-
inflammatory and antitumor promoting activities.
Curcumin showed induce apoptosis in HL-60

leukemia cells at low concentrations as 3.5 mg/mL
and Curcumin's ability to induce apoptosis was
somewhat dose- and time-dependent [4].
Curcumin can coordinate with many metals and

form stable complexes [7], in recent decades, com-
plexes of curcumin with different metals have been
synthesized to overcome the problems associated
with curcumin such as solubility and to make it
more effective. From a biological point of view [5],
the detection of latent fingerprints is an important
topic in forensic sciences, as this is reflected in the
benefit of society as a whole. The most common
method for identifying fingerprints is powder dust.
The powder dust method depends on the adhesion
of the powder powders. Turmeric particles to the
sediments of fingerprints such as oil, sweat, and
other substances that can leave behind the
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fingerprint, and these powders were classified into
colored, fluorescent, and magnetic powder was used
to photograph fingerprints on basic materials [6]
and was also used with silicon nanoparticles (SiNPs)
in imaging (LFPS), where the image of (LFPS)
developed under ultraviolet light appeared with
high and different quality and it could retain a clear
contrast in the fingerprints [7,8]. In this study, we
prepare novel azo dye of curcumin and its palla-
dium complex and study their ability to detection
the hidden fingerprints.

2. Materials and methods

2.1. Materials

The used materials in this study were bought from
different companies as following, 2,5-Dichloroani-
line (FERAK, 97%), Sodium nitrite, (Thomas
baker,98%), Sodium hydroxide (LOBA, 98%), Palla-
dium chloride (B.D.H, 98%), Curcumin crystalline
(CDH, 96%), Hydrochloric acid (CGH, 38%) and
Dimethyl sulfoxide (LOBA, 99%).

2.2. Instrumentations

We used the following devices to do the work,
Shimadzu FT-IR 8400S Spectrophotometer, Uv-
1650 PC UVeVisible Spectrophotometer, Sturat
digital melting Point/SMP3, Bruker500 MHZ300,
Agilent 5375 USA for mass spectra, Euro Ea 300 for
elemental analysis.

2.2.1. Preparation of the (DCPAC) dye
This dye was prepared by dissolving (0.23 g, mole

0.002) 2,5-dichloroaniline in (15 mL ethanol), then
adding (3mL, 12MofHCl) and cooling the solution to
0 �C. Sodium nitrite 0.2g, 0.002 mol was dissolved in
5 mL of distilled water under cooling to (0 �C), which
was added to the acidic solution of 2,5-dichloroani-
line to produce thediazoniumsalt. The solutionof the
diazonium salt was left 1 h under cooling and stirring
then the solutionwasmixedwith the cooling solution

of curcumin 0.5 g, 0.002 mol in 10%, 5 mL of sodium
hydroxide. The mixture solution was left overnight
then it was filtered and it was washed with distilled
water many times then the powder was put in
desiccator to dry. Elemental analysis of the ligand
Experimental%, C 59.79, H 4.24 N 5.19, Theoretical%
C 59.90, H 4.10, N 5.17.

2.2.2. Pd(II) complex preparation
This complex was prepared by dissolving (0.04 g,

0.00023 mol) of palladium (II) chloride in 5 mL of
distilled acidified water by adding drops of dilute
hydrochloric acid andheating for (10min) to complete
the dissolving, the ligand (DCPAC) (0.25 g,
0.00046mol) was dissolved in (20mL) of ethyl alcohol.
The ligand solution was added slowly to the palla-
dium metal solution with a metal: ligand molar ratio
(2:1) and checking the acidity to be 9. The reaction
mixture was refluxed for 2 h with a temperature of
(60e70) C. Then filtered and washed with distilled
watermore than once, dried. Elemental analysis of the
Pd (II) complex, Experimental%, C 54.67, H 3.63, N
4.78, Theoretical%, C54.63, H 3.57, N 4.72

3. Results and discussion

The azo curcumin ligand was prepared by react-
ing diazonium salt of 2,5-dichloroanilin with cur-
cumin as shown in Scheme 1. The resulting dye
namely (1E,6E)-4-((E)-(2,5-dichlorophenyl)dia-
zenyl)-1,7-bis(4-hydroxy-3-methoxyphenyl)hepta-
1,6-diene-3,5-dione (DCPAC) was dark brown
powder with a percentage of 85% and melting point
is 102 �C. The solid DCPAC ligand was insoluble in
water but completely soluble in some solvents such
as dimethylsulfoxide, ethanol and acetone.
The Pd (II) complex was prepared by reacting the

