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Synthesis, characterization and antimicrobial activities of some new methylene based Schiff bases
containing benzothiazole derivatives

Synthesis, characterization and antimicrobial activities of
some new methylene based Schiff bases containing

benzothiazole derivatives

Divyanshu D. Patel and Keshav C. Patel
Department of Chemistry, Veer Narmad South Gujarat University,

Surat - 395007, Gujarat, India
E-mail: pateldivyanshu@rediffmail.com

Abstract
 A series of 6,6’-methylene bis (N-substituted benzylidene-4,7-dichloro benzo[d]thiazole-2-amine) compounds have
been synthesized by the condensation of 6,6’-methylene bis (4,7-dichlorobenzo[d]thiazol-2-amine) and various sub-
stituted aromatic aldehydes. All the synthesized compounds were characterised by elemental analysis, IR spectra and
1H NMR spectra. They were screened for in vitro antibacterial (E. coli, P. aeruginosa, S. aureus, S. pyogenes) and
antifungal activities (C. albicans, S. cervecieaceae and A. clavatus).

Keywords: 4,4’-Methylene bis (2,5-dichloro aniline), potassium thiocyanate, bromine, aromatic aldehydes, antimi-
crobial activity.

Introduction

Chemistry of heterocyclic compounds is one of the lead-
ing lines of investigations in Organic Chemistry. Het-
erocyclic compounds are widely distributed in nature
and are essential for life. They play a vital role in the
metabolism of all living cells. There are a vast number
of pharmacologically active heterocyclic compounds,
many of which are in regular clinical use.

Nitrogen, sulphur and oxygen containing five member
heterocyclic compounds have assumed importance in
drug discovery processes. Benzothiazole derivatives ex-
hibit a wide range of biological activities, such as anti-
fungal 1-2, antibacterial 3, antitumor 4-5, anti-inflamma-
tory 6, anticonvulsant 7-8, anticancer 9-10 and anti-
turbercular 11. We report herein the synthesis and com-
parative microbial activities of five member heterocy-

clic derivatives (benzothiazole).

Materials and Methods

Synthesis of 4,4’-methylene bis (2, 5-dichloro aniline)
(3)
4-4’-Methylene bis (2,5-dichloro aniline) (3) was syn-
thesized by the method described in literature 12.

Synthesis of the 6,6’-methylene bis (4,7-dichlorobenzo
[d]thiazol-2-amine) (4)
4,4’-Methylene bis (2,5-dichloro aniline) (3.36 g, 0.01
mol) (3) and potassium thiocynate (19.44 g, 0.2 mol)
were added to 40.0 mL of precooled acetic acid at 50C
temperature. To this solution, 6.0 mL of bromine in
24.0 mL of glacial acetic acid was added carefully so
that the temperature did not rise beyond 00C. After all
the bromine had been added (120 minutes), the solution

RNI No. MAHENG/2017/74063
ISSN No. (Print) 2581-5911

Divyanshu D Patel and Keshav C. Patel
G P Globalize Research Journal of Chemistry

Vol 1 Issue 1 2017 : pp 1 - 7
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was stirred for an additional 2 hours at 00C temperature.
It was allowed to stand overnight to give an orange
precipitate. Water (25.0 mL) was added quickly and the
slurry was heated at 850C on a steam bath and filtered.
The orange residue was placed in a reaction flask and
treated with 10.0 mL of glacial acetic acid and again
heated to 850C and filtered. The combined filtrate was
cooled and neutralized with concentrated ammonia so-
lution to pH 6 to give dark yellow precipitate of 6,6’-
methylene bis (4,7-dichlorolbenzo [d]thiazol-2-amine)
and recrystallized from toluene. Yield 85%, m.p.
2650C13-14.

General synthesis of the compounds (5a- j)
6,6’-Methylene bis (N-substituted benzylidene-4,7-
dichloro benzo[d]thiazol-2-amine) compounds were syn-
thesized by reaction of 6,6’-methylene bis (4,7-
dichlorobenzo [d]thiazol-2-amine) (4.50g, 0.01 mol) with
various substituted aromatic aldehyde (0.02 mol). Each
reactant was dissolved in a minimum amount of metha-
nol, mixed together and a few drops of glacial acetic
acid catalyst were added. The solution was refluxed for
10 hours then cooled to atmospheric room temperature
and poured into ice cold water to give solid product. It
was filtered, washed with water, dried and recrystallised
from ethanol 15-16.

 

R
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H
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1 12
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where, R = a. 4-OH, b. 4-CH3, c. H, d. 2-CH3, e. 2-OH,
f. 2-NO2, g. 2-F, h. 4-F, i, 4-Cl, j. 2-Cl.

6,6’-Methylene bis(N-4-hydroxybenzylidene-4,7-
dichlorobenzo[d]thiazole-2-amine) 5a
Brown colour solid powder, mp 1060C, yield 71%; IR
(KBr, cm-1): 3400 (O-H stretching, Ar-OH), 3060 (C-H
stretching, aromatic), 2935, 2850 (C-H stretching, -CH2-

Scheme-1: Synthetic route for 6,6’-methylene bis (N-substituted benzylidene-4,7-dichloro benzo[d]thiazol-
2-amine) from 2,5-dichloro aniline (5a- j).

group), 1635 (C=N stretching, Schiff base), 1585 (C=N
stretching, benzothiazole), 1505 (C=C stretching, aro-
matic), 1470, 1430 (C-H bending, -CH2- group), 1330
(O-H bending, Ar-OH), 720 (C-Cl stretching, chloro);
1H NMR (400.1 MHz, DMSO): H 3.84 (s, 2H, CH2),
6.85-7.79 (m, 10H, Ar-H), 8.50 (s, 2H, HC=N), 9.80 (s,
2H, OH); Anal. Calcd for: C29H16Cl4N4O2S2 (685.40);
Found (C, 52.97), requires (C, 52.90); Found (H, 2.38),
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requires (H, 2.45); Found (N, 8.45), requires (N, 8.51).

6,6’-Methylene bis(N-4-methylbenzylidene-4,7-
dichlorobenzo[d]thiazole-2-amine) 5b
Light yellow colour solid powder, mp 1260C, yield 68%;
IR (KBr, cm-1): 3060 (C-H stretching, aromatic), 2930,
2855 (C-H stretching, -CH2- group), 2920, 2870 (C-H
stretching, -CH3 group), 1620 (C=N stretching, Schiff
base), 1590 (C=N stretching, benzothiazole), 1510 (C=C
stretching, aromatic), 1475, 1430 (C-H bending, -CH2-
group), 1380 (C-H bending, -CH3), 740 (C-Cl stretch-
ing, chloro); 1H NMR (400.1 MHz, DMSO): H 2.23 (s,
6H, -CH3), 3.92 (s, 2H, CH2), 6.90-7.69 (m, 10H, Ar-
H), 8.60 (s, 2H, HC=N); Anal. Calcd for: C31H20Cl4N2S2

(654.46); Found (C, 56.83), requires (C, 56.89); Found
(H, 3.14), requires (H, 3.08); Found (N, 8.49), requires
(N, 8.56).

6,6’-Methylene bis(N-benzylidene-4,7-dichlorobenzo
[d]thiazole-2-amine) 5c
Orange colour solid powder, mp 1440C, yield 72%; IR
(KBr, cm-1): 3060 (C-H stretching, aromatic), 2930, 2855
(C-H stretching, -CH2- group), 1628 (C=N stretching,
Schiff base), 1600 (C=N stretching, benzothiazole), 1515
(C=C stretching, aromatic), 1470, 1430 (C-H bending,
-CH2- group), 745 (C-Cl stretching, chloro); 1H NMR
(400.1 MHz, DMSO): H 3.95 (s, 2H, CH2), 6.95-7.83
(m, 12H, Ar-H), 8.50 (s, 2H, HC=N); Anal. Calcd for:
C29H16Cl4N4S2 (626.41); Found (C, 55.65), requires (C,
55.60); Found (H, 2.51), requires (H, 2.57); Found (N,
8.89), requires (N, 8.94).

6,6’-Methylene bis(N-2-methylbenzylidene-4,7-
dichlorobenzo[d]thiazole-2-amine) 5d
Light yellow colour solid powder, mp 1230C, yield 68%;
IR (KBr, cm-1): 3065 (C-H stretching, aromatic), 2930,
2850 (C-H stretching, -CH2- group), 2925, 2870 (C-H
stretching, -CH3 group), 1625 (C=N stretching, Schiff
base), 1595 (C=N stretching, benzothiazole), 1515 (C=C
stretching, aromatic), 1475, 1440 (C-H bending, -CH2-
group), 1385 (C-H bending, -CH3), 760 (C-Cl stretch-
ing, chloro); 1H NMR (400.1 MHz, DMSO): H 2.25 (s,
6H, -CH3), 3.90 (s, 2H, CH2), 6.92-7.69 (m, 10H, Ar-

H), 8.75 (s, 2H, HC=N); Anal. Calcd for: C31H20Cl4N2S2

(654.46); Found (C, 56.94), requires (C, 56.89); Found
(H, 3.15), requires (H, 3.08); Found (N, 8.50), requires
(N, 8.56).

6,6’-Methylene bis(N-2-hydroxybenzylidene-4,7-
dichlorobenzo[d]thiazole-2-amine) 5e
Brown colour solid powder, mp 1340C, yield 73%; IR
(KBr, cm-1): 3405 (O-H stretching, Ar-OH), 3065 (C-H
stretching, aromatic), 2935, 2855 (C-H stretching, -CH2-
group), 1620 (C=N stretching, Schiff base), 1590 (C=N
stretching, benzothiazole), 1505 (C=C stretching, aro-
matic), 1470, 1435 (C-H bending, -CH2- group), 1335
(O-H bending, Ar-OH), 750 (C-Cl stretching, chloro);
1H NMR (400.1 MHz, DMSO): H 3.91 (s, 2H, CH2),
6.85-7.70 (m, 10H, Ar-H), 8.60 (s, 2H, HC=N), 9.85 (s,
2H, OH); Anal. Calcd for: C29H16Cl4N4O2S2 (685.40);
Found (C, 52.95), requires (C, 52.90); Found (H, 2.38),
requires (H, 2.45); Found (N, 8.57), requires (N, 8.51).

6,6’-Methylene bis(N-2-nitrobenzylidene-4,7-
dichlorobenzo[d]thiazole-2-amine) 5f
Yellow colour solid powder, mp 960C, yield 69%; IR
(KBr, cm-1): 3055 (C-H stretching, aromatic), 2925, 2845
(C-H stretching, -CH2- group), 1627 (C=N stretching,
Schiff base), 1605 (C=N stretching, benzothiazole),
1580, 1350 (N=O stretching, -NO2), 1525 (C=C stretch-
ing, aromatic), 1477, 1440 (C-H bending, -CH2- group),
760 (C-Cl stretching, chloro); 1H NMR (400.1 MHz,
DMSO): H 3.96 (s, 2H, CH2), 6.89-7.85 (m, 10H, Ar-
H), 8.80 (s, 2H, HC=N); Anal. Calcd for:
C29H14Cl4N6O4S2 (716.40); Found (C, 48.56), requires
(C, 48.62); Found (H, 1.90), requires (H, 1.97); Found
(N, 11.79), requires (N, 11.73).

6,6’-Methylene bis(N-2-fluorobenzylidene-4,7-
dichlorobenzo[d]thiazole-2-amine) 5g
Brown colour solid powder, mp 1280C, yield 67%; IR
(KBr, cm-1): 3060 (C-H stretching, aromatic), 2930, 2855
(C-H stretching, -CH2- group), 1635 (C=N stretching,
Schiff base), 1610 (C=N stretching, benzothiazole), 1520
(C=C stretching, aromatic), 1465, 1435 (C-H bending,
-CH2- group), 1105 (C-F stretching, Fluoro), 760 (C-Cl
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stretching, chloro); 1H NMR (400.1 MHz, DMSO): H
3.95 (s, 2H, CH2), 6.90-7.86 (m, 10H, Ar-H), 8.90 (s,
2H, HC=N); Anal. Calcd for: C29H14Cl4F2N2S2 (662.38);
Found (C, 52.65), requires (C, 52.58); Found (H, 2.21),
requires (H, 2.13); Found (N, 8.53), requires (N, 8.46).

6,6’-Methylene bis(N-4-fluorobenzylidene-4,7-
dichlorobenzo[d]thiazole-2-amine) 5h
Brown colour solid powder, mp 1410C, yield 65%; IR
(KBr, cm-1): 3050 (C-H stretching, aromatic), 2935, 2850
(C-H stretching, -CH2- group), 1630 (C=N stretching,
Schiff base), 1585 (C=N stretching, benzothiazole), 1520
(C=C stretching, aromatic), 1465, 1435 (C-H bending,
-CH2- group), 1100 (C-F stretching, Fluoro), 730 (C-Cl
stretching, chloro); 1H NMR (400.1 MHz, DMSO): H
3.84 (s, 2H, CH2), 6.92-7.95 (m, 10H, Ar-H), 8.53 (s,
2H, HC=N); Anal. Calcd for: C29H14Cl4F2N2S2 (662.38);
Found (C, 52.50), requires (C, 52.58); Found (H, 2.20),
requires (H, 2.13); Found (N, 8.38), requires (N, 8.46).

6,6’-Methylene bis(N-4-chlorobenzylidene-4,7-
dichlorobenzo[d]thiazole-2-amine) 5i
Green colour solid powder, mp 1300C, yield 68%; IR
(KBr, cm-1): 3055 (C-H stretching, aromatic), 2945, 2850
(C-H stretching, -CH2- group), 1628 (C=N stretching,
Schiff base), 1585 (C=N stretching, benzothiazole), 1525
(C=C stretching, aromatic), 1460, 1435 (C-H bending,
-CH2- group), 750 (C-Cl stretching, chloro); 1H NMR
(400.1 MHz, DMSO): H 3.89 (s, 2H, CH2), 6.89-7.55
(m, 10H, Ar-H), 8.65 (s, 2H, HC=N); Anal. Calcd for:
C29H14Cl6N4S2 (695.30); Found (C, 50.18), requires (C,
50.10); Found (H, 2.09), requires (H, 2.03); Found (N,
8.12), requires (N, 8.06).

6,6’-Methylene bis(N-2-chlorobenzylidene-4,7-
dichlorobenzo[d]thiazole-2-amine) 5j
Light yellow colour solid powder, mp 1450C, yield 71%;
IR (KBr, cm-1): 3060 (C-H stretching, aromatic), 2935,
2845 (C-H stretching, -CH2- group), 1620 (C=N stretch-
ing, Schiff base), 1580 (C=N stretching, benzothiazole),
1520 (C=C stretching, aromatic), 1460, 1430 (C-H bend-
ing, -CH2- group), 740 (C-Cl stretching, chloro); 1H
NMR (400.1 MHz, DMSO): H 3.90 (s, 2H, CH2), 6.88-

7.47 (m, 10H, Ar-H), 8.60 (s, 2H, HC=N); Anal. Calcd
for: C29H14Cl6N4S2 (695.30); Found (C, 50.04), requires
(C, 50.10); Found (H, 2.07), requires (H, 2.03); Found
(N, 8.14), requires (N, 8.06).

Results and Discussion

All the synthesized compounds were recrystallized and
purified. The structures of the newly synthesized com-
pounds were determined on the basis of their FTIR and
1H NMR spectra data. Methyl and methylene C-H
stretching vibrations were observed near 2926 cm-1 and
2853 cm-1 respectively. Broad absorption bands observed
in the region between 3080-3030 cm-1 and 1620-1480
cm-1 indicated the presence of aromatic C-H stretching
and C=C stretching respectively. The absorption band
observed in the region of 1615-1565 cm-1 confirmed the
presence of C=N stretching of benzothiazole ring. The
1H NMR spectra of the synthesized compound showed
chemical shifts, which are characteristic of the expected
structure of compounds. A singlet observed at d 3.84
was attributed to -CH2- and d 8.60 to -N=CH- of Schiff
base.

For antibacterial activity, the newly synthesized com-
pounds were screened against gram positive bacteria S.
aureus (MTCC-96) and Streptococcus pyogenes (MTCC-
443) and gram negative E.Coli (MTCC-442) and
Pseudomonas aeruginosa (MTCC-2488)]. Antibacterial
activity was carried out by serial broth dilution
method 17-18. The compounds (5a-j) were screened for
their antibacterial activity in triplicate against E. coli, S.
aureus, P. aeruginosa, and S. pyogenes at different con-
centrations of 1000, 500, 250, 125, 62.5 µg/mL as shown
in (Table 1). The drugs which were found to be active
in primary screening were similarly diluted to obtain
125, 62.5 µg/mL concentrations. The standard drug used
in this study were ‘Norfloxacin, Ciprofloxacin and
Chloramphenicol’ for evaluating antibacterial activity
which showed (100, 50, 25, and 12.5 µg/mL) MIC
against E. coli, P. aeruginosa, S. aureus, and S. pyogenes
respectively.
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Same compounds were tested for antifungal activity in triplicate against C. albicans, S. Cervecieaceae and A.
clavatus at various concentrations of 1000, 500, 200 and 100 µg/ml as shown in Table 2. The results were
recorded in the form of primary and secondary screening. The synthesized compounds were diluted to

Antimicrobial activity:

Antibacterial activity

Table 1: Antibacterial activity of compounds [5a to 5j]
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1000 µg/mL concentration, as a stock solution. The
synthesized compounds which were found to be active
in the primary screening were further tested in a second
set of dilution against all microorganisms. The lowest
concentration, which showed no growth after spot sub-
culture was considered as MIC for each drug. The high-
est dilution showing at least 99% inhibition was taken
as MIC. The test mixture containing 108 spores/mL MIC.
“Nystatin-B” and “grisiofulvin” was used as a standard
drug for antifungal activity, which showed MIC against
C. albicans, S. cervecieaceae, and A. clavatus, respec-
tively. The results of antimicrobial evaluation of deriva-
tives (5a-j) are shown in Table 2.

Conclusions

A variety of benzothiazole derivatives have been suc-
cessfully synthesized in excellent appreciable yields and
screened in vitro for their antimicrobial activities against
both strains of Gram-positive, Gram-negative bacteria
and fungal strains. The spectral analysis data confirmed
the proposed structures for these newly synthesized
compounds.
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Abstract
An eco-friendly methodology for the synthesis of Quinolin-4(1H)-one and its derivatives in the presence of ionic
liquid [BMIM]Br has been suggested and the reaction carried out between substituted arylamine with Meldrum’s
acid (2, 2-dimethyl- 1,3-dioxane-4,6-dione) and trimethyl orthomate under nitrogen atmosphere at 45±2°C.

Keywords: Substituted arylamine, Meldrum’s acid (2, 2-dimethyl-1,3-dioxane-4,6-dione), trimethyl orthoformate,
Ionic liquid (1-butyl-3-methylimidazolium bromide )[BMIM]Br.

Introduction

Quinolones constitute an important framework of nitro-
gen containing heterocycles, which have contributed to
society from the biological and industrial view points to
help understand life processes.1,2 Thus, quinolone nucleus
represents a pharmaceutically important class of com-
pounds because of its diverse biological and pharma-
ceutical activities like, anti-viral3,4, anti-platelet5, anti-
tumor6, anti-inflammatory7, anti-hypertensive8, anti-
HIV9,10, positive cardiac effects11 and tyrokinase PDGF-
TRK inhibiting agents.12 Further, these nuclei have been
exploited as precursors for anti-caner13 and anti-malarial
agent.14 The antibiotics, viz. norfloxacin15 [1],
ciprofloxacin16-18 [2], Levofloxacin19 [3], Gatifloxacin20

[4], and ofloxacin21,22 [5] etc. have been found to pos-
sess Quinolin-4(1H)-one (4[1H]-quinolone nuclei).
Norfloxacin [1] and ciprofloxacin [2] have also been
show to inhibit topoisomerase-II (Gyrase-a subunit).23, 24

Due to their remarkable pharmacological properties and
potential for biological activities, a number of methods
for the synthesis of quinolone derivatives25-31 have been
worked up. The literature survey32-44 reveals that the
synthesis of quinolone derivatives suffers from serious
disadvantages, like involvement of hazardous chemi-
cals, long reaction times and often poor yields. Hence
we planned to develop environmentally friendly
methodology for the synthesis of quinolones using ionic
liquids.

RNI No. MAHENG/2017/74063
ISSN No. (Print) 2581-5911
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Materials and Methods

(a) Typical experimental procedure for the synthesis
of 4a-h
A mixture of aniline 1 (5 mmol), Meldrum’s acid 2 (6
mmol), trimethyl orthoformate 3 (15 mmol) and
[BMIM]Br (3 mL) was taken in a round bottomed flask
-with the provision to perform the reaction under nitro-
gen atmosphere. The contents of the flask were stirred
magnetically at 45 ± 2°C. The progress of the reaction
was monitored on a TLC plate (Merck Silica gel 60F254)
in pet.ether–ethyl acetate (8:2) and the visualization was
accomplished in an iodine chamber/UV-light. After the
completion of the reaction, water (10 mL) was added.
The organic compound precipitate was filtered on a
Buckner funnel applying vacuum. The product, so ob-
tained, was purified by crystallization with methanol/
column chromatography (Merck Silica gel 60–120 mesh)
and elution of the product was carried out by pet.ether–
ethylacetate (8:2).

Characterization data of the compounds 4a-h:

5-[Phenyl-2-ylamino]-2,2-dimethyl-1,3-dioxane-4,6-
dione (4a): yellow solid, 75% yield, m.p. 120-122°C.

IR (KBr pellet, cm-1): 3187, 3089, 2998, 1735, 1685,
1632, 1608, 1447, 1265, 1121. 1H NMR (300 MHz,
CDCl3)  = 1.69 (s, 6H, 2×CH3), 7.35(d, 1H, J=6.1Hz,
Ar), 7.40 (t,1H, J=2.1,Ar)7.48 (t, 1H, J= 0.58, Ar), 8.62
(d, 1H, =CH), 11.36 (d, 1H,J=11.1Hz, NH). 13C NMR
(75 MHz, CDCl3):  = 27.2 (2×CH3), 87.6 (OCC4) 116.2,
128.5, 129.1, 129.4, 131.1, 131.7, 152.7, 152.3, 165.1.
Anal. calcd. for C13H10NO4 C, 63.93; H, 4.09; N, 5.73%.
Found C, 63.88; H, 4.04; N, 5.68%.

5-{[(4-chloro, 2-nitrophenyl amino)]methylene}-2,2-
dimethyl-1,3-dioxane4-6-dione (4b) : colour less solid,
78% yield, m.p. 190-192°C. IR (KBr, pellet, cm-1): 3148,
3075, 2999, 724, 1685, 1618, 1443, 1289, 1206. 1H
NMR (300 MHz, CDCl3):  = 1.77 (s, 6H, 2×CH3),
7.23 (s, 1H, J=5.3Hz, Ar), 7.29 (d,1H, J=2.8,Ar), 7.32
(d, 1H, J= 0.58, Ar), 8.62 (d, 1H, =CH), 11.36 (d, 1H,
J=11.1Hz, NH).13C NMR (75 MHz, CDCl3) :  = 27.2
(2×CH3), 89.4 (OCCH3), 105.5, 117.5, 125.2, 127.7,
130.1, 131.9, 133.8, 148.9, 162.50. Anal. calcd. for
C13H11N2O6Cl; C, 47.78; H, 3.36; N, 8.57%; Found C,
47.72; H, 3.28; N, 8.52%.
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5-{[4-Methyl,2-nitrophenyl)amino]methylene}-2,2-
dimethyl-1,3-dioxane-4,6-dione(4c) : colour less solid,
81% yield, m.p. 194-196°C. IR (KBr pellet, cm-1) : 3149,
3072, 2976, 1730, 1680, 1622, 1439, 1285, 1105. 1H
NNR (300 MHz, CDCl3) :  = 1.75 (s, 6H, 2×CH3),
1.58 (s, 3H, Me), 7.33 (m, 2H, Ar), 7.52 (s, 1H, Ar),
8.62 (d, 1H, =CH), 11.60 (d, 1H, -NH).   13C NMR (75
MHz, CDCl3) :  = 27.3 (2×CH3), 88.7 (OCCH3), 105.7,
119.3, 124.6, 126.9, 129.8, 133.8, 148.9, 162.4. Anal.
calcd. for C14H14N2O6; C, 50.29; H, 4.19; N, 16.76%;
Found C, 50.33; H, 4.11; N, 16.70%.

5-{[(2,4,5-trichlorophenyl)amino]methylene}-2,2-dim-
ethyl-1,3-dioxane-4,6-dione(4d) : colourless solid, 77%
yield, m.p. 188-190°C. IR (KBr pellet, cm-1) : 3148,
3076, 2960, 1740, 1685, 1619, 1445, 1290, 1109. 1H
NMR (300 MH, CDCl3) :  = 1.73 (d, 6H, 2×CH3), (s,
1H, Ar), 7.36 (s, 1H, Ar), 8.69 (d, 1H, 999=CH), 11.65
(d, 1H, -NH). 13C NMR (75 MHz, CDCl3) :  = 26.9
(2×CH3), 89.1 (OCCH3), 106.3, 118.7, 125.1, 126.8,
129.4, 134.1, 148.9, 163.6. Anal. calcd. for
C13H10NO4Cl3. C, 44.50; H, 2.85; N, 3.99%; Found C,
44.46; H, 2.78; N, 3.80%.

5-{[(2-Methylphenyl)amino]methylene}-2,2-dimethyl-
1,3-dioxane-4,6-dione (4e): Yellow solid, 83% yield,
mp 142-144°C. IR (KBr pellets, cm-1) : 3165, 3058,
2985, 1722, 1672, 1640, 1609, 1440, 1270, 1025. 1H
NMR (300 MHz, CDCl3) = 1.76 (s, 6H, 2×CH3), 3.33
(s, 3H, CH3), 7.02 (d, 1H, J= 7.6 Hz, Ar), 7.15 (dd, 2H,
Ar), 7.19 (d, 1H J = 7.6 Hz, Ar), 8.65 (d, 1H, J =
13.9Hz, Ar), 7.15 (dd, 2H, Ar),. 13C NMR (75 MHz,
CDCl3) :  = 21.21 27.1, 87.1, 105.3, 117.4, 124.8,
127.5, 131.3, 136.7, 137.5, 152.7, 163.6, 165.7. Anal.
calcd. for C14H15NO4 : C, 64.36; H, 5.74; N, 5.36%.
Found : C, 64.28; H, 5.79; N, 5.44%.

5-{[(3-methylphenyl)amino]methylene}-2,2-dimethyl-
1,3-dioxane-4,6-dione (4f) : yellow solid, 82% yield,
m.p.=160-162°C. IR (KBr pellet, cm-1) : 3142, 3076,
2933, 1740, 1680, 1680, 1618, 1440, 1292, 1136. 1H
NMR (300 MHz, CDCl3) :  = 1.72 (s, 6H, 2Me), 1.53
(s, 3H, Me), 7.28 (s, 1H, Ar), 7.32-7.36 (m, 3H, Ar),

8.65 (d, 1H,=CH), 11.58 (d, 1H, NH). 13C NMR (75
MHz, CDCl3) :  = 26.8, 30.4, 89.8, 106.4, 119.1, 124.9,
127.1, 129.4, 135.2, 148.9, 162.7. Anal. calcd. for
C14H15NO4. C, 64.36; H, 5.74; N, 5.36%; Found C, 64.32;
H, 5.68; N, 5.26%.

5-{[(2-Nitrophenyl)amino]methylene}-2,2-dimethyl-
1,3-dioxane-4,6-dione (4g) : Yellow solid, 74% yield,
m.p. 190-192°C. IR (KBr pellets, cm-1) : 3148, 3075,
2999, 1724, 1685, 1618, 1445, 1290, 1206. 1H NMR
(300 MHz, CDCl3) = 1.77 (s, 6H, 2×CH3), 7.35-7.38
(m, 4H, Ar), 8.63 (d, 1H, =CH), 11.65 (d, 1H, -NH).
13C NMR (75 MHz, CDCl3) = 27.2, 89.4, 105.4, 117.5,
125.3, 127.6, 130.1, 131.9, 133.8, 148.9, 162.5. Anal.
calcd. for C13H12N2O6 : C, 53.43; H, 4.10; N, 9.58%.
Found : C, 53.39; H, 4.13; N, 9.52%.

5-{[(2,5-dimethyl phenyl)amino]methylene}-2,2-dim-
ethyl-1,3-dioxane-4,6-dione (4h): yellow solid, 78%
yield, m.p.=165-167°C. IR (KBr pellet, cm-1) : 3155,
3089, 2933, 1439, 1685, 1622, 1443, 1295, 1135. 1H
NMR (300 MHz, CDCl3) :  = 1.71 (s, 6H, 2Me), 1.48
(s, 3H, Me), 1.43 (s, 3H, Me), 7.26 (d, 2H, Ar), 7.35 (s,
1H, Ar), 8.61 (d, 1H, = CH), 11.56 (d, 1H, NH). 13C
NMR (75 MHz, CDCl3) :  = 26.8, 29.6, 30.4, 89.8,
106.3, 120.2, 124.7, 128.2, 129.4, 135.2. Anal. calcd.
for C15H17NO4. C, 65.45; H, 6.18; N, 5.09%; Found C,
65.41; H, 6.12; N, 4.98%.

(b) Typical experimental procedure for the cycliza-
tion of compound 5a-h :
Compound 4a-h (5 mmol) and [BMIM]BF4/OTf (3 mL)
were taken in a round bottomed flask having provision
to carry out the reaction under nitrogen atmosphere.
The contents of the flask were stirred magnetically at
90 ± 2°C. The progress of the reaction was monitored
on a TLC plate in pet.ether–ethyl acetate (8:2). After
completion of the reaction, the product was extracted
with ethyl acetate (3×10 mL). The solvent was recov-
ered under reduced pressure (5 mm of Hg). The pasty
mass thus obtained was extracted with diethyl ether
(3×10 mL), dried over anhydrous sodium sulphate and
ether was distilled out. The product so obtained was
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purified by crystallization with ethanol/column chroma-
tography (Merck Silica gel 60–120 mesh) and eluting
the TLC product with pet.ether– ethylacetate (8:2).

Characterization data of the compounds 5a-h:

Quinolin-4(1H)-one (5a) : brownish solid, 76% yield,
m.p. 228-230°C. IR (KBr pellet, cm-1): 3096.5, 2917,
2813, 1625, 1560, 1423, 1245, 110. 1H NMR (300 MHz,
CDCl3) :  = 6.23 (d, 1H, J = 6.8Hz, CH), 6.86 (s, 1H,
Ar), 7.21 (s, 1H, Ar), 7.58 (d, 1H, CH); 11.70 (d, 1H,
NH). 13C NMR (75 MHz, CDCl3) :  = 111.5, 117.8,
123.5, 129.5, 139.4, 142.4, 143.5, 183.7. Anal. calcd.
for C9H7NO. C, 74.48; H, 4.82; N, 9.65%; Found C,
74.44; H, 4.77; N, 9.60%.

4-chloro, 8-nitroquinolin-4(1H)-one (5b) : brownish
solid, 80% yield, m.p. 280-282°C. IR (KBr pellet,
cm-1) : 3072, 2945, 2813, 1620, 1565, 1425, 1250. 1H
NMR (300 MHz, CDCl3) :  = 6.23 (d, 1H, J = 7.1Hz,
CH), 7.10 (s, 1H, Ar), 7.18 (s, 1H, Ar), 7.78 (d, 1H,
CH); 11.75 (d, 1H, NH). 13C NMR (75MH, CDCl3)
 = 111.7, 118.3, 123.2, 129.4, 139.7, 142.7, 143.8,

184.9. Anal. calcd. for C9H5N2O3Cl. C, 46.05; H, 6.39;
N, 11.9%; Found C, 45.98; H, 6.32; N, 11.4%.

6-methyl, 8-nitroquinolin-4(1H)-one (5c): brownish
solid, 83% yield, m.p. 278-280°C. IR (KBr pellet,
cm-1) : 3062, 2913, 2815, 1628, 1572, 1419, 1240, 1123.
1H NMR (75 MHz, CDCl3)  = 2.42 (s, 3H, Me), 6.15
(d, 1H, J = 6.9Hz,CH), 7.13 (s, 1H, Ar), 7.16 (s, 1H,
Ar), 7.58 (d, 1H, CH), 11.68 (d, 1H, NH). 13C NMR (75
MHz, CDCl3) :  = 16.9 (CH3), 1090, 121.5, 126.3,
127.7, 129.6, 131.8, 134.5, 139.7, 176.1. Anal. calcd.
for C10H8N2O3 C, 58.82; H, 3.9; N, 13.7%; Found C,
58.78; H, 3.5; N, 13.2%.

5,6,8-trichloroquinolin-4(1H)-one (5d): brownish solid,
79% yield, m.p. 282-284°C. IR (KBr pellet, cm-1) : 3142,
3082, 2933, 1625, 1562, 1510, 1213, 1080. 1H NMR
(300 MHz, CDCl3) :  6.17 (d, 1H, J = 6.32Hz, CH),
7.69 (s, 1H, Ar), 7.76 (d, 1H, CH), 11.72 (d, 1H, NH).
13C NMR (75 MHz, CDCl3) :  108.7, 122.6, 126.7,

127.3, 130.5, 134.9, 139.4, 177.9. Anal. calcd. for
C9H4NOCl3. C, 43.46; H, 1.6; N, 5.6%; Found C, 43.42;
H, 1.2; N, 5.1%.

8-Methylquinolin-4(1H)-one (5e) : Brownish solid, 82%
yield, m.p. 188-190°C. IR (KBr pellets, cm-1) : 3172,
3102, 2968, 1609, 1565, 1517, 1450, 805. 1H NMR
(300 MHz, CDCl3)  = 6.24 (d, 1H, J = 7.3Hz,, CH),
6.89 (d, 1H, Ar), 6.92 (d, 1H), 7.26 (d, 2H), 7.75 (d, J
= 7.3Hz, 1H, CH). 13C NMR (75 MHz, CDCl3) :  =
19.4, 111.6, 125.2, 125.9, 127.3, 134.6, 139.2, 139.4,
141.7, 183.9. Anal. calcd. for C10H9NO: C, 75.47; H,
5.66; N, 8.80%. Found : C, 75.39; H, 5.61; N, 5.78%.

7-methylquinolin-4(1H)-one (5f): brownish solid, 78%
yield, m.p. 206-208°C. IR (KBr pellets, cm-1) : 3172,
3104, 2970, 1613, 1565, 1518, 1452, 1022. 1H NMR
(300 MHz, CDCl3)  = 2.39 (s, 3H, 3H, Me), 6.21 (s,
1H, J = 7.11Hz, CH), 7.02 (s, 1H, Ar), 7.15-7.22 (d, 2H,
Ar), 7.71 (d, 1H, CH), 11.69 (d, 1H, NH). 13C NMR (75
MHz, CDCl3)  = 23.9, 111.3, 116.8, 123.5, 129.4, 139.4,
141.2, 143.5, 184.1. Anal. calcd. for C10H9NO. C, 75.47;
H, 5.6; N, 8.8%; Found C, 75.40; H, 5.1; N, 8.3%.

8-Nitroquinolin-4(1H)-one (5g) : Brownish solid, 78%
yield, mp 170-172°C. IR (KBr pellets, cm-1) : 3187,
3036, 1635, 1580, 1522, 1305, 1104, 1085, 716. 1H
NMR (300 MHz, CDCl3)  = 6.31 (d, 1H, J = 7.6Hz,
CH), 7.51 (m, 1H), 8.02 (d, 1H), 8.09 (d, 1H), 8.54 (d,
1H, CH). 13C NMR (75 MHz, CDCl3)  = 111.3, 123.2,
126.9, 128.3, 130.9, 131.7, 137.7, 141.9, 178.1. Anal.
calcd. for C9H6N2O3 : C, 56.84; H, 3.15; N, 14.73%.
Found : C, 56.69; H, 3.11; N, 14.76%.

5,8-dimethyl quinolin-4(1H)-one (5h) : brownish solid,
78% yield, m.p. 216-218°C. IR (KBr pellets, cm-1) :
3172, 3104, 2975, 1615, 1562, 1521, 1450, 1215, 1025.
1H NMR (300 MHz, CDCl3),  = 2.41 (s, 3H, Me), 2.43
(s, 3H, Me), 6.18 (d, 1H, J = 7.02Hz, CH), 6.92 (d, 2H,
Ar), 7.75 (d, 1H, CH), 11.68 (d, 1H, NH). Anal. calcd.
for C11H11NO. C, 76.30; H, 6.3; N, 8.0%; Found C,
76.24; H, 6.0; N, 7.76%.
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Table 2 Yields of the compounds 5a–h in different ionic liquids

Product R1 R2 R3 R4 Yield(%)Time(min.) 
[BMIM]BF4 [BMIM]OTf 

5a H H H H 74/120 76/120 
5b NO2 H Cl H 79/120 80/120 
5c NO2 H Me H 80/120 83/120 
5d Cl H Cl Cl 78/120 79/120 
5e Me H H H 81/120 82/120 
5f H Me H H 81/120 80/120 
5g NO2 H H H 76/120 77/120 
5h Me H H Me 77/120 79/120 

A plausible mechanism of the reaction process is depicted in Scheme-3

We have studied the recyclability of the regenerated ionic liquids for the products 4a and 5a. The yields of the
products in two cycles are presented in Table 3.