PdCl2 with two equivalents of DCPAC ligand as
shown in Scheme 2. Mass spectrum of DCPAC dye
(Fig. 1) provided a molecular ion peak at 543, and
the molecular ion peak of Pd(II) complex was at 1187
which are correspond to predict molecular weight of

Scheme 1. Preparation steps of DCPAC ligand of azo dye based on curcumin.
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DCPAC ligand and the [Pd(DCPAC)2] formula of
Pd(II) complex.
Reaction of Pd(II) with DCPAC ligand in ethanol

under reflux led to high yield Pd(II) complex and the
results of the (C, H, N) elemental analyses of the
synthesized Pd(II) complex were in good accord
with what the proposed formula demanded.

1H NMR spectrum of DCPAC ligand as shown in
Fig. 2, was exhibited many signals related to OeH
9.7 ppm [9,10]. The signals exhibited at 3.91 and
3.3 ppm due to OeCH3 and D2O of solvent respec-
tively. The aromatic protons exhibited in the range of
6.55e7.91 ppm. The chemical shifts of OH groups
showed at 9.7(2H, s) and the singlet signal at 6.1 ppm
due for the proton of curcumin between the carbonyl
groups, which disappeared in the signals of

palladium complex. The protons of 2 and * showed at
6.7 ppm with j-coupling equal to 15.8 Hz and the
protons of 3 and 3* showedat 7.7 ppmwith j-coupling
equal to 15.4 Hz. The complex of palladium (II) was
characterized by nuclear magnetic resonance spec-
troscopy (H NMR1) It showed a wide band at a
chemical displacement (9.12 ppm) belonging to the
OeHgroup. It is also noted that the proton signal has
disappeared at position 1, and the complex also
showed signs of aromatic and ethylene protons at a
chemical displacement of (7.71e6.42 ppm), as well as
a singlet signal at a chemical displacement of
(7.81 ppm) belonging to a proton at position 9 in the
phenyl group. A signal at 3.83 ppm chemical
displacement belongs to the OeCH3 groups, another

Scheme 2. Preparation of Pd(II) complex for DCPAC ligand of azo dye based on curcumin.

Fig. 1. Mass spectrum of DCPAC ligand of azo dye based on curcumin.
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Fig. 2. 1HNMR spectrum of DCPAC ligand of azo dye based on curcumin in DMSO d6 solvent.

Table 1. The important vibrations of DCPAC ligand and it Pd(II) complex.

Compound OH CH aliphatic CH aromatic C¼O C¼C N¼N Ph- O CeCl M-O

DCPAC ligand 3401 3050 2936, 2843 1627 1511 1428 1272 817
Pd(II) complex 3441 3089 2947,

2837
1585 1513 1429 1274 815 550

Fig. 3. Infrared spectrum of DCPAC ligand.

W.D. Kzar et al. / Al-Qadisiyah Journal of Pure Science 29 (2024) 28e35 31



signal at (3.33 ppm) refers to D2O, and a signal at
2.51 ppm refers to DMSO-d6.

3.1. Infrared spectra

The important function groups of the DCPAC
ligand and its Pd(II) complex were investigated by
infrared spectroscopy. The infrared spectra of the
DCPAC ligand and its Pd(II) complex were done by
using KBr disc. Their significant bands are sum-
marized in Table 1, and Figs. 3 and 4 represent their
IR spectra respectively. The DCPAC ligand showed

many diagnostic peaks, which were included in the
table, and among the important groups that
appeared in the (DCPAC) ligand spectrum is the
OeH group of curcumin, which appeared at
3401 cm�1, which did not suffer a change in the
complex [11,12]. That indicates on its presence and
not participating in the process of coordination in
the case of palladium complex. As well as other
groups such as CH aromatic at 3050 cm�1 and CH
aliphatic at 2936 and 2843 cm�1 [13e16] and a group
of C¼C at 1511 cm�1 [17,18]. The ph-O vibration
showed at 1272 cm�1 in addition to the CH bending

Fig. 4. Infrared spectrum of Pd(II) complex for DCPAC ligand.

Fig. 5. UVeVisible spectra of DCPAC ligand.
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of aliphatic at1031 cm �1 as well as CH bending of
aromatic at 814 cm�1, which in turn did not suffer a
change after the consistency of the ligand to the
palladium metal ion in the prepared complex
[19,20]. The (DCPAC) ligand showed an absorption
of N¼N at 1428 cm�1, which did not suffer a change
in the location and intensity in the spectrum of the
palladium complex which indicates its inconsistency
with the metal ions in the complexes [21,22]. The
ligand also showed absorption of the CeCl group at
816 cm�1 [23]. The ligand (DCPAC) showed an ab-
sorption of C¼O at 1627 cm�1, which suffered a
change in location and intensity in the palladium

complex spectrum, which indicates its consistency
with the metal ions in the complex, as its frequency
decreased by 42 cm�1 under coordination [24].

3.1.1. Electronic transitions of (DCPAC) ligand and
Pd (II) complex
Electronic transitions measurements were con-

ducted in dimethylsulfoxide at room temperature.
UVeVis spectra of DCPAC ligand and Pd (II) com-
plex were listed within Figs. 5 and 6 respectively. The
DCPAC ligand showed bands at 376 nm and 436 nm.
These bands due to p/p* and n/p* transitions
respectively [25e28]. The Pd(II) complex spectrum
exhibited bands at 554 nm and 680 nm due to (1A1g)
/ (1T2g), (1A1g) / (1T1g) transitions respectively.
These bands represent pretty accurately with the
square planar shape of the Pd(II) ion [29e32].

4. Detection of the hidden fingerprints

Fingerprints are invisible to the naked eye at the
scene of the event, which are called latent embodies
(LEPS), which can be exploited as important

Fig. 6. UVeVisible spectra of Pd(II) complex.

Fig. 7. Showing the latent fingerprint by the [Pd(DCPAC)2]Cl complex
on the aluminum surface.

Fig. 8. Showing the latent fingerprint by complex [Pd(DCPAC)2] com-
plex on a glass surface.
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evidence In many cases in crimes, which requires a
special photographic process in order to be under-
stood by security men [33]. The most common
method for identifying fingerprints is powder dust.
Number of azo dyes were used to detect finger-
prints. Fingerprints consist of a group of ridges
called friction ridges. Each ridge includes a pore,
which is associated with the sweat glands under the
skin. Fingerprints leave an effect on anything you
touch as a result of this resulting sweat. The process
of chemical manifestation of fingerprints depends
on the interaction of chemicals with the components
of the sweat secretions of the skin [34]. The ligand
(DCPAC) and complex Pd(II) were taken and
ground well, dried and placed on the surfaces to be
fingerprinted. The powder of the material was
spread with a special brush for this purpose over the
fingerprints. The Pd(II)complex showed high effec-
tiveness in showing latent fingerprints on smooth
surfaces such as glass and smooth surfaces such as
aluminium, where it showed positive results
through the appearance of fingerprints clearly and
with high stability and contrast which are depicted
in Figs. 7e9 respectively.

5. Conclusion

Through this work, we synthesized and charac-
terized new azo ligand (DCPCAC) and Pd(II) com-
plex. The (DCPAC) ligand is bidentate and the

Pd(II) complex is square planar. The palladium
complex (II) has high effectiveness and stability in
detecting latent fingerprints on different surfaces
compared with that standard (black powder).

Funding

This research received no specific grant from any
funding agency in the public or commercial.

References

[1] Xia M, Ye Z, Shi Y, Zhou L, Hua Y. Curcumin improves
diabetes mellitus-associated cerebral infarction by increasing
the expression of GLUT1 and GLUT3. Mol Med Rep 2018;17:
1963e9.

[2] Chattopadhyay I, Biswas K, Bandyopadhyay U, Banerjee RK.
Turmeric and curcumin: biological actions and medicinal
applications. Curr Sci 2004:44e53.

[3] Walton MI, Whysong D, O’connor PM, Hockenbery D,
Korsmeyer SJ, Kohn KW. Constitutive expression of human
Bcl-2 modulates nitrogen mustard and camptothecin
induced apoptosis. Cancer Res 1993;53:1853e61.

[4] Eryanti Y, Hendra R, Herlina T, Zamri A, Supratman U.
Synthesis of N-methyl-4-piperidone curcumin analogues
and their cytotoxicity activity against T47D cell lines. Indones
J Chem 2018;18:362e6.

[5] Prasad S, DuBourdieu D, Srivastava A, Kumar P, Lall R.
Metalecurcumin complexes in therapeutics: an approach to
enhance pharmacological effects of curcumin. Int J Mol Sci
2021;22:7094.