Table 3 Recyclability data for product 4a and 5a

Product Cycles Yield(%)Time(min.) 
[BMIM]Br [BMIM]BF4 [BMIM]OTf 

4a 0 75/120 – – 
1 72/120 – – 
2 69/120 – – 

5a 0 – 74/120 76/120 
1 – 71/120 73/120 
2 – 68/120 71/120 
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Results and Discussion

In our work, we have carried out the reaction between substituted arylamine 1a-h with Meldrum’s acid (2,2-
dimethyl-1,3-dioxane-4,6-dione) in which nucleophilic attack takes place at C-4 and C-6, while electrophilic attack
takes place at C-5 position) 2 and trimethyl orthoformate 3 in presence of ionic liquid, viz., 1-butyl-3-
methylimidazolium bromide [BMIM]Br. The reaction was carried out by stirring the contents of the flask under
nitrogen atmosphere  at 45±2°C. The products obtained were arylaminomethylene-1,3-dioxane-4,6-dione 4a-h
(Table-1, Scheme-2).

Product R1 R2 R3 R4 Yield(%)Time(min.) 
[BMIM]Br * 

4a H H H H 75/120 
4b NO2 H Cl H 78/120 
4c NO2 H Me H 81/120 
4d Cl H Cl Cl 77/120 
4e Me H H H 83/120 
4f H Me H H 82/120 
4g NO2 H H H 74/120 
4h Me H H Me 78/120 

 
Compounds 4a-h were then cyclized under nitrogen current at 90±2°C in ionic liquids, viz. [BMIM]BF4/OTf to
afford 4(1H)-quinolones 5a-h in excellent yields (Scheme-2 and Table-2).

Table 1 Yields of the comkpounds in ionic liquid
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Conclusions

A series of derivatives of novel quinolone have been
synthesized by the use of eco-friendly route in mini-
mum time with good yields.
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Abstract
Anthocyanin pigments were extracted from Banana bracts (Musa paradisiaca L.) of Indian origin by Microwave
Extraction (MAE) using 0.1% acidified ethanol as extraction solvent. The extracted and semi-purified anthicyanin
pigments were then subjected to a number of environmental conditions, which could destabilize the anthocyanin
molecules. These environmental conditions were: range of pH of solutions (starting from pH 1 to pH 10), various
temperatures (starting from -20ºC up to -121ºC) and exposure to various light conditions (sun light, day light and
dark). The results of the study showed that changes occurred in the anthocyanin stability as pH, temperature and
exposure to light increased.

Keywords: Stability, anthocyanins, MAE, SPE

Introduction

The trend of emerging lifestyle towards living natural
has given great impetus to the study of nature derived
products. Colour, being the integral part of any product,
influences not only the perception of flavor, but also
affects attraction and quality after consumption. At
present environmentally benign products are becoming
the top priority or choice due to increased awareness
about the ill effects of synthetic dyes on human beings.
Thus requirement of natural dyes has risen tremendously.
Although natural colorants are widely distributed in
nature, the main obstacle for their introduction as food-
pigmenting agents or colour additives in cosmetics or
other utility products is that they require high invest-
ment. Of special interest to the food, pharmaceutical
and cosmetic industry is the limited availability of red
pigments; therefore research into natural sources of red

pigments has increased recently1.

Thus, Anthocyanins hold an important place in the natu-
ral colourants research field. These are sub-group of
flavonoids and are very delicate in nature; but most
attractive hues starting from pink, red, orange, blue to
purple are exhibited by anthocyanins only. The antho-
cyanins are regarded as flavonoid compounds since they
possess the characteristic C6C3C6 carbon skeleton and
have the same biosynthetic origin as other natural fla-
vonoids. The anthocyanidins are the basic structures of
the anthocyanins. These anthocyanidins (aglycones)
consist of an aromatic ring [A] bonded to a heterocyclic
ring [C] that contains oxygen, which is also bonded by
a carbon-carbon bond to a third aromatic ring [B]. When
the anthocyanidins are found in their glycoside form
(bonded to a sugar moiety) they are known as anthocya-
nins.

RNI No. MAHENG/2017/74063
ISSN No. (Print) 2581-5911
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R1=R2=H                Pelargonidin
R1= OH, R2=H          Cyanidin
R1=OCH3, R2=H        Peonidine
R1=R2=OH              Delphinidin
R1=OCH3, R2=OH Petunidin
R1=R2=OCH3            Malvidin

Fig. 1. General anthocyanin structure and common substitutions

Degradation may occur during extraction/purification/
storage of anthocyanins in extract or in products. The
knowledge of factors governing anthocyanin stability
and putative degradation mechanisms is vital for effi-
cient extraction/purification of anthocyanins. The major
factors affecting stability of anthocyanins are pH, tem-
perature and the presence of oxygen, enzymatic condi-
tions etc 2.

Effect of pH, temperature and light exposure on the
anthocyanin extract was studied. The results obtained
from these experiments gave important information about
the stability of banana bract anthocyanins from Musa
paradisiaca L. extracted using a novel technique, MAE.
Thus, in turn it helped in proving the suitability of MAE
for extraction of anthocyanins from banana bracts. The
suitable conditions for extract handling during storage
as well as during product development were also de-
rived based on the observations from these experiments.

Effect of pH, Temperature and Light
exposure on anthocyanins

pH
Anthocyanins undergo reversible changes in different
pH conditions (refer Fig. 2). The presence of the oxo-
nium ion adjacent to the C-2 position in anthocyanins is

responsible for their characteristic amphoteric nature.
Non-and monoacylated anthocyanins thus behave some-
what like pH indicators, existing as either an acid or
base, depending on pH. Anthocyanin-containing solu-
tions generally display their most intense red coloration
at acid pH. With increasing pH, aqueous anthocyanin
extracts normally fade to the point where they may
appear colourless before finally changing to purple or
blue at high pH2. The anthocyanin extract obtained from
banana bracts was subjected to different pH conditions
and the change in colour of the extract was assessed.
The stability of the anthocyanins was observed based
on changes in wavelength maxima and absorbance.

Temperature
As with most chemical reactions the stability of antho-
cyanin and the rate of their degradation, in natural and
model system, is markedly influence by temperature.
The thermal stability of anthocyanin varies with their
structure, pH , the presence of oxygen and interaction
with other components in the system. In general, struc-
tural feature that lead to increased pH-stability also lead
to increased thermal stability, i.e. hydroxylation of ag-
lycon decrease stability, while methoxylation, glyco-
sulation and acylation have the opposite effect. In the
presence of oxygen, maximum thermal stability of
anthocyanidin 3-glycosides has been observed at pH1.8
to 2.0, while that of anthocyanin 3,5-diglycosides has
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Fig. 2. Effect of various pH on Anthocyanin structure

been observed at pH 4.0 to 5.0. Anthocyanin degrada-
tion is virtually pH-independent at pH 2.0 to 4.5 in the
absence of oxygen. Anthocyanin containing banana bract
extract was subjected to various temperatures starting
from as low as -20ºC up to 121ºC. Samples at low
temperatures were stored at the specified temperatures
for 7 days and readings were taken at various intervals
mentioned below. To achieve the temperatures from 50ºC
to 100ºC, a water bath was used. The samples were
subjected to highest temperature under study viz. 121ºC

by keeping them in an autoclave. Effect of temperature
was checked by observing changes in max and absor-
bance value. The dilution of sample was chosen such
that the absorbance value falls in the linear range of
spectrophotometer 2.

Light
Anthocyanin decomposition would appear to be mainly
photo-oxidative since p-hydroxybenzoic acid has been
identified as a minor photo-oxidative product. Antho-
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cyanins substitute at the C-5 hydroxyl group, which is
known to fluoresce and hence are more susceptible to
photochemical decomposition than the unsubstituted
anthocyanins. In this project, stability of extracted an-
thocyanins was checked under various light conditions;
such as day light, sun light, and in dark 2.

Materials and Methods

Sample Preparation: Banana bracts were obtained from
local market in Matunga, Mumbai, India. The purple
coloured petaloids of the bracts were plucked and washed
clean with water and pat dried using tissue paper. These
were cut into small pieces and were subjected to micro-
wave assisted extraction. Extraction was carried out at
100W irradiation power for 9 minutes. 0.1% acidified
ethanol was used as extraction solvent. Coloured
ethanolic extract was then concentrated using rotary
vacuum evaporator at 35ºC and reconstituted in 0.1%
acidified distilled water; which was then purified by
SPE on C-18 cartridges. The semipurified extract was
used for further study.

Chemicals and Reagents: All chemicals and reagents
used were analytical grade. Ethanol was procured from
Changshu Yangyuan Chemical, China and HCl from
Merck (11.3N). All the glassware used viz. pipette, coni-

cal flasks, and standard volumetric flasks; were of ‘B’
class. Micropipettes were used where appropriate.

pH solutions: a range of pH solutions were prepared
starting from pH 1 up to pH 11 using, HCl, KCl, Na-
acetate. 3H2O, NaOH, NaH2PO4.2H2O in standardizing
proportions.

Apparatus: UV-V is spectrophotometer Shimadzu
1650PC, Rotary vacuum evaporator Buchhi, balance
Shimadzu AX 200, SPE manifold, C-18 cartridges
Thermo Scientific Hypersep C-18, sorbent 500mg, vol-
ume 3mL, Water bath.

Experimental procedure and observations

A. Sample preparation for determination of effect of
pH on stability of anthocyanins:

100µL of extract was added in 2900µL pH solution of
each strength. This dilution of sample was chosen such
that the absorbance value falls in the linear range of the
spectrophotometer. Sample was allowed to equilibrate
for 30 minutes and readings were taken. The samples
were stored for 24 hours and readings for the same
were again taken.

pH 
value 

Day1 Day2 Colour observed at various pH values 
ɚmax (nm) OD  ɚmax (nm) OD 

1 513.00 1.140 514.00 1.096 Dark red 
2 513.00 1.014 513.00 1.035 Medium dark red 
3 512.00 0.631 513.00 0.600 Pale red 
4 506.00 0.361 507.00 0.342 Faint red 
5 _ _ _ _ Faint violet 
6 _ _ _ _ Violet 
7 552.00 0.564 _ _ Violet 
8 565.00 0.680 _ _ Faint violet-almost colourless 
9 565.00 0.735 _ _ Yellow 
10 378.00 1.518 _ _ Yellow  
11 368.00 1.199 _ _ Yellow 
 

Table.1 Observation of behavior of anthocyanins under various pH
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Fig. 3: UV-Visible spectra at different pH (from 1 to 8 and at 10)

Graph 1. Decrease in stability of anthocyanins with increasing pH
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B. Sample preparation for determination of effect of
Temperature on stability of anthocyanins

A wide range of temperatures was selected starting from
-20ºC up to 121ºC. Understanding the stability of an-
thocyanins under various temperature conditions would
help in taking decisions about storage temperature and
conditions and processing temperatures in product de-
velopment process.

Samples were prepared in pH 1 buffer since it was
observed from the pH stability study that the colour of
the anthocyanins is most stable under low pH condi-
tions. 100µL of extract was added in 2900µL pH 1
buffer (0.2M HCl and 0.2M KCl in appropriate propor-
tion) and were subjected to various temperature condi-
tions. Effect of temperature was checked by observing
changes in max and absorbance value. This dilution
of sample was chosen such that the absorbance value
falls in the linear range of spectrophotometer. Samples
at low temperatures were stored at the specified tem-
peratures for 7 days and readings were taken at various
intervals mentioned below. To achieve the temperatures
from 50ºC to 100ºC a water bath was used. The samples
were subjected to highest temperature under study viz.
121ºC by keeping them in an autoclave.

Temperature (˚C) Day  ȿmax OD 
-20  1 513.00 1.165 
 4 513.00 1.168 
 7 513.00 1.171 
    
4 1 513.00 1.157 
 4 513.00 1.158 
 7 513.00 1.171 
    
10 1 513.00 1.165 
 4 513.00 1.164 
 7 513.00 1.176 
    
RT 1 514.00 1.157 
 4 514.00 1.150 
 7 514.00 1.152 
    
50 1 513.00 1.137 
    
70 1 513.00 1.195 
    
100 1 513.00 1.030 
    
121 1 513.00 0.710 
 

Table 2. Observations of change in absorption values
under range of temperatures

50°C
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Fig. 4 : UV-Visible spectra at different temperatures (from -20ºC to 121ºC)

Graph 2. Decrease in stability of anthocyanins with increasing temperature.

70ºC 100ºC

121ºC
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C. Sample preparation for determination of effect of
Light exposure on stability of anthocyanins

Stability of extracted anthocyanins was checked under
various light conditions such as day light, sun light,
dark. In order to find out the effect of various light
conditions the sample concentration was adjusted, so
that absorbance value would fall in the linear range.
Every day 3mL of sample aliquot was taken and the
change in the absorbance readings was noted. The
samples were prepared by adding 100µL of extract in
2900µL pH 1 buffer (0.2M HCl and 0.2M KCl in ap-
propriate proportion). The observations of effect of light
would help in finding out the handling and storage
conditions for product development.

Light condition Day ɚmax OD 
 

Day light 
 

1 513.00 1.162 
4 513.00 1.164 
7 513.00 1.159 

    
 

Sun Light 
1 513.00 1.168 
4 513.00 1.150 
7 513.00 1.121 

    
 

Dark 
1 513.00 1.183 
4 513.00 1.217 
7 513.00 1.148 

Table 3. Observations for change in absorption for
various light exposure conditions

Graph 3. Decrease in stability of anthocyanins with changing light exposure conditions

Results and Discussion

Effect of pH on stability:
It was noted as early as 1914 that an individual antho-
cyanin species can have different colours. The colour of
anthocyanins depends on their structure, the acidity of
the environment, and the presence of metals. It was
observed (refer Table 1) that at pH below 2.5, the an-
thocyanins were present in the flavylium cation state,

the primary structure of the compound, and a red color
was observed. In weakly acidic solutions, where the pH
was between 4 and 7, the compound favored a second-
ary structure, a mixture of anhydrobases and pseudo-
bases. The initially formed purple anhydrobases (in the
pH range 4-6) underwent rapid decolorization to
colourless (above pH 6) which then changed to yellow
chalcone form (above pH 8) caused by nucleophilic
attack from water on pyran ring.
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Effect of Temperature on stability
The thermal stability of anthocyanin varies with their
structure, pH, the presence of oxygen and interaction
with other components in the system. Maximum ther-
mal stability of anthocyanidin 3-glycosides has been
observed at pH1.8 to 2.0. This supports the findings
from the above experiments of pH and temperature sta-
bility since measurements were taken under low pH
conditions. The experiment was performed covering the
whole range of temperatures starting from as low as -
20ºC to 121ºC. Observations (refer Table 2) for low
temperature conditions were taken over 7 days in order
to understand whether degradation takes place with time,
irrespective of storage of extract in low temperature
conditions.

It was observed (refer Table 2) that max and absor-
bance value did not change over 7days when samples
were stored under low temperatures such as -20ºC, 4ºC
and 10ºC and at room temperature the change was mi-
nuscule. Then at higher temperatures such as 50ºC and
70ºC no significant change in the absorbance was ob-
served; this indicates that anthocyanins extracted from
banana bracts can withstand temperature up to 70ºC but
at 100ºC and 121ºC degradation was noted in terms of
decrease in absorbance value by 11% and 39% respec-
tively. Thus anthocyanins from banana bracts are proved
to be fairly stable up to the temperature of 70ºC and
above that degradation of the components take place.

Effect of Light exposure on stability
Light exposure of any type is generally found to be
detrimental to anthocyanin stability. p-hydroxybenzoic
acid has been identified as a minor photo-oxidative prod-
uct which could be due to photo chemical decomposi-
tion of anthocyanins. In this project, banana bract an-
thocyanins from Musa paradisiacal L. was subjected to
various light exposure conditions such as day light, direct
sun light, in dark, for 7 days and ultraviolet light for 30
minutes. The effect of light was checked as changes in

max and absorbance values.

Effect of Day light exposure: It was observed that

there is no significant change in the max and absor-
bance values even after 7 days exposure (refer Table 3).
It indicates that the extracted banana bract anthocyanins
are fairly stable when exposed to day light in atmo-
spheric conditions. This in turn indicates that the antho-
cyanins can withstand routine atmospheric conditions
which would be characteristic of any industrial plant.

Effect of Sun light exposure: Sun light or any ionizing
radiations have proved to be damaging to the anthocya-
nin stability. There was decrease in the absorption by
approximately 28%. It indicates that sun light has a
negative effect on the anthocyanin stability and hence
this can be considered as a storage condition for pro-
cessing product and handling extract.

Effect of storage in dark: It is known that anthocya-
nins undergo photo-oxidation, thus keeping them in dark
would have positive effect on stability of anthocyanins.
Similarly it was observed that negligible degradation
occurred when samples were stored in dark for 7 days.
This indicates that, keeping anthocyanins in dark envi-
ronment will protect their structure from photo-oxida-
tion.

Conclusions

In recent years, people are becoming more aware re-
garding the safety of the products. A trend is being seen
‘whatever is natural; is safe’. The identity and origin of
the product components are mandatory to be mentioned
on almost all utility goods and food products. Thus
nowadays people prefer products bearing tags as ‘natu-
ral’ or ‘herbal’. Thus, the demand for nature based prod-
ucts is increasing tremendously. Since colour is an in-
tegral part of any product, research in the field of find-
ing newer and stable natural colourant sources is the
need of the hour. Among all the colours, red or shades
of red are the most attractive options required in food,
pharma as well as cosmetic industries. Red colour can
be obtained from a group of natural colorants, Antho-
cyanins. They are responsible for all the attractive hues
displayed by nature. They are water soluble, easy to
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incorporate and give brilliant colour to the products.
But they come with a price; they are delicate and easily
affected by many degradation mechanisms.

Anthocyanins undergo reversible reaction under differ-
ent pH environments. The coloured flavylium form was
observed at low pH which changed to mixture of
pseudobases and anhydrobases which showed purple
colour in the medium pH range and finally in alkaline
pH range, was converted to chalcone form which is
yellow in colour. Thus it can be concluded that colour
of the anthocyanins can be best maintained at low pH.
Hence the banana bract anthocyanins can be used in the
food products such as jams, jellies, sugar confectionaries,
sauces etc. which are acidic in nature; and also in creams
or ointments or hair colours having acidic or citric in-
gredients such as anti-aging creams and heel creams in
case of cosmetic products. The anthocyanins can be
stabilized by complexing reactions and can be utilized
in coloured cosmetics.

The second aspect studied was the effect of tempera-
ture. It was observed that colour of banana bract antho-
cyanins was not lost in substantially high temperature
up to 70ºC. Thus it can be inferred that anthocyanins
would withstand higher temperatures employed during
processing conditions. It was also observed that antho-
cyanins are best maintained at low temperatures. The
study was carried out for 7 days, and indicated stability
of colour over time. This indicates that colour of the
anthocyanins can remain constant for longer time if
stored at low temperatures. This information is very
important, since the decisions for storage and high pro-
cessing temperatures for banana bract anthocyanins were
taken based on these observations.

Another important parameter studied was exposure of
banana bract anthocyanins to various light conditions
over a period of 7 days. It was observed that direct sun
light has harmful effect on the anthocyanin colour sta-
bility since it reduced by 27% of the original colour.
Secondly it was observed that day light has lesser deg-
radation effect on colour and in dark, the degradation

was least. This indicated that anthocyanins should be
stored at low temperatures and away from the light.

All of the above points finally can be concluded that
banana bract anthocyanins from Musa paradisiac L.
show fair colour stability under low pH, they can with-
stand processing temperatures up to 70ºC and can sus-
tain colour for a longer time when stored at low tem-
peratures in a dark environment. Thus these inferences
are very helpful in the process of designing a product
using these anthocyanins. Hence banana bract antho-
cyanins show great potential as source of natural
colourant for food as well as cosmetic products.
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Introduction

Current industrial adsorbents consist of a broad variety
of chemical substances and different geometrical struc-
tures. In today’s society environmental requirements are
becoming important since there is an increased interest
in the industrial use of renewable resources. “Green”
designates a novel advanced adsorbent fabricated from
Nature bioinspiring (basically polysaccharide) materials
and synthesis to mimic the exceptional features of natu-
ral species 1,2.

Actually, biopolymers present fascinating templates for
creating bioinorganic materials, e.g. starch that is stored
in plants, meets all the required criteria. Combined with
the traditional chemical techniques, the biopolymer as-
sisted synthesis may prove a promising route to prepare
a “new generation” of biomineral adsorbents guiding
oriented growth of organic substances on the surface.
Some interesting remarks of living cells are based on
excretion of biogenic surfactants or specific biopolymeric
acids like alginic acid and their salts. Alginate is a
copolymer of the isomers, mannuronic and guluronic
acids enabling the dense packing of submicrometer-sized
particles in suspensions in order to enhance their colloi-
dal stability 1-3.

To promote the zeolite performance and to prepare more
effective adsorbent for specific post-treatment processes,
flexible component, i.e. alginate with a rigid compo-
nent, (powdered) zeolite was crosslinked using Fe(III)

and Ca(II) ions. While incorporated Fe(III) cations in
new adsorbent were responsible for electrostatic inter-
actions “oxyanionic pollutants vs. biopolymer pelletized
zeolite”, Ca ions were responsible for exchange of
metallic cations. Finally, such alginate-zeolitic adsorbents
showed during examination, considerable enhanced ad-
sorption capacity towards metallic pollutants 3.

Using the hydrophilic, expandable and permeable
hydrogels with low interfacial tension for the novel
adsorbent synthesis, substances which resemble soft liv-
ing tissues, is another excellent example of advanced
surface treatment strategy how to enhance clinoptilolite
tuff performance. Various aspects regarding above men-
tioned surfactant octadecylammonium (ODA) clino-
ptilolite have been reviewed and highlighted in litera-
ture 1,3,4,5.

Iron oxides are effective, low cost adsorbents for heavy
metals and radionuclides removal, respectively. Their
sorption process is mainly controlled by complexation.
When their particle size is reduced to below 20 nm, the
adsorption capacity increases by 10 to 100 times, sug-
gesting a “nanoscale effect”. While nanomaterials em-
bedded in a solid matrix like zeolite may expect mini-
mum release into the environment, research is needed
to develop simple, low cost techniques to immobilize
nanomaterials without significantly impacting their ad-
sorption performance. Based upon the recent encourag-
ing results of Slovakian natural clinoptilolite producer,
and necessity to immobilize a nanosized iron oxide onto
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solid surfaces, we studied various routes to prepare en-
vironmentally viable as well as economically feasible
adsorbent with zeolite matrix 4,5.

Emerging contaminants in Environment

Pharmaceuticals, currently called emerging contaminants
(ECs),  can enter the environment by a number of path-
ways and can be further distributed in various environ-
mental media. One prominent pathway could be the use
of wastewater sludge or waste water for field fertiliza-
tion and irrigation. In water environments, a large vari-
ety of these compounds and their metabolites have been
detected  and also soil could be an important source of
water contamination 6-9.
The presence and distribution of pharmaceuticals in the
soil vai land application are far from known because of
a lack of appropriate methodologies. Liquid chromatog-
raphy combined with mass spectrometry (LC-MS) or
with tandem mass spectrometry (LC-MS/MS) is a popu-
lar technique currently being used in pharmaceutical

The presence of these chemicals in the environment is
more serious considering that they do not appear indi-
vidually, but as a complex mixture, which could lead to
unwanted synergistic effects. Parent chemicals are often
excreted from the human body with a number of asso-

analyses. The latter allows detection of extremely low
concentrations (ng/L or ng/g) of these compounds in
various complex liquid or solid matrices.

The presence of ECs in the environment is mainly at-
tributed to the discharge of treated wastewater from water
treatment facilities. Conventional secondary processes
(activated sludge and trickling filters) represent the most
extensively used and studied processes. An increase in
drug use may be anticipated during music festivals,
public holidays, major sporting events and by students
during exam periods 6-9. However, above mentioned
bioprocesses are not designed to remove ECs resulting
in their discharge to receiving surface waters including
rivers, lakes and coastal discharge. e.g. during  anaero-
bic digestion, biosolids (or treated sludge) are gener-
ated. These are often applied to agricultural land as a
fertiliser in many countries. Despite lengthy digestion
(on an avarage 4 weeks) and outdoor storage for up to
six months following treatment, some ECs have been
found to persist.

Fig.1: Methamphetamine consumption in Slovakian towns

ciated metabolites. As an example, Ibuprofen is excreted
as the unchanged drug.  Approximately 70 pharmaceu-
ticals, belonging to a variety of therapeutic classes, have
been reported in UK waters 6. The analgestic tramadol
has been observed in river water at the highest concen-
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tration up to a maximum of 7731 ng /L 6,10. The hallu-
cinogen 3,4-methylenedioxy-N-methylamphetamine
(MDMA) and the stimulant cocaine have been observed
in river water in concentrations of 25 and 17 ng /L,
respectively 6,12-14. To date, more than 200 different phar-
maceuticals alone have been reported in river waters
globally, with concentrations up to a maximum of 6.5
mg/L for the antibiotic ciprofloxacin 6,10,11.

Methamphetamine (locally called pervitin) is an ex-
tremely addictive stimulant drug that is chemically simi-
lar to amphetamine15. It is a white, odorless, bitter-tast-
ing crystalline powder. Methamphetamine is taken orally,
smoked, snorted, or dissolved in water or alcohol and
injected. Smoking or injecting the drug delivers it very
quickly to the brain, where it produces an immediate,
intense euphoria. According to monitoring provided by
the national water authorities and researchers, consump-
tion of this chemical in Czech and Slovak Republics is
the highest in the world (Table 1) 15.

An attempt to remove antibiotics by
polishing or posttreatment of water
using adsorption

Nevertheless, removal of environmental pollutants re-
leased or discharged over a vast area of the world, re-
quire relatively cheap, cost effective or economically
viable technology. Current treatment processes for con-
taminated waste streams are mostly chemical precipita-
tion, membrane filtration, ion exchange and adsorption.
Among those different techniques, adsorption based
processes have drawn much interest as in the past due
to the relatively simple approach for the removal of
several environmental pollutants. Activated carbon, clay
minerals, biomass, natural zeolites and even some in-
dustrial solid waste have been widely used as adsorbents
for removal of ions and organics from contaminated
waters. The excellent selectivity of natural zeolites to
different adsorbates as well as worldwide abundance of
these precious tuffaceous materials, has popularised their
utilization in environmental cleanup technologies since
1960´s. Most of the reported applications of natural

zeolites in the past decades have focused on the re-
moval of ammonium and heavy metals. Nevertheless,
the unique chemical and structural characteristics of
natural zeolites made them appropriate for several envi-
ronmental applications, where effectivness and low cost
of materials are needed 16. Today, hundreds of zeolitic
applications related to water treatment and purification
processes are available. However, recent literature re-
ports the state of the art mainly in zeolite surface modi-
fication using the hydrophobization (sol-gel technique
for coating the zeolitic surface by different surfactants,
moreover with zero valent iron (ZVI-) addition), metal
doping or peletization of zeolite matrices with some
biopolymeric eco-friendly carbohydrates. Since the last
decade, several new surface modified or hybridized
zeolite adsorbents have been succesfully synthesized
whose performance has been excellent.

In general for water and wastewater treatment,
a significant majority of recent developments relate to
biological processes and treatment technologies using
advanced adsorption and filtration media. Adsorption is
the capability of all solid substances to attract to their
surfaces, molecules of gases or solutions with which
they are in close contact. Due to their high specific
surface area, nano adsorbents show a considerably higher
rate of adsorption for organic compounds as compared
to granular or powdered activated carbon. They have
great potential for novel, more efficient, and faster de-
contamination processes aimed at removal of organic
and inorganic pollutants like heavy metals and
micropollutants 11. Nanometals and zeolites benefit from
their cost-effectiveness and compatibility with existing
water treatment systems since they can be implemented
in pellet and bead forms for fixed absorbers. Evidently,
the photocatalytic degradation of organic pollutants in-
cluding ECs by TiO2 supported solid matrices belong to
the latest in the field (AOP). Titanium dioxide has been
widely used as photocatalytic material in the removal of
toxic chemicals from waters, but due to its fine sized
grains (4-30 nm), it aggregates rapidly by loosing effi-
ciency. TiO2 is not porous and its surface exhibits polar
property, however when immobilized on porous solids
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Fig.3: A broader range of selected adsorbents for examination of cefazoline uptake

(semiconductor graded solids) using mostly the sol-gel
route, provides higher specific surface area and facili-
tates more effective adsorption sites than bare TiO2 

17,18.
Prophylaxis antibiotic (cefazoline) removal using aque-
ous solution and stationary (batch) system was applied
to compare several adsorbents like native, ODA- and
carbonized zeolite (clinoptilolite-rich tuff), montmoril-
lonite, German commercial GEH, active coke and
beringite (Fig.2). Aqueous model solutions of cefazoline
were  analysed by means of Diode Array (UV-VIS)
Spectrometer Hewlett Packard 8452A at the wavelength
272 nm.

Cefazoline is an antibiotic used for the treatment of a
number of bacterial infections. The drug is usually ad-
ministered by either injection into a muscle or into a
vein. It is listed in the World Health Organization’s List
of Essential Medicines - the most important medica-
tions needed for a basic health system (Table 1).

According to the above graphical plot, the highest ca-
pacity towards cefazoline was shown by GEH and ac-
tive coke. ODA-surfactant coated zeolite exhibited ac-
ceptable uptake performance. Beringite is basically alu-
minium silicate rock made up of albite, barkevite and
orthoclase. Fig.3 presents a broader range of selected
adsorbents for examination of cefazoline uptake. Ger-
man provenience silcarbon, industrial ashes chezacarb
(amorphous carbon) from Chemopetrol Litvínov (Czech
Republic), German granulated ferric hydroxide (GEH)
with the main components of akaganeite (ß–FeOOH)
and goethit [ -FeO(OH)], montmorillonite from the
deposit in Slovak Republic, obtained from the rock after
sedimentation and purification procedures and commer-
cial Happy End (Great Britain), mostly natural resources
derived and mixed products denoted as SK1, SK2, DN2
and CB18 were compared. SK1 and SK2 contain the
mixture of cellulose, calcium carbonate and clays, while

Fig.2: Average equilibrium concentrations of cefazoline
removal onto some selected adsorption materials
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Tab.1: Commercial products Absodan and Spilkleen manufactured from natural materials and applied for cefazoline
removal (left); structure formula of cefazoline (right)

Conclusions

The presence of pharmaceuticals (ECs) in the environ-
ment has been a topic of concern. Most environmental
data focus on the occurrence, fate, and transport of these
compounds in wastewater or receiving waters. Their
presence in source waters and drinking water is particu-
larly problematic as this pathway represents a vector for
human exposure. Several promising options for phar-
maceutical removal from water are available, and many
technologies employ an advanced oxidation process
(AOP). AOPs have been shown to be better suited for

DN2 is manufactured mainly from natural silicate re-
sources based on the former commercial Absodan and
CB18 with a high quality peat (Table 1). Peat contains
lignin, cellulose, fulvic and humic acids as major con-
stituents that have polar functional groups, such as
alcohols, aldehydes, ketones, phenolic hydroxides and
ethers, using them in chemical bonding 16.

According to Figures 2 and 3, ODA-zeolite has removal
efficiency for unpolar heavily substituted carboxylic acid
cefazoline (Table 1). As can be seen, carbon based
adsorbents (chezacarb and silcarbon) showed the best
removal performance besides GEH and ODA-zeolite
while for cefazoline removal Happy End products un-
der SB18 (peat) were preferred.

removing recalcitrant pharmaceuticals from water as
compared to conventional treatment processes.

Although numerous adsorbents have been developed and
examined for water treatment, their potential needs to
be further assessed on pilot scale with real surface/ground
water or/and wastewater. Development of some syn-
thetic, hybrid and nano-scale adsorbents shows high
efficiency towards removal of specific pollutants, but
more research is needed prior to their use an full-scale
in water and wastewater treatment.

The development of wastewater treatment systems us-
ing oyster shells as the biological growth media that
shows enhanced affinity to microorganisms or for even
trace concentrations of ECs in water, development of
biomimetic adsorbents imitating lipids from white
whales, arctic wolves, South African fur seals, market-
able fish and mussels, based on high accumulation
affinity of organism´s lipids towards ECs, has to be
mentioned.
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Abstract
The organic methacrylate based monolith column was prepared and modified with arginine in organic solvent under
acidic condition. Organic mixture solvent under acidic condition could improve the reaction of arginine with the
epoxy groups of the poly(glycidyl methacrylate (GMA)-ethylene dimethacrylate (EDMA)). The GMA-EDMA-arginine
monolith column was prepared with isopropanol and decanol as the porogenic solvents, GMA as monomer and
EDMA as crosslinker in one solution and the second solution was 250 mM arginine in dimethylformamide and
methanol as organic solvent, in acidic solution. Performance of a 0.32 mm. i.d x 10 cm polymer methacrylate
monolith column was evaluated for separation of anions such as 1.0 mM each of IO3

-, BrO3
-, NO2

-, Br-, and NO3
-

, with 200 mM NaCl in the 0.1 M phosphate buffer as mobile phase at 210 nm wavelength and flow rate 3 µL/min,
although bromide and nitrate were still overlapped. This method has a good permeability of 1.9 x 10-14 m2, excellent
linearity with the correlation coefficient (approximately one) and excellent repeatability performance with values less
than 5 %, and finally could be applied for real river water samples.

Keywords: Capillary Column, Organic Polymer Monolith Column, L-Arginine, Inorganic Anion

Introduction

In the last decade the developments in the field of ion
chromatography (IC) were aimed at increasing the effi-
ciency, sensitivity and rapidity of analysis, as well as
improving separation selectivity.1.2.3 Since selectivity and
efficiency to the large extent depend on the surface
chemistry of the stationary phase, the development of
polymer monolith anion exchangers remains one of the
priority tasks in modern IC. The knowledge about the
surface chemistry of anion and cation exchangers can
provide understanding of the trends in selectivity and
efficiency changes, as well as help in the choice of the
stationary phase type suitable for solving a particular

analytical task.4.5 The newly explored application of metal
organic gel has been used increasing separation in liq-
uid chromatography.6 Monolith columns have been
widely applied in capillary liquid chromatography (CLC)
and capillary eletrochromatography (CEC) due to their
easy preparation, unique hydrodynamic property and high
performance compared with the traditional particle-
packed column or the open tubular column. During the
evolution of CEC in the past 10 years, the attention
slowly shifted from the separation of mixtures of well
selected model compounds, typically aromatic hydro-
carbons due to their good visibility with a UV detector
to real samples. In situ polymerisation was done in silica
monolith column bonding cyanopropyl7.8.9 and the silica

RNI No. MAHENG/2017/74063
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hybrid monolith column was synthesized for multiple
interactions including hydrophobicity, hydrophilicity, as
well as cation exchange interaction.10.11.12  Due to the
zwitterionic nature of the resultant stationary phase, the
modified monolithic column contained both cation and
anion exchange capacity with amino acid, such as
lysine13.14 and also a polar copolymerized method.15.16.17

Amino acid compound was investigated in CLC for
anion and cation separation on silica hybrid monolithic
column.18.19 The technology for the preparation of such
porous beads is very well developed and an excellent
control over bead size, porosity and surface chemistry
can be achieved. Amino acid compound in most recent
innovations was made to achieve high performance with
open tubular separation method, focusing on the inge-
nious chemical and physical solution made to increase
the surface and equip the stationary phase with exploit-
able selectivity of monolith column.20.21 Polymerization
temperatures gave impact for separation of organic
analytes such as alkyl benzenes, aryl amines, carboxylic
acids, a mixture of phenols and carbonyl compounds by
CLC.22 But chromatographic polymer monolith column
method is important for L-arginine, which is one of the
three amino acids with basic side chains, and is very
hydrophilic in character. Studies of interaction of
L-arginine with toluene/water have been done.23 It con-
tains a guanidine group in the side chain, and this moiety
is protonated at physiological pH. Upon functionalization
with these amino acids, the polymers become positively
charged and their interaction with the negatively charged
molecule is much more efficient. The L-arginine mol-
ecule can highly facilitate the interaction of nano par-
ticles with biological macromolecules with adding an
organic solvent and an acid catalyst for reaction of the
amino acid with epoxy group of polymer. For the char-
acterization of prepared polymer scanning electron mi-
croscopy (SEM) technique is used. SEM technique is
based on the principle of scanning probe consisting of
a focused electron beam emitted from an electron gun,
which scans the surface of the specimen. Also some
researchers used FTIR for doing a polymer character-
ization.24

Materials and Methods

Experimental Instrumentation

The chromatographic measurements were carried out
by using a CLC system constructed by an L.TEX-8301
Micro Feeder (L.Tex Corporation, Tokyo, Japan)
equipped with an MS-GAN 050 gas-tight syringe (0.5
mL; Ito, Fuji, Japan) as a pump, a model 7520 micro-
injection valve with an injection volume of 0.20 µL
(Rheodyne, Cotati, CA, USA) as an injector, a 0.320
mm i.d. x 100 mm microcolumn, and a UV-2070C UV
detector (JASCO, Tokyo, Japan). The UV detector was
operated at 210 nm. A capillary flow cell (75 µm;
JASCO) was attached to the UV detector. The data were
acquired by a CDS data processor (LA soft, Chiba,
Japan). The inlet pressure was monitored by an L.TEX-
8150 Pressure sensor (L.TEX). The separation column
was dipped in a water bath. The measurements were
carried out at room temperature (21-22°C)

Reagents and Materials

The reagents employed were of guaranteed reagent grade
and were obtained from Wako (Osaka, Japan), unless
otherwise noted. Purified water was produced in the
laboratory by using a Millipore Simplicity UV water
distillation system (Millipore, Molsheim, France).
Glycidyl methacrylate (GMA), ethylene dimethacrylate
(EDMA), 3-(trimethoxysilyl)propyl methacrylate
( -MAPS, 98%), methanol, isopropanol, decanol,
azobisiso-butyronitrile (AIBN), acetone, hydrochloric
acid (1 mol/L), sodium chloride, sodium hydroxide (0.1
mol/L) and dimethylformamide (DFA) were employed.