[6] Friesen JB. Forensic chemistry: the revelation of latent fin-
gerprints. J Chem Educ 2015;92:497e504.

[7] Wang Y, Wang J, Ma Q, Li Z, Yuan Q. Recent progress in
background-free latent fingerprint imaging. Nano Res 2018;
11:5499e518.

[8] Abbas AK Synthesis, spectroscopic, thermal and biological
studies of some novel metal ions complexes.

[9] Alwan TB, Sarhan BM. Synthesis and characterization of
some metal complexes of [1-(4-Bromo-2-Methyl-Phenyl)-3-
(4-Methoxybenzoyl)-Thiourea. 2009.

[10] Sarhan BM, Fyyadh BM. Synthesis and characterization of
some metal complexes of [4-Methoxy-N-(pyrimidine-2-
ylcarbamothioyl) benzamide]. Baghdad Sci J 2017;14:765.

[11] Mohammed HS. Synthesis, characterization, structure
determination from powder X-ray diffraction data, and bio-
logical activity of azo dye of 3-aminopyridine and its com-
plexes of Ni (II) and Cu (II). Bull Chem Soc Ethiop 2020;34:
523e32.

[12] Cherneva E, Atanasova M, �Smelcerovi�c �Z. 30-Amino-
thiocyclohexanespiro-50-hydantoin and its Pt (II) complex-
dsynthesis, cytotoxicity and Xanthine Oxidase inhibitory
activity. Inorganics 2022;10:175.

[13] Al-Daffay RKH, Al-Hamdani AAS. Synthesis and charac-
terization of some metals complexes with new Acidicazo
ligand 4-[(2-amino-4-Phenylazo)-Methyl]-Cyclohexane Car-
boxylic acid. Iraqi J Sci 2022:3264e75.

[14] Baper SH, Mohammed MS. Preparation and characterization
of new azo-Chalcone mixed with Imidazole ligand coordi-
nated with some Chelate complexes and study antitumor
activity. HIV Nurs 2022;22:318e26.

[15] Mohammed HS. Synthesis and characterization of some
complexes of azo-Chalcone ligand and Assessment of their
biological activity. Mater Plast 2021;58:23e31.

[16] Alzamili SDK, Shamran MH. Synthesis, characterization and
biological activity of azo Guanine and its complexes. Res J
Chem Environ 2022;26:10.

[17] Mohammed HS. Preparation and characterization of 4-[6-
(purinyl)azo]-1-naphthol and some transition metal com-
plexes. Iraqi Natl J Chem 2011:347e60.

Fig. 9. Showing the latent fingerprints by the standard black powder on
the glass.

34 W.D. Kzar et al. / Al-Qadisiyah Journal of Pure Science 29 (2024) 28e35



[18] Mohammed HS, Al-Hasan HA, Chaieb Z, Zizi Z, Abed HN.
Synthesis, characterization, DFT calculations and biological
evaluation of azo dye ligand containing 1, 3-dimethylxan-
thine and its Co (II), Cu (II) and Zn (II) complexes. Bull Chem
Soc Ethiop 2023;37:347e56.

[19] Mohammed HS, Tass�e M, Malfant I, Vendier L. cis-
Chloridobis(4,40-dimethyl-2,20-bipyridine)nitro-
sylruthenium(II) bis(hexafluorophosphate). IUCrData 2017;2:
x171013. https://doi.org/10.1107/S2414314617010136.

[20] Shamran Mohammed H, Mallet-Ladeira S, Cormary B,
Tass�e M, Malfant I. trans-Chloridotetrakis(4-methylpyr-
idine-kN)(nitrosyl-kN)ruthenium(II) bis(hexa-
fluoridophosphate) acetone 0.75-solvate. IUCrData 2017;2:
x171761. https://doi.org/10.1107/S2414314617017618.

[21] Ivanova S, Balkanski S, Atanasov P, Chaneva M,
Obreshkova D, Dimitrov V. Antitumor and antioxidant ac-
tivity of some metal complex compounds. Pharmacia 2023;70:
375e82.

[22] Al-Khazraji AM, Al Hassani RA. Synthesis, characterization
and spectroscopic study of new metal complexes form het-
erocyclic compounds for photostability study. Sys Rev
Pharm 2020;11:535e55.