Pre-treatment of fused-silica capillary
Prior to the polymerization, the capillary column was
pretreated using the following procedure : the capillary
column with a length of 12 cm was rinsed with 0.1M
NaOH for 30 minutes and then with water until the
outflow reached pH 7.0. This was followed by flushing
with 1 M HCl for 30 minutes. The capillary was filled
with silanization solution containing 50% (v/v) Y-MAPS
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in acetone, and injected into the capillary with a 0.5 mL
syringe. Then, the capillary was sealed with PTFE at
both ends and then submerged in water bath at 60oC
overnight (24 hours). After silanization, the capillary
was flushed with acetone to flush out the residual
reagent and then dried by passing nitrogen gas. Thereby,
Si-O-Si-C bonds were formed between the capillary wall
and the reactive methacryloyl groups, which were avail-
able for subsequent attachment of monolith to the wall
during the polymerization reaction.25

Co-polymerization of anion-exchange
monolith column

The monolithic columns were prepared from polymer-
ization reaction of mixtures, consisting of the mono-
mers GMA, EDMA, the porogens of isopropanol and
decanol using AIBN (0.3%, w/w, with respect to the

Fig. 1 Schematic diagram of the expected reaction for preparation of poly(GMA-EDMA)-arginine monolith column

monomers) as an initiator. 0.5 mL of this solution and
0.5 mL of arginine solution were mixed. The polymer-
ization mixtures were sonicated for 5 min to obtain
homogeneous solution, and then purged with nitrogen
for 30 min. After the pretreated capillaries were com-
pletely filled with the mixture, they were sealed at both
ends with PTFE. The sealed capillaries were submerged
in a water bath or oven and allowed to react at 60-
100oC for 12 hours. The resultant monolithic capillary
columns were washed with methanol for about 2 h using
an HPLC pump to remove the unreacted monomers and
the porogenic solvents. For amino acid, organic solvent
was used under acidic condition.26 Finally, the structure
of polymer column has a positive charge of arginine, as
shown in Figure 1. The morphology of monolith col-
umn was evaluated by using scanning electron micros-
copy (SEM; S-4800, Hitachi, Tokyo, Japan).
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Results and Discussion

Effect of composition of porogen and crosslinker for
monolith column poly(GMA-EDMA)-arginine
In this research, poly(GMA-EDMA) anion exchange
monolith column was produced by a two-step proce-
dure, just like an organic polymer monolith column for
separation of DNA.27.28 The GMA-EDMA-arginine
monolith column was prepared with isopropanol and
decanol as porogenic solvents, GMA as monomer and
EDMA as crosslinker in one solution and the second

All columns had same length of 10 cm and were evalu-
ated using methanol as mobile phase with a flow rate of
3 ÕL/min. The experimental results obtained showed
that the mobile phase cannot flow through for the col-
umns D and E. The pressures of columns A, B and C
were 0.9, 2.4 and 3.9 MPa, respectively. These results
show that the column with the higher ratio of porogen
has a good porosity. In this case, the chosen ratio of
monomer mixture versus porogen mixture was 30/70.
Figure 2 shows the SEM images of poly(GMA-EDMA)-
arginine monolithic column.

Effect of organic solvent and acid solvent in argin-
ine solution
Once the chemical reaction equilibrium condition of
arginine was established in the acidic solution, the re-
action becomes maximal in the presence of an acid cata-
lyst such as hydrochloric acid.29 For the prepared poly
(GMA-EDMA)-arginine, hydrochloric acid solution
(0.10 mmol/L) was used, which affects the reaction of
arginine with the epoxy side of monomer. Figure 3 shows

solution was 250 mM arginine in DFA as organic sol-
vent in acidic solution. The ratio between the monomer
and the porogen phases influences the flow-through pore
size within a broad range and the morphology of the
monolith columns depends on the composition of the
porogenic solvent. Solvent in arginine solution like
methanol, DFA and water may affect the structure of
pores.

The porosity of the poly(GMA-EDMA)-arginine can be
controlled by changing the ratio of monomer and
porogen, as shown in Table 1.

 
Column 

Monomer 
mixture (mL) 

Porogen mixture (mL) Ratio 
monomer/porogen 

250 mM 
arginine 

solution (mL) GMA EDMA Isopropanol Decanol 
A 0.070 0.030 0.28 0.12 20/80 0.5 
B 0.105 0.045 0.245 0.105 30/70 0.5 
C 0.14 0.06 0.21 0.09 40/60 0.5 
D 0.105 0.045 0.105 0.245 30/70 0.5 
E 0.045 0.105 0.245 0.105 30/70 0.5 

Tabel 1. Constitution of reaction mixtures

Fig. 2. SEM images of poly(GMA-EDMA) modified with
arginine in organic solvent under acidic condition.

the separation of anions by poly(GMA-EDMA)-argin-
ine with and without hydrochloric acid in the solution.

As shown in Figure 3, column A was prepared without
organic solvent under acidic condition and anions can-
not be separated, while column B was prepared with
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hydrochloric acid in the polymer solution that gave sepa-
ration of anions. Column C was prepared with the DFA
as organic solvent for arginine under acidic condition
with HCl. It is observed that column C gave a better
separation of anions than columns A and B.

Optimization of polymerization of monolith column
Based on effect of organic and acidic solvents, the mono-
lithic column poly(GMA-EDMA)-arginine was prepared

with methanol also as the organic solvent for increasing
solubility of arginine in the solution. That meant find-
ing the equilibriums condition of polymerization of
monolith arginine column was necessary. Table 2 shows
various columns prepared. Combination of organic sol-
vent, in this case methanol and DFA gave good selec-
tivity of the monolith poly(GMA-EDMA)-arginine col-
umn and 5 anions sample could be separated.

 
Column 

Monomer 
mixture 

Porogen mixture (mL) % 
Porogen 

250 mM arginine 
solution 0.5 mL 

 
Result 

GMA EDMA Isopropanol Decanol Methanol DFA 
A 0.105 0.045 0.315 0.035 70 0.5 0 good 
B 0.105 0.045 0.315 0.035 70 0.25 0.25 good 
C 0.105 0.045 0.315 0.035 70 0.15 0.35 good 
D 0.105 0.045 0.315 0.035 70 0.35 0.15 No good 

Table 2. The composition of polymerization of poly(GMA-EDMA)-arginine with various organic solvent

Table 2 shows that two types of columns could be used for separation demonstration, involving columns A and
B. Arginine was more easily dissolved in solutions for columns A and B than in solution for column C. Use of
methanol and DFA as organic solvents could increase the equilibrium reaction of arginine. The separations of
anions using columns A, B and C are shown in Figure 4. For column D, anions cannot be separated, because the
eluent could not pass out through the hard column.

 

0 2 4 6 8
time/min

A

B

C

Fig 3. Chromatograms for various organic and acid solvent
(A. without acid and organic solvent, B. 10 % 0.1 mol/L of

HCl, C, 45 % of DFA) for separation of anions (1.0 mM
each of IO3

-, BrO3
-, Br-, NO3

-, I-), with eluent 50 mM NaCl.
Experimental conditions : poly(GMA-EDMA)-arginine

monolith column (100 x 0.32 mm i.d); UV detector at 210
nm; flow rate : 3 ÕL/min.

Fig. 4 Separation of anions (1.0 mM each of 1. IO3
-,

2. BrO3
-, 3. Br-, 4. NO3

-, 5. I-), using 50 mM NaCl as the
eluent for different methanol concentration. Column: as in

Table 2. Other experimental conditions as in Figure 3.
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Finally, the composition of column B was chosen and
10% 0.1 mol/L hydrochloric acid was added as acid
catalyst for preparation of poly(GMA-EDMA)-arginine.
The addition of acid catalyst in the solution resulted in
more introduction of arginine on surface of epoxy group
than without acid catalyst. The monolith poly (GMA-
EDMA)-arginine has a good anion separation, as shown
in Figure 5.

Optimum temperature for poly(GMA-EDMA)-
arginine column
Reaction temperature of polymerization is important for
getting a good monolith column. The decrease of reac-
tion temperature gives better performance for separa-
tion of 5 anions with iodide in the sample. Figure 6
shows the separation of 4 anions (IO3

-, BrO3
-, NO2

-,
NO3

-) at different polymerization temperatures 60, 80
and 100oC, respectively. Lower temperature polymer-
ization gave more arginine attached on the epoxy group
of monomer, and could produce mesopore and
macropore of monolith poly(GMA-EDMA)-arginine.

Effect of eluent cation on retention of anions
The positive charge of arginine as coated on poly(GMA-
EDMA) works as the anion exchange site for separa-
tion of 5 anions. The retention behavior of 5 anions
using aqueous solution with different cations as the
eluent was evaluated. Different eluent cations gave the
different elution time for anions. The retention of an-
ions decreased if hydrated cation with smaller size was

used as the eluent. In this condition using monolith
poly(GMA-EDMA)-arginine, sodium chloride (NaCl)
showed better seperation of anions, but peaks of Br- and
NO3

- were still overlapped. Logarithm of retention time
of anions for some salt aqueous solution as NaCl, KCl,
RbCl, CsCl, NH4Cl, MgCl2, SrCl2 and CaCl2 is shown
in Figure 7. For the divalent cation i.e.. Mg2+, the loga-
rithm of retention time of anions was nearly the same as
Ca2+ and Sr2+ although the Mg2+ has a smaller size than
Ca2+ and Sr2+. NaCl was chosen as the optimum salt

Fig. 6 Chromatograms for separation of anions (1.0 mM
each of 1. IO3

-, 2. BrO3
-, 3. NO2

-, 4. NO3
-,) at 3 different

polymerization temperatures. Operation condition; using
200 mM NaCl as the eluent at poly(GMA-EDMA)-arginine
monolith column (100 x 0.32 mm i.d); UV detector at 210

nm; flow rate : 3 µL/min.

Fig. 7 Effect of eluent cation on the retention of anions (1.0
mM each of IO3

-, BrO3
-, NO2

-, Br-, NO3
-,), using 200 mM

each salt solution as the eluent. Other experimental
conditions as in Figure 3.
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mobile phase for separation of anions using monolith
poly(GMA-EDMA)-arginine, because it provides good
anion separation than the other salt mobile phase, but
Br- and NO3

– were not separated completely.

In order to find the optimum concentration of NaCl as
eluent 50 mM, 100 mM, 200 mM, 300 mM and 500
mM were tried. Figure 8 shows the effect of NaCl con-
centration on the retention time, and that Br- and NO3

-

were separated on the poly(GMA-EDMA)-arginine col-
umn by using lower concentration of NaCl as the elu-
ent, leading to long time separation and peak broaden-
ing.

Fig. 8 Effect of NaCl concentration on separation of anions
(1.0 mM each of 1. IO3

-, 2. BrO3
-, 3. NO2

-, 4. Br-, 5. NO3
-,).

Other experimental conditions as in Figure 3 except for the
eluent concentration.

Effect of acid and organic solvent in the eluent
Poly(GMA-EDMA)-arginine was evaluated for separa-
tion of 5 anions using 200 mM NaCl as the eluent.
Positive charge of arginine makes it work as the weak
anion exchanger type. It seems that Br- and NO3

- did
not separate completely. In order to investigate the hy-
drophobic property of amino acid monolith column, ACN
was added in the mobile phase30.31 and also hydrochlo-
ric acid. The addition of 5% 0.1 M HCl and 10% aceto-
nitrile in the mobile phase slightly decreased retention
time of 5 anions. Both of them could not solve the
problem and separation of Br- and NO3

- on poly(GMA-
EDMA)-arginine monolith column was not complete,

Fig. 9 Chromatograms for separation of anions (1.0 mM
each of 1. IO3

-, 2. BrO3
-, 3. Br-, 4. NO3

-, 5. I-), using  200
mM NaCl eluent with acetonitrile and HCl effect. Other

experimental conditions as in Figure 3.
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as shown in Figure 9 unlike crown ether bonded col-
umn in capillary IC.32

Effect of phosphate buffer as mobile phase
Since the pl of arginine is 10.76, the amine columns are
expected to be positively charged under pH lower than
pl. In this study, phosphate buffer at pH 6.8 was used
to increase the anion interaction on the amine column
with lower ion capacity.33 The result was not successful
because the retention time of 5 anions under optimum
NaCl concentration became longer without using phos-
phate buffer as the mobile phase. This may be because
the pH of NaCl solution without the buffer is lower
than 6.8 leading to less protonation of poly(GMA-
EDMA)-arginine with phosphate buffer and the elution
strength of the eluent increased, which means selectiv-
ity of column also deteriorated by using phosphate
buffer, as shown in Figure 10.

Characterization of poly(GMA-EDMA)-arginine
monolith column
Parameters of any chromatographic column for discuss-
ing characteristics of polymer monolith column are its
permeability (controlled by the average size of its
through pores and by its external porosity), its effi-
ciency (controlled by the average sizes of its domain
and ion exchange capacity), theoretical plates and SEM
analysis. In this section, we will discuss the structure
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and performance of poly(GMA-EDMA)-arginine mono-
lith column prepared for IC.

To force the percolation of a stream of mobile phase at
constant velocity through a porous bed e.g., a chro-
matographic column, a certain pressure, P, must be
maintained at the column inlet. The flow rate of 75%
methanol as mobile phase was evaluated versus inlet
pressure on poly(GMA-EDMA)-arginine column. The
flow rates 0.5, 1.0, 2.0, 3.0, 4.0 and 5.0 µL/min were
evaluated, as shown in Figure 11.
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time/min

1
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5

Fig. 10 Chromatograms for separation of anions (1.0 mM
each of 1. IO3

-, 2. BrO3
-, 3. Br-, 4. NO3

-, 5. I-), using  200
mM NaCl eluent with or without 0.1 mol/L phosphate
buffer. Other experimental conditions as in Figure 3.

Fig. 11 Relationship between flow rate and inlet pressure
using 50 % methanol eluent. Other experimental conditions

as in Figure 3.

Figure 11 shows that increase of flow rate of mobile
phase results in the increase of pressure. This shows
that the permeability of the poly(GMA-EDMA)-argin-
ine monolith is good, because the linearity of plot of
flow rate versus pressure is nearby one. This result
indicated that the poly(GMA-EDMA)-arginine organic
monolith column could be used for a fast, efficient
analysis at a higher flow rate and less pressure. The
permeability of poly(GMA-EDMA)-arginine is 1.9 x
10-14 m2, and its values are in the range 0.15 to 8.14x10-

14 m2.34 for polymer methacrylate base monoliths.

The relative standard deviations (RSD) of retention time,
peak height and peak area of four anions were calcu-
lated under the same operating conditions. The results
of this condition are provided in Table 3. The relative
standard deviations for n = 7 were less than 5% for all
the analyte anions. These values show the poly(GMA-
EDMA)-arginine monolith column has a good repeat-
ability.

RSD (%) n = 7 
 Retention Peak Area Peak Height 

IO3
- 1.67 2.81 1.29 

BrO3
- 1.48 2.32 1.89 

NO2
- 1.47 1.49 0.96 

NO3
- 1.58 2.05 1.30 

Table 3. Relative standard deviation of retention time,
peak area and peak height.

Due to their porous characteristics, they could be used
in different processes, such as stationary phase for dif-
ferent types of chromatography. In this study, the mor-
phology of the poly(GMA-EDMA)-arginine monolith
column was evaluated with SEM. In this monolith col-
umn, isopropanol was used as a porogen solvent to
produce the mesopores and decanol was used to pro-
duce the throughpores in the polymer, and could give
the best flow-through characteristic,35 as shown in
Figure 12.
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Fig. 12 SEM images of poly(GMA-EDMA)-arginine
monolithic column prepared with organic solvent under

acidic condition with the optimum condition polymerization.

Standard calibration curve
Under the optimum operation conditions for separation
of four anions, the linearity of concentration versus peak
area was evaluated with standard calibration curve. The
concentration of anions (IO3

-, BrO3
-, NO2

-, NO3
-) were

0.05 mM, 0.1 mM, 0.2 mM, 0.5 mM and 1.0 mM each,
respectively. The relative coefficient is approximately
one, which means that the method has an excellent lin-
earity, as shown in Figure 13.

Fig. 13 Calibration curve of anions for optimum condition
reaction using 200 mM NaCl eluent. Other experimental

conditions as in Figure 3.

Application to real samples
For the evaluation of ability of this method, the river
water samples were collected in Gifu prefecture, and
were called river 1, 2 and 3, and then used as sample
application. The water samples were filtered through a
0.45 µm membrane filter for IC. By using optimum
operation condition, nitrate concentration determined in
the river water sample 2 was 1.68 ppm and river water
sample 3 was 1.8 ppm, as shown in Figure 14.

Fig. 14 Separation of anions contained in river water
samples. Operation condition as in Figure 6.

0 10 20
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Conclusions

Polymethacrylate based anion-exchange monolithic col-
umns were prepared by thermal copolymerization of
GMA as monomer, EDMA as crosslinker using binary
porogenic solvents in the fused silica capillary with
diameter of 0.32 mm. In this work, L-arginine was dis-
solved in organic solvent and was attached on the sur-
face polymer using hydrochloric acid as catalyst.
Poly(GMA-EDMA) modified with 250 mM arginine was
optimised for the separation of anions with 200 mM
NaCl in the 0.1 M phosphate buffer as eluent. This
method has been successfully applied for the separation
of four anions such as IO3

-, BrO3
-, NO2

-, NO3
- with

good linearity and excellent repeatability.



Page | 43
........................................................................................................................................................................................

........................................................................................................................................................................................

Separation of Anions with Capillary Liquid Chromatography using Polymethacrylate based
Monolithic Capillary Columns modified with Arginine

Vol. 1 Issue 1  July - December 2017  G P Globalize Research Journal of Chemistry

References

1. Jiang, H., Yuan, H., Qu, Y., Liang, Y., Jiang, B.,
Wu, Q., Deng, N., Liang, Z., Zhang,  L. and Zhang.,
Y., 2016, Talanta, 146, 225.

2. Li, Q., Lu, C. and Liu, Z., 2013, J. Chromatogr. A.,
1305, 123.

3. Wei, Y., Huang, X., Liu, R., Shen, Y. and Geng, X.,
2006, J. Sep. Sci., 29, 5.

4. Zatirakha, A.V., Smolenkov, A.D. and Shpigun,
O.A., 2016, Anal. Chim. Acta, 904, 33.

5. Currivan S. and Jandera, P., 2014, Chromatogr., 1,
24.

6. Guihen E. and Glennon, J. D., 2004, J. Chromatogr.
A., 1044, 67.

7. Guiochon, A., 2007, J. Chromatogr. A., 1168, 101.

8. Aydogan, C., 2015, J. Chromatogr. A., 1392, 63.

9. Zou, H., Huang, X., Ye, M. and Luo, Q., 2005, J.
Chromatogr. A., 954, 5.

10. Lin, Z., Tan, X., Yu, R., Lin, J., Yin, X., Zhang, L.
and Yang, H., 2014, J. Chromatogr. A., 1355, 228.

11. Wei, Y., Huang, X., Liu, R., Shen, Y. and Geng, X.,
2006, J. Sep. Sci., 29, 5.

12. Wang, X., Zheng, Y., Zhang, C., Yang, Y., Lin, X.,
Huang, G. and Xie, Z., 2012, J. Chromatogr. A.,
1239, 56.

13. Sugrue, E., Nesterenko, P.N. and Paull, B., 2005, J.
Chromatogr. A., 1075, 167.

14. Watanabe, Y., Ikegami, T., Horie, K., Hara, T., Jaafar,
J. and Tanaka, N., 2009, J. Chromatogr. A., 1216,
7394.

15. Zhang, F., Li, Y., Guo, Z., Liang, T., Yang, B., Zhou,
Y. and Liang, X., 2011, Talanta, 85, 112.

16. Chuang, S.C., Chang, C.Y. and Liu, C.Y., 2004, J.
Chromatogr. A., 1044, 229.

17. Bayramoglu, G., Bitirim, V., Tunali, Y., Arica, M.Y.
and Akcali, K.C., 2013, Mat. Sci. Eng. C., 33, 801.

18. Ou, J., Lin, H., Zhang, Z., Huang, G., Dong, J. and
Zou, H., 2013, J. Electrophor., 34, 126.

19. Xu, H., Xu, Z., Yang, L. and Wang, Q., 2011, J.
Sep. Sci., 34, 2314.

20. Guihen E. and Glennon, J. D., 2004, J. Chromatogr.
A., 1044, 67.

21. Nesterenko, E.P., Nesterenko, P. N. and Paull, B.,
2009, Anal. Chim. Acta, 652, 3.

22. Lubbad S.H. and Buchmeiser, M.R., 2010, J.
Chromatogr. A., 1217, 3223.

23. Giri, A., Goswami, N., Lemmens, P. and Pal, S.K.,
2012, J. Mat. Res., 47, 1912.

24. Li, D., li, Y., Li, X., Bie, Z., Pan, X., Zhang, Q. and
Liu, Z., 2015, J. Chromatogr. A., 1384, 88.

25. Carreto, J. I., Carignan, M.O. and Montoya, N.G.,
2005, M. Biol., 146, 237.

26. Monzo, A., Rejtar, T., Guttman, A., 2009, J.
Chromatogr. Sci., 47, 467.

27. Tasfiyati, A.N., Iftitah, E.D., Sakti, S.P. and
Sabaruddin, A., 2016, Anal. Chem. Res., 7, 9.

28. Tischer, A., Lilie, H., Rudolph, R. and Lange, C.,
2010, J. Protein Sci., 19, 1783.

29. Paull, B., Nesterenko, P.N., 2005, TrAC., 24, 295.



........................................................................................................................................................................................
Page | 44

........................................................................................................................................................................................

Vol. 1 Issue 1  July - December 2017  G P Globalize Research Journal of Chemistry

30. Shediac, R., Ngola, S.M., Throckmorton, D.J., Anex,
D.S., Shepodd, T.J. and Singh, A.K., 2001, J.
Chromatogr. A., 925, 251.

31. Xu, H., Xu, Z., Yang, L. and Wang. Q. 2011, J.
Sep. Sci., 34, 2314.

32. Takeuchi, T., Tokunaga, K. and Lim, L.W., 2013,
Anal. Sci., 29, 423

33. Iverson, C.D., Gu, X. and Lucy, C.A., 2016, J.
Chromatogr. A., 1458, 82

34. Moravcova, D., Jandera, P., Urban,  J. and Planeta,
J., 2004, J. Sep. Sci., 27, 789

35. Arrua, R.D., Strumia, M.C. and Igarzabal, C.I.A.,
2009, Materials., 2, 2429.



Page | 45
........................................................................................................................................................................................

........................................................................................................................................................................................

Antimicrobial Poly(N-vinyl carbazole)/Carbon Multiwalled Nanotubes (PVK/MWNTs)
CPN nanocomposite film as coatings on conducting surfaces

Vol. 1 Issue 1  July - December 2017  G P Globalize Research Journal of Chemistry

Antimicrobial Poly(N-vinyl carbazole)/Carbon Multiwalled
Nanotubes (PVK/MWNTs) CPN nanocomposite film as coatings

on conducting surfaces

Karina Milagros Cui-Lim1,2

1Department of Physical Sciences, College of Science, University of Eastern Philippines,
2Research Office, University of Eastern Philippines,

Catarman N. Samar, 6400, PHILIPPINES
Email: karina_cui@yahoo.com

Abstract
In this work, the preparation of poly(N-vinyl carbazole) (PVK) and carbon nanotubes (CNTs) or PVK/CNTs CPN
nanocomposites film was carried out by an electrochemical approach. Solutions of the CNTs or multi-walled carbon
nanotubes (MWNTs) with the PVK were prepared using mixed solvents aided by sonication which resulted in
exfoliation and deaggregation of the MWNTs into the PVK polymer matrix.  Cyclic voltammetry (CV) was carried
out from spin-coated films of this homogeneous dispersion which resulted in the formation of a conjugated polymer
network (CPN) nanocomposite film, i.e. anodic electro-polymerization or crosslinking of the carbazole units. The
spectroscopic and electrochemical characteristics of the nanocomposites films were also analyzed using CV.   FT-
IR-ATR spectroscopy  were used to prove the wrapping/cross-linking of MWNTs outer surfaces by the PVK polymer.
The antibacterial property of the electrodeposited PVK/CNTs CPN films was then tested against Escherichia coli K12
MG1655 (E. coli).

Keywords: antibacterial coatings, PVK/CNTs CPN films, electropolymerized surfaces, conducting polymers, CNTs

Introduction

Biofilm formation on conducting materials (metal, metal
alloys, metal oxides, and electrodes) has emerged as a
significant problem in the long-term use of bioimplants,
biosensors, and marine and industrial instrumen-
tations.1-3 Strategies for controlling bacterial coloniza-
tion have focused on improving and developing antimi-
crobial materials and designs to inhibit biofilm forma-
tion. Some examples of antimicrobial agents previoulsy
used as surface coatings and showing reduced bacterial
adhesion are antibiotics,4-7 quaternary ammonium salts,8

cationic peptides,9 and metal ions10. However, problems

related to the development of microbial resistance,11

surface coating difficulties, and relatively high costs
make these approaches unsuitable for antimicrobial
coatings.

The incorporation of CNTs on conducting surfaces is
an alternative method to prevent bacterial colonization.
This extremely thin nanomaterial12-14 has been reported
to show promising antibacterial activity.13,14 Furthermore,
compared to other antibacterial surfaces, it is relatively
cheap and possesses very high electrical conductivity,
mechanical stiffness15-17 and extraordinary electronic
transport property18-22. Despite many advantages that it
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has to offer, the investigation of CNTs as an antimicro-
bial coating film has not been established. To our knowl-
edge, most of the antibacterial investigations were con-
ducted either in solution 13 or as free-standing CNTs14.
In the present study, we investigate the antimicrobial
properties of coated surfaces with CNTs.  At present,
the major challenges of working with CNTs are its
nondispersibility in either aqueous or organic solvents,
direct immobilization on surfaces and processability
which leads to the difficulty of working with CNTs. To
address these issues, our group has developed a method
of fabricating a more stable and well dispersed CNTs
organic matrix composed of CNTs wrapped with poly(N-
vinyl carbazole) (PVK) and consequently electrochemi-
cally cross-linked to form PVK/CNTs CPN nano-
composite film.23  CNTs which is readily dispersible in
cyclohexyl pyrrolidone (CHP) solvent and PVK on
dichloromethane (DCM) on the other hand forms a pi-
pi stacking interaction with CNTs that stabilizes the
dispersion of the nanocomposite (NC) and creates a
conducting polymer network (CPN) that can be immo-
bilized and patterned on any conducting substrate via
electrochemical methods.24-30

In this study, we present the immobilization of well
dispersed CNTs on conducting surface as an antimicro-
bial coating. Specifically, we tethered PVK/CNTs
nanocomposite via electrodeposition on indium tin ox-
ide (ITO) and stainless steel substrate. Cyclic
voltammetry (CV), attenuated total reflectance infrared
(FTIR-ATR) spectroscopy, and atomic force microscopy
(AFM) were used to monitor its deposition. The anti-
bacterial property of the electrodeposited PVK/CNTs
CPN films was then tested against Escherichia coli K12
MG1655 (E. coli).

Materials and Methods

Preparation of PVK/CNTs nanocomposite films
The preparation of the PVK/CNTs nanocomposite films
were done according to previously reported procedure.23

Indium tin oxide (ITO) (0.5 in x 0.5 in) was used as the

substrate for PVK/CNTs nanocomposites and PVK/
CNTs CPN film fabrication. The surface was first
cleaned by sequentially sonicating in deionized water,
isopropanol, hexane and toluene, each for 15 minutes
and then dried in an oven or under a stream of N2. A
drop of PVK/CNTs solution (2 ug/mL PVK/0.06 ug/mL
CNTs) was then spin-coated onto the substrate at 1500
rms for 60 seconds to deposit a film in surface.  After
the spin-coating deposition, the PVK/CNTs nanocompo-
site films were thoroughly dried in a vacuum oven for
24 hours at 700C to remove any solvent. Electrodeposi-
tion was accomplished by using cyclic voltammetry
(Princeton Applied Research Parstat 2263) experiments
with a three (3) electrode set-up from a solution of
0.1 M tetrabutyl ammonium hexafluoro-phosphate
(TBAH) dissolved in acetonitrile (ACN). The coated
ITO surface was used as the working electrode (WE),
Pt wire as the counter electrode (CE) and Ag/AgCl as
the reference electrode (RE). Electrochemical cross-link-
ing of PVK and GO was accomplished by repeatedly
cycling an electrode potential between the limits 0 to
1.4 V for up to 50 cycles at a potential scan rate of 50
mV/s.  The CPN film being insoluble in ACN solvent
was thoroughly washed with ACN and was dried in
nitrogen before the analysis of the film to remove ex-
cess PVK.

Surface Characterizations
Atomic Force Microscopy: The morphology before and
after electropolymerization of PVK/CNTs on ITO glass
substrates were characterized by AFM.  Atomic force
microscopy (AFM) imaging was done under ambient
conditions with a PicoSPM II (PicoPlus, Molecular
Imaging - Agilent Technologies) in the Magnetic AC
mode (MAC mode) using a magnetic field to drive a
magnetically coated cantilever in the top-down configu-
ration. Type II MAC levers with a spring constant of
2.8 nN/M with about 10 nm tip radius were used for all
scans.

Attenuated Total Reflectance Fourier Transformed
Infrared (ATR FTIR): The ATR FTIR spectra were
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obtained on a Digilab FTS 7000 equipped with  HgCdTe
detector from 4000 to 600 (cm-1). All spectra were taken
with a nominal spectral resolution of 4 cm-1 in absor-
bance mode. All films were measured under ambient
and dry conditions for several trials at different areas of
the sample surface.

Antibacterial Measurements
Bacterial Culture: A single isolated Escherichia coli
K12 MG1655 (E. coli) colony was inoculated in 5 mL
Tryptic Soy Broth (TSB) overnight at 35°C. The bacte-
rial culture was centrifuged at 3000 rpm for 10 minutes,
and the bacteria pellet was resuspended in TSB. The
optical density of the suspension was adjusted to 0.5 at
600 nm, which corresponds to a concentration of 107

colony forming units per milliliters (CFU/mL).

Treatment of samples with bacterial culture: Aliquots
of 180 µL of bacterial suspensions (107 CFU/mL) were
placed in an Eppendorf tube containing 20 µL of sample
(CNTs, PVK/CNTs, and pure PVK) at different concen-
trations in DI water (1000 µg/mL, 500 µg/mL, 100 µg/
mL). Control samples contained 180µL of bacterial
suspensions with 20 µL of DI water. The tubes were
shaken at 50 rpm for 1 hour at room temperature.

Antimicrobial Activity determined by growth curve
measurements: The antimicrobial property of CNTs,
PVK/CNTs, and pure PVK samples were evaluated by
examining the bacterial growth curves via OD600 after 1
hour exposure to these materials 31. The mixtures of
bacteria and samples were transferred into 5 mL TSB
broth, and incubated at 37°C. Bacterial growth was
monitored by measuring the OD600 after every hour us-
ing Spectrophotometer (Perkin Elmer, Place). The OD
curves were generated by plotting the OD values versus
growth time. The fast or slow increase in OD during the
incubation represents the ability of E.coli to survive and
grow in the presence of the different nanomaterials.

Antibacterial measurements on stainless steel sub-
strates: PVK/CNTs CPN film, PVK, CNTs-modified

films and unmodified ITO substrate were individually
placed in a 12 well-plate (Falcon). To each well was
added 1.0 mL of bacterial culture and then incubated at
37°C (without shaking) for 2 hours. The samples were
then removed and immediately prior to viewing were
stained for 10 minutes with 3.0 L of L 7007 Life-dead
stain solution, obtained from Molecular Probes (Leiden,
The Netherlands), containing a green fluorescent dye
(Syto 9) marking viable bacteria cells and red fluores-
cence dye (PI) for detection of dead cells. The surfaces
were placed in microscope slides, covered with a cover
slip and imaged using BX 51 Olympus Fluorescent
Microscope equipped with a DP72 digital camera under
100 x objective. All images were acquired and analyzed
using cell Sens Dimension software. Percent dead was
expressed as the percent of the ratio of the total number
of dead cells to the total number of bacteria attached.

Results and Discussion

The preparation of the PVK/CNTs nanocomposite film
was carried out by electrodeposition on the ITO inter-
face. Figure 1 shows the CV plot monitoring the immo-
bilization of PVK/CNTs on the surface.  Figure 1, shows
the cyclic voltammograms of pure PVK scanned at 50
mV/s for 50 cycles and PVK/MWNTs films at different
scan rates in order to cross-link the PVK film forming
the CPN film.31  For pure PVK, an irreversible oxida-
tion peak at about 0.9-1.0 V and reduction peak at 0.7
V were observed in the voltammogram which suggest
the formation of the carbazolylium radical cation, and a
cross-linked material having a higher electrical conduct-
ing behaviour compared to the PVK precursor. This
essentially represents the formation of a CPN control
film. The shapes of the voltammogram were clearly
different when the MWNTs were added to the electro-
chemically cross-linkable PVK. A downshift in the re-
duction peak was observed for PVK/MWNTs and this
could be due to the doping behaviour of the negatively
charged MWNTs. No anodic peak was observed re-
gardless of the number of cycles employed on the PVK/
MWNTs film deposited in ITO glass substrate.
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Fig. 1:  Cyclic voltammograms of the pure PVK and PVK/CNTs CPN nanocomposite film. The inset is the monomer free
scan CV data for the pure PVK and PVK/CNTs.

FTIR-ATR was used to verify the presence of the elec-
trodeposited PVK/CNTs on ITO. The FTIR-ATR spec-
tra for the PVK and PVK/CNTs modified surfaces are
depicted in Figure 2. For the electropolymerized pure
PVK, assignment of the main absorption peaks are as
follows: 3100 cm-1 (aromatic C-H stretch), 2900- 3000
cm-1 (aliphatic C-H stretch from the polymer backbone),
1600 cm-1 (C=C stretching), 1226 cm-1  (C-N stretching

of vinyl carbazole), 1100-1150 cm-1 (in plane –C-H
aromatic), and 700-800 cm-1 (out of plane –C-H aro-
matic). While all these peaks were observed on the PVK/
CNTs CPN nanocomposite film, the presence of inter-
action on the surface was verified by the appearance of
a slight shift of the peaks from 1600 to 1610 cm-1 and
1226 to 1230 cm-1 which could be due to the interaction
between the PVK and CNTs CPN nanocomposite.
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Fig, 2:  FTIR-ATR analysis pure PVK and PVK/CNTs
CPN nanocomposite film.

The homogeneity of the deposited film was determined
by Atomic Force Microscopy (AFM) (Figure 3). The
electrodeposited films (PVK and PVK/CNTs) revealed
excellent well defined surface coverage with a root mean
squared (rms) value of 3.45 nm and 6.23 nm for the
PVK and PVK/CNTs, respectively. The average grain
size was about 160 nm typical of the grain size ob-
served for the presence of PVK on the surface.27

Fig. 3: AFM (a,d) topography,(b, e) phase and  (c,f) line profile measurements of PVK/CNTs CPN nanocomposite film
(a, b, c) and pure PVK (d, e, f). Note: CV deposition at 0V-1.5V, 50 mV/s, 50 cycles.
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Prior to testing bacterial toxicity on modified surfaces,
the antibacterial property of the nanocomposite, PVK/
CNTs, CNTs, and pure PVK were evaluated by incubat-
ing each solution with E. coli cells for 1 hour. The
growth curves of bacterial-treated with PVK/CNTs CPN
nanocomposite film, CNTs and PVK samples were ex-
amined via optical density (OD) measurements, which
correspond to the number of live cells that are able to
grow after 1 hour of exposure to the samples. In gen-
eral, compared to the control, samples containing CNTs
were observed to be antibacterial. This was shown by
the low OD values observed for all measured samples
(Figure 4A). To evaluate the antimicrobial effectiveness
of the different nanomaterials, we measured for each of
the growth curves the time required to reach 107 CFU/
mL, which corresponds to an OD600 of 0.5. All the CNTs-
containing samples took longer time to reach OD of 0.5
as compared to the untreated samples (control) and the
pure PVK samples (Figure 4B). CNTs is already known
to be toxic to bacteria,13,14 however, the addition of PVK
resulted in an increased dispersion of CNTs in the so-
lution 23 providing a greater aspect ratio, thereby result-
ing in an increased interaction with the bacteria and
higher toxicity.

After testing the antibacterial properties of the compos-
ites in solution, we tested the effects of modified films

Fig. 4: (a) OD growth curves of E. coli cells (107 cfu/mL)
that were exposed to CNTs, PVKCNTs nanocomposite, and
pure PVK at different concentration for 1 h prior to their
growth on TSB. (b) The time required by the bacteria to

reach an OD600 nm of 0.5 for samples treated with each of
the above conditions

of PVK, PVK/CNTs, and CNTs on E. coli. In situ live-
dead staining of the bacterial organisms attached to the
differently modified surfaces were performed to deter-
mine the ratio of dead bacteria versus the total number
of bacteria. SYTO 9 dye was used to show both the live
and dead cells, while the dead bacteria with compro-
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mised membranes were stained only by propidium io-
dide (PI). Fluorescence images of the surface reveal
that after incubation almost similar number of total
bacteria was adsorbed on each of the surface (Figure 5).
However a more pronounced antibacterial activity was
observed for the CNTs-modified surfaces than the un-
modified and PVK films. In fact, the PVK/CNTs and
CNTs-modified surfaces were successful in inactivating

E. coli by approximately 85% and 90%, respectively.
This result showed that CNTs remained effective even
after surface immobilization. It is worth noting that the
addition of PVK did not hinder its efficacy but showed
an enhanced bacterial toxicity than the CNTs alone. We
suggest that the improved dispersion caused by the pres-
ence of PVK led to the results observed.

 

BLANK

PVK

CNT

CNT-PVK
Image Field Area: 90 um x 70 um

Fig. 5:  Fluorescence images of the E. coli on (a) unmodified ITO, (b) electrodeposited PVK, (c) spin-coated CNTs, and (d)
electrodeposited PVK/CNTs films. Images were obtained with a 100x oil immersion objective using a FITC filter for green
fluorescence from SYTO 9 in all bacteria presented on the left column and a TRITC filter for red fluorescence from PI in

membrane-compromised bacteria presented on the right column. (e) Plot of the total number of bacteria (green) and
among them the number of PI-positive bacteria (red) on the field of view (90×70 ìm2), which were adsorbed on the

modified surfaces. The blank is the unmodified ITO substrate as the control. (f) Correlation of the % non-viable E. coli
(% PI-positive) attached on each of the surfaces. Note: Data were expressed as the mean number of bacteria ± standard

deviation of four experiments (4 replicates prepared at 2 different times).



........................................................................................................................................................................................
Page | 52

........................................................................................................................................................................................

Vol. 1 Issue 1  July - December 2017  G P Globalize Research Journal of Chemistry

Conclusions

We have presented the antibacterial property of a PVK/
CNTs electropolymerized nanocomposite on ITO sur-
face and steel substrate. We fabricated an alternatively
simple, but robust antimicrobial coating that can be
applied on any electrically conducting substrates. The
inclusion of PVK allowed the immobilization of a well-
defined and homogeneous film via electropolymerization
on the ITO surface. Antibacterial properties of the CNTs-
containing films and solutions resulted in increase bac-
terial inactivation, relative to the control. Even in the
presence of PVK, the nanocomposite maintained its
bacterial toxicity. This result shows the potential of the
PVK/CNTs nanocomposite to be used as a useful and
alternative antimicrobial coating for conducting materi-
als that are widely used in biomedical and industrial
fields.
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Abstract
Kinetic investigation of oxidation of D-xylose and D-arabinose, by aqueous alkaline solution of N-Bromonicotinamide
(NBN) has been carried out in the temperature range 308-328K.The reaction shows first order with respect to
[alkali] and [substrate] and zero order with respect to oxidant. Addition of Nicotinamide (NA) has no effect on the
rate of oxidation  Increase in ionic strength of the medium does not change the rate. Effect of temperature on the
rate of oxidation has been studied to show the validity of Arrehenius equation and various activation parameters
have been computed. The stoichiometry of the reaction was found to be 1:1. 1,2-enediol was found to be the reactive
intermediate. Xylonic acid and arabinonic acid were the products of oxidation for xylose and arabinose respectively.

Keywords: Xylose, Arabinose, N-Bromonicotinamide, oxidation, mechanism.

Introduction

The kinetics of oxidation of sugars has been the subject
of extensive research in recent years. This is attributed
to the economic and biological importance of carbohy-
drates to living organisms. The oxidations have been
carried out in both acidic and alkaline media using
oxidants as transition metal ions, inorganic acids, orga-
nometallic complexes and enzymes. Carbohydrates are
a major sources of energy for living organisms and
understanding of the oxidation of sugars is therefore of
immense importance. The oxidation of sugars especially
the mono and disaccharides has been the subject of
extensive research. Sugar oxidation occurs under differ-
ent conditions of pH, temperature and ionic strength

giving products that depend on the oxidants used. The
kinetics and mechanism of oxidation of monosaccha-
rides and disaccharides have been studied in both acidic
and alkaline media, employing different transition metal
ions, inorganic acids, complex ions and hydrogen per-
oxide as oxidants. The results show that the mechanism
may depend on the nature of the substrates, in some
cases it involves the formation of intermediate complex,
free radical or transition states.

Mukhtar Singh1 reported the apparent molar volumes
and viscosities of mono and disaccharides in water and
in (DMF+water) mixed solvent systems at 293.15, 303.15
and 313.15K.
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Sheila Srivastava2 investigated the kinetics of Ru(III)
catalysed oxidation of galactose and cyclopentanol by
potassium bromate in alkaline medium.

H. K. Okoro3 and E. O. Odebunmi reported the kinetics
and mechanism of oxidation of sugar and sugar alcohols
by potassium permanganate.

Katre Yokraj4 followed the micelle catalyzed oxidation
of mannose by N-bromophthalimide in the presence of
sulfuric acid.

N-halo reagents like N-halo derivatives of amines,
amides, imides, urea, saccharins, sulfonamides, sulfoni-
mides are widely used in organic synthesis for their
potential to promote important reactions such as halo-
genation, oxidation, and protection as well as formation
of C-X, C-O, and C=O bonds. They play a key role in
the chemistry of natural compounds. N-Bromonicoti-
namide(NBN) is chosen as oxidant for its easy method
of synthesis, easy handling, higher rate of oxidation,
longer shelf life and versatility.

Our earlier study on the oxidation of amino acids had
focused attention on the kinetic aspects of oxidation by
NBN5  in aqueous acetic acid medium.

In our continuing efforts to exploit NBN as oxidant, the
present study investigates the kinetics of oxidation of
xylose and arabinose in aqueous alkaline medium.

Materials and Methods

N-Bromonicotinamide (NBN) was prepared by the re-
ported method6. Standard solution of NBN(m.p.210·C)
was prepared afresh in water and its purity was checked
iodometrically. The standard solutions of xylose and
arabinose(Aldrich) were always prepared afresh in
double distilled water. The other chemicals used were
sodium hydroxide, sodium perchlorate, mercuric acetate
etc. All chemicals used were of A.R. grade. Mercuric
acetate was added to suppress the formation of free
bromine which otherwise would have vitiated the re-

sults. Mercuric acetate did not interfere with the re-
sults5. Ionic strength of the medium was kept at 0.1 mol
dm-3 by employing concentrated aqueous solution of
sodium perchlorate (Merck).

Kinetic measurements

The solution of substrates (xylose and arabinose)and
oxidant were kept in black coated bottles separately.
These solutions were kept in the thermostat to attain the
thermostatic temperature. The appropriate quantity of
oxidant was added to the substrate containing other
reagents and the reaction bottle was shaken well. The
reaction was followed potentiometrically by setting up
a cell made up of the reaction mixture into which plati-
num electrode and reference electrode (SCE) were
dipped. The e.m.f. of  the  cell was measured periodi-
cally using a Equip-Tronics (EQ-DGD) potentiometer.
Effects of concentrations of substrates (xylose and ara-
binose), oxidant (NBN), sodium hydroxide, sodium
perchlorate and nicotinamide and temperature on the
oxidation rate were studied. The reaction was carried
out under pseudo-first order condition ([substrates]
>>[NBN]).  The pseudo-first order rate constants com-
puted from the linear (r2 > 0.9990) plots of log (Et-E¥)
against time. Duplicate kinetic runs showed that the
rate constants were reproducible within ±3%. The course
of the reaction was studied for more than two half-lives.

Stoichiometry

N-Bromonicotinamide was taken in large excess as
compared to xylose in different ratios. Reaction mixture
containing xylose, sodium hydroxide and N-bromoni-
cotinamide (in excess) were equilibrated for 42 hours at
room temperature(~30°C). After the reaction was com-
plete, the excess of NBN was determined iodometrically
and indicated 1:1 stoichiometry. The overall stoichiom-
etry of the oxidation reaction may be represented as

CnH2nOn+NBN+H2O      CnH2nOn+1 + Br–+NA
Xylose(n=5)                    Xylonic acid



........................................................................................................................................................................................
Page | 56

........................................................................................................................................................................................

Vol. 1 Issue 1  July - December 2017  G P Globalize Research Journal of Chemistry

Similar procedure was done for arabinose, taking  reac-
tion mixture containing arabinose, sodium hydroxide
and N-bromonicotinamide. 1:1 stoichiometry was ob-
served. The overall stoichiometry of the oxidation reac-
tion may be given as

CnH2nOn+NBN+H2O      CnH2nOn+1 + Br-+NA
 Arabinose (n=5)            Arabinonic acid

Product analysis

In  a typical experiment, a mixture of freshly prepared
xylose (1 mol dm-3) and NBN (1.5g, 0.2 mol dm-3) was
made up to 50 mL with water. The mixture was allowed
to stand for 12 hours in the dark to ensure completion
of the reaction. Similar procedure was carried out for
arabinose. The products of oxidation were xylonic acid
for xylose and arabinonic acid for arabinose. Nicotina-
mide was the by-product in both the cases. The prod-
ucts were identified by spot test analysis7 and paper
chromatography. The products were also identified by
the following method: a little amount of the product
was added to 1mL of 5% sodium bicarbonate solution.
Evolution of carbon dioxide with effervescence indi-
cated the presence of acidic group in the compound.
Evidence for the formation of an enediol is furnished by
observed ability of alkaline solution of carbohydrates to
decolorize solution of 2,6-dichlorophenolindophenol.

Results and Discussion

The kinetic results for the oxidation of xylose and ara-
binose by N-Bromonicotinamide (NBN) can be summa-
rized as follows. The kinetic studies were carried out
under pseudo-first order conditions with [substrate] >>
[NBN].

Effect of varying [oxidant]

The constancy of pseudo-first order rate constant at
different [NBN] at constant [substrate] indicated that
the reaction exhibits zero order with respect to the
oxidant (Table 1).

Table 1 Effect of [NBN] on reaction rate

[substrate]=0.025 mol dm-3 [NaOH]=0.02 mol dm-3,
[NaClO4]=0.1mol dm-3, Hg(CH3COO)2=0.005 mol

dm-3, Temp. =308 K

Effect of substrate

At constant [OH-] and [NBN], the plot of log(Et- E )
(where  Et is the e.m.f. of the cell at time t and E , the
corresponding value at the completion of the reaction)
vs time was linear, indicating a first order dependence
of rate on [substrate]. The rate constant increases with
the concentration of reducing sugar, proving that the
reaction was of first order with respect to [substrate].
Both oxidations show same trend (Table 2) (Fig.1).

Table 2 Effect of [Substrate] on reaction rate

[NBN] = 0.0025 mol dm-3 [NaOH] = 0.02 mol dm-3,
[NaClO4] = 0.1mol dm-3, Hg(CH3COO)2= 0.005

mol dm-3, Temp.=308K

 
[Substrate] 
103 moldm-3 

106  kobs S-1 

Xyl 
 

Ara 
 

25 30.20 9.42 
35 35.88 13.73 
45 40.79 17.98 
55 45.52 22.65 
75 53.58 32.37 

 
[NBN] 

104 moldm-3 

106  kobs s-1 
Xyl 

 
Ara 

 

25 30.20 9.42 
 

35 30.18 9.43 
 

45 30.19 9.42 
 

55 30.20 9.41 
 

75 30.21 9.41 
 



Page | 57
........................................................................................................................................................................................

........................................................................................................................................................................................

Kinetics and mechanism of oxidation of D-xylose and D-arabinose by N-Bromonicotinamide

Vol. 1 Issue 1  July - December 2017  G P Globalize Research Journal of Chemistry

 
Variation of k(obs) with [sub]

y = 1.1205x + 0.5269
R2 = 0.9998

y = 0.5223x + 1.2711
R2 = 0.9999

0.9

1

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

0.3 0.5 0.7 0.9

2+log [sub]

6+
lo

gk
(o

bs
)

xyl

ara

Fig. 1: Effect of [Substrate] on reaction rate
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Fig. 2: Effect of [OH-] on reaction rate

Effect of varying [OH-]

Table 3 shows that for both substrates, the rate increases
proportionally with the increase in [NaOH]. The plot of
log kobs versus log [OH-] was linear with a unit slope
indicating first order dependence on [sodium hydrox-
ide] (Table 3) (Fig.2).

Table 3: Effect of [OH-] on reaction rate

[NBN]=0.0025 mol dm-3 [substrate]=0.025mol dm-3,
[NaClO4]=0.1mol dm-3, Hg(CH3COO)2=0.005 mol

dm-3, Temp. =308 K

 [NaOH] 

102 moldm-3 

106  kobs S-1 

Xyl Ara 

2.0 30.20 9.42 

4.0 35.49 14.10 

6.0 39.29 17.99 

8.0 42.18 21.29 

10.0 44.43 24.51 

Effect of addition of nicotinamide

The effect of one of the product of the reaction has been
studied by adding various concentrations of nicotina-
mide, keeping concentration of sugar and NBN con-
stant. There was no significant change in the rate of
reaction.

6+
lo

g 
k(

ob
s)

2+log [sub]
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Effect of ionic strength

The effect of ionic strength was studied by carrying out
investigations in the presence of different amounts of
sodium perchlorate. No appreciable salt effect was de-
tected.

Effect of added salts
Added salts like BaCl2, KCl, Na2SO4 and K2SO4 did not
have any effect on the rate.

Test for free radicals
The possibility of free radical intervention in the NBN
oxidation reaction was tested by the following proce-
dure, the reaction mixture containing acrylonitrile scav-
enger was kept for 24 hours in an inert atmosphere and
then diluted. On dilution, formation of precipitate was
not observed indicating the absence of free radical in-
tervention in the reaction.

Effect of temperature

Increase in temperature increases the rate of oxidation
and plot of log kobs vs reciprocal of temperature was
linear. The oxidation of xylose and arabinose by NBN
was studied at different temperatures (308to 328K)
(Table 4) (Fig.3) and the activation parameters were
evaluated (Table 5) (Fig.4).

Table 4 Effect of Temperature on reaction rate
[substrate]=0.025 mol dm-3  [NaOH]=0.02 mol dm-3,
[NBN]=0.0025 mol dm-3    [NaClO4]=0.1mol dm-3,

Hg(CH3COO)2=0.005 mol dm-3

y = -2.7637x + 9.951

R2 = 0.9998

y = -1.1004x + 5.0522

R2 = 0.9999

0.95

1.05 

1.15

1.25 

1.35 

1.45 

1.55 

1.65 

1.75 

3 3.05 3.1 3.15 3.2 3.25 3.3

1000/T 

xyl

ara

Fig. 3: Effect of Temperature on reaction rate

Table 5 Activation Parameters

Discussion

The possible oxidizing species in alkaline medium are
NBNBr, Br2  and HOBr5. The observed zero order de-
pendence of the reaction rate on NBN rules out NBNBr
and molecular bromine as the reactive oxidizing spe-
cies. Addition of nicotinamide having no effect on the
rate indicates that HOBr may not be the oxidizing spe-
cies. H2OBr may be discarded because of negligible

6+
lo

g 
k(

ob
s)

 
Temperature 

K 

106  kobs s-1 
Xyl 

 
Ara 

 
308 30.20 9.42 
313 34.32 13.27 
318 38.92 18.24 
323 44.32 24.99 
328 44.79 33.20 

 
Substrate 

 
Ea   

kJmol-1 

 

 
H#  

kJmol-1 

 
S#  

J K-1mol-1 

 
G# 

kJmol-1 
 

Xylose   11.71    9.15  192.10  68.32 
Arabinose   25.54    22.98  151.36  69.60 
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Fig. 4: Activation parameters

[ ] k [substrate] [OH]d NBN
dt

s
[ ] k ɢ / t

where ks = k[substrate] [OH]

d NBN
dt

Mechanism

On the basis of the above experimental results, it ap-
pears that the first slow step involves a reaction between
hydroxide ion and the reducing sugar, leading to the
formation of an intermediate reactive form:

effect of addition of nicotinamide on reaction rate. A
careful study of the kinetics of oxidation of above sug-
ars shows that the rate expression is of the form.

1

-1

k
2k

(slow)

S + HO H - C (OH) = CR(OH) + H O

1, 2 Enediol (E) ....... (I step)

where  S represents the reducing sugar. The fact that
this step is slow explains the first order of the reaction
with respect to reducing sugar. Further, this intermedi-
ate reactive form, which is called, 1,2 enediol, is subse-
quently oxidized by NBN to form nicotinamide and other
reaction products.

{Products- xylonic acid and arabinonic acid for xylose
and arabinose respectively}

where  “ en ”  represents  1,2 enediol. The fact that the
second step is fast explains the zero order of the reac-
tion with respect to [NBN].

It may be pointed out that in the present study, oxida-
tion by bromine was completely suppressed as the oxi-
dative studies were carried out in presence of mercuric
acetate which combines with bromide ions formed in
the reaction25. Thus kinetics of only NBN oxidation were
followed.

The involvement of the substrate molecule in the rate-
determining step leads to different values of kobs for
different initial concentrations of xylose and arabinose.

Conclusions

The reaction rates are enhanced by increase in [sub-
strate], [alkali] and temperature. Nicotinamide has no
effect on the rate. The oxidation of xylose is faster than

which implies that the rate of reaction is independent of
the concentration of [NBN], while the reaction is of
first order both  with respect to sugar as well as alkali.
In cases where the concentration of sugar as well as
alkali is large as compared to the concentration of
[NBN], the rate expression becomes

2k
fasten (E) + HBN products + NA....... (II step)

1/T

6+
lo

g 
k(

ob
s)
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that of arabinose oxidation. 1,2-Enediol form of sugar
is the reactive intermediate leading to products. Xylonic
acid and arabinonic acid are  the products of oxidation
of xylose and arabinose respectively. The products were
identified. Suitable mechanism in accordance with ex-
perimental observations was proposed and the rate laws
were derived. NBN can be used as a better oxidant for
the facile oxidation due to its easy method of synthesis
and handling, higher rate of oxidation, longer shelf life
and versatility.
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Abstract
A simple HPTLC method has been developed and validated for determination of trigonelline in methanolic extract
of Mirabilis jalapa Linn. (Nyctaginaceae) leaves using n-butanol: methanol: water (6.0:2.0:2.0 v/v/v) as mobile
phase. Detection and quantification were performed by densitometry at ë = 254 nm. Validated method shows linear
response over concentration range of 1.5µg per band to 3.5µg per band of trigonelline. The LOD and LOQ values
were found to be 0.05µg per band and 1.5µg per band respectively. This method was found to be precise and
accurate. Ultra fine powder of leaves of Mirabilis jalapa Linn. was prepared using simple stepwise powdering
method. Coarse grinding of the dried leaves of Mirabilis jalapa Linn. was done using ice jacketed domestic mixer.
This powder was sieved through a BSS 85 mesh sieve and used as micro powder. Further fine grinding was done
by jet milling, followed by ball milling. This powder was used as ultra fine powder. The amount of trigonelline
obtained using methanol extract of Mirabilis jalapa Linn. ultra fine powder was found to be 1.1147 mg/g compared
to amount of trigonelline obtained in the methanol extract of micro powder of Mirabilis jalapa Linn. which gave
0.7356 mg/g of trigonelline.

Keywords: Mirabilis jalapa, Nyctaginaceae, trigonelline, HPTLC, ultra fine powder.

Introduction

Mirabilis jalapa Linn., is a popular ornamental plant
grown worldwide for the beauty of its flowers.1 It is
popularly known as four o’clock, as the flowers open in
the late afternoon or early evening.

Mirabilis jalapa Linn. from family Nyctaginaceae is
known to possess various bioactivities, including anti-
microbial,2 antibacterial and antifungal3 antiviral &
antiviroid,4 anthelmintic,5 antinociceptive,6 anti-inflamma-
tory,7 wound healing,8 hepato-protective,9 hypogly-
cemic10 & hypolipidemic,11 antiallergic and

antiasthamatic.12

Trigonelline is known to be an important bioactive al-
kaloid, proposed as a protective dietary agent in human
health. It possesses both potential insulin sensitivity and
shows  hypoglycemic and hypolipidemic effects. 13 In
Mirabilis jalapa Linn. plant, trigonelline was found in
leaves, stems, flowers, roots and seeds. 14 Dried roots of
Mirabilis jalapa containing trigonelline have been used
in traditional Chinese medicine.15

HPTLC, due to its simplicity and minimum sample clean-
up requirement has been widely used as a quality con-
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trol tool for the phytochemical evaluation of herbal drugs.
HPTLC methods have been reported in literature for
quantitation of trigonelline in herbal extracts, 16 in leaves
of Abrus precatorius L., 17 and from seeds of Trigonella
Foenum graecum L.18&19

HPTLC finger print profile has been reported in litera-
ture from Mirabilis jalapa Linn. Flowers.20 But no
HPTLC method has been reported for quantitation of
trigonelline from Mirabilis jalapa Linn. Hence in the
present research work, a precise and accurate HPTLC
method has been developed and validated using Inter-
national Conference on Harmonization (ICH) guidelines
for quantitation of trigonelline which may be used as a
fast and relatively cheap method for determination of
trigonelline from dried leaf powder of Mirabilis jalapa
Linn. Further, it is reported in literature that grinding
the plant powder to very fine size enhances the content
of phytoconstituents.21, 22 Methods like jet milling and
ball milling are optimised and reported for grinding to
very fine size.23, 24

In the present work, a method for grinding dried leaf
powder to very fine size is developed, and the devel-
oped HPTLC method is used for quantitation of trigo-
nelline from dried leaf micro powder and ultra fine
powder of Mirabilis jalapa Linn. It is established that
grinding the plant powder to a very fine size enhances
the amount of trigonelline.

Materials and Methods

Reagents and Standard
The solvents n-butanol and methanol were of AR grade
with 99.5% and 99.7% purities respectively. The sol-
vents and distilled water used were procured from
LiChrosolv Merck, India. Trigonelline hydrochloride
standard of Lot No. BCBH 2677V was procured from
Sigma-Aldrich Chemie Gmbh (Aldrich Division;
Steinheim, Federal Republic of Germany). Its reported
purity was 98.3% in the Certificate of Analysis.

Plant Material
Leaves of Mirabilis jalapa Linn. were collected from a

domestic garden in Dombivli, Dist. Thane, Maharashtra,
India. Its herbarium was prepared and authenticated from
Botanical Survey of India, Pune, Maharashtra, India.
(Certificate No. BSI/WC/Tech/2012/70) Duplicate her-
barium was prepared and preserved in Ramnarain Ruia
College, Mumbai.

The collected leaves of Mirabilis jalapa Linn. were
washed, dried in shade, finely ground using a specially
fabricated domestic mixer with an outer ice bath; the
leaf powder was sieved through a BSS 85 mesh sieve.
This powder was used as micro powder.

This powder was further ground to an ultra fine size, by
passing it thrice through a jet mill, having 4 inch cham-
ber and two jets of air at pressure of around 8 kg per
cm2, particle size obtainable was up to one micron. The
particle size was monitored using Malvern Mastersizer
2000 analyser.

About 400 g jet milled plant powder was ball milled.
About 1600 grams of 3.2 mm chrome balls were used.
Milling was done at 980 rpm for three cycles of forty
five minutes each. Liquid nitrogen was used for cool-
ing. This powder was used as ultra fine powder. The
particle size was monitored using Malvern Mastersizer
2000 analyser, and then using a Field Emission Scan-
ning Electron Microscope.

The bulk density, tapped density and specific surface
area of both micro powder and ultra fine powder were
determined. Both micro powder and ultra fine powder
were stored in airtight containers at room temperature
(28°C± 2°C).

Preparation of standard solution of trigonelline (1000
µg/mL)
Accurately weighed 63.36 mg of trigonelline hydrochlo-
ride equivalent to 50.0 mg of trigonelline standard was
transferred to a 50 mL standard volumetric flask.

It was dissolved in 20 mL of methanol and the contents
of the flask were sonicated in an ultrasonic bath (Model:
TRANS-O-SONIC, Frequency: 50 Hz) for 5 minutes
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for complete dissolution of trigonelline. The contents
were then diluted up to the mark with methanol to obtain
stock solution of trigonelline with concentration of
1000.0 g/mL.

Preparation of the sample solutions
About 1.0 g micro powder of the leaves of Mirabilis
jalapa Linn., was accurately weighed and transferred to
50.0 mL stoppered conical flask.10.0 mL of methanol
was added to it and the flask was sonicated in an ultra-
sonic bath for 15 minutes. Further, sample solution was
filtered through Whatman filter paper no.41. The fil-
trate was evaporated to dryness and then finally recon-
stituted in 10 mL of methanol.

The solution was then finally filtered using 0.45 ìm
nylon filters (Millipore) before the analysis. Exactly
similar procedure was followed for preparing sample
solution of ultra fine powder of the leaves of Mirabilis
jalapa Linn.

Chromatographic Conditions
Chromatography was performed on 20.0 cm x 10.0 cm
TLC plates which were cut from 20.0 cm x 20.0 cm
TLC aluminum plates precoated with 200 ìm layers of
silica gel 60 F 254 (E. Merck, Mumbai, India). 0.05 to
5.0 µL of the standard solution of trigonelline and five
and ten µL of each of sample solutions were applied, as
bands, with the help of CAMAG Linomat V sample
applicator with a 100 EL syringe (Hamilton, Bonaduz,
Switzerland)., at a distance of 20.0 mm from the bottom
edge of the chromatographic plate, as bands of 8.0 mm
width, at a distance of 11.4 mm from each other. The
mobile phase was prepared by mixing n-butanol: metha-
nol: water (6.0:2.0:2.0 v/v/v) in a stoppered conical flask.
It was then vortexed for 5.0 minutes.

Linear ascending development was carried out in a twin-
trough glass chamber (Camag, Muttenz, Switzerland)
saturated with mobile phase.

The optimized chamber saturation time for the mobile
phase was 20 minutes at room temperature (25±20C).
The plates were developed to a distance of 70 mm from

the bottom edge of the plate.

After plate development, the plate was air dried and the
response of the solutions was monitored using CAMAG
III TLC Scanner with Win CATS software version 1.4.2.,
set at a wavelength, = 254 nm, in absorbance mode
under Deuterium light.

Results and Discussion

Linearity
10.0 µL of each of the fifteen working standard solu-
tions of trigonelline, in the concentration range of 0.05
µg/band to 5.0 µg/band, were applied in order of in-
creasing concentrations, as 8 mm bands on the TLC
plate by means of CAMAG Linomat V automatic sample
applicator. The plate was developed to a distance of 70
mm from the bottom edge of the plate under specified
chromatographic conditions. After plate development,
the plate was air dried and the response of the trigonel-
line standard solutions was monitored using CAMAG
III TLC Scanner with Win CATS software version 1.4.2.,
set at a wavelength, =254 nm, in absorbance mode
under Deuterium light.

The peak areas of trigonelline were recorded for each
concentration of trigonelline. The data pairing technique
was applied to determine if there was any significant
variation in peak areas of trigonelline solutions of same
concentration recorded in duplicate. No significant sta-
tistical difference was observed between each pair of
solutions of same concentration. The response factor
was found to be constant in the concentration range of
1.5 µg/band to 3.5 µg/band. Five different concentra-
tions (1.5 µg/band to 3.5 µg/band) of trigonelline were
applied in triplicate to a plate, developed and the detec-
tor response at different concentrations was measured at
wavelength, =254 nm, in absorbance mode under Deu-
terium light.

The calibration curve of trigonelline was obtained by
plotting a graph of mean peak area vs. applied concen-
tration of trigonelline in the concentration range of 1.5
µg/band to 3.5 µg/band and it was found to be linear in
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this concentration range. The data was subjected to re-
gression analysis to calculate the calibration equation
and correlation coefficient. The regression equation was
Y= 2265X -31.84. (R2= 0.999, n=5) The results listed in
Table 1, show that within the concentration range indi-
cated, there was a good correlation between mean peak
area and corresponding concentrations of standard. Limit
of Detection (LOD) & Limit of Quantitation (LOQ).
The limit of detection (LOD) and limit of quantitation
(LOQ) were determined at a signal to noise ratio of 3:1
and 10:1 respectively. The LOD and LOQ values ob-
tained are listed in Table 1.

Precision
The method was validated in terms of instrumental pre-
cision, repeatability, and intermediate precision. Instru-
mental precision was studied by repetitive analysis
(n = 10) of the standard solution of trigonelline (2.0 µg/
mL), using the proposed method and the peak areas of
trigonelline were recorded.

The repeatability was carried out in same laboratory, on
same day, by analyzing six sample solutions of dried
leaf micro powder and ultra fine powder of leaves of
Mirabilis jalapa Linn. under the specified chromato-
graphic conditions. The peak areas of trigonelline were
recorded.

The intermediate precision of the method was evaluated
by analyzing six sample solutions each of micro powder
and ultra fine powder of dried leaves of Mirabilis jalapa
Linn. on three different days under the specified chro-
matographic conditions. The peak areas of trigonelline
were recorded. The results were expressed as percent-
age relative standard deviation of peak area of trigonel-
line and are listed in Table 1. The results indicate that
the proposed method is precise and reproducible.

System suitability
System suitability was carried out to verify that the
resolution and reproducibility of the system were ac-
ceptable for the analysis. System suitability test was
carried out by applying 10 µL of standard solution of
trigonelline, with concentration of 2.0µg/mL. as a band

in six replicates on the same chromatographic plate under
specified chromatographic conditions. The chromato-
grams were recorded. The values of percent relative
standard deviation of peak area and retention factor of
standards were taken as an indicator of system suitabil-
ity. All the values for standard solution of trigonelline
were found to lie within the acceptable range with val-
ues of percent relative standard deviation less than 2,
indicating suitability of the system.

Estimation of trigonelline in dried leaf powder of
Mirabilis jalapa Linn.
10.0 µL of each sample solution prepared by extracting
about 1.0 g of dried leaf micro powder of Mirabilis
jalapa Linn. with methanol as described earlier, was
applied as bands in seven replicates, on a precoated
silica gel 60 F254 TLC plate. The plate was developed
and scanned as mentioned above. The values of peak
areas and mean of peak area of trigonelline were re-
corded. Percent relative standard deviation of peak area
of trigonelline was determined.

From the calibration curve, the amount of trigonelline
present in the sample solution of Mirabilis jalapa Linn.
was calculated.

Exactly same procedure was followed for the ultra fine
powder. The assay results are listed in Table 1.

Accuracy
Accuracy of the method was established by carrying out
recovery experiment to study if there is any interference
of other constituents present in Mirabilis jalapa Linn.
leaf powder on peak of trigonelline.

About 1.0 g of dried leaf micro powder of Mirabilis
jalapa Linn. was accurately weighed in four separate 50
mL conical flasks. Known amounts of the standard trigo-
nelline (0.0 mg, 0.1mg, 0.2 mg and 0.3 mg) respec-
tively were added to each flask and extracted as de-
scribed above. Each solution was analysed by devel-
oped HPTLC method, using the optimized chromato-
graphic conditions, in seven replicates and the value of
amount of trigonelline recovered from the sample for
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each level, was determined. The value of percent recov-
ery was determined.

Exactly same procedure was followed for the ultra fine
powder. The results are listed in Table 1. The results
indicate good accuracy of the method for quantitative
determination of trigonelline from the dried leaf powder
of Mirabilis jalapa Linn.

Results and Discussion

HPTLC method has been developed for quantitation of
trigonelline from dried leaf powder of Mirabilis jalapa
Linn. The linearity range of trigonelline was found to
be 1.5 µg/band to 3.5µg/band, with correlation coeffi-
cient as 0.999. (regression equation Y=2265 X-31.84)
When the method was validated in terms of instrumen-

tal precision, repeatability and intermediate precision,
the percent relative standard deviation values for each
solution were found to be less than 2, indicating that the
proposed method is precise and reproducible.

The micro powder of Mirabilis jalapa Linn. had a
diameter at 90% (90% particles have a size below) of
180 µm and a specific surface area of 0.415 m2/g. After
further grinding thrice through a jet mill and three cycles
of ball milling, each of 45 minutes duration, the ultra
fine powder had a diameter at 90% of 24.545 µm and
a specific surface area of 1.55 m2/g. The bulk density of
micro powder was 0.332 g/cm3 and that of ultra fine
powder was 0.496 g/cm3. The tapped density of micro
powder was 0.462 g/cm3 and that of ultra fine powder
was 0.790 g/cm3. Figure 1 shows FESEM image of
ultra fine powder of Mirabilis jalapa Linn.

Fig. 1. Field Emission Scanning Electron Microscope image of Mirabilis jalapa Linn. dried leaf ultra fine powder
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The amount of trigonelline found in the methanolic ex-
tract of dried leaf micro powder of Mirabilis jalapa
Linn., by the proposed method, was found to be 0.7356
mg/g and in methanolic extract of ultra fine powder it
was found to be 1.1147 mg/g. (Table 1).

The accuracy of the method was established by means
of recovery experiment. The percent recovery of trigo-
nelline at three different levels was found to be 98.36
for the micro powder and 98.48 for the ultra fine pow-
der. (Table1).

The method is specific for trigonelline because it

resolved the standard trigonelline (Rf=0.12) well in pres-
ence of other phytochemicals of Mirabilis jalapa Linn.

Figure 2, 3 and 4 show typical chromatograms of stan-
dard trigonelline, methanolic extract of micro powder
of Mirabilis jalapa Linn.and methanolic extract of ultra
fine powder of Mirabilis jalapa Linn. respectively. Fig-
ure 5 shows typical HPTLC plate illustrating the sepa-
ration of trigonelline in the methanolic extract of micro
and ultra fine powder of Mirabilis jalapa Linn. Figure
6 shows a three dimensional representation of HPTLC
chromatograms for trigonelline on all tracks when the
plate was visualized at =254nm.

Table 1: Results of developed and validated HPTLC method

Parameters 
Results 

For Trigonelline 
Linear range (µg/band) 1.5-3.5 
Correlation Coefficient 0.999 

LOD (µg/band) 0.05 
LOQ (µg/band) 1.5 

System Suitability (%RSD) Less than 2 
Stability of Standard Solution Stable for minimum 48 hours 

 Micro Powder Ultra fine Powder 
Repeatability (% RSD) (n=6) 

 (on same day) 0.9705 0.9457 
Intermediate Precision (% RSD) (n=6) (For 3 

successive days) 1.0069 0.9427 
Assay (mg/g) 0.7356 1.1147 

Percent recovery 98.36 98.48 

Fig. 2. Trigonelline standard (concentration 2.0 Õg per band)
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Fig. 3. 10 ÕL of methanolic extract of micro powder sample

Fig. 4. 10 ÕL of methanolic extract of ultra fine powder sample
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Fig. 5. Photograph of TLC plate

Track 1-7: standard trigonelline (conc. from 0.5 µg per band to 3.5 µg per band)
Track 8, 9: 5 µL each of methanolic extract of dried leaf ultra fine powder of Mirabilis jalapa Linn.
Track 10, 11: 10 µL each of methanolic extract of dried leaf ultra fine powder of Mirabilis jalapa Linn.
Track 12, 13: 5 µL each of methanolic extract of dried leaf micro powder of Mirabilis jalapa Linn.
Track 14, 15: 10 µL each of methanolic extract of dried leaf micro powder of Mirabilis jalapa Linn.

Fig. 6. HPTLC chromatograms of trigonelline from standard trigonelline (shaded in brown, pink and purple), methanolic
extract of dried leaf ultra fine powder (shaded in green) and micro powder (shaded in orange red), of Mirabilis jalapa Linn.