[23] Ali RR, Mohammed HS. Synthesis and characterization and
biological study of pyridylazo ligand and its compounds of
Co, Ni and Cu divalent ions. In: Journal of Physics: Confer-
ence Series. IOP Publishing; 2021. p. 012009.

[24] Gaudron S, Ferrier-Le Bou€edec M-C, Franck F, D'Incan M.
Azo pigments and quinacridones induce delayed hypersen-
sitivity in red tattoos. Contact Dermatitis 2015;72:97e105.

[25] Witwit IN, Farhan HM. Synthesis, chemical characterization,
and Bacterial inhibition studying of new mixed ligand com-
plexes of 4-Methylimidazoleazo ligand, and Ethylenedi-
amine with some divalent metal ions. Pak J Med Health Sci
2022;16:579.

[26] Tass�e M, Mohammed HS, Sabourdy C, Mallet-Ladeira S,
Lacroix PG, Malfant I. Synthesis, crystal structure,

spectroscopic, and photoreactive properties of a ruth-
enium(II)-mononitrosyl complex. Polyhedron 2016;119:350e8.
https://doi.org/10.1016/j.poly.2016.09.010.

[27] Alghuwainem YA, Abd El-Lateef HM, Khalaf MM,
Abdelhamid AA, Alfarsi A, Gouda M. Synthesis, structural,
DFT, antibacterial, antifungal, anti-inflammatory, and mo-
lecular docking analysis of new VO (II), Fe (III), Mn (II), Zn
(II), and Ag (I) complexes based on 4-((2-hydroxy-1-naph-
thyl) azo) benzenesulfonamide. J Mol Liq 2023;369:120936.

[28] Hassan QM, Al-Asadi RH, Sultan HA, Abdullmajed HA,
Ali AA, Emshary CA. A novel azo compound derived from
ethyl-4-amino benzoate: synthesis, nonlinear optical prop-
erties and DFT investigations. Opt Quant Electron 2023;55:
392.

[29] Al-Daffay RKH, Al-Hamdani AAS. Synthesis, characteriza-
tion, and Thermal analysis of a new Acidicazo Ligand's metal
complexes. Baghdad Sci J 2022;19:121e33.

[30] Abdulrazzaq AG, Al-Hamdani AAS. Ni2þ, Pt4þ, Pd2þ, and
Mn2þ metal ions complexes with azo derived from Quino-
lin-2-ol and 3-amino-N-(5-methylisoxazol-3-yl) benzene-
sulfonamide: synthesis, characterization, Thermal study, and
antioxidant activity. Baghdad Sci J 2023.

[31] Mandal P, Pratihar JL. A review of the photochromic
behavior of metal complexes embedded in conjugated (eN¼
NeC¼ Ne) and non-conjugated azo-imine-based ligands.
Rev Inorg Chem 2023.

[32] Ali FJ, Radhi ER, Ali KJ. Synthesis and characterization of
a new azo ligand Derivative from 4, 5-BIS (4-methoxyphenyl)
Imidazole and its metal complexes and biological activity
study of its PD (II) complex. Pak J Med Health Sci 2022;16:
431.

[33] Sodhi GS, Kaur J. Organic fingerprint powders based on
fluorescent Phloxine B dye. Defence Sci J 2000;50:213.

[34] Ali RR, Mohammed HS. Biological activity and latent fin-
gerprints detection by azo quinoline dye and its complexes.
Period Eng Nat Sci PEN 2021;9:317e29.

W.D. Kzar et al. / Al-Qadisiyah Journal of Pure Science 29 (2024) 28e35 35

https://doi.org/10.1107/S2414314617010136
https://doi.org/10.1107/S2414314617017618
https://doi.org/10.1016/j.poly.2016.09.010

	Synthesis, Characterization and Latent Fingerprints Detection of Novel Azo Dye Based on Curcumin and Its Pd (II) Complex
	Synthesis, Characterization and Latent Fingerprints Detection of Novel Azo Dye Based on Curcumin and its Pd (II) Complex
	1. Introduction
	2. Materials and methods
	2.1. Materials
	2.2. Instrumentations
	2.2.1. Preparation of the (DCPAC) dye
	2.2.2. Pd(II) complex preparation


	3. Results and discussion
	3.1. Infrared spectra
	3.1.1. Electronic transitions of (DCPAC) ligand and Pd (II) complex


	4. Detection of the hidden fingerprints
	5. Conclusion
	Funding
	References