[Rf]

[mm]
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Discussion

The extracting conditions were optimized to obtain
maximum amount of trigonelline in the extract of leaf
powder of Mirabilis jalapa Linn. Various solvent sys-
tems in different proportions of solvents were tried as
mobile phases for the quantitation of trigonelline from
the methanolic extract of dried leaf powder of Mirabilis
jalapa Linn., but satisfactory separation of trigonelline
from its sample matrix was achieved when mobile phase
comprising of a mixture of n-butanol–methanol-water,
in the volume ratio of (6: 2: 2) was used. Single devel-
opment of the plate provided a good resolution of trigo-
nelline from the other phytoconstituents present in the
dried leaf powder of Mirabilis jalapa Linn. Detection
was carried out densitometrically using a CAMAG TLC
Scanner at  = 254 nm since trigonelline showed maxi-
mum response at this wavelength.

The plate was scanned in absorbance mode, using Deu-
terium lamp at  = 254 nm. The identity of the band of
trigonelline in the sample solution was confirmed by
comparing Rf value of trigonelline in micro powder
sample ((Rf=0.12) and ultra fine powder sample
((Rf=0.13) of dried leaf powder of Mirabilis jalapa Linn.
with that of reference standard trigonelline (Rf=0.12).
Figure 6 shows a three dimensional representation of all
the trigonelline peaks together and indicates matching
of the Rf values of the standard and samples.

In literature, a normal phase HPTLC method has been
developed and validated for quantitation of trigonelline
in herbal extracts, using mobile phase comprising of n-
propanol: methanol: water in the volume ratio of
4.0:1.0:4.0. Detection was done at =269 nm.18

In this work, n-butanol was used which gave a better
resolution of the sample components.

HPTLC method for estimation of trigonelline in leaves
of Abrus precatorius L. has been developed and vali-
dated.19 Mobile phase used was toluene: ethyl acetate:
formic acid: methanol in the volume ratio 2:3:1.8:3.8.
Detection was done at 268 nm.

A simple, sensitive, and reproducible high-performance
thin-layer chromatographic method has been esta-
blished for simultaneous analysis of trigonelline and
4-hydroxyisoleucine from fenugreek seeds (Trigonella
foenum-graceum). 20 Chromatography was performed on
silica gel GF254 with n-butanol–methanol–acetic acid–
water 4:1.5:1:1 as mobile phase.

In the present work, mobile phase used was simpler as
neither formic acid nor acetic acid was needed to im-
prove the peak shape of trigonelline.

In literature, HPTLC method for Fenugreek seed ex-
tract and its phytocompounds-trigonelline and diosge-
nin is reported.21 Chromatography was done with Silica
gel GF 254 plates, pre-washed with methanol and acti-
vated at 550 C for 30 minutes. Absorbance was recorded
at 254nm and 340 nm.

In the present research work, the method used is advan-
tageous as it requires less time and minimum amount of
solvent. No pre-washing or activation of the plates is
required.

No HPTLC method has been reported in literature for
quantitation of trigonelline from Mirabilis jalapa Linn.
and in the present work, a high performance thin layer
chromatographic method for the quantitative determina-
tion of trigonelline from the extract of dried leaf pow-
der of Mirabilis jalapa Linn. has been developed. It has
been applied in the quantitation of trigonelline from
micro powder and ultra fine powder of dried leaf of
Mirabilis jalapa Linn.

Conclusions

Trigonelline is one of the most important and effective
anti diabetic molecules of recent times.

In the present research work, HPTLC method has been
developed and validated for the quantitation of trigonel-
line from the methanolic extract of dried leaf powder of
Mirabilis jalapa Linn., collected from Dombivli, Dis-
trict Thane, Maharashtra, India. It can be applied for the
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quantitation of trigonelline from the methanolic extract
of the dried leaf powder of Mirabilis jalapa Linn., col-
lected from any other location. The HPTLC method
developed with careful validation for the quantitation of
trigonelline from the leaves of Mirabilis jalapa Linn.
was found to be simple, precise, sensitive and accurate.
Further, it is clearly established that ultra fine grinding
enhances the amount of trigonelline extracted from the
dried leaf powder of Mirabilis jalapa Linn.
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Introduction

In recent years, there has been a growing need for sen-
sitive and selective assay for rapid detection and iden-
tification of terrorist threats including chemical and
biological warfare agents, explosives, etc. In this re-
gard, numerous attempts have been made to develop
field-deployable detection techniques, a vital compo-
nent of homeland and national security1-6. Pesticides are
defined as substances or mixtures intended to prevent,
destroy, repel or mitigate any pest, including insects,

Abstract
Silver nanoparticles deposited on a glass substrate using modified mirror reaction were characterized using FE-
SEM. The substrate was used to record surface-enhanced Raman scattering (SERS) of crystal violet (CV) dye as the
probe molecule to detect the activity of Ag nanocubes substrate and then we used this substrate to detect two
organophosphate pesticides, methyl parathion (MP) and dimethoate (DMT). Theoretical support was obtained with
the assistance of DFT computed molecular parameters using the def-TZVP basis set of the Turbomole software. Low
levels of MP and DMT can be detected by the SERS technique, which shows that the SERS substrate has excellent
sensitivity and reproducibility. We were able to detect as amounts low as 100 picomolar for methyl parathion and
dimethoate. The results can be useful in probing the presence of pesticide residues in food.

Keywords: SERS, Nanostructures, Pesticides, Silver nanoparticles

rodents and weeds.7 Methyl parathion is one of the most
hazardous insecticides, which is widely used to control
insects which play havoc with a very wide range of
crops such as cereals, fruits, vegetables, etc8. The detec-
tion limit of methyl parathion insecticide in vegetables
is in the range 0.1 – 1.0 ppm according to recommen-
dations from the Collaborative International Pesticide
Analytical Council (CIPAC)9. A number of analytical
methods, including gas chromatography-mass spectros-
copy (GC-MS)10, high-pressure liquid chromatography
(HPLC)11,12, Spectrophotometry13, and electrophoresis14,
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have been reported. However, some disadvantages, viz.,
poor detection limit, lengthy measurement time, and
indirect measurement, make these detection systems less
attractive.

Surface-enhanced Raman spectroscopy (SERS) is a well-
known analytical method that offers great potential for
rapid and sensitive chemical or biological analy-
sis5,6,15-28. It is well known that two mechanisms contrib-
ute to the SERS effect: (i) electromagnetic (EM) en-
hancement and (ii) chemical (charge transfer or CT)
enhancement. EM enhancement stems from the enhance-
ment of local electromagnetic field incident on adsorbed
molecules on the noble metallic nanoparticles with the
size scale of 10 – 200 nm29. On the other hand, in
chemical enhancement Raman scattering cross section
increases due to an increase of the polarizability of the
molecule, which is highly dependent on the electronic
resonance-charge transfer between absorbed molecules
and metal surfaces30. Several methods for producing
SERS substrate for the detection of insecticides, pesti-
cides, chemical and biological agents are available in
literature5,6,31-39. Using various methods of preparation
of nanostructures detection limit of 10-7 – 10-12 M for
methyl parathion6,33-37 and 10-5 M for dimethoate38,39 was
achieved.

In the present study, the substrates were prepared by
modified mirror reaction and by physical deposition
method. The prepared substrates were then used to detect
two organophosphate pesticides, methyl parathion and
dimethoate. The SERS spectra was recorded and com-
pared with the experimental and simulated Raman spec-
trum, using the Version 6.0 of the Turbomole software.

Materials and Methods

The chemicals used in this study were obtained from
Sigma-Aldrich and used without further purification.
Aqueous solutions were prepared using water filtered
by a Millipore Milli-Q system having a resistivity of
18.0 mega-ohm/cm. Ultra high pure nitrogen and argon
gases of 99.999% purity were used.

Preparation of SERS active substrates
The substrate for SERS detection was prepared using
the modified mirror reaction by following the literature
process with a slight modification40. For this, a fine brown
precipitate of Ag2O was produced by adding 20 L of
3.2 wt % KOH solution in 18 mL of 2 wt % AgNO3
solution. The precipitate was dissolved by adding am-
monium hydroxide (29.5%) drop by drop. Then 6 wt %
AgNO3 solution was added till the solution turned yel-
low. On adding a drop of 6 wt % ammonium hydroxide
solution, the solution became colourless. The solution
was mixed with 3 mL methanol, 10 L of 10 wt %
Na3P5O10, and 40 L of 5 wt % Na2HPO4 consecutively
to form a yellow colloid. Finally, a colloidal solution
was produced when 6 mL of 35 wt % glucose was
added and mixed. The glass slides of 1 cm by 1 cm
dimensions were cut and then cleaned with piranha so-
lution for a few minutes or until the visible reaction of
organic material with the solution stopped. The piranha
solution is a mixture of three parts of concentrated H2SO4
and one part of H2O2 (29.5%) [3:1]. Glass slides were
then rinsed with water. To clean the glass slides further,
it was sonicated in propanol, acetone and water and
then dried under nitrogen gas. The cleaned glass slides
were immersed in the colloidal suspension prepared as
explained above for 24 hours at room temperature to
form Ag nano-film on them. Then, the substrates were
taken out and rinsed with copious amount of Milli Q
water (18.2 M  cm) and dried under nitrogen gas. It is
to be noted that the cleaning of the above glass slides
should be repeated till there was no visible white or
black turbidity on the surface of the coated particles.
These substrates were then annealed for 3 hours at
2000C in a vacuum oven kept inside the anhydrous con-
ditions of an argon glove box by maintaining O2 and
H2O levels less than 0.1 ppm to remove oxidation pro-
duct, if any.

The metal nanoclusters of silver were also prepared by
inert gas condensation technique using Nanodep60
nanocluster deposition system obtained from Oxford Ap-
plied Research UK. In this deposition method, metal
atoms are sputtered into a highly pure cooled inert gas
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flow at relatively high pressure than the deposition
chamber where the glass slides were kept for deposi-
tion. The super saturated metal atoms while flowing
through the inert carrier gas, nucleate and form clusters
of nanometer size. In the present study, nanoclusters
formed in the aggregation chamber were made to flow
through an aperture into a deposition chamber that was
maintained at a slightly lower pressure than the aggre-
gation chamber by differential pumping. The distance
between the substrate and apertures was 55 cm. The
base pressure achieved in this system before the start of
deposition was 4x10-7 milli bar and a working pressure
of 5x10-5 milli bar was obtained during the aggregation
gas flow whose flow rate was maintained at 100 sccm.
The current in the DC magnetron was kept constant at
0.2 A and the power level was about 70 watts.

All the samples for Raman analysis were prepared in-
side the argon glove box in order to prevent contamina-
tion. The SERS spectra were recorded at different con-
centrations of methyl parathion and dimethoate. SERS
measurements were acquired from an average of ten
randomly selected locations for each analyte concentra-
tion.

Characterization
The morphology of the micro structure of the deposited
films of silver by modified mirror reaction and the de-
posited silver nanoclusters were obtained using the Carl
Zeizz Ultra 55 FESEM. An excitation voltage of 5 kV
was applied and a working distance around 5 mm was
maintained for obtaining the SEM image. The Raman
measurements were performed using LABRAM
HORIBA micro Raman Spectrometer equipped with TE
cooled CCD detector and an Argon Ion Laser of 9 mW
power with excitation wavelength of 514.4 nm.

Computation Quantum chemical computations of me-
thyl parathion using version 6.0 of Turbomole software
was performed41. Density functional theory with the
B3LYP functional and def-TZVP basis set42 was used
for the optimization of the ground state geometry and
the simulation of the Raman spectra.

Results and Discussion

The morphology of Ag nanoparticles prepared by modi-
fied mirror method was examined using SEM. As seen
from the SEM image in Fig. 1, Ag nanoparticles of the
order of 20 nm were obtained and distributed uniformly
on the slide surface. An attempt was also made to de-
posit silver nanoparticles using physical deposition
method. The SEM of this substrate is shown in Fig. 2.
It is seen from SEM that the silver nanoparticles were
of the order of 30 nm. The efficiency of the substrate
was then tested using crystal violet (CV) solution. For
this, the required concentration of CV was transferred
over the prepared substrate using a micro pipette. The
substrate was kept for drying inside the glove box for
a few hours and then these substrates were sealed in
petri dishes using parafilm inside, the glove box to avoid
contamination and taken out only at the time of record-
ing the SERS spectra. SERS of CV on the modified
mirror reacted slide is shown in Fig. 3 and it agrees well
with the reported spectrum43. The optimized geometries
of both methyl parathion and dimethoate are shown in
Figures 4 and 5, respectively. The SERS spectra in the
important region of 400-2000 cm-1 were recorded for
both methyl parathion and dimethoate.

Fig.1 SEM image of the substrate having silver
nanoparticles prepared by modified mirror reaction.
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Fig.2 SEM image of the substrate having silver
nanoparticles prepared by silver nanocluster

         deposition method.
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Fig. 3 SERS of 1 mM crystal violet on silver nanoparticles
deposited by modified mirror reaction.

Fig. 4 Optimized geometry of methyl parathion.

Fig. 5 Optimized geometry of dimethoate.

Figure 6 shows SERS spectra under different experi-
mental conditions. Simulated Raman spectrum is also
shown in the figures. It can be seen that SERS spectra
of methyl parathion showed several Raman bands. The
Raman bands showed similar features as reported in
literature36,37. The intensity of Raman bands in SERS
spectra varied with the type of support used6,33-37. It can
be seen from Fig. 6 that the intensity variation also
occurs as the concentration of methyl parathion is

changed. This can occur due to the adsorption of mono-
layer on the surface of the particles15-28. The most inter-
esting observation was that intensity of Raman bands
was more when methyl parathion was adsorbed on sil-
ver nanoparticles prepared by modified mirror, reaction
method as compared to when prepared by cluster method.
The data corroborates the results reported in
literature6, 33-37. Due to the more intense Raman bands in
silver mirror modified method, the support was exploited
to detect methyl parathion up to 10-10 M concentration.
Due to the simplicity of the method, the present work
offers a simple method to detect methyl parathion.

Figure 7 shows SERS spectra of dimethoate over silver
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Fig.6 SERS spectra of methyl parathion (a) 1x10-3 M over
silver nanoparticles prepared by deposition method. (b)

1x10-9 M over silver  nanoparticles prepared by deposition
method, (c) 1 x10-9 M over  silver nanopaticles prepared by
modified mirror method. (d) Simulated Raman

 spectrum of methyl parathion.
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Fig 7 SERS spectra of dimethoate (a) 1x10-9 M over silver
nanoparticles prepared by deposition method. (b) 1x10-3 M
over silver nanoparticles prepared by deposition method.

(c) 1x10-9 M over  silver nanopaticles prepared by modified
mirror method. (d) Simulated Raman spectrum of

dimethoate.

nanoparticles prepared by cluster method and mirror
modified reaction method. Simulated Raman spectrum
is also shown in Fig. 7. The obtained spectra showed
Raman peaks which agree well with that reported in
literature38,39. The most intriguing result that was ob-

tained in the case of dimethoate is that it was possible
to detect it up to 10-10 M concentration over the silver
particles prepared by mirror modified method. The rep-
resentative SERS spectra under different experimental
conditions are shown in Fig. 7. The sensitivity obtained
in the present work is at least 4 orders of magnitude
higher than that reported in literature38.

Conclusions

The SERS spectra of methyl parathion and dimethoate
from the substrates prepared by modified mirror reac-
tion and by physical deposition method were obtained.
Substrate with modified mirror reaction is highly sensi-
tive and gives a detection limit of about 100 picomolar.
Vibrational wavenumbers from turbomole, when com-
pared with experimental SERS values gives results which
are in good agreement. Highly enhanced SERS spectra
of dimethoate and methyl parathion are obtained as a
result of a strong interaction between the molecules and
Ag hydrosols. This method offers rapid, cost effective
and highly sensitive detection applicable to the quanti-
tative evaluation of pesticides.
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Abstract
Transition metals show fascinating ability to catalyze redox processes. Redox processes play a vital role in natural,
biological and chemical changes. Out of all the elements of periodic table, ruthenium has the widest range of
oxidation states. Since ruthenium has 4d75s1 electronic configuration, it oxidation states vary from -2 in Ru(CO)4

2-

to +8 in RuO4. Out of these oxidation states, Ru(III) and Ru(VIII) complexes act as versatile catalysts in organic
transformations. Mechanistic path of various ruthenium catalyzed reactions are quite complicated due to formation
of different intermediate complexes and the different oxidation states of ruthenium. The mechanism of catalysis alters
as per specification of reactions in which the catalysts are used. This review explores the catalytic aspects of
ruthenium(III), ruthenium(VIII) and ruthenium nanoparticles in redox reactions.

Keywords: Catalysis, Ruthenium complex, Ruthenium Nanocatalysis, Redox processes, Transition metals.

Introduction

Catalysis by transition metals, have made a great con-
tribution to organic synthesis. Since ruthenium has 4d75s1

electronic configuration, it has the widest range of oxi-
dation states (from -2 in Ru(CO)4

2- to +8 in RuO4).
Variety of ruthenium complexes have great potential
both for catalyzed reactions and synthetic processes.
Indeed, until 1980s the reported useful synthetic meth-
ods using ruthenium reagents and catalysts were limited
to a few reactions which included oxidations with RuO4,
hydrogenation reactions, and hydrogen transfer reactions.
But now days, a lot of reactions catalyzed by ruthenium
complexes have been reported. RuCl3.nH2O is frequently
used as a starting material for the preparation of most
of these ruthenium complexes and many ruthenium

complexes are derived from it under ambient condi-
tions. In addition to the higher economy of ruthenium
compared to the other Group 8 transition metals such as
rhodium and palladium, there is a larger availability of
reactive ruthenium complexes which have proved as
highly efficient reagents and catalysts for a variety of
organic transformations1. This review mainly deals with
the catalytic aspects of Ru(III), Ru(VIII) and ruthenium
nanoparticles. Ruthenium(III) acts as a catalyst in the
oxidation of many organic and inorganic substrates2-7.
Ruthenium(VIII) catalyzed oxidation of many organ-
ics8-10 have also been reported. Comparison of catalytic
activities of ruthenium(III) chloride and ruthenium(VIII)
oxide in acidic medium was first reported by Tandon
and Krishna11. Thus, in the light of these facts the present
article provides a brief review of the catalytic activity of
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ruthenium(III) chloride and ruthenium(VIII) oxide in
organic transformations12.

Chemistry of Ruthenium
Platinum group elements includes ruthenium (Ru),
rhodium (Rh), palladium (Pd), osmium (Os), iridium
(Ir) and platinum (Pt) and all these are rare and valuable
elements. These are also called as precious metals.
Ruthenium (Ru) is one of most valuable elements of
platinum group in the periodic table. Ruthenium has an
electronic configuration of 1s22s22p63s23p63d10

4s24p64d75s1. Redistribution or spacial re-arrangement
of electrons within the atoms or molecules is respon-
sible for any alteration in physical or chemical proper-
ties of the atoms or molecules. Thus, we can say that
the chemistry of any element is directly affected by its
electronic configuration. Here, in Table 1, we have
summarized various oxidation states of ruthenium and
their respective electronic configurations13.

Table 1: Various oxidation states of ruthenium with their
electronic configurations

Oxidation states Electronic Configurations 
-2 [Kr] 4d105s0 
0 [Kr] 4d75s1 
1 [Kr] 4d75s0 
2 [Kr] 4d65s0 
3 [Kr] 4d55s0 
4 [Kr] 4d45s0 
5 [Kr] 4d35s0 
6 [Kr] 4d25s0 
7 [Kr] 4d15s0 
8 [Kr] 4d05s0 

The most important applications of ruthenium are for
hardening alloys with palladium and platinum, use as
an additive for some osmium alloys, use in catalysis
and use in catalytic converters in automobiles13 to re-
duce the direct emission of harmful nitrogen oxides
(NOx), sulphur oxides (SOx) and carbon mono-oxide
(CO).

Catalytic aspects of Ruthenium complexes
Catalytic activity of metals or metal complexes mainly
depends on two quantities, viz. the electronic and geo-
metric factors. Availability of d-orbitals which can  accept
electrons from the reactants comes under the category
of electronic factors. In general, absence of vacant
d-orbitals show negligible amount of catalytic activity
because there is no reactive affinity between metal sur-
face and reactants and large number of vacant d-orbital
shows very less extent of catalysis due to formation of
strong and stable bond between metallic surface and
reactants which is non-reversible (reversibility of bond
formed between catalyst and reactants during reaction
period is an essential condition for catalytic activity of
any catalysts) in nature. Therefore, it may be concluded
that maximum catalytic activities of any transition metal
or metal complexes is to be expected for those metals
which possess the smallest number of vacant d-orbitals
because this favors easy formation of reversible bonds
between catalyst and reactants. Geometric arrangement
of catalyst should be spaced in such a way that the
transition-state complex has the lowest possible energy
which ultimately lowers the activation energy of reac-
tion and favors the catalysis.  Electronic factor is more
favorable for platinum group catalytic activity. This is
second requirement of a catalyst and termed as geomet-
ric factor. It is very interesting to know that both these
factors are optimal for platinum group metals which
accounts for the catalytic activities of this group of
metals12. Various oxidation states of ruthenium are mainly
responsible for its broad spectrum of catalytic activity
in redox processes14, 1.

1. Catalysis by Ruthenium(III)

The ruthenium(III) catalyzed reaction mechanism can
be quite complicated due to formation of different inter-
mediate complexes and different aqueous species of
ruthenium(III) chloride i.e. [RuCl4 (H2O)2]

-, [RuCl3

(H2O)3], [RuCl2 (H2O)4]
+ and [RuCl (H2O)5]

2+. Mecha-
nism of catalysis depends on the nature of substrates,
oxidants and experimental conditions; it has been
shown15 that metal ions act as catalysts by one of the
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Some of most important characteristics, properties and importance of ruthenium12 are summarized in Scheme 1
as given below:

 

Fe

Tc Rh

Os

Discovery

Oxidation states

IsotopesPhysical properties

44Ru101.07

[Kr] 4d7s1

Group VIII

Period 5

Ruthenium from
the Latin 

Ruthenia (Russia)

By Karl Karlovich Klaus, 
a Russian chemist, in 1844

Natural isotopes and abundance (%)
44Ru96                                5.5%
44Ru98                        1.9%
44Ru99                               12.7%
44Ru100                      12.6%
44Ru101                      17.1%
44Ru102                      31.6%
44Ru104                      18.6%

Oxidation states with example
-2                      [Ru(CO)4]2-

0                        [Ru(CO)5]
+1                      [RuCOBr]n
+2                      [Ru(bipy)3]2+

+3                      RuCl3.3H2O
+4                      RuO2
+5                      RuF5
+6                      K2RuO4
+7                      KRuO4
+8                      RuO4

Melting point           2427oC
Boiling point           4150oC
Nuclear spin (I) 44Ru99 5/2
                          44Ru101 5/2
1st Ionization energy 7.7 (eV)

Ruthemium is a hard and white metal. It is a suspected to be a carcinogen and its compounds strongly stain
the skin. Ruthenium tetroxide (RuO4) is volatile, highly toxic and explosive. Its reactivity is due to high
electron transfer ability, high Lewis acidity, low redox potential and stabilities of reactive metallic species.

Due to its ability to assume a wide range of oxidation states (from -2 to +8) and
its unique coordination geometries, it shows wonderful properties for catalysis.

Scheme 1: A brief summary of Ruthenium Chemistry

different paths such as the formation of complexes with
reactants or oxidation of a substrate itself or through the
formation of free radicals. In earlier reports16, it has
been reported that Ru(III) forms a complex with the
substrate, which gets oxidized to form a Ru(IV)–sub-

strate complex followed by the rapid redox decomposi-
tion to regenerate Ru(III). In another report17, it has
been reported that there is formation of a Ru(III)– sub-
strate complex with further cleavage in a concerted
manner giving rise to a Ru(I) species, which gets rap-
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idly oxidized to regenerate the catalyst. It is also re-
ported that Ru(III) forms a complex with a substrate
and is then oxidized with the regeneration of the cata-
lyst.18

1.1 Oxidation of alcohols
Ruthenium(III) chloride catalyzed oxidation of alcohols19

i.e. propanol-1, prpanol-2, butanol-1 and butanol-2 by
hexacyanoferrate(III) in mild alkaline medium shows
zero order reaction with respect to [oxidant] and first
order reaction with respect to [substrate] and [OH-] at
low concentrations. At higher concentration of substrate
and hydroxyl ions, the rate of reaction gradually de-
creases. Increase in pH also retards the rate of reaction.
Ruthenium(III) chloride exists in hydrated form20 as
[Ru(H2O)6]

3+. Metal ions of the type [Ru(H2O)6]
3+ are

also known to exist as [Ru(H2O)5 (OH)]2+ in alkaline
medium. Active species of ruthenium form complexes
with substrate giving rise to corresponding carbonyl
compounds which subsequently get oxidized into the

 - d[Fe(CN)6
3-]

dt
=

2k1K[RuIII]T [S]

[OH-] + K[S] + KK1[S]2
..........(1)

1.2  Oxidation of glycols

Ruthenium(III) chloride acts as a homogeneous catalyst
for oxidation of methyl glycol, ethyl glycol, diethylene
glycol and tetraethylene glycol by alkaline
hexacyanoferrate(III)6. The organic substrate forms an-
ion with hydroxide ion which subsequently reacts with
ruthenium(III) species to form complex. The complex,
thus formed, slowly disproportionates into ruthenium(III)
hydride species and intermediate product which further
gets oxidized quickly by taking more of ferricyanide
ions into the original ruthenium(III) species and the fi-
nal oxidation product respectively. Schematic route for
conversion into product is given in Scheme-2.

 
CH3-O-CH2-CH2OH

OH-/Ru(III)

[Fe(CN)6]3-
CH3-O-CH2-COOH

C2H5-O-CH2-CH2OH
OH-/Ru(III)

[Fe(CN)6]3-
C2H5-O-CH2-COOH

Methyl glycol

Ethyl glycol

O
CH2 -CH2 -OH

CH2 -CH2 -OH

OH-/Ru(III)

[Fe(CN)6]3-
O

CH2 -COOH

CH2 -COOH

Diethylene glycol

O
CH2 -CH2 -O - CH2 -CH2 -OH

CH2 -CH2 -O - CH2 - CH2 - OH

OH-/Ru(III)

[Fe(CN)6]3-
O

CH2 -CH2 -O - CH2 -COOH

CH2 -CH2 -O - CH2 - COOH

Tetraethylene glycol

Scheme 2

corresponding carboxylic acids. On the basis of experi-
mental observation, the final rate law for oxidation of
alcohols may be given as:
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1.3 Oxidation of cyclic alcohols
Oxidation of cyclic alcohols5 i.e. cyclopentanol,
cyclohexanol and cycloheptanol by cerium(IV) sulphate
catalyzed by ruthenium(III) chloride in aqueous acidic
medium, shows first order kinetics with respect to
cycloalcohols at lower concentration and tend to zero
order at higher concentrations of substrate. Rate of re-
action shows first order kinetics with respect to
ruthenium(III) chloride. Reaction proceeds by forma-
tion of activated complex between the protonated
cycloalcohols and ruthenium(III) chloride. From the ion
exchange technique, it has been confirmed that
ruthenium(III) chloride forms RuCl6

3- species21 in hy-
drochloric acid medium and its conversion into
[RuCl5(H2O)]2- takes only a few seconds22. Thus, one
might assume that [RuCl5(H2O)]2- is the only reacting
species of ruthenium(III) chloride in acidic medium.
The final oxidation products in case of cyclopentanol,
cyclohexanol and cycloheptanol are glutaric acid, adi-
pic acid and pimelic acid respectively.

1.4 Oxidation of carbonyl compounds
Oxidation of various aromatic aldehydes23, 24 i.e. benzal-
dehyde, 4-chlorobenzaldehyde, 4-nitobenzaldehyde, 2-
hydroxybenzaldehyde, 4-hydroxybenzaldehyde, 4-
methoxybenzaldehyde, 4-hydroxy-3-methoxyben-
zaldehyde and cinnamaldehyde by hydrogen peroxide
catalyzed by ruthenium(III) chloride in acetic acid me-
dium gives quantitative to moderate yields
(substrate:catalyst ratio 85400 to 387500:1).
Ruthenium(III) chloride when heated at near reflux tem-
perature with acetic acid gives rise to oxo-centered
carboxylate [Ru3

III ( 3-O)(OOC.CH3)6 (H2O)3]
+ species,

which may undergo reversible redox steps25. Trinuclear
carboxylates have been reported to be effective cata-
lysts for the aerobic oxidation of aliphatic alcohols26.
Catalytic activities of these complexes are approximately
ten times higher than that of RuCl3 

27. General conver-
sion route may be given as-

 
RCHO RCOOH

RuCl3 / H2O2 / AcOH

reflux

R= C6H5-, 4-chloro-C6H4-, 4-nitro-C6H4-, 2-hydroxy-C6H4-,
 4-hydroxy-C6H4-, 4-methoxy-C6H4-, 4-hydroxy-3-methoxy-C6H3-,
C6H5CH=CH-

yield = 14 to 100%

1.5 Oxidation of hydrocarbons
Aromatic hydrocarbons23, 24 viz. anthracene, phenan-
threne, naphthalene and methyl benzene have been
oxidized to 9,10-anthraquionone, 9,10-phenanthra-
quinone, a-naphthol and o-, p-, m- cresols respectively
by hydrogen peroxide catalyzed by ruthenium(III) chlo-
ride in acetic acid medium.

1.6 Oxidation of acids
Ruthenium(III) chloride shows catalytic activity in oxi-
dation of various hydroxy acids28 i.e. glycolic acid,
sodium lactate, malic acid, sodium potassium tartarate
and DL-mandelic acid by alkaline hexacyanoferrate(III).
The stoichiometry of the reaction was studied by taking

hexacyanoferrate(III) in sufficient amount compared to
organic substrate and the reaction was studied for a
sufficiently long period to ensure complete oxidation of
the organic substrate under the experimental condition
[hydroxyl acid] > [oxidant]. The total amount of potas-
sium hexacyanoferrate(III) consumed by one mole of
organic substrate for its complete oxidation was deter-
mined and it was found that in case of glycolic acid and
sodium lactate, the equivalence was four while in case
of malic acid, potassium sodium tartarate and DL-man-
delic acid, the equivalence was two. Final oxidation
products were oxalate ions in both the cases. In case of
malic acid, potassium sodium tartarate and DL-man-
delic acid, the final oxidation products were found to be

   where
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malonate ion, tartronate ion and benzaldehyde respec-
tively. Rate of the reaction in different substrates was
found to be in the order, malic acid > DL-mandelic acid
> glycolic acid > sodium lactate > potassium sodium
tartarate. Reaction proceeds through the formation of an
activated complex between the substrate anion and
ruthenium(III) species. The complex, thus formed, slowly

breaks up giving ruthenium(III) hydride species and the
intermediate product. This ruthenium(III) hydride spe-
cies and intermediate product quickly get oxidized to
the original ruthenium(III) hydroxy species and final
oxidation product by incorporating more hexacyano-
ferrate(III) ions in the subsequent steps. The probable
conversion route is given in Scheme 3.

 
HOCH2.COOH

RuCl3 / OH-

K3[Fe(CN)6]
-OOC.COO-

CH3CH(OH).COONa
RuCl3 / OH-

K3[Fe(CN)6]
-OOC.COO-  + CO2

HOOC.CH2 .CH(OH).COOH
RuCl3 / OH-

K3[Fe(CN)6]
-OOC.CH2.COO-  + CO2

NaOOC.CH(OH).CH(OH).COOK
RuCl3 / OH-

K3[Fe(CN)6]
-OOC.CH(OH).COO-  + CO2

C6H5.CH(OH).COOH
RuCl3 / OH-

K3[Fe(CN)6]
C6H5.CHO

Glycollic acid Oxalate ion

Oxalate ionSodium lactate

Malic acid Malonate ion

Potassium sodium tartarate Tartronate ion

DL-Mandelic acid Benzaldehyde

Scheme 3

1.7 Oxidation of inorganic substrates
Ruthenium(III) chloride also catalyzes the oxidation of
inorganic substrate such as iodide29, 30 by hexacyano-
ferrate(III) acidic medium. It has been reported that in
hydrochloric acid medium21, ruthenium(III) chloride
forms RuCl6

3- species. Using the ion – exchange tech-
nique, it has been confirmed that the half-life of loss of
chloride from [RuCl(H2O)5]

2- is of the order of a year,

while the aquation of RuCl6
3- to [RuCl5(H2O)]2- takes

only few seconds. Thus, one might safely assume that
[RuCl5(H2O)]2- is the actual reacting species of
ruthenium(III) chloride in acidic medium for the oxida-
tion of potassium iodide. In this reaction, acid itself
catalyzes the reaction between iodide and hexacyano-
ferrate(III) hence ruthenium(III) chloride further cata-
lyzes the reaction as a co-catalyst. Reactions studied
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separately in the presence as well as absence of RuCl3
under similar conditions were found to follow second-
order kinetics with respect to (I-), while the rate showed
first order kinetics with respect to [Fe(CN)6]

3-, [RuCl3],

and [H+]. Mechanistic path for oxidation of iodide cata-
lyzed by hydrogen ion and hydrogen ions with ruthe-
nium trichloride is given in scheme 4.

 
H2SO4 + 2KI

K'1
HI2

-  + HSO4
- + 2K+

(C1)
H2SO4 + 2KI

K'1
HI2

-  + HSO4
- + 2K+

(C1)

HI2
- + Fe(CN)6

3- k'1
k'-1

Fe(CN)6
4- + [I...H...I]

(C2)
HI2

- + Fe(CN)6
3- k'1

k'-1
Fe(CN)6

4- + [I...H...I]

C2
k'

slow
H+ + I- + I C2 + [RuCl5(H2O)]2-

(C2)
k1

k-1
[complex C3]2-

[C3]2- k

slow
[RuCl5(H2O)]2- + H+ + I- + I

A- In absence of RuCl3 B- In presence of RuCl3

Scheme 4

Some of the other recent and important Ru(III) catalyzed reactions are summarized in Table 2.

Table 2: Ruthenium(III) catalyzed some important redox reactions

Ruthenium(III) catalyzed redox reactions 
Various 
redox 

processes 

Reactions References 

Oxidation 
of acids 

            

OH

O O

1
23

4
5

1'

2'
3'

4'

5'

6'

5-oxacids

H+

Ru(III)H2O2

OH HOOC
COOH

O

R

R +

 

31 
 

Oxidation 
of inorganic 
compounds 

                                  

SCN- + H2O2

Ru(III)

SO4
--/OCN-

 

32  
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Oxidation 
of water 

 

                                 

2H2O + 4CeIV

Ru(III)

4H+ + 4CeIII + O2  

33  
 

Selective 
reduction 
of dienes/ 
polyenes 

 

              

OH

OH

Ru(III)

NaBH4

DMA:H2O
(v/v 5:1)
0oC

 

34  
 

Oxidation 
of antibiotic 
drug 

         

O2N
NHCOCHCl2

OH

H

H

CH2OH

Fe(CN)6
3-

OH-Ru(III)

Chloramphenicol

O2N CHO + HO(NH2)CHCH2OH + HOOCCHCl2

 

35 
 

Oxidation 
of carbo-
hydrate 

                     

C5H10O5 + OH-

Periodate
  [IO4

-]
Ru(III)

C4H10O5 + HCOOH

L(+) arabinose

 

36 
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2.  Catalysis by Ruthenium (VIII)

Oxo-ruthenium complexes can be used to carry out a
number of useful organic transformations. In a catalytic
role some of them are particularly efficient for the mild
and selectivc oxidation of alcohols, tolerating the pres-
ence of sensitive functional groups often attacked by
other oxidizing reagents. The only well-defined oxo-
complex of ruthenium(VIII) oxide is RuO4. Over the
past few decades, the use of ruthenium(VIII) oxide as a
catalyst in organic transformation has become very
important. The present review emphasizes the recent
developments in the catalytic application of
ruthenium(VIII) oxide in the oxidation of alcohols, di-
ols, glycols and hydroxy acids. With the ruthenium
catalysts so far developed, the oxidation of alcohols is
effected with the greatest efficiency. Although this reac-
tion is one of the commonest of organic transforma-
tions, few reagents will effect such reactions catalyti-
cally and without attacking sensitive linkages in the R
group.

2.1 Oxidation of alcohols
RuO4 gives RuO4(OH)2

2- in alkaline medium37  which
may be assumed as reactive species in ruthenium tetrox-
ide catalyzed oxidation of methanol, ethanol, propanol
and butanol  by hexacyanoferrate(III) in alkaline me-
dium8, 9. Rate of reaction shows zero order kinetics with
respect to [Fe(CN)6]

3-  and direct proportionality with
[catalyst] and [substrate] at low concentrations. Rate of
reaction increases with increase in [OH-] at low concen-
trations and reaction is retarded at higher concentra-
tions in case of propanol and butanol while in case of
methanol and ethanol it shows inverse relation. In the
light of these kinetic observations, the authors have pro-
posed the formation of a reactive species of
ruthenium(VIII) oxide complex with substrate molecules.
At this stage, the hydride ion transfer takes place. Final
oxidation products, viz. methanoic acid, ethanoic acid,
propanoic acid and butanoic acid were reported in case
of methanol, ethanol, propanol and butanol respectively.
The general conversion route is given below:-

 
RCH2OH

RuO4 / Fe(CN)6
3-

[OH-]
RCOOH

2.2 Oxidation of glycols
Ruthenium(VIII) oxide catalyzed oxidation of glycols8

i.e. hexylene glycol, diethylene glycol, triethylene gly-
col and glycerol by alkaline  hexacyanoferrate(III) pro-
ceeds through RuO4(OH)2

2- as reactive species. Kinetic
data shows zero order with respect to [oxidant], inverse
proportionality with respect to [OH-], first order with
respect to [hexylene glycol] and [glycerol] while in case
of the remaining two substrates, after showing first order
kinetics initially, the reaction becomes independent of
concentration at higher concentrations. Reaction pro-
ceeds through formation of complex between substrate
and ruthenium(VIII) oxide reactive species.

2.3 Oxidation of diols
Ruthenium(VIII) oxide acts as a homogeneous catalyst
in oxidation of various diols38-39, 10, viz. ethan-1,2-diol,
propan-1,2-diol, butan-1,2-diol, butan-1,3-diol, propan-
1,3-diol,butan-1,4,-diol, pentan-1,5-diol, 2-methyl
pentan-2,4-diol and hexan-1,6-diol by hexacyano-
ferrate(III) in aqueous alkaline medium. Reaction pro-
ceeds through the formation of a complex between
alkoxide obtained from diols and ruthenium(VIII) oxide
reactive species. The conversion path is given in
Scheme 5.

2.4 Oxidation of acids
Ruthenium(VIII) oxide also catalyzes the oxidation of
various sodium salts of hydroxyl acids40, viz. glycolic
acid, lactic acid, malic acid, tartaric acid and DL-man-
delic acid by alkaline hexacyanoferrate(III). Rates of
oxidation of these hydroxyl acids were compared when
one of the hydrogen attached to -carbon is succes-
sively replaced by the methyl and phenyl groups or in
dicarboxylic acids when hydrogen atoms attached with
both  and ’ carbons are replaced by hydroxyl groups.
Rates of reaction in different substrates was found to
follow the sequence mandelic acid > glycolic acid >
lactic acid > tartaric acid > malic acid.
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 CH2OH

CH2OH

Ru(VIII) oxide / [OH-]

Fe(CN)6
3-

Ru(VIII) oxide / [OH-]

Fe(CN)6
3-

Ru(VIII) oxide / [OH-]

Fe(CN)6
3-

Ru(VIII) oxide / [OH-]

Fe(CN)6
3-

Ru(VIII) oxide / [OH-]

Fe(CN)6
3-

Ru(VIII) oxide / [OH-]

Fe(CN)6
3-

COOH

COOH

CH3.CHOH.CH2OH CH3CO.COOH

CH2OH.CH2.CH2OH HOOCCH2COOH

CH3.CHOH.CH2.CH2OH

CH2OH.CH2CH2.CH2OH

CH3.CH2.CHOH.CH2OH HOOC.COOH + CH3COOH

HCOOH + HOOC.CH2.COOH

HOOC.CH2CH2.COOH

Ru(VIII) oxide / [OH-]

Fe(CN)6
3-

Ru(VIII) oxide / [OH-]

Fe(CN)6
3-

Ru(VIII) oxide / [OH-]

Fe(CN)6
3-

CH3.CHOH.CH2.COH(CH3)2

CH2OH.(CH2)3.CH2OH HOOC.(CH2)3.COOH

2HCOOH + 2CH3.COOH

HOOC.(CH2)4.COOHCH2OH.(CH2)4.CH2OH

Scheme 5

Ethan-1,2-diol Oxalic acid

Propan-1,2-diol Pyruvic acid

Propan-1,3-diol Malonic acid

Butan-1,2-diol Acetic acidOxalic acid

Butan-1,3-diol Formic acid Malonic acid

Butan-1,4-diol Succinic acid

Pentan-1,5-diol Glutaric acid

2-Methylpentan-2,4-diol Formic acid Acetic acid

Hexan-1,6-diol Adipic acid
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3.  Ruthenium catalysis in special refer-
ence to nanocatalysis

At present, Nanocatalysis is the most promising field of
research. At nanoscale size, large number of atoms are
exposed on the surface resulting in increase in the sur-
face activity and consequently the catalytic efficiency in
a large number of chemical transformations. Ruthenium
is a less expensive catalyst as compared to Gold, Palla-
dium, Platinum and Rhodium41, 42. Ruthenium at nano
size shows excellent catalytic activity for redox reac-
tions43. In recent years, bi-metallic and tri-metallic
nanocomposites have attracted considerable attention as
highly active, eco-friendly and relatively economical
catalysts for chemical transformations44. Recently,

Veerakumar P. et.al.45 published a broad review of cata-
lytic aspects of Ruthenium nano particles in redox reac-
tions. This review is mainly focused on synthesis, char-
acterization and application of ruthenium nanoparticles
as catalyst in redox reactions of heteroatom containing
organic compounds and hydrogen peroxide (as a green
oxidant). The review mainly concentrates on catalytic
application of ruthenium nanoparticles (RuNPs) as a
catalyst in oxidation of sulfides and amines, organic
substrates and reduction reactions, reduction of sulfox-
ides and N-oxides. Due to its high surface to volume
ratio, RuNps show good catalytic activity. Scheme 6
shows the importance of ruthenium nano particles
catalysis in redox processes.

 

Ruthenium Nanocatalysis

Redox Reactions
Play very important in chemical transformations

Oxidation Reactions Reduction Reactions

a. Oxidation of organic compounds
b. Oxidation of amines
c. Oxidation of sulfides

a. Reduction of nitro groups
b. Reduction of sulfoxides
c. Reduction of N-oxides

Scheme 6: Ruthenium nanocatalysis in redox processes

Conclusions

This review provides a survey of the catalytic aspects of
Ru(III), Ru(VIII) and ruthenium nanoparticles in organic
transformations. Ruthenium chemistry has progressed
exponentially in the past decade and a large number of
fundamental characteristics of ruthenium complexes have

been reviewed. Ruthenium based redox catalysis is
developing fast from an economic point of view. From
the detoxification oxidation with ruthenium tetroxide as
applied to the destruction of dioxins to the direct oxida-
tion of methane, the research on ruthenium and its com-
plexes is fast growing. Ruthenium based oxidation cata-
lysts are expected to play a major role in finding renew-
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able energy sources and efficient water splitting cata-
lysts for the generation of oxygen.
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Abstract
Different monoazo disperse dyes from N-(3-methylphenyl)-2-((4-(3'-nitro phenyl)-1, 3-thiazol-2-yl)amino)acetamide
have been synthesized using different diazotized aryl amines. These were characterized using elemental analysis, 1H
Nuclear Magnetic Resonance (NMR) and Infra Red spectra (IR). The visible absorption spectra of synthesized dyes
were recorded in dimethyl formemide (DMF). Their dyeing performance on polyester fiber was assessed and fastness
properties of these dyes were evaluated by applying them to polyester fibres. These dyes showed moderate anti-
bacterial and anti-fungal activities. The computer colour matching data (L*, a*, b*, C*, H* and K/S) was assessed.

Keywords: 2-Amino-4-(3'-nitro phenyl) thiazole, antimicrobial activity, chloroacetylchloride, dyeing performance,
Infra Red Spectra (IR), 3-methyl aniline, 1H Nuclear Magnetic Resonance (NMR).

Introduction

Disperse dyes are organic colorants with less water
solubility which are applied in colloidal dispersions to
hydrophobic textile fibers to produce desired colour1,2.
2-amino thiazole derivatives3-7 have been utilized as
heterocyclic components for many disperse dyes since
long. Synthesized monoazo disperse dyes based on
chloroacetyl chloride derivatives8-10 have been reported.
It was our main objective to synthesize monoazo dis-
perse dyes based on 2-chloro-N-(3-methylphenyl)
acetamide. The synthesized monoazo disperse dyes
exhibited moderate to good light, washing and sublima-
tion fastness. The synthesized dyes were screened for
antibacterial activity against Staphylococcus aureus,
Escherichia coli, Bacillus subtilis and Pseudomonas

aeruginosa and antifungal activity against Candida
albicans11-16. The computer colour matching data (L*,
a*, b*, C*, H* and K/S) was also studied.

Materials and Methods

All reagents were of analytical reagent grade and were
used without further purification. All the synthesized
compounds were characterized by spectral analysis. The
melting points of the compounds were determined us-
ing Stuart SMP 10 melting point apparatus and are
uncorrected. The purity of dyes was determined by thin-
layer chromatography (TLC) using silica gel-G coated
Al-plates and spots were visualized under UV radiation.
Infra Red spectra (IR) were recorded on FTIR spectro-
photometer Perkin Elmer using KBr pellets. 1H Nuclear
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Magnetic Resonance (NMR) spectra were obtained on
Bruker Avance-II 400 NMR spectrometer using dim-
ethyl sulphoxide (DMSO) solvent and tetra methyl silene
(TMS) as internal reference (chemical shifts in  ppm).
Elemental analysis was carried on Perkin Elmer (USA)
2400 series instrument. The synthesized dyes were
screened for their antimicrobial activity using the Kirby-
Bauer method. All the compounds were screened for
their in vitro antimicrobial activity against bacterial
strains, Escherichia coli, Pseudomonas aeruginosa, Sta-
phylococcus aureus, Bacillus subtilis and fungi Can-
dida albicans at 50 g/mL concentration using
Ciprofloxacin and Flucanazole as standards respectively.
A convenient laboratory method was used for dyeing
polyester at high temperature (130°C) and high pres-
sure (24-30psi.)17. The fastness to light, wash and sub-
limation was assessed in accordance with ISO 10518-22.
The dye bath exhaustion (%E) of the dyed fiber was
determined.

Preparation of 2-amino-4-(3'-Nitro phenyl) thiazole
(1)
In 250 mL mixture of  m-nitro acetophenone (16.5 g,
0.1 mole) and thiourea (7.6 g, 0.2 mole) bromine
(23.97 g, 0.15 mole) was added drop wise and the re-
action mixture was heated on water bath for 8-10 hours,
cooled and the contents were washed with water. The
residue left was dissolved in boiling water and filtered.
The filtrate was made alkaline by addition of liquor
ammonia. The solid (1) thus obtained was filtered, dried
and recrystalized from ethanol.

Yield 81%, M.P.: 185-188°C IR (KBr cm-1)  3444 (N-H
str.), 3287, 3113 (C-H str.), 1512 (NO2 str.), 713 (C-S
str.), 1339 (C-N str.).

Preparation of 2-chloro-N-(3-methylphenyl) aceta-
mide (2)

3-methyl aniline (2.14 g, 0.02 mole) in 15 mL glacial
acetic acid was taken in a 250 mL round bottom flask
and cooled to 0-5°C. Chloroacetyl chloride (3.39 mL,
0.02 mole) was slowly added with continuous stirring.

When addition was completed, the reaction mixture was
stirred at room temperature for 3 hours. The reaction
mixture was put into ice-cold 20% sodium acetate so-
lution. The solid (2) thus obtained was filtered, washed
with water, dried and recrystalized from 80% ethanol
solution.

Yield: 90%, M.P.: 86-88°C. IR (KBr cm-1) 3420 (N-H
str.), 3115 (C-H str.), 2980 (CH3), 1645 (C=O str.), 715
(C-Cl str.).

Preparation of N-(3-methylphenyl)-2-((4-(3'-nitro
phenyl)-1, 3-thiazol-2-yl) amino acetamide (3)
2-chloro-N-(3-methylphenyl)acetamide (2) (1.83 g, 0.01
mole) and 2-amino-4-(3'-nitro phenyl) thiazole ) (1)
(2.21 g, 0.01 mole) in 30 mL glacial acetic acid was
taken in a 250 mL round bottom flask, then K2CO3

(6.9 g, 0.05 mole) was added slowly into the reaction
mixture. When addition was complete, the reaction
mixture was heated for 6 hours at 85-90°C. The reac-
tion mixture was put into ice-cold 20% sodium acetate
solution. The solid (3) thus obtained was filtered and
washed with water, dried and recrystalized from etha-
nol.

Yield: 80%, M.P.: 155-160°C. IR (KBr cm-1) 3410 (N-
H str.), 3120 (C-H str.), 2983 (CH3 str.), 1642 (C=O
str.), 1514 (NO2), 1470 (C-S-C str.), 750(C-S str.).

Diazotization and coupling reaction (SN1-SN15)
Different aryl amines (0.01 mole) were dissolved in HCl
(5 mL, 50%) and cooled to 0-5°C in an ice-bath. A
solution of sodium nitrite (0.01 mole, 0.69 g) in water
(5 mL) previously cooled to 0-5°C was added over a
period of 10 minutes with continuous stirring and main-
taining the temperature at 0-5°C and further the reac-
tion mixture was stirred for an hour. The excess of ni-
trous acid was then removed using sulfamic acid. The
resulting solution was used for coupling reaction.

N-(3-methylphenyl)-2-((4-(3'-nitrophenyl)-1,3-thiazol-2-
yl) amino) acetamide (3) (0.01mole) was dissolved in
glacial acetic acid (30 mL) and cooled below 5°C in an
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ice-bath. The above mentioned diazonium chloride
solution was added drop wise over a period of 10-15
minutes, maintaining the pH at 7.0 to 7.5 by simulta-
neous addition of aqueous sodium acetate (10% w/v),
and further the reaction mixture was stirred for 3 hours
at  0-5°C. The solid dye obtained was filtered, washed
with water to remove acid completely, dried and
recrystalized from acetone.

Results and Discussion

Spectral Properties of Dyes
The visible absorption spectra of dyes were recorded in
dimethyl formamide (DMF) and their results are shown
in Table 1. From (Table-1), it is clear that the value of

max depends on the nature and position of coupling
component used.

Infrared spectra (IR) of synthesized dyes are described
in Table 3.  Infra Red Spectra (IR) of dye (SN7) showed
N-H stretching vibrations at 3448 cm-1, C-H stretching
vibrations at 3078 cm-1 (aromatic), C-H stretching vi-
brations at 2991, 2725 cm-1 CH3 (Asymmetric and sym-
metric stretching ) C=O stretching vibrations at 1643
cm-1, N=N stretching vibrations at 1577 cm-1 and
C-S-C stretching vibration at 1469 cm-1. C-S stretching
in thiazole at 831 cm-1, 1533 cm-1 is due to presence of
NO2 group. The 1H Nuclear Magnetic Resonance (NMR)
data of the dyes is given in Table 3. The 1H Nuclear
Magnetic Resonance (NMR) spectra of all dyes were
recorded in dimethyl sulphoxide (DMSO). The com-
pound (SN1) exhibited multiplets in the region at  7.08-
8.72 ppm for 13 aromatic protons. The methylene group
attached to carbonyl group showed singlet at  3.79
ppm. The presence of –NH in thiazole and aromatic
ring showed singlet at  4.09 ppm and  9.15 ppm,
respectively. The methyl group showed singlet at  2.19
ppm.

Dyeing Properties

Dyeing method
All the synthesized dyes SN1-SN15 were applied on

polyester fabric in 2% depth by HTHP method at high
temperature (130°C) and high pressure (24-30psi). Glyc-
erin-bath high temperature beaker dyeing machine was
used. 10 mL DMF was added and dispersion of the dye
was produced by dissolving the appropriate amount of
dye (2% depth) and which was added dropwise with
continuous stirring to the dyebath (liquor ratio 20:1)
containing 1% Setamol WS (BASF) as anionic dispers-
ing agent. The pH of dye solution was adjusted to 4 to
5 using aqueous acetic acid. Previously wetted-out poly-
ester fabric pieces were added. Dyeing was continued
by raising the dyebath temperature upto 130°C at a rate
of 2°C /minute and this temperature was maintained for
1 hour under (24-30 psi) pressure. After completion of
the process, cooling upto 50°C was done and the dyed
fabric pieces were rinsed with cold water and reduction
was completed under the conditions: (1 g/L sodium hy-
droxide, 1 g/L sodium hydrosulphite, 10 minutes at
80°C). The dyed sample was rinsed with cold water and
finally air-dried.

Fastness Properties

Light Fastness
The light fastness study was carried out using a xenon
light fastness tester having a xenon arc lamp. The dyed
sample was assessed by comparing change in colour of
specimen with standard dye patterns of specific rating
(1 to 8). The higher the rating, the better is the light
fastness. The results are given in Table 2.

Wash Fastness
Fastness to washing was assessed under following con-
ditions: the washing solution contained soap 5 g/L and
anhydrous sodium carbonate 2 g/L, washing tempera-
ture was 95°C, the duration of washing was 30 minutes,
and the material to liquor ratio was 5:1. After washing,
the specimen was removed and rinsed with hot water
(35°C) until the rinsed water showed no alkalinity. It
was dried in air. The effect of the change in colour was
expressed and defined by reference to grey scale. The
results are given in Table 2.
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Table 1  Physical properties of Dyes

Dye 
No. 

R Molecular 
Formula 

Molecular 
Weight 
g/mole 

Yield 
% 

M.P. 
°C 

ɚmax 
(nm) 

Nitrogen (%) 

Found Calcd. 

SN1 H- C24H20N6O3S 472 77 170 453 17.70 17.79 
SN2 3-NO2- C24H19N7O5S 517 80 205 472 18.76 18.95 
SN3 4-NO2- C24H19N7O5S 517 79 190 504 19.05 18.95 
SN4 3-CH3- C25H22N6O3S 486 72 178 451 17.15 17.27 
SN5 4- CH3- C25H22N6O3S 486 74 182 465 17.38 17.27 
SN6 3-Cl- C24H19ClN6O3S 506 83 232 467 16.63 16.58 
SN7 4-Cl- C24H19ClN6O3S 506 81 204 468 16.45 16.58 
SN8 4-F- C24H19FN6O3S 490 76 182 458 17.01 17.13 
SN9 3-OCH3- C24H19N7O6S 502 82 152 463 16.85 16.72 
SN10 4-OCH3- C24H19N7O6S 502 78 198 461 16.80 16.72 
SN11 2,4-(NO2)2- C24H18N8O7S 562 82 152 528 19.82 19.92 
SN12 2-OH- C24H20N6O4S 488 80 180 467 17.34 17.20 
SN13 2-OH,4-NO2- C24H19N7O6S 533 78 164 450 18.45 18.38 
SN14 2,6-(Cl)2,4-NO2- C24H17Cl2N7O5S 586 81 158 513 16.80 16.72 
SN15 4-NHCOCH3- C26H23N7O4S 529 76 172 485 18.40 18.51 

Table 2  Fastness properties of Dyes

Dye 
No. 

Shade on Polyester 
Fabric 

Fastness to 
 

Sublimation fastness at 180°C Exhaustion 
% 

Fixation 
% 

Light 
 

Washing 
 

Staining of  Cotton Staining of 
Polyester 

SN1 Dark yellow 5 4 4-5 4 75.35 84.24 
SN2 Cream 3-4 4 3-4 4 72.20 79.63 
SN3 Orange 4 4 4 4 74.75 81.90 
SN4 Yellow 5 4-5 5 5 78.60 85.78 
SN5 Brown yellow 4-5 5 4-5 4 77.30 83.89 
SN6 Khakhi 5 5 4-5 5 85.27 90.67 
SN7 Yellow 5 5 4-5 4-5 83.76 88.54 
SN8 Brown 4-5 4-5 4 4-5 80.45 86.54 
SN9 Cream 5 4-5 4-5 4-5 82.10 84.90 
SN10 Turmeric yellow 4 3-4 4 4 72.24 79.50 
SN11 Red 4 4 3-4 4 76.21 81.67 
SN12 Light brown 3-4 4 4 3-4 70.72 78.45 
SN13 Cream 4 4 4 4 78.91 81.90 
SN14 Dark cream 5 3-4 4 4 78.38 80.34 
SN15 Light brown 3-4 4 4 4 74.29 82.74 

Light fastness: 1- poor, 2- slight, 3- moderate, 4- fair, 5- good, 6- very good, 7-excellent
Wash and sublimation fastness: 1- poor, 2- fair, 3- good, 4- very good, 5- excellent
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Table 3  IR and 1H NMR results of SN1-SN15 Dyes

Dye  
No. 

IR (KBr) cm-1  
 

1H NMR (DMSO) Chemical shift in ŭ ppm 

 
SN1 

3442 (N-H ), 3080 (C-H), 2985, 2735 (CH3) 1643 
(C=O), 1570 (N=N), 1525 (NO2), 1472 (C-S-C), 
765 (C-S) 

2.19 (S, 3H, -CH3), 3.79 (S, 2H, -COCH2), 4.09 (S, 1H, 
-NH), 7.08-8.72 (M, 13H, Ar-H) 9.15 (S, 1H, -NH)  

 
SN2 

3449 (N-H ), 3085 (C-H), 2995, 2728 (CH3) 1640 
(C=O), 1578 (N=N), 1528 (NO2), 1473 (C-S-C), 
757 (C-S) 

2.15 (S, 3H, -CH3), 3.65 (S, 2H, -COCH2), 4.14 (S, 1H, 
-NH), 7.08-8.79 (M, 12H, Ar-H), 9.00   (S, 1H, -NH) 

 
SN3 

3446 (N-H ), 3082 (C-H), 2998, 2730 (CH3) 1647 
(C=O), 1577 (N=N), 1530 (NO2), 1478 (C-S-C), 
759 (C-S) 

2.17 (S, 3H, -CH3), 3.45 (S, 2H, -COCH2), 4.18 (S, 1H, 
-NH), 7.15-8.81 (M, 12H, Ar-H), 9.10  (S, 1H, -NH), 

 
SN4 

3445 (N-H ), 3075 (C-H), 2987, 2728 (CH3) 1655 
(C=O), 1568 (N=N), 1527 (NO2), 1475     (C-S-C), 
762 (C-S) 

2.21 (S, 6H, -CH3), 3.36 (S, 2H, -COCH2), 4.16 (S, 1H, 
-NH), 7.04-8.75 (M, 12H, Ar-H), 9.06  (S, 1H, -NH), 

 
SN5 

3440 (N-H ), 3074 (C-H), 2986, 2728 (CH3) 1648 
(C=O), 1572 (N=N), 1525 (NO2), 1476     (C-S-C), 
756 (C-S) 

 2.25 (S, 6H, -CH3), 3.28 (S, 2H, -COCH2), 4.19 (S,1H, 
-NH), 7.13-8.85 (M, 12H, Ar-H), 9.13 (S, 1H, -NH), 

 
SN6 

3442 (N-H ), 3080 (C-H), 2993, 2723 (CH3) 1652 
(C=O), 1580 (N=N), 1528 (NO2), 1478 (C-S-C), 
758 (C-S),725 (C-Cl) 

2.16 (S, 3H, -CH3), 3.30 (S, 2H, -COCH2), 4.20 (S, 1H, 
-NH), 7.07-8.90(M, 12H, Ar-H), 9.10 (S, 1H, -NH) 

 
SN7 

3448 (N-H ), 3078 (C-H), 2991, 2725 (CH3) 1643 
(C=O), 1577 (N=N), 1533 (NO2), 1469(C-S-C), 
831 (C-S), 734 (C-Cl) 

2.21 (S, 3H, -CH3), 3.32 (S, 2H, -COCH2), 4.25 (S, 1H, 
-NH),  7.12-8.94 (M, 12H, Ar-H) 8.97  (S, 1H, -NH) 

 
SN8 

3443 (N-H ), 3085 (C-H), 2988, 2723 (CH3) 1664 
(C=O), 1578 (N=N), 1526 (NO2), 1468 (C-S-C), 
757 (C-S), 1125 (C-F) 

2.1 (S, 3H, -CH3), 3.26 (S, 2H, -COCH2), 4.17 (S, 1H,  
-NH), 6.98-8.80 (M, 12H, Ar-H) 9.18 (S, 1H, -NH), 

 
SN9 

3446 (N-H ), 3113 (C-H), 2991 (CH3), 2850 
(OCH3), 1641 (C=O), 1570 (N=N), 1525 (NO2), 
1477 (C-S-C), 788 (C-S) 

2.12 (S, 3H, -CH3), 3.17 (S, 3H, -OCH3), 3.23 (S, 2H,   
-COCH2), 4.17 (S, 1H, -NH), 7.10-8.78 (M, 12H,     
Ar-H) 8.94 (S, 1H, -NH) 

 
SN10 

3444 (N-H ), 3098 (C-H), 2997, 2729 (CH3) 1674 
(C=O), 1579 (N=N), 1530 (NO2), 1475 (C-S-C), 
764 (C-S) 

2.16 (S, 3H, -CH3), 3.21 (S, 3H, -OCH3), 3.30 (S, 2H,   
-COCH2), 4.23 (S, 1H, -NH), 7.14-8.85 (M, 12H,     
Ar-H), 9.10 (S, 1H, -NH) 

 
SN11 

3445 (N-H ), 3102 (C-H), 2987, 2728 (CH3) 1648 
(C=O), 1570 (N=N), 1525 (NO2), 1465 (C-S-C), 
757 (C-S) 

2.11 (S, 3H, -CH3), 3.25 (S, 2H, -COCH2), 4.12 (S, 1H, 
-NH), 7.12-9.07 (M, 11H, Ar-H), 9.07 (S, 1H,  -NH) 

 
SN12 

3443 (N-H ), 3445 (O-H), 3105 (C-H), 3003, 2735 
(CH3)  1648 (C=O), 1568 (N=N), 1528 (NO2), 
1463 (C-S-C), 756 (C-S) 

2.27 (S, 3H, -CH3), 3.61 (S, 2H, -COCH2), 4.01(S, 1H, 
-NH), 5.41  (S, 1H, -OH), 7.09-8.68 (M, 12H, Ar-H), 
9.12 (S, 1H, -NH) 

 
SN13 

3448 (N-H ), 3438 (O-H), 3103 (C-H), 2998, 2730 
(CH3)  1645 (C=O), 1559 (N=N), 1524 (NO2), 
1467(C-S-C), 759 (C-S) 

2.17 (S, 3H, -CH3), 3.37 (S, 2H, -COCH2), 4.06 (S, 1H, 
-NH), 5.45  (S, 1H, -OH), 7.16-8.90 (M, 11H, Ar-H), 
9.06 (S, 1H, -NH) 

 
SN14 

3441 (N-H ), 3095 (C-H), 2985, 2720 (CH3) 1657 
(C=O), 1575 (N=N), 1522 (NO2), 1467 (C-S-C), 
762 (C-S), 731 (C-Cl) 

2.15 (S, 3H, -CH3), 3.40 (S, 2H, -COCH2), 4.12 (S, 1H, 
-NH), 7.08-8.99 (M, 10H, Ar-H), 9.10   (S, 1H, -NH), 

 
SN15 

3445 (N-H ), 3090 (C-H), 2994, 2728 (CH3) 1667 
(C=O), 1579 (N=N), 1530 (NO2), 1475 (C-S-C), 
756 (C-S), 1687 (C-NHCOCH3) 

2.09 (S, 3H, -CH3), 2.23 (S, 3H, -CH3), 3.36 (S, 2H, -
COCH2),4.12 (S, 1H, -NH), 7.10-8.78 (M, 12H, Ar-H), 
9.02 (S, 2H, -NH) 
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Table 4 Antimicrobial properties of Dyes

Dye No. Zone of inhibition (mm) 

Antibacterial  
Activity 

Antifungal  
Activity 

E. coli P. aeruginosa S. aureus B. subtilis C. albicans 
SN1 11 11 10 13 12 
SN2 14 12 12 13 11 
SN3 12 10 13 14 12 
SN4 9 10 13 12 13 
SN5 15 13 16 17 15 
SN6 11 12 `13 15 12 
SN7 11 11 12 12 11 
SN8 12 14 17 19 14 
SN9 11 10 12 12 12 
SN10 14 12 11 15 14 
SN11 10 11 12 13 12 
SN12 11 10 11 12 10 
SN13 12 11 10 11 11 
SN14 10 9 13 14 14 
SN15 9 10 12 12 12 

Ciprofloxacin 20 18 23 27 - 
Flucanazole - - - - 20 

Fig. 1: Graph of K/S values of dyes SN1-SN15 on polyester fibre, dye SN9 has
                   maximum K/S value and SN12 has minimum K/S value
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Table 5: Colour difference data and K/S data of dyes on polyester fibre

Fig. 2: Graph of b* vs a* for polyester fibre

Dye 
No. 

L* a* b* C* H* K/S R 

SN1 59.35 32.54 68.68 76.00 64.65 18.46 17.43 
SN2 60.45 18.98 58.76 62.78 67.23 4.43 22.24 

SN3 52.68 42.62 26.92 50.41 32.28 6.22 21.34 

SN4 61.39 45.57 74.31 87.17 58.48 12.86 10.58 

SN5 58.56 43.34 69.78 84.36 55.87 8.13 12.96 
SN6 60.67 46.24 78.27 82.63 57.42 19.93 7.50 

SN7 67.67 22.58 64.41 68.25 70.68 19.67 7.78 

SN8 51.57 38.54 58.06 69.69 56.43 19.58 7.90 

SN9 65.25 39.87 65.37 70.27 53.02 21.03 6.56 

SN10 60.32 33.28 70.28 77.63 66.02 4.065 23.87 

SN11 40.12 33.77 9.49 35.07 15.70 7.87 12.78 
SN12 51.01 27.31 14.01 30.69 27.16 1.37 28.65 

SN13 53.98 43.65 49.64 63.62 45.59 6.31 21.20 

SN14 55.34 33.25 34.24 47.73 45.84 6.02 21.65 
SN15 49.09 18.10 13.08 22.33 35.86 3.81 23.30 
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Reaction scheme:

 O2N

N

S
NH2

O2N

COCH3 ThioureaBr2

Cyclization

(1)

 

NH2

ClCH2COCl
NHCH2COCl

N

S
H2N

Condensation
(2)

NO2

N

S
NHCH2CONH

(3)

R

NH2

Diazotization & coupling with (3) N

S
NHCH2CONH

N N

(SN1-SN15)

(1)

NO2

R

NO2

H3C H3C

H3C

H3C

where, R= -H, -NO2, -CH3, -Cl, -F, -OCH3, -OH, -NHCOCH3.
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Sublimation Fastness
The dyed fabric was stitched to undyed cotton fabric on
one side and undyed polyester fabric on the other side.
The composite dyeing specimens were placed in an
electrical heating device (sublimation tester) for 30 sec-
onds at 180°C. The dried fabric was then removed and
kept in air for 4 hours. The effect of dyed fabric on the
cotton and polyester fabric was studied and assessed
with grey scales. (Table 2)

As shown in Table 2, the light fastness of each dye is
rated as 3–5 for polyester, which shows that the light
fastness is moderate to good. The wash fastness of each
dye is rated as 3–5 for polyester showing that wash
fastness is good to excellent. The sublimation fastness
of each dye is rated as 3–5 for polyester, which also
shows sublimation fastness is good to excellent.

Antimicrobial Activity
Antibacterial and antifungal activities of synthesized
compounds were examined in vitro by Kirby-Bauer disc
diffusion method. The zone of inhibition (mm) was
determined using disc diffusion method according to
the standard procedure at concentration 50 g/mL. All
the compounds were tested for activity against Staphy-
lococcus aureus, Escherichia coli, Bacillus subtilis,
Pseudomonas aeruginosa and Candida albicans.
Ciprofloxacin and Flucanazole were employed as the
standards (Table 4).

Colour Matching Data (CCM)
The colour on polyester fabric was expressed in terms
of CIELab values and the coordinates measured were
lightness (L*), chroma (C*) and hue angle from 0° to
360° (H*). a* values represent the degree of redness
(positive) and greenness (negative) and b* values rep-
resent the degree of yellowness (positive) and blueness
(negative). A reflectance spectraophotometer was used
for the colorimetric measurement of the dyed samples.
K/S value given by the reflectance spectrophotometer
were calculated at max and directly correlated with the
dye concentration on the substrate according to the
Kubelka-Munk equation23,24.

The colorimetric data of polyester fabric for all the dyes
are summarized in Table 5. The K/S values for dyes
were found in the following order:

SN9>SN6> SN7>SN8> SN1>SN4> SN5>SN11>
SN13>SN3> SN14>SN2> SN10>SN15> SN12

The K/S graph for all the dyes is shown in Figure-1 and
graph of b* versus a* are shown in Figure 2.

Conclusions

The dyes gave generally yellow, turmeric yellow, or-
ange, red, khakhi and cream shades with good depth
and levelness on fabric. The variation in the shades of
the dyed fabric and levelness resulted from both the
nature and position of the substituent present in the
aromatic amine. The synthesized dye SN1 showed max

at 453nm. Introduction of electron donating groups -
OH, -OCH3, -NHCOCH3, -CH3 promoted bathochromic
shift in dyes SN4, SN5, SN9, SN10, SN12 and SN15 to
show max values in the range 451 to 485nm. Chromphore
–NO2 group promoted bathochromic shift in dyes SN2,
SN3, SN11, SN14 to show max in the range 472 to 528nm.
Dyes SN13 both (-OH) and (-NO2) group showed max of
450nm.

The synthesis of monoazo disperse dyes derived from
2-chloro-N-(3-methylphenyl)acetamide was carried out
by conventional methods and their different properties
were studied by applying them to polyester fabric. The
dyes showed good dyeing performance on polyester
fabric. The dyes SN1, SN4, SN6, SN7, SN9 and SN14
showed better light fastness properties. Sublimation
fastness of the dyes was found to be fair to good. The
wash-fastness of all the compounds was also of a very
good order. All synthesized compounds were tested for
microbial activity and showed mild to moderate anti-
bacterial activity against Escherichia coli, Pseudomo-
nas aeruginosa, Staphylococcus aureus and Bacillus
subtilis. The dyes SN3, SN8 showed better activities
against Escherichia coli, Pseudomonas aeruginosa, Sta-
phylococcus aureus and Bacillus subtilis while SN4, SN5,
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SN8, SN11 and SN14 showed good antifungal activity
against Candida albicans. Standard drugs like Cipro-
floxacin and Flucanazole were used for the comparison
purpose.
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Abstract
The kinetic investigation of homogeneously Ir(III) chloride catalyzed oxidation of Ethylene glycol by Chloramine-
T [CAT] in perchloric acid medium has been carried out in the temperature range of 30 to 45 0C. The reaction was
carried out in the presence of mercuric acetate as a scavenger for chloride ion. The reaction exhibits first order
kinetics with respect to the oxidant [CAT] and catalyst [Ir(III)] while zero order with respect to substrate, i.e.,
Ethylene glycol (EG) was observed. The reaction shows negligible effect of [Hg(OAc)2], [H+] and ionic strength of
the medium. Chloride ion positively influenced the rate of reaction. The various activation parameters have been
calculated from the rate measurements at different temperatures (30 to 450C). The product of the reaction has been
identified as the corresponding monocarboxylic acid. The reaction between Chloramine-T and Ethylene glycol in
acid medium shows 2:1 stoichiometry. On the basis of kinetic studies, reaction stoichiometry and product analysis,
a suitable mechanism has been proposed and rate law has been derived.

Keywords: Kinetics, mechanism, Ir(III) catalysis , Ethylene glycol, Chloramine-T, acidic medium

Introduction

The organic sulphonyl haloamines (N-haloamines), a
group of mild oxidizing agents, has been extensively
used for the oxidation of several organic compounds.
The versatile nature of N-haloamines is attributed to the
presence of halonium cations and nitrogen anions in
their structure, which can act as base and nucleo-
phile 1-5. As a result, these compounds can react with a
wide range of functional groups to cause many types of
molecular changes. Sodium N-chloro-p-toluene-sulfona-
mide or Chloramine-T (CAT; p-CH3C6H4SO2NClNa.

3H2O) is one of the prime members of the organic halo-
amine family and behaves as an oxidizing agent in both
acidic and alkaline media. Depending upon the pH of
the medium, it forms various oxidizing species and thus
gives a variety of kinetic results6-9. Several researchers
have studied the oxidizing behavior of CAT10-13 and
numerous studies focus on the mechanistic aspects of
the redox reactions in acidic media. In most of the stud-
ies, one of the species, RNHCl (R=CH3C6H4SO2), HOCl,
or H2OCl+, has been considered as the reactive spe-
cies14. It can behave both as electrophile and nucleo-
phile depending on the reaction conditions.
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A polyhydric alcohol (or polyalcohol) is a hydrogenated
form of carbohydrate, whose carbonyl group (aldehyde
or ketone, reducing suger) has been reduced to primary
and secondary hydroxyl group. Glycol is widely used as
a solvent, as an antifreeze agent and a raw material for
synthetic vegetable oil and fats as the glycerol esters of
higher acids. The study of oxidation of polyhydric
alcohols has great importance in sugar chemistry. Vari-
ous investigations on oxidation involving polyhydric
alcohols and various oxidants i.e., periodic acid15, lead
acetate 16, permanganate17, chloramine-B18, potassium
dichromate19 in the presence/absence of catalyst in acidic
medium have been reported by various workers. How-
ever, there are only few reports available in the litera-
ture on the oxidation of Ethylene glycol20-21.

Various transition metal catalysts have been used in the
N-haloamine oxidation of organic substrates 22. Recently,
the use of transition metal ions, such as osmium, ruthe-
nium and iridium either alone or as binary mixtures, as
catalyst in various redox processes has drawn consider-
able attention23. Iridium(III) chloride is an important
platinum group metal ion and has been extensively used
as homogeneous catalyst in a number of redox reac-
tions24.  Several studies have reported the use of Ir(III)
chloride as a non-toxic and homogeneous catalyst25-28.
Preliminary experimental results indicate that the reac-
tion of Ethylene glycol with CAT in the acidic medium
without a catalyst were very sluggish but the reaction
becomes facile in the presence of Ir(III) catalyst.

In the present study, we examine the kinetic and mecha-
nistic aspects of the Ir(III) catalyzed oxidation of Eth-
ylene glycol by CAT in acidic medium with the follow-
ing objectives: (i) to ascertain the reactive species of
catalyst and oxidant, (ii) find the catalytic efficiency of
Ir(III), (iii) identify the oxidation products, (iv) to elu-
cidate the plausible reaction mechanism, (v) to deduce
a rate law consistent with kinetic results and (vi) to
calculate the activation parameters.

Materials and Methods

Materials
A stock standard solution of chloramine-T (S.D. Fine
Chem. Ltd) was prepared by dissolving its known weight
in doubly distilled water and its concentration was es-
timated iodometrically. In order to avoid photochemical
deterioration, the solution of chloramine-T was preserved
in black coated flask. The standard solution of Ethylene
glycol (Thomas Baker) was freshly prepared. Iridium(III)
chloride (Johnson Matthey) solution was prepared in
HCl of known strength (0.018 N). Other reagents used
were, A.R. grade and their solutions were also prepared
in doubly distilled water. The reaction vessels were also
black coated from outside to avoid photochemical ef-
fects.

Kinetic measurements
The kinetic runs were carried out at 35±0.10C. The
reaction was initiated by mixing the already thermostated
solution of Ethylene glycol to the thermally equilibrated
reaction mixture containing required volume of solution
of Chloramine-T, H+, Ir(III) and other reagents. Aliquots
(5mL) of the reaction mixture were pipetted out at regu-
lar intervals of time and poured into a conical flask
containing 5mL of 4% KI solution and 5mL of dilute
sulphuric acid. The liberated iodine equivalent to
unconsumed oxidant was estimated using standard so-
dium thiosulphate solution with starch as an indicator.
The initial rates were obtained from the slope of con-
centration vs. time graph in the initial stages of the
reactions by plane mirror method.

Stoichiometry and product analysis
In order to ascertain the stoichiometry of the reaction,
different sets of experiments with varying [RNHCl]:[EG]
ratios were performed at 350C for 48 h and constant
concentrations of all other reactants under the condi-
tions [RNHCl] >> [EG]. Iodometric estimation of
unconsumed [RNHCl] in different sets shows that 2
moles of RNHCl were consumed to oxidize 1 mole of
Ethylene glycol. Accordingly, the following stoichio-
metric equations can be formulated:
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Glycolic acid (hydroxyacetic acid), the main product in
the oxidation of were identified by the help of chroma-
tography (TLC) and conventional spot test method. The
nature of Glycolic acid was further confirmed by its IR
spectrum.

Result and Discussion

Kinetics of Ir(III) catalyzed oxidation of Ethylene gly-
col by Chloramine-T in acidic medium was investigated
at 350C. The kinetic results were recorded at several
initial concentrations (Table1). First order kinetics was
observed with respect to the oxidant, Chloramine-T
(Figure 1). The order of reaction with respect to each
reactant was determined by varying the concentration
of oxidant, Ethylene glycol, Ir(III) chloride, H+ ions,
[CI-] and mercuric acetate one by one in different sets,
keeping concentration of all other reactants constant at
constant temperature 350C (Table 1). In each kinetic
run, the initial rate (i.e., –dc/dt) of the reaction was
determined from the slope of the tangent drawn at a
fixed concentration of Chloramine-T except for the
Chloramine-T variation in which the slope of the tan-
gent was drawn at fixed time. The first order reaction
rate constants (k1) for the variation of all the reagents
were calculated using the equation

1
dc/dtK

[RNHCl]*

where [RNHCl]* denotes the [RNHCl] at which
(-dc/dt) was determined.

A plot of (-dc/dt) versus [Chloramine-T] was linear with
the slope value (0.98) near unity, which further con-
firmed first order dependence of reaction on Chloram-

ine-T (Figure 1). A plot of  (-dc/dt) versus [Ir(III)] gave
a slope which is close to the average value of first order
rate constant at 350C (Figure 2). Insignificant effect on
the rate was observed on increasing the concentration
of the substrate, indicating zero order with respect to
substrate i.e. Ethylene glycol (Table 1). Variation of
[KCl] concentration shows positive effect on reaction
rate (Table 2). Negligible effect of mercuric acetate elimi-
nate the probability of its involvement either as a cata-
lyst or as an oxidant. Hence, the function of mercuric
acetate is to act as scavenger for any chloride ion formed
in the reaction29. Experimental data indicate negligible
effect of ionic strength of the medium on the rate
(affected by addition of NaClO4). It helps to eliminate
the parallel oxidation by Cl2 which would have been
formed as a result of interaction between Cl- and RNHCl
ion. In acidic solution of Chloramine-T, quick forma-
tion of RNHCl has been reported 30. The reaction is
unaffected by H+ concentration (Table 2).

The kinetic measurements were also carried out in the
temperature range of 30-450C and the rate constants
were obtained at 300, 350, 400 and 450C. These rate
constants were used to draw a plot of log k versus 1/T
(Figure 3) which was linear. The various activation
parameters were calculated from the slope of curves
obtained from Figure-3. The value of Energy of activa-
tion ( E*), Arrhenius factor (A), entropy of activation
( S*), free energy of activation ( G*) and enthalpy of
activation ( H*) were calculated from rate measure-
ment and these values are shown in   Table 3. Moderate

H* and S* values are favorable for electron transfer
reaction. The value of H* was due to energy of solu-
tion changes in transition state. The high positive value
of G* represents highly solvated transition state. The
negative value of S* indicates that the intermediate
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Table 1: Effect of variation of oxidant, Ethylene glycol and Ir(III) on rate of reaction at 350C

[Oxidant] x 103 M 
(Chloramine-T) 

[Substrate]x 102 M 
(Ethylene glycol) 

[Ir(III)] x 105 M (-dc/dt)x107 ML-1s-1 

0.83 2.00 8.02 2.65 

1.00 2.00 8.02 3.30 

1.25 2.00 8.02 4.12 

1.67 2.00 8.02 5.40 

2.50 2.00 8.02 8.25 

5.00 2.00 8.02 16.45 

1.00 0.33 8.02 2.75 

1.00 0.40 8.02 3.20 

1.00 0.50 8.02 3.00 

1.00 0.66 8.02 2.90 

1.00 1.00 8.02 3.12 

1.00 2.00 8.02 3.30 

1.00 2.00 2.67 1.12 

1.00 2.00 4.01 1.68 

1.00 2.00 5.34 2.25 

1.00 2.00 6.67 2.78 

1.00 2.00 8.02 3.30 

1.00 2.00 9.35 3.90 

Solution conditions: [Hg(OAc)2] = 1.25 x 10-3 M, [HClO4] =1.00 x 10-3 M, [KCl] = 1.00 x 10-3 M.

complex is more ordered than the reactants so the for-
mation of activated complex occurs with reduction in
the degrees of freedom. The observed modest enthalpy
of activation and higher rate constant for the slow step
show that oxidation presumably occurs by means of an
inner sphere mechanism. This conclusion is supported
by earlier observations. The activation parameters evalu-
ated for the catalyzed reaction explain the catalytic ef-
fect on the reaction. Kinetic observations show that the
reaction under investigation is a complex reaction, which

usually takes place in more than one step.

Mechanism and derivation of rate law
The acidic solution of Iridium chloride exists as [IrCI6]

3.
It has also been reported that [IrCI6]

3- is involved in
equilibrium 31:

3 2- -
6 2 5 2[IrCl ] H O [IrCl (H O)] CI
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Table 2:  Effect of variation of  HClO4, KCl and NaClO4 on rate of reaction at 350C

Solution conditions: [Ir (III)] =8.02 x 10-5 M, [Chloramine-T] = 1.00 x 10-3 M,
[Ethylene glycol] = 2.00 x 10-2, [Hg(OAc)2] = 1.25 x 10-3 M.

Table 3: Activation parameters for the oxidation of Ethylene glycol

Parameters Temperature(0C) Ethylene glycol 
k1x 104 s-1 30 2.35 
k1x 104 s-1 35 3.30 
k1x104 s-1 40 4.72 
k1x 104 s-1 45 6.58 
log A -- 9.82 

E*  (k J mol-1) 35 54.93 
G* (k J mol-1) 35 73.71 
H * (k J mol-1) 35 69.24 
S*  (JK-1mol-1) 35 -14.50 

[HClO4] x 103 M [KCl] x103M NaClO4x103M (-dc/dt) x 107ML-1s-1 

0.83 1.00 1.00 3.48 
1.00 1.00 1.00 3.30 
1.25 1.00 1.00 3.55 
1.67 1.00 1.00 3.20 
2.50 1.00 1.00 3.15 
5.00 1.00 1.00 3.62 
1.00 0.83 1.00 2.95 
1.00 1.00 1.00 3.30 
1.00 1.25 1.00 3.52 
1.00 1.67 1.00 3.85 
1.00 2.50 1.00 4.15 
1.00 5.00 1.00 4.45 
1.00 1.00 0.83 3.45 
1.00 1.00 1.00 3.30 
1.00 1.00 1.25 3.60 
1.00 1.00 1.67 3.15 
1.00 1.00 2.50 3.08 
1.00 1.00 5.00 3.34 

Solution conditions: [Ir (III)] = 8.02 x 10-5 M, [Chloramine-T] = 1.00 x 10-3 M,
[Ethylene glycol] = 2.00 x 10-2 , [Hg(OAc)2] = 1.25 x 10-3 M, [HClO4] =1.00 x 10-3 M,
[KCl] = 1.00 x 10-3 M.
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Fig. 1: Plot between (-dc/dt) and [Chloramine-T] for the oxidation of Ethylene glycol at 35 0C.  [Ir (III)] = 8.02 x 10-5 M,
[Ethylene glycol] = 2.00 x 10-2 , [Hg(OAc)2] = 1.25 x 10-3 M, [HClO4] =1.00 x 10-3 M, [KCl] = 1.00 x 10-3 M.

Fig. 2: Plot between (-dc/dt) and [Ir(III)] for the oxidation of Ethylene glycol at 35 0C . [Ethylene glycol] = 2.00 x 10-2 M,
[Chloramine-T] = 1.00 x 10-3, [Hg(OAc)2] = 1.25 x 10-3 M, [HClO4] =1.00 x 10-3 M, [KCl] = 1.00 x 10-3 M.
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Fig. 3: Arrhenius plot for the oxidation of Ethylene glycol. [Ir (III)] = 8.02 x 10-5 M , [Chloramine-T] = 1.00 x 10-3 M,
[Ethylene glycol] = 2.00 x 10-2 , [Hg(OAc)2] = 1.25 x 10-3 M,  [HClO4] =1.00 x 10-3 M, [KCl] = 1.00 x 10-3 M.

Thus, either [IrCI6]
3- or [IrCI5H2O]2- may act as catalytic

species32. If [IrCI5H2O]2- is taken as catalytic species,
the rate law would require negative effect of chloride
ion contrary to the observed positive effect of chloride
ion on the oxidation rate [IrCI6]

3- which when assumed
as reactive species of Iridium trichloride in acidic me-
dium, explains the positive effect of chloride ion. The
kinetic results reported in Tables 1, 2, 3 along with the
above discussion lead us to suggest the following reac-
tion scheme:

[IrCI5 (H2O)]2-  + CI-                     [IrCI6]
3- + H2O

       [C1]                                [C2]

                             k2
[IrCI6]

3- + RNHCl                 [IrCI6 ——RNHCl]3-

  [C2]             slow step (r.d.s)             [C3]

                                         RNCl

[C3] + RCH2OH   [IrCl5H]3-  + R–CH–OH + HCl

1

-1

k
k

[IrCl5H]3-  +  RNHCl   [IrCI6]
3- + RNH2

   RNCl               fast

R–CH–OH     +  H2O    R  –COOH + RNH2 +HCl
                                   [P]
where, [P] = Product i.e. Glycolic acid

Now, considering the above reaction steps and applying
the steady-state treatment with reasonable approxima-
tion, the rate law may be written as
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Conclusions

The following conclusions can be derived in the present
study of Ir(III) catalyzed oxidation of  Ethylene glycol
by Chloramine-T in  acidic medium. (a) Among the
various species of Ir(III) in acidic medium, [IrCl6]

3– is
considered as the reactive species, (b) RNHCl is the
reactive species of Chloramine-T in acidic medium,
(c) In the absence of catalyst, the oxidation of Ethylene
glycol by Chloramine-T is very sluggish, but it becomes
facile in the presence of Ir(III) catalyst, (d) The stoichi-
ometry of the reaction was found to be 2:1 and the
oxidation products of Ethylene glycol were identified,
(e) Activation parameters were computed from the
Arrhenius plots, (f) The observed results have been
explained by a plausible mechanism and the related rate
law has been deduced. It can be concluded that Ir(III)
chloride act as an efficient catalyst for the oxidation of
Ethylene glycol by Chloramine-T in acidic medium.
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Abstract
The present paper deals with the kinetic and mechanistic investigation of Pd(II) catalyzed oxidation of paracetamol
by Potassium bromate (KBrO3) in presence of Perchloric acid medium at 303 K. The experimental results show a
first order kinetics with respect to [Palladium] and [bromate]. The reaction showed negative effect of [H+]. Paracetamol
positively influences the rate of reaction. Negligible effects of [HgOAc)2] and ionic strength of the medium have been
observed. Variation of [Cl-] did not show any significant change on the rate of reaction. The values of rate constants
observed at different temperatures (30 to 450C) were utilized to calculate the activation parameters. Quinoneoxime
and acetic acid have been identified as the main oxidation products of the reactions. A suitable mechanism has been
proposed conforming with the kinetics, stochiometry and products of the reaction.  The rate law has been derived
from the observed kinetic data.

Keywords: Kinetics, Pd(II) chloride, oxidation, Paracetamol, Potassium bromate, acidic medium.

Introduction

The kinetics of paracetamol (PAM) oxidation has been
studied both spectrophotometrically and iodometrically.
Spectrophotometric determination of paracetamol in
drug formulation has been a subject of several investi-
gators.1-9 In this paper, an attempt has been made to
consolidate the work done on the well-known drug that
finds extensive application in pharmaceutical industries
especially in the last few decades. Paracetamol (4-
hydroxyace-tanilide or acetmidophenol) is a well known
drug that is having  extensive appliction in pharmaceu-
tical industries. It is an antipyretic and analgesic com-
pound of high therapeutic value 10-11. It is also used as
an intermediate for pharmaceuticals (as a precursor in

penicillin) and azo dyes 12-15. Oxidation reactions are
important in the synthesis of organic compounds as they
create new functional groups or modify existing func-
tional groups in a molecule16-17. Various advanced oxi-
dation processes such as electrochemical18-20 ozonation
and H2O2/UV oxidation21-24 have been employed to re-
move aqueous paracetamol. The oxidation kinetics of
Paracetamol drug is important to understand the mecha-
nism of metabolic conversion of paracetamol in biologi-
cal systems and also to identify the reactive species of
the oxidant in aqueous acid/base. Till date the action of
paracetamol at a molecular level is not completely un-
derstood but could be related to production of reactive
metabolites by the peroxidase function of COX-2, which
could deplete glutathione, a cofactor of enzymes such

RNI No. MAHENG/2017/74063
ISSN No. (Print) 2581-5911
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as PGE synthase25 which has high therapeutic value.
The results of various studies are interpreted and con-
solidated. In recent years, platinum group metal ions
including Ru(III), Os(VIII), Ir(III), Rh(III), and Pd(II)
have been widely used as catalysts. Palladium (II) chlo-
ride is the most important salt in the catalytic chemistry
of palladium. Several authors have carried out studies
using Pd(II) because of the commercial importance of
reactions catalyzed by Pd(II). The kinetics for the oxi-
dation of ethylene by aqueous Pd (II) is an example26-

27. In this study the effect of chloride ion on the reaction
rate was studied in order to establish the active species
of the catalyst. Generally the mechanism of catalysis
depends on the nature of the substrate, the oxidant, and
other experimental conditions 28-29. In most of the cata-
lytic studies of organic transformations, the nature of
the active form of Pd(II) remain obscure. The kinetic
methods of analysis are highly sensitive, selective,
simple, accurate, and less expensive. In recent years,
several kinetic catalytic techniques have been reported
for the detection of biomolecules30-32. The present study
examines, in detail the kinetic and mechanistic aspects
of the Pd(II) catalyzed oxidation of paracetamol by
KBrO3 in acidic media with the following objectives in
mind:

(i) To ascertain the reactive species of the catalyst and
the oxidant.

(ii) To deduce the rate law consistent with the kinetic
results.

(iii) To identify the oxidation products.
(iv) To determine activation parameters.
(v) To elucidate the plausible reaction mechanism based

on the observed reacion rate law and stoichiometry.

Materials and Methods

Materials
Aqueous solutions of Paracetamol (CDH), potassium
bromate (S.D. Fine A.R.) and mercuric acetate (E.
Merck) were prepared by dissolving weighed amounts
of the samples in triple distilled water. Perchloric acid

(60% E. Merck) was used as a source of hydrogen ions.
Palladium (II) Chloride (Johnson Matthey) was prepared
by dissolving the sample in hydrochloric acid of known
strength. All other reagents of analytical grade were
used. Sodium perchlorate (E. Merck) was used to main-
tain the ionic strength of the medium. The reaction stills
were blackened from outside to prevent photochemical
effect.

Kinetic Procedure
A thermostated water bath was used to maintain the
desired temperature within ± 0.1°C. Calculated amounts
of the reactants i.e. paracetamol, perchloric acid, mer-
curic acetate, Pd (II) chloride, KCl and water, except
potassium bromate were taken in a reaction vessel which
was kept in a thermostatic water bath. After allowing
sufficient time to attain the temperature of the experi-
ment, requisite amount of potassium bromate solution,
also thermostated at the same temperature was rapidly
pipetted out and run into the reaction vessel. The total
volume of reaction mixture was 50 mL in each case.
Aliquots (5mL) of the reaction mixture were pipetted
out at regular intervals of time and transferred to a
conical flask containing 5 mL of 4% KI solution and
5 mL of dilute sulfuric acid. The liberated iodine equiva-
lent to unconsumed oxidant was estimated with stan-
dard sodium thiosulphate solution using starch as an
indicator. The rate of reaction (-dc/dt) was determined
from the slope of the tangent drawn at a fixed [BrO3

_]
in each kinetic run. The order of reaction with respect
to each reactant was calculated with the help of log
(-dc/dt) versus log concentration.

Determination of stoichiometry and product
analysis
Different sets of the reaction mixture containing
Paracetamol, Pd(II) chloride, and HClO4 with excess
KBrO3 were equilibrated for 72 h at 303 K. Estimation
of unconsumed KBrO3  in each set revealed that for the
oxidation of 1 mol of Paracetamol, 2 mols of KBrO3
were consumed. Accordingly, the stoichiometry equa-
tion may be expressed as-
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O

N
H

OH

Paracetamol

+ 2KBrO3

Pd(II)/H+
ON

HO
quinonoxime

+ CH3COOH

+ 2KBrO2
-

The reaction products were extracted with ether after
completion of the reaction (monitored by TLC). Evapo-
ration of the ether layer was followed by column chro-
matography on silica gel using gradient elution (from
dichloromethane to chloroform). After the initial sepa-
ration, the products were further purified by recrystalli-
zation. Acetic acid and quinine oxime were identified as
oxidation products of Paracetamol and KBrO2 was the
reduction product. The quinone oxime was identified by
its IR spectrum (1652 cm-1, C=O stretching; 1615 cm-1,
C=N stretching of oxime; 3332 cm-1, O-H stretching).
The identification was further confirmed by melting
point, 1310C (literature mp 1320C). Quinone oxime was
also analyzed via GC- MS (JEOL- JMS, Mate-MS sys-
tem, Japan. GC - MS results were confirmed by extrac-
tion of the reaction mixture with diethyl ether and by
concentrating the ether layer by a slow evaporation
procedure. Acetic acid was identified by the spot test.

Results and Discussion

The kinetic results were recorded at several initial con-
centrations of reactants (Table 1). First order rate con-

stant k1 i.e. 
dc
dt  were calculated from the plots of

unconsumed potassium bromate vs. time. The plots of
log (-dc/dt) versus log (oxidant) were linear indicating
first order dependence on KBrO3 (Fig-1). The first order
kinetics with respect to KBrO3 was also confirmed by
least squares method (Fig. 2). No effect on the rate was
observed on increasing the concentration of chloride
ion, indicating zero order (Table 1). Kinetic result ob-
tained by varying the concentration of [PA] indicated
fractional positive order with respect to Paracetamol,
which implies that rate of reaction increases when the
concentration of [PA] is increased (Table 1) (Fig.3). The
rate of reaction increased as the concentration of Palla-

dium (II) chloride was increased, It was observed that
the values of (-dc/dt) were doubled when the concentra-
tion of palladium(II) was doubled, showing first order
dependence on PdCl2 and first order dependence on
catalyst i.e. Pd(II) chloride (Table 1) (Fig.4). With in-
crease in the concentration of [H+], the value of reaction
rate decreased (Table 2). This showed negative effect of
[H+] on the rate of oxidation of paracetamol (Fig.5).
The rate measurements were taken at 300-450C and
specific rate constants were used to draw a plot of log
k vs. 1/T which was linear (Fig-6). The value of Energy
of Activation ( E*), Arrhenius factor (A), Entropy of
activation ( S*) and Free energy of activation ( G*)
were calculated from rate measurements at 300, 350,
400, 450C and these values have been recorded in Table-
3. Moderate H* and S* values are favourable for
electron transfer reaction. The value of H* was due to
energy of solution changes in the transition state. The
observed modest enthalpy of activation and a higher
rate constant for the slow step indicates that the oxida-
tion presumably occurs via an inner-sphere mechanism.
This conclusion is supported by earlier observations33.
The high positive values of change in free energy of
activation ( G*) indicates highly solvated transition state,
while fairly high negative values of change in entropy
of activation ( S*) suggest the formation of an acti-
vated complex with reduction in the degrees of freedom
of molecule34. The activation parameters evaluated for
the catalyzed and uncatalyzed reaction explain the cata-
lytic effect on the reaction. Negligible effect of mercu-
ric acetate excludes the possibility of its involvement
either as a catalyst or as an oxidant because it does not
help the reaction proceed in the absence of potassium
bromate. Hence the function of mercuric acetate is to
act as a scavenger for any Br¯ ion formed in the reac-
tion. It helps to eliminate the parallel oxidation by Br2
which would have been formed as a result of interaction
between Br– and bromate ion.

quinonoxime + 2KBrO2
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Table 1: Effect of variation of oxidant, substrate and catalyst on oxidation rate at 350C

Solution Conditions:
[HClO4] = 1.00 X 10-3 M, [KCl] = 1.00 X 10-3 M , [Hg(OAC)2] = 1.25 X 10-3 M

Fig. 1. Plot of rate of reaction (-dc/dt) vs [KBrO3] for the oxidation of paracetamol at 350C.  [HClO4] = 1.00 x 10–3M,
[KCl] = 1.00 x 10–3 M, [Hg(OAc)2] = 1.25 x 10–3 M, Paracetamol [PAM] = 1.00 x 10–2 M, Pd(II) Chloride = 11.2 x 10–5 M

[Oxidant] x 103M 
(Potassium bromate) 

[Substrate]x 102M 
(Paracetamol) 

[Pd(II)] x 105M (-dc/dt)x107ML-1s-1 

0.83 1.00 11.2   1.92 
1.00 1.00 11.2 2.60 
1.25 1.00 11.2 2.82 
1.67 1.00 11.2 3.81 
2.50 1.00 11.2 5.32 
5.00 1.00 11.2 10.60 
1.00 0.40 11.2 1.32 
1.00 0.50 11.2 1.60 
1.00 0.66 11.2 2.10 
1.00 1.00 11.2 2.60 
1.00 2.00 11.2 4.25 
1.00 4.00 11.2 6.20 
1.00 1.00 5.60 1.33 
1.00 1.00 11.2 2.60 
1.00 1.00 16.8 4.60 
1.00 1.00 22.4 5.18 
1.00 1.00 33.6 8.35 
1.00 1.00 44.8 10.21 
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Table 2: Effect of Perchloric acid, Potassium chloride and Mercuric acetate on oxidation rate at 350C

Solution Conditions:
Oxidant (KBrO3) = 1.00 X 10-3

 M, Paracetamol (PA) = 1.00 X 10-2 M,
Pd (II) Chloride = 11.2 X 10-5 M

Fig. 2. Plot of rate of reaction (a+bx) vs [KBrO3] for the oxidation of paracetamol at 350C. [HClO4] = 1.00 X 10–3 M,
[KCl] = 1.00 X 10–3 M, [Hg(OAc)2] = 1.25 X 10–3M, Paracetamol [PA] = 1.00 x 10–2 M, Pd(II) = 11.2 x 10–5 M

[HClO4 ]x 103 M [KCl] x 103 M [Hg(OAc)2] x 103 M (-dc/dt)x107ML-1s-1 
0.83 1.00 1.25   3.12 
1.00 1.00 1.25 2.60 
1.25 1.00 1.25 2.41 
1.67 1.00 1.25 2.00 
2.50 1.00 1.25 1.22 
5.00 1.00 1.25 0.82 
1.00 0.83 1.25 2.23 
1.00 1.00 1.25 2.60 
1.00 1.25 1.25 2.00 
1.00 1.67 1.25 2.81 
1.00 2.50 1.25 2.52 
1.00 5.00 1.00 2.42 
1.00 1.00 0.83 2.21 
1.00 1.00 1.00 2.60 
1.00 1.00 1.25 2.60 
1.00 1.00 1.67 3.00 
1.00 1.00 2.50 2.42 
1.00 1.00 5.00 2.51 



Page | 121
........................................................................................................................................................................................

........................................................................................................................................................................................

A  mechanistic investigation of Pd (II) catalyzed oxidation of paracetamol by potassium bromate
(KBrO3) in presence of HClO4 acid medium: A kinetic model

Vol. 1 Issue 2  January - June 2018  G P Globalize Research Journal of Chemistry

Table 3: Activation parameters of Pd(II) chloride catalyzed oxidation of Paracetamol by KBrO3 at 350C

Parameter Temperature(T0C) Paracetamol(-dc/dt) x 107 
k1 

 300 1.55 
k1  350 2.60 
k1  400 3.18 
k1  450 5.18 

log A ... 10.80 
 Ea*  (k J mol-1) 350 60.98 

 G* (k J mol-1) 350 74.63 
 H * (k J mol-1) 350 71.45 
 S*  ( JK-1mol-1) 350 -10.03 

Solution Conditions: Pd(II) = 11.2 x 10-5 M, [KBrO3] = 1.00 x 10-3 M,
Paracetamol = 1.00 x 10-2 M, [Hg(OAc)2] = 1.25 x 10-3 M,
[HClO4] = 1.00 x 10-3 M, [KCl] = 1.00 x 10-3 M,

Fig. 3. Plot of rate of reaction (-dc/dt) vs [PA] on the reaction rate at 350C.
[HClO4] = 1.00 X 10–3M, [KCl] = 1.00 X 10–3 M, [Hg(OAc)2] = 1.25 X 10–3 M,

 [KBrO3)] = 1.00 X 10–3 M, [Pd(II)] = 11.2 X 10–5 M
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Fig. 4. Plot of rate of reaction (-dc/dt) vs [Pd(II)] on the reaction rate at 350C.
[HClO4] = 1.00 X 10 3M, [KCl] = 1.00 X 10–3 M, [Hg(OAc)2] = 1.25 X 10–3 M, [KBrO3] = 1.00 X 10–3 M ,

[Substrate(PA)] = 1.00 X 10–2 M

Fig. 5. Plot of rate of reaction (-dc/dt) vs [HClO4] for the oxidation of paracetamol at 350C. [Pd(II) Chloride] =
11.2 X 10–5 M, [KCl] = 1.00 X 10–3 M, [Hg(OAc)2] = 1.25 X 10–3 M, [Oxidant (KBrO3)] = 1.00 X 10–3 M,

[Substrate(PA)] = 1.00 X 10–2 M
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Fig. 6. Arrhenius plot for the effect of temperature on the
oxidation of paracetamol

[Pd(II) Chloride]=11.2 x 10–5 M, [KCl]=1.00 x10–3 M,
[Hg(OAc)2]=1.25 x 10–3 M
[Oxidant (KBrO3)]=1.00 x 10–3 M,
[Substrate(PA)]=1.00X10–2 M, [HClO4]=1.00 X10–3 M

Mechanism and derivation of rate law: In alkaline
and acidic medium, potassium bromate is ionised:

KBrO3    K+ + BrO3
—

The BrO3
— species has been reported to act as an

oxidising agent in acidic as well as in alkaline medium.
Pd (II) chloride has been reported to give a number of
possible chloro species dependent on pH of the solu-
tion. The kinetic results have been reported in Tables 1,
2 and 3.

 PdCl2 PdCl++ Cl-

HBrO3
- k1 BrO3

- + H+

BrO3
- +

O

N
H

OH

Paracetamol

k2

HNC

O

H3C O

Br O

O

OH
C2 +

k3

HNC

O

H3C O-

Br O

O

OHHNC

O

H3C O-

Br O

O

OH

PdCl+

C3

C3 + 2H20
K

Fast
BrO2

- + OH NH OH + CH3COOH
+ PdCl+

PdCl+
slow

C2

C1

k-1

k-2
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OH NH OH
BrO3

-

Pd(II)/H+ O N

O

+ H+

ON

HO
Quinoneoxime

H

Considering the fact that 1 mole of paracetamol is oxidised by 2 mole of bromate and applying the steady state
treatment, with reasonable approximation, the rate law may be written as,

On the basis of above step, Equations 2 to 5 can be obtained as follows:

At any time during the reaction, the total concentration of HBrO3 that is [HBrO3]T can be expressed as-

Substitution of [C1] [C2] and [C3] in Equation 3, gives Equation 4.

Substituting the value of [HBrO3] in Equation 2 we get

3
3

-d [Br ]rate (R) = 2k[C ] (1)O
dt

1 2 3 3
]

[ ( )][ ][ ] (2)2rate (R) = 
[

K K Pd II PA HBrOkK
H

[ ] [ ] [ ] [ ] [ ] (3)3 3 1 2 3HBrO HBrO C C CT

3
3

1 1 2 1 2 3

[ ][ ] (4)
[ ] K K K [PA]+K K K [ ( )][ ]

THBrOHBrO
H Pd II PA

2k K K K [ ( )][ ][ ]1 2 3 3rate (R) (5)
[ ] K K K [PA]+K K K [ ( )][ ]1 1 2 1 2 3

rPd II PA HB O T
H Pd II PA

Conclusions

Oxidation of paracetamol by KBrO3 does not proceed
in the absence of catalyst, but becomes facile in the
presence of Pd(II) catalyst. The reactive species of oxi-
dant and catalyst have been identified. Oxidation prod-
ucts were identified and activation parameters were

evaluated. The observed results have been explained by
a plausible mechanism and the related law has been
deduced. Therefore, it can be concluded that Pd(II) acts
as an efficient catalyst for the oxidation of paracetamol.
In the present study, a kinetic and mechanistic investi-
gation of Pd(II) catalyzed oxidation of paracetamol by
potassium bromate (KBrO3) in presence of HClO4 acid
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medium has been done and the following conclusions
drawn:

[PdCl]+ is the reactive species of Pd(II) in acidic
medium.
 HBrO3 is the reactive species of potassium bro-
mate in acidic medium.
The stoichiometry of the reaction was found to be
2:1 and the oxidation products of Paracetamol were
identified.
Activation parameters were computed from the
Arrhenius plots.
The observed results have been explained by a plau-
sible mechanism and the related rate law has been
derived.
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Abstract
Nucleotide-bonded zwitterionic stationary phases were prepared via a two-step covalent modification.
3-glycidyloxypropyltrimethoxysilane (GPTMS) was first attached to dry silica gel (5 m) in anhydrous toluene
solvent and the mixture was heated at 110! for 18 h. After that, cytidine5’-monophosphate and adenosine5’-mono-
phosphate were reacted to the glycidyl-bonded silica through epoxy-ring opening reaction under various conditions.
The resulting nucleotide-bonded silica gels were then packed into 0.32 mm fused-silica tubes (10 cm in length) and
the columns were evaluated for the separation of inorganic ions and polar compounds using a UV detector under
ion-exchange and HILIC modes, respectively. The results showed that both cytidine- and adenosine-bonded columns
could separate mono- and divalent cations, respectively, using indirect UV detection with copper sulfate used as the
eluent. Adenosine-bonded column was found to have longer retention for organic acids under HILIC mode, and it
was assumed that the distance between the phosphate and secondary amine groups in the structure plays an
important role in the separation of these polar compounds.

Keywords: Zwitterionic stationary phases, Nucleotide-bonded column, Inorganic ions, Indirect UV detection, HILIC
mode, Polar compounds

Introduction

Miniaturization of chromatographic systems has attracted
much attention since the 1970s1 and the development of
capillary-based separation systems has grown tremen-
dously especially after the invention of fused-silica
capillaries.2 With the increasing concern of environmen-
tally friendly analysis, capillary systems do not only
reduce the amount of solvents, reagents and packing
materials used, but we can also expect ultra-high sen-
sitive and selective analysis of the most complex samples

when it is directly connected to a mass spectrometer
(MS) or a tandem MS/MS detection unit. Capillary
columns also make the development of novel stationary
phases so much easier and more importantly, afford-
able.3-7

Since ion chromatography was introduced in 1975, even
though many types of stationary phases have been de-
veloped, ion-exchange chromatography still remains as
the most common and widely used separation method
especially for the separation of inorganic anions and
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cations, and recently it has also been proven to be ex-
tremely useful for the separation of amino acids, as can
be seen from the number of papers published in recent
years.8 Among these stationary phases, zwitterionic sta-
tionary phases, which contain both positive and nega-
tive charges, attract much attention due to their ability
for higher efficient separations (caused by the shorter
diffusion paths provided by the existence of oppositely
charged layers on the surface) and wide range of selec-
tivity (by using fixed concentrations of ligands and
varying pH and ionic strength of mobile phases).9 How-
ever, performing simultaneous separation of both an-
ions and cations with high efficiency still remains a
challenging task.

In this study, nucleotide-bonded zwitterionic stationary
phases were prepared via a two-step covalent modifica-
tion. Nucleotides are generally recognized as monomers
or subunits of deoxyribonucleic acid (DNA) as well as
ribonucleic acid (RNA), and they contain at least a
nucleoside (which is a nitrogenous base) and a phos-
phate group. Therefore, under certain eluent conditions,
nucleotides could be charged positively and/or nega-
tively; and this characteristic favors their application in
both ion-exchange and hydrophilic interaction chromato-
graphic separations. Cytidine5’-monophosphate and
adenosine5’-monophosphate were chosen in this study
and their chemical structures are shown in Fig. 1.

Fig. 1. Chemical structures of the nucleotides used in this study

Materials and Methods

Reagents and materials
Reagents employed were of guaranteed reagent grade
and were obtained from Nacalai Tesque (Kyoto, Japan),
unless otherwise stated. Sulfuric acid, N,N-dimethyl-
formamide (DMF), tetrahydrofuran (THF), dimethyl
sulfoxide (DMSO), sodium iodate, potassium sulfate,
phenol, salicylic acid, adenine and thymine were pur-
chased from Wako Pure Chemical Industries (Osaka,
Japan), while Copper(II) sulfate pentahydrate was sup-
plied by Yoneyama Yakuhin Kogyo (Osaka). Cytidine5’-
monophosphate and 3-glycidyloxypropyltrimethoxysilane
(GPTMS) were obtained from Tokyo Chemical Indus-
try (Tokyo, Japan), whereas methanol, acetonitrile (ACN)

and adenosine5’-monophosphate were obtained from
Kanto Chemical, Tokyo, Japan. Ultrapure water was
produced in the laboratory by using a Simplicity UV
water purification system (Millipore, Molsheim, France),
and all solutions used in this study were prepared using
this ultrapure water.

The stationary phase materials employed were silica gels
with average particle diameter and mean pore diameter
of 5 ìm and 12 nm, respectively (Chemical Evaluation
and Research Institute, Tokyo, Japan). The silica gels
were dried at 120°C for 5 h before use. Toluene was
dried in laboratory using molecular sieves 3A (1/16"
pellets) for overnight (approx. 12 h), and stainless-steel
tubing with 100 x 4.6 mm I.D. was used as the reaction
vessel.
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Apparatus
The capillary LC system used in this study was con-
structed by an L.TEX-8301 Micro Feeder (L.TEX cor-
poration, Tokyo, Japan) equipped with an MS-GAN050
gas-tight syringe (0.5 mL, Ito, Fuji, Japan) as a micro
pump, an M-435 micro valve injector (Upchurch Scien-
tific, Oak Harbor, WA, USA) with an injection volume
of 0.15 µL, a 100 mm x 0.32 mm I.D. microcolumn and
a UV-2070 detector (JASCO, Tokyo, Japan). A capil-
lary flow cell (75 µm; JASCO) was attached to the UV
detector. All data was acquired using CDS-Lite ver5.0
data processor (LAsoft, Nagareyama, Chiba, Japan).
Elemental analysis of the stationary phases was carried
out by using a JM10 Micro Corder (J-Science Lab,
Kyoto, Japan). A model 5220 centrifuge (Kubota, To-
kyo, Japan) was used for washing the reaction products.

Preparation of stationary phases
The nucleotide-bonded stationary phases were prepared
similar to those in our previous work with some modi-
fications of each reaction step and the second reaction
solvent was optimized in this study.10-11 The dried po-
rous silica gel was firstly reacted to GPTMS using dried
toluene as the solvent and the reaction was carried out
at 110°C for 18 h in the reaction vessel. The vessel was
sometimes shaken manually during the reaction. After
that, the GPTMS-bonded silica gel was washed with
methanol and then dried at 75°C for 6 h. Cytidine5’-
monophosphate and adenosine5’-monophosphate were
reacted to the silica gel through epoxy-ring opening
reaction under different solvents. Fig. 2 shows the se-
ries of the expected reactions when cytidine5’-mono-
phosphate was used.

Results and Discussion

Elemental analysis
In order to optimize the amount of nucleotides bonded
on the silica gel stationary phase, various reaction sol-
vents such as toluene, DMF, DMSO, THF and ACN
were used at different temperatures with the reaction
time kept constant at 24 h. As can be seen from Tables
1 and 2, DMF as reaction solvent and reaction tempera-

ture 120°C were found to be the most suitable condition
for bonding the nucleotides, i.e. with cytidine and ad-
enosine contents calculated were 0.23 and 0.10 mmol/
g, respectively.

Separation of anions
Figures 3 and 4 showed the separation of anions on
cytidine- and adenosine-bonded stationary phases, re-
spectively. As can be seen from the chromatograms,
cytidine-bonded stationary phase did not have any re-
tention on the analyte anions while adenosine-bonded
stationary phase showed slight retention for the analytes.

Separation of cations
Figures 5 and 6 showed the separation of cations on
cytidine- and adenosine-bonded stationary phases, re-
spectively. As can be seen from the chromatograms, all
monovalent and divalent cations were eluted as indi-
vidual groups; and the resulted stationary phases did
not have enough separation selectivity for each of the
individual monovalent or divalent cations.

Under neutral eluent condition, i.e. when 1 mM
BETMAC was used, however, the separation selectivity
of the adenosine-bonded stationary phase was improved,
and the separation profile is shown in Fig. 7. This dras-
tic change in the retention of these cations, especially
the sharp magnesium and calcium ions with base-line
separation resolution, could be due to the less ionic
repulsion caused by the eluent cations on the surface of
the stationary phases.

Separation of organic acids
Figures 8 and 9 showed the separation of organic acids
on cytidine- and adenosine-bonded stationary phases,
respectively. As can be seen from the chromatograms,
both stationary phases showed fairly good retention and
separation efficiency for the analytes. The retention of
organic acids increased with increasing ACN concen-
tration, showing both stationary phases could be oper-
ated under typical HILIC conditions.
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Fig. 2. Scheme for the expected reactions

,
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Fig. 3. Separation of anions on cytidine-bonded stationary
phase

Column: Cytidine-bonded silica, 100 x 0.32 mm I.D.; Eluent: 10 mM
NaCl + 1 mM HCl + 3% ACN; Sample: I-, NO3

-, IO3
-, 0.5 mM each;

Flow-rate: 4.0 L/min; Wavelength of UV detection: 210 nm.
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Fig. 4. Separation of anions on adenosine-bonded stationary
phase

Column: Cytidine-bonded silica, 100 x 0.32 mm I.D.; Eluent:
10 mM NaCl + 1 mM HCl + 3% ACN; Sample: I-, NO3

-, IO3
-

, 0.5 mM each; Flow-rate: 2.0 L/min; Wavelength of UV de-
tection: 210 nm
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Fig. 5. Separation of cations on cytidine-bonded stationary
phase
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Fig. 6. Separation of cations on adenosine-bonded station-
ary phase

Column: Cytidine-bonded silica, 100 x 0.32 mm I.D.; Eluent: 1
mM CuSO4; Sample: Na+, K+, NH4

+, Mg2+, Ca2+, 0.5 mM each;
Flow-rate: 4.0 L/min; Wavelength of UV detection: 210 nm

Column: Adenosine-bonded silica, 100 x 0.32 mm I.D.; Eluent:
1 mM CuSO4; Sample: Na+, K+, NH4

+, Mg2+, Ca2+, 0.5 mM
each; Flow-rate: 4.0 L/min; Wavelength of UV detection: 210
nm
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Fig. 8. Separation of organic acids on cytidine-bonded
stationary phase
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Fig. 9. Separation of organic acids on adenosine-bonded
stationary phase

Conclusions

Cytidine- and adenosine-boned bonded stationary phases
were prepared via epoxy-ring opening reaction under
various conditions. The resulting nucleotide-bonded
silica gels were then packed into 0.32 mm fused-silica
tubes (10 cm in length) and the columns were evaluated
for the separation of inorganic ions (3 anions and 5
cations) and polar compounds (4 organic acids) using a
UV detector under ion-exchange and HILIC modes,
respectively. The results showed that both cytidine- and
adenosine-bonded columns could separate mono- and
divalent cations, respectively, using indirect UV detec-
tion with Copper sulfate used as the eluent. Adenosine-
bonded column was found to have longer retention for
organic acids under HILIC mode, and it was assumed
that the distance between the phosphate and secondary
amine groups in the structure plays an important role in
the separation of these polar compounds.

Column: Adenosine-bonded silica, 100 x 0.32 mm I.D.; Eluent: 1 
mM BETMAC; Sample: ᵑNa+, ᵒK+, ᵓNH4+, ᵔMg2+, ᵕCa2+, 
0.5 mM  each; Flow-rate: 4.0 ɛL/min; Wavelength of UV 
detection: 210 nm. 

Column: Cytidine-bonded silica, 100 x 0.32 mm I.D.; Eluent:
ACN:10 mM ammonium acetate, ratio as indicated; Sample:
1=phenol, 2=salicylic acid, 3=benzoic acid, 4=phthalic acid, 1
mM each; Flow-rate: 2.0 L/min; Wavelength of UV detection:
254 nm.

Column: Adenosine-bonded silica, 100 x 0.32 mm I.D.; Eluent:
ACN:10 mM ammonium acetate, ratio as indicated; Sample:
1=phenol, 2=salicylic acid, 3=benzoic acid, 4=phthalic acid, 1
mM each; Flow-rate: 4.0 L/min; Wavelength of UV detection:
254 nm.
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Table 1 Elemental analysis of cytidine-bonded-silica gels under various conditions.

Table 2 Elemental analysis of adenosine -bonded-silica gels under various conditions
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Abstract
It is a very common belief that soaking in hot springs which are rich in sulphur content can cure some of the skin
diseases.While we are not interested in learning the medical benefits of soaking in hot spring water, we are interested
in studying the ionic content of the hotspring water.

This study focuses on the ion chromatographic analysis of Hot spring water to establish the current levels of anions
and cations in hot springs of Vajreshwari town. As per our knowledge, this is the first time such a detailed study
has been conducted using Ion chromatographic technique and reported.

In this study we propose two methods for identifying the origin of the stream of hot spring waters. Method 1 is by
determining the ratio of monovalent cations to  divalent cations  and Method 2 is by calculating the ratio of Chloride
to Sulphate ions present . Preliminary data shows that ratios calculated by both the methods (Method 1 and Method
2) are promising, but this has to be supported withfurther studies.

Keywords: Vajreshwari town, Akloli,Ganeshpuri, Hot springs, Ion Chromatography, Anions, Cations

Introduction

The beautiful town of Vajreshwari is an Indian tourist
place mainly because of Vajreshwaridevi temple. The
town is also called as Vadvali and Vajrayogini. Volcanic
eruptions in Vajreshwari are the reason for such hot
springs. Another spot of interest for travellers in the city
is the shrine of Swami Nityananda and his samadhi
located at Ganeshpuri nearly 2 km away from
Vajreshwaridevi temple.

A hot water spring or a hydrothermal spring is a place
where warm or hot groundwater comes out from the
earth on a regular basis for at least a predictable part of

the year and is significantly above the ambient ground
temperature. Based on the geographical site and loca-
tion, the heated water can hold more dissolved solids
and especially a very high mineral content, containing
everything from simple calcium to lithium, and even
radium.1

It cannot be assumed that all spring water is pure, since
many naturally occurring minerals are harmful or even
dangerous to human andanimal health. A number of
studies have found that the geothermal water may con-
tain toxic elements such as arsenic and mercury, radio-
active elements and pathogenic organisms such as the
meningitis-causing Naeglerias fowleri.2
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The purpose of this paper is to establish the current
status of anions and cations in the Hot springs of
Vajreshwari town in Maharashtra, India using Ion Chro-
matography.

Materials and Methods

Study area
Hot spring water samples were collected from different
sites of Vajreshwari region (19.29°12.52" N, 73.01°
34.26" E), Maharashtra, India.Vajreshwari is at the foot
of Mandakini Mountain, which was formed out of a
volcanic eruption and it is this proximity that accounts
for  many hot springs in this region. It is reported that
there are around twentyone hot water springs, just within
a five kilometre radius of the temple.3

Vajreshwari is situated 80 km (2 hours) north of Bombay.
It is 31 km away from the nearest railway station of
Vasai. There are state transport buses running frequently
from Vasai Road to Vajreshwari.

The climate is tropical in Vasai. In winter, there is very
less rainfall in Vasai than in summer. This climate is
considered to be Aw according to the Köppen-Geiger
climate classification. The average annual temperature
in Vasai is 26.7°C. The rainfall here averages 2317 mm.
The driest month is January with 0 mm precipitation.
With an average of 870 mm, the maximum precipitation
occurs in July. With an average of 29.8°C, May is the
warmest month. January has the lowest average tem-
perature of the year (23.5°C). During the year, the av-
erage temperatures vary by 6.7°C.4

Fig.1. The study area (Image source: Google Earth)
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Sampling strategy
Water samples were collected in December 2015. Water
samples were collected in a high density polyethylene
bottles previously washed with soap solution and rinsed
with De-ionised water. Grab method of collection was
used to collect water samples. The samples were kept in
refrigerator at -4°C until analysis.

Sampling sites

Akloli: The hot springs at Akloli are located on the left
bank of Tansa river. Ten hot springs are aligned along
N10°W-S10°E and N55°W-S55°E.

A concrete well called “kund” is constructed at each hot
spring site.  Sampling was carried out in polythene bottles
in seven kunds and one flowing stream and labelled as
Station 1 to Station 9.Temperature of each sample was
measured.

Ganeshpuri: Sampling was done at Garamkund situ-
ated near Nityanand Ashram and labelled as Station-10.

The samples collected from different stations with their
names are presented in Table 1.

Experimental
The Ion Chromatograph used was Metrohm 850 Profes-
sional IC (Switzerland), equipped with Metrohm Sup-
pressor Module (MSM) and conductivity detector.
Sample injection was done manually. The injection loop
has a capacity of 20 µL. The anion exchange column

focused on   Fluoride (F-), Chloride (Cl-), Nitrite (NO2),
Bromide (Br-), Nitrate (NO3

-), Phosphate (PO4
3-), Sul-

phate (SO4
2-) and Iodide (I-) and the cation exchange

column focused on Lithium (Li+), Sodium (Na+), Am-
monium (NH4

+), Potassium (K+), Calcium (Ca2+) and
Magnesium (Mg2+). The anionic and cationic columns
are useable over a pH range of 3-12 and 2-7 respec-
tively. Table 2 shows the method parameters for anion
and cation analysis.

Table 2. Anion and Cation Method parameters

Anion Method Parameters
Column : Metrosep A supp5 150/4.0
Oven Temp. : 27°C
Mobile Phase : 3.2 mmol carbonate and 1 mmol

bicarbonate
Flow rate : 0.7 mL/min
Injection Volume : 20 µl

Cation Method Parameters
Column : Metrosep C4 150/4.0
Oven Temp.\ : 27°C
Mobile Phase : 1.7 mmol nitric acid and 0.7 mmol

Dipicolinic acid
Flow rate : 0.9 mL/min
Injection volume : 20 µl

Standard Preparation

1. Anions
1000 ppm stock solutions of F-, Cl-, NO2

-,Br-, NO3
-,

PO4
3, SO4

2 and I- were prepared separately.  Three stan-
dard calibration levels viz. level-I (1 ppm), level- II (5
ppm) and level- III (10 ppm)were prepared by serial
dilutions of individual stock solutions.

2. Cations
1000 ppm stock solutions of Na+, NH4

+, K+, Ca2+, Mg2+

and Li+ were prepared separately. Three standard cali-
bration levels viz. level-I (1 ppm), level- II (5 ppm) and
level- III (10 ppm) were prepared by serial dilutions of
individual stock solutions.

Station Name 
S-1 Shiv Kund 
S-2 Surya Kund 
S-3 Subhash Kund 
S-4 Hot spring water stream near  

Chandra Kund 
S-5 Chandra Kund 
S-7 Seeta Kund 
S-8 Ram Kund 
S-9 Lakshman Kund 
S-10 GaramKund - Ganeshpuri 
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Figure 2a and 2b represent typical chromatograms of calibration standard level-III for Anions and Cations.
Fig. 2a represents Standard chromatogram of anion calibration level-III (10 ppm).

Fig. 2a. Standard chromatogram of anion calibration level-III (10 ppm)

Fig. 2b. Standard chromatogram of cation calibration level-III (10 ppm)

Table 3a and 3b represents the Relative standard deviation and Correlation of anion and cation standard determi-
nations.

Anions 

Parameter Fluoride  Chloride  Nitrite  Bromide  Nitrate  Phosphate  Sulphate  
Iodide 

RSD % 13.346 9.104 0.194 0.718 0.325 7.638 6.194 2.274 

Correlation 0.9915 0.9962 0.9999 0.9999 0.9999 0.9958 0.9980 0.9997 

Cations 

Parameter Lithium Sodium Ammonium Potassium Calcium Magnesium 

RSD % 6.112 4.421 1.106 0.160 1.046 2.562 
Correlation 0.9975 0.9987 0.9999 0.9999 0.9999 0.9996 
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Sample Preparation

For Anions
The water sample was prepared by performing 10-fold
dilution for first two samples and 20-fold dilution for
remaining samples.

For Cations
For cation analysis 10 fold dilution was performed for
all samples.

All cation and anion samples were further filtered using
0.2µm syringe filter before injecting into IC.

Results and Discussion

The temperature recorded for nine water samples were
in between 42 to 60oC, the highest being at station 10.
pH was in between 7.15 to 8.70.Conductivity was in the
range of 1.028 to 1.640 mS cm-1. The values for tem-
perature, pH and conductivity are presented in Table 4a.
The amount of anions and cations are represented in
Tables 4b and 4c respectively.

All the water samples are highly mineralized chloride-
sulphate waters.

Through this study we have compared the ionic compo-
sition of hot spring water from Akloli and Ganeshpuri
regions in Vajreshwari town.

Table 4a: pH, temperature and electrical conductivity of water samples

Station pH Temperature       
(oC) 

Electrical Conductivity (mS cm-1) at Room 
temperature ( 250C ) 

Station 1 7.80 46 1.572 
Station 2 8.54 50 1.611 
Station 3 7.48 50 1.551 
Station 4 8.60 58 1.546 
Station 5 7.18 50 1.593 
Station 7 7.15 42 1.640 
Station 8 7.35 44 1.610 
Station 9 7.31 46 1.596 
Station 10 8.70 60 1.028 

The conductivity of  station 10 water  is substantially low as compared to that of the waters from  Stations 1 to 9.

Table 4b: Concentration in ppm of anions in water samples from the study area

Sample Fluoride Chloride Nitrite Bromide Nitrate Phosphate Sulphate Iodide 
*Station 1 1.3 495.0 ND 0.8 0.2 ND 37.7 ND 
Station 2 2.3 1703.4 ND 2.8 0.1 ND 126.6 ND 
Station 3 3.0 1515.3 ND 2.8 0.1 ND 129.8 ND 
Station 4 2.5 1958.7 ND 3.3 1.4 ND 160.5 ND 

*Station 5 0.6 180.0 ND 0.3 0.1 ND 21.0 ND 
Station 7 0.1 1689.1 ND 2.5 0.5 ND 146.9 ND 
Station 8 1.9 1586.4 ND 2.4 0.3 ND 138.9 ND 
Station 9 2.0 1629.6 ND 2.5 ND ND 142.4 ND 

Station 10 2.6 1024.2 ND 2.4 0.3 ND 146.4 ND 
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Table 4c. Concentration in ppm of cations in water samples from the study area

Sample Lithium Sodium Ammonium Potassium Calcium Magnesium 
Staion 1 0.04 496.3 3.2 10.9 371.5 0.8 
Station 2 0.04 474.2 3.7 10.8 348.5 1.4 
Station 3 0.03 396.0 3.4 8.6 316.7 0.4 
Station 4 0.05 436.9 3.3 8.9 326.2 0.5 
Station 5 0.05 447.5 4.6 10.5 331.3 1.0 
Station 7 0.05 486.9 6.8 11.7 366.7 1.0 
Station 8 0.05 448.3 6.4 10.0 337.9 0.8 
Station 9 0.03 228.3 6.1 5.1 187.0 0.7 
Station 10 0.05 343.1 4.1 7.0 152.8 1.8 

*Note – Anion content of Station -1 and Station-5 showed unexpectedly low values which could be due to manual error
during analysis. This was confirmed by comparing the cation content of the same samples which are comparable to that
of other samples. Anion values of Station-1 and Station-5 have been neglected in all the other comparisons.

Chloride content is rather high, ranging from 1024 ppm
in Station-10 to 1959 ppm in Station-4. Sulphate con-
tent varies from 126.6 ppm in Station-1 to 161 ppm in
Station-4. Sodium content varies from 228 ppm in Sta-
tion-9 to 496 ppm in Station- 1, Calcium content varies
from 152.8 ppm to 372 ppm, Potassium from 5 ppm to
11.7 ppm and Fluoride content varies from 0.1 ppm to
3 ppm. The thermal water contains high chloride con-
tent with appreciable amount of sulphate. The thermal
springs in West Coast have high salinity as compared to
ground water (Misissaleet al, 2000). High chloride con-
tent may suggest direct access to geothermal fluid res-
ervoir or mixing of seawater with thermal water5.

Table 4a and 4b shows the cation and anion composi-
tion of the study area and the corresponding chromato-
grams are given in Figures 3a and 3b. The result showed
that Hot spring water is dominated by Sodium (Na+)
and Calcium(Ca2+)ions. The trend observed was Na+>
Ca2+>K+>NH4+>Mg2+> Li+.Anions follows the trend Cl-

>SO4
2->Br-> F->NO3

-. Nitrite, Phosphate and Iodide were
not detected.

Chloride ions(Cl-) have a large migratory ability in
connection with the very high solubility of chloride salts
of sodium, magnesium and calcium. Their presence in
water is naturally associated with the processes of leach-
ing from minerals (e.g. gallite, sylvite, carnallite,
bischofite), from rocks (e.g. nephelines), and from sa-
line deposits. The main source of sulfate inwater is

various sedimentary rocks which include gypsum and
anhydride. Water enrichment by sulfates takes place both
by the process of oxidation of sulfide, which is abun-
dant in the Earth’s crust and oxidation of hydrogen sul-
fide which is created during volcanic eruption and is
present in atmospheric precipitation.

To show the distinction between the Akloli region hot
spring water and Ganeshpuri region hot spring water,
ratio of total monovalent cations (A+) to divalent cat-
ions (B++) and ratio of Cl- to SO4

2- was calculated as
given below:

Table 4a shows that the conductivity of Ganeshpuri
region water (station 10)  is substantially low as com-
pared to the waters from Akloli region (station 1 to 9)
Table 5a shows the ratio of monovalent cations to diva-
lent cations in the Akloli region hot spring water is low
as compared to Ganeshpuri region hot spring water .

Table 5b shows that there is large difference between
the Chloride to Sulphate ratio of Ganeshpuri hot spring
water as compared to Akloli region hot spring water.
The lower value of Chloride to Sulphate ratio in
Ganeshpuri region could be attributed to the mixing of
thermal water with marginal steam heated water or in-
teractions with sulphur bearing environment during water
rock reaction. Also, relatively  high SO4 content may be
attributed to oxidation of sulphur released in gaseous
activity and water rock interaction.6
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Fig. 3a and 3b. Chromatograms showing the presence of anions and cations respectively in Hot springs samples
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Table 5a: Ratio of total monovalent cations to divalent cations

Sample Total monovalent cations (A+) Total divalent cations (B++) Ratio (A+/B++) 
Station 1 510.44 372.30 1.37 
Station 2 488.74 349.90 1.40 
Station 3 408.03 317.10 1.29 
Station 4 449.15 326.70 1.37 
Station 5 462.65 332.30 1.39 
Station 7 505.45 367.70 1.37 
Station 8 464.75 338.70 1.37 
Station 9 239.53 187.70 1.28 
Station 10 354.25 154.60 2.29 

Table 5b: Cl-/SO4 Ratio

 Sample Chloride Sulphate Cl-/SO4 
Station 2 1703.4 126.6 13.5 
Station 3 1515.3 129.8 11.7 
Station 4 1958.7 160.5 12.2 
Station 7 1689.1 146.9 11.5 
Station 8 1586.4 138.9 11.4 
Station 9 1629.6 142.4 11.4 
Station 10 1024.2 146.4 7.0 

Conclusions

Common inorganic cations and anions in water samples
of Vajreshwari town collected at two locations Akloli and
Ganeshpuri were compared. The trends observed were
almost matching for both the regions except one or two
exceptions for bromide and fluoride contents.

The trend observed was Na+>Ca2+>K+>NH4+>
Mg2+>Li+.Anions follows the trend Cl->SO4

2->Br -> F-

>NO3
-. Nitrite, Phosphate and Iodide were not detected.

There is a drastic difference in Chloride to Sulphate ratio
and monovalent cation to divalent cation ratio in water
samples fromAkloli and Ganeshpuri regions. Both these
observations indicates that the source of the hot spring
stream in Akloli region is different from that in
Ganeshpuri region and may belong to a different fault
line or fracture in the earth. These findings may play very
important roles in indicating the origin and source of hot
spring waters and offers scope for further research.
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Abstract
Synthesis of mono and disubstituted pyrene derivatives of Calix[4]arene (MPCX4 and PCX4) was carried out. Its
complexation with lanthanides, transition metal ions and potassium was studied by fluorescence technique and found
to be selective towards specific metal ions. Among lanthanides, Eu+3 shows less quantum yield upon complexation
with both MPCX4 and PCX4. While Ni+2 gave more quenching with MPCX4Cu+2 gave more quenching with PCX4.
Ion-ion interaction and Van der waals interaction play important roles in binding. Quenching constants and quan-
tum yield of complexation have been calculated.

Keywords: pyrene, calixarene, metal ions, complexation quenching constants, quantum yield

Introduction

In current research, a potent activity is synthesis and
design of molecules with such functional groups which
can be used for sensing of specific ions. This
complexation has applications in various fields of
chemical, biological and environmental processes1.
Various techniques are available for sensing, among
them detection by fluorescence technique has been
widely used because of some distinct advantages in
terms of sensitivity, in-situ monitoring, discrimination,
response time etc.

However, macrocyclic ligands are good options for
molecular sensors because of their incredible selectivity
towards various metal ions. In this regard, calixarenes
are very attractive because modifications of calixarene
give rise to different derivatives with various functional
groups, which furnish a highly preorganized framework
for the accumulation of binding sites.

In this regard, calixarenes, which are macrocyclic
oligomers made up of phenol units linked by methylene
bridge are found to be very suitable because of their
capacity to bind variety of ions2. Calix[4]arenes are
most favoured because of their inflexible structures,
which make them suitable for complexation with metal
ions3. Complexation of metal ion can be carried out by
both upper and lower rims of calixarene. These
macrocycle show ion-selectivity which is directed by
various components such as binding sites, steric
hindrance, confirmation, size of the cavity and solvents
used in the complexation study.

It is interesting to note that fluorescent sensors are
constructed by attaching two aromatic fluorophores in
proximity so that they are close enough (within van der
Waals contact) to make –  stacking interaction
possible. Under such conditions, electronic excitation
of one ring can cause an enhanced interaction with its
neighbour, leading to excited-state dimer or excimer4.
To establish this category of fluoroionophore, molecular
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sensors including calix[4]arene derivatives (in cone and
1,3-alternate confirmation) as ionophore and two pyrene
moieties in close proximity as fluorophore were
constructed and their ion binding study carried out with
alkali and alkaline metals5.

The f-block elements have distinctive luminescent and
magnetic properties and are widely utilized in
luminescent imaging6, medical diagnostics7 and
biochemistry and structural biology8. Macrocyclic
ligands form complexes with Europium (III) and
Terbium (III) which have prospective advantages as
labels in bio affinity assays; these are depending on
time-resolved measurements of the metal luminescence
upon ligand excitation. Ungaro’s and Sabbatini’s group
have investigated 2,2’- bipyridine lariat calixcrown
macrocycles which form strongly luminescent Eu (III)
and Tb (III) and Gd (III) complexes9,10.

There is great interest in quantification of Cu2+ by using
selective and sensitive organically derivatized synthetic
receptors in the biological as well as in the environ-
mental media11. There are many calix[4] arene based
fluorescence sensors which have been outlined in
literature for Cu2+, but ratiometric ones are very
rare12-14.

Alkali and alkaline earth metal ions are identified by a
new category of hybrid molecules which have been
evolved by integrating crown ethers into calix[4]
arene15,16. Among different confirmations of the
calixarene, 1,3-  alternate conformers have been studied
as it is complexing agent for alkali-metal ions17.
Particularly for Na+ and K+, the calixarene containing
crown-5 and crown-6 cavity are found more suitable
for complexation 18.

We have elaborated in our previous study the effects of
length of spacer and adjacent electron withdrawing
group on fluorophore, and number of substitution on
ionophore by fluorophore. We have synthesized and
characterised monosubstituted pyrene derivative of
calix[4]arene (MPCX4) and disubstituted pyrene
derivative of calix[4]arene (PCX4) as shown in Figure
1. Complexation study of these ligands (MPCX4 and
PCX4) with lanthanides La+3, Eu+3, Tb+3, Dy+3, Nd+3and
transition metal ions Cu+2, Ni+2, Co+2, K+1  was carried
out by using fluorescence technique. Quenching constant
and quantum yield of complexation have been
calculated. Study of effect of length of spacer, electron
withdrawing group adjacent to fluorophore on quantum
yield was carried out.

O

OHOHO

O

O

Disubstituted pyrene
derivative of calix[4]arene

Mono substituted pyrene 
derivative of calix[4]arene

OHOH OOH

O

Fig. 1: Schematic representation of mono and di substituted pyrene derivative of calix[4]arene (MPCX4 and PCX4).

Mono substituted pyrene
derivative of calix[4]arene
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Materials and Methods

Synthesis and characterization of MPCX4 and PCX4
Synthesis of MPCX4 was carried out as per the
procedure given by Yukihiro Nishimura19. The compound
was characterized by 1H NMR, 13C NMR, and MALDI
spectral analysis. 1H NMR of MPCX4 is similar with
that reported in literature which is shown in Figure S1.
Figure S2 represents HR-MS spectra of MPCX4.

Synthesis of pyrene derivative of calix[4]arene (PCX4)
was carried out as per the reported procedure by Kalyani
et al 20a, 20b. Purity of PCX4 was checked by TLC and
melting point. PCX4 obtained was in partial cone
confirmation, which was proved by 1H NMR. It shows
two singlets and two pairs of doublet for aromatic proton
as well as one pair of doublet for bridging –CH2 as
reported by C. David Gutsch21, 22 splitting of singlet of
tertiary butyl group at 1.25 ppm proves partial cone
confirmation of PCX4.

1H-NMR (500Hz, CDCl3): 1.25 (singlet split ter. butyl
36H), 1.95 (m 4H), 2.4 (t 4H), 3.4 (t 4H), 4.06 (t, 8H),
7.4 -7.9 (two singlets and two pairs of doublet Ar-H
8H), 8.0-8.4 (m 8H Py), 9.5 (s 2H). (Figure S3)

13 C-NMR: 27, 33, 125,135,137,174. (Figure S4)

HR-MS Spectra (Acetonitrile): 1238, 1192, 1076, 975,
833,671. (Figure S5)

FT-IRí  max (KBr, cm-1): 3321, 2956, 1680, 1593, 1481,
842 cm-1. (Figure S6)

Measurement
UV-Vis absorption spectra were performed using Varian
Cary 3E spectrophotometer. Fluorescence spectra were
recorded on Shimadzu Spex Fluorolog 2 spectro-
fluorometer. Data were collected with 1 nm interval and
excitation slit width 2.5 nm and emission slit width 5
nm. All measurements were taken with stock solution
of MPCX4 (1 x 10-6 M) and PCX4 (1 x 10-6 M) dissolved
in acetonitrile and complexation titrations were carried
out with salt solution of Eu, Nd, La, Dy, Tb, Cu, K

(1 x 10-3 M) in Milli-Q. Florescence graph plotting and
curve fitting was done on Sigma plot 12 version.

Reagents and Materials
All metal salts were purchased from Sigma Aldrich with
98% purity. Acetonitrile was 99.8% pure (HPLC grade).
All reagents employed for the synthesis and purification
were of AR grade. Nitrate salts of all Lanthanides metal
ions and chloride salts of all transition metal ions were
used for complexation studies which were purchased
from Sigma Aldrich.

Results and Discussion

Fluorescence properties of Complex of lanthanides
(La+3, Eu+3, Tb+3, Dy+3, Nd+3) and metal ions (Cu+2,
Ni+2, Co+2, K+1 ) with MPCX4:
There are many pyrene derived calixarene used as
chemical sensors for various cations and anions (Cs+2,
Ag+2, Pb+2, Cu+2, In+2, F-)23. But pyrene derived calixarene
as sensor for lanthanides has been less studied. So we
tried to find out more a favourable structure of calixarene
to bind lanthanide ions.

The emission spectra of MPCX4 were recorded in
aqueous solution with addition of salt solution of metal
ions by using excitation wavelength of 340 nm. The
characteristic peaks for monomer emission at 385, 406
nm are observed which is shown in corresponding Figure
2. Titration of MPCX4 against M3+ and M2+ results in
a gradual quenching of the fluorescence emission at

=386 nm band. In order to find the selectivity of
MPCX4 towards metal ions, quenching constants of
complex were calculated in aqueous solution by using
Equation (1). The titration results suggest that the
MPCX4 shows dynamic quenching in presence of all
metal ions. However, the quenching constants of Nd+3

and Co+2 with MPCX4 are highest.

Figure 2 (a) represents the fluorescence spectra of
MPCX4 as a function of concentrations of nitrate salt
of Nd+3 in water at 25°C and Figure 2b represents curve
fitting for calculation of binding constant. Free MPCX4
gave monomer emission centred at approximately 385
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nm. Upon addition of M3+ in the solution, the
fluorescence peak at 385 nm showed decrease in
intensity. The monomer emission intensity decreased
when the concentration of M3+ was increased. These
results clearly indicate that there is structural change of
MPCX4 upon complex formation. The pyrene moiety
in a MPCX4 is quenched by Photoinduced Electron
Transfer from pyrene of MPCX4 to M3+ ion. Binding
may be because of ion-ion interaction between +vely
charged M+3 ion and  electron rich cavity of MPCX4
as well as partially –vely charged oxygen of lower rim
of calixarene. An expected structural change of MPCX4
before and after the addition of M3+ is represented in
Scheme 1. The plots of fluorescence intensity (I) at 385
nm of MPCX4 vs. concentrations of different
lanthanides, transition metal ions and alkali metal ions,
including La+3, Eu+3, Tb+3, Dy+3, Nd+3 Cu+2, Ni+2, Co+2,
K+1 are shown in (Figures S7a and S7b to S13a and
S13b). The intensity at 385 nm vs. concentration profile
of MPCX4 to M3+ is similar to that of other lanthanides
La+3, Eu+3, Tb+3, Dy+3, Nd+3. MPCX4 is specific towards
Eu+3 and Ni+2 while other metal ions cause no

where
constant for quenching, alfa = 0,
a = concentration of MPCX4,
b = concentration of Metal ion, and
p1 = fluorescence intensity before complexation,
p2 = fluorescence intensity of MPCX4 after
      complexation
K1 = Association constant (K1 = K).
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fluorescence or slight fluorescence change. Metal-ion
concentration dependence of the emission intensity with
Co+2 represented in Figure 3a and 3b which allowed us
to determine the association constant (K) by the non-
linear curve-fitting method by using following equation
and the data are listed in Table 1. For non linear curve
fitting Equation 1 is used as follows:

Fig. 2:  a) The changes in the fluorescence spectra of MPCX4 (1 × 10-6 M in H2O) upon addition of different concentra-
tions of Neodium Nitrate. ex = 340 nm. B) The binding curve for the respective MPCX4: Nd+3 systems.
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The order of K value for different metal ions with MPCX4 is Nd+3 > La+3> Dy+3 > Tb+3 > Eu+3 and in transition
metals Co+2 > Cu+2 > Ni+2, K+1. While in terms of quantum yield MPCX4 shows selectivity for Eu+3 and Ni+2. The
order of quantum yield in lanthanides is Eu+3> Tb+3> Nd+3> Dy+3> La+3 and in transition metals Ni+2> Cu+2 > Co+2.
Figure 4 represent the bar graph for all metal ions with reference to quantum yield. These results suggest that
MPCX4 is specific quenching for Eu+3 and Ni+2.
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Fig. 3:  A) The changes in the fluorescence spectra of MPCX4 (1 × 10-6 M in H2O) upon addition of different concentra-
tions of Cobalt Nitrate. ex = 340 nm. B) The binding curve for the respective MPCX4: Co+3 systems.

Table 1: The quenching constants and quantum yield for complex of MPCX4 and metal ions.

MPCX4 La+3 Nd+3 Eu+3 Tb+3 Dy+3 Co+2 Ni+2 Cu+2 K+1 

K/µM-1 0.0108 0.0175 0.001 0.004 0.0054 0.0112 0.0028 0.0033 0.0042 
 

ὲ0 4.4e+7 6.3e+7 1.4e+7 6.3e+7 4.7e+7 6.9e+7 1.0e+8 6.4e+7 4.9e+7 
 

ὲ1 3.6e+7 4.9e+7 8.1e+6 4.7e+7 3.8e+7 6.1e+7 4.0e+7 3.3e+7 3.9e+7 
 

ὲ1/ ὲ0 0.8337 0.7925 0.5723 0.7415 0.7949 0.8852 0.3988 0.5153 0.8005 
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Fig. 4: The fluorescence intensity of MPCX4 (2.5 ÕM) at 385 nm upon the addition of Eu+3 (1 mm) and other metal ions
(1 mm) in ACN/H2O (1:9).
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Scheme 1:  Possible binding modes of complexation of MPCX4 and La+3.

Fluorescence properties of complexes of lanthanides
(La+3, Eu+3, Tb+3, Dy+3, Nd+3) and metal ions (Cu+2,
Ni+2, Zn+2, Co+2, K+1 ) with PCX4:
The fluorescence spectra of PCX4 were determind with
addition of salt solution of metal ions in aqueous
solution by using excitation wavelength of 350 nm.
Figure 5 represents characteristic peaks for monomer

emission at 377, 395 nm. As PCX4 is in partial cone
confirmation, two pyrenes are apart from each other
therefore there is no excimer formation. There is gradual
quenching of the fluorescence emission at  = 377 nm
band in titration of PCX4 with M3+ and M2+.  Quenching
constants of complex were calculated in aqueous
solution by using above Equation 1 and it was found
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that PCX4 has specificity of metal ions.

It is observed from the titration results that PCX4 gives
dynamic quenching with all metal ions. However the
quenching constant of Dy+3 and K+1 with PCX4 is
highest. K values for different metal ions are in the
following order: Dy+3> La+3> Nd+3 > Tb+3 > Eu+3 and in
transition metals, Co+2 e” Cu+2 > Ni+2, K+1.

Figure 5 (a) represents the fluorescence spectra of PCX4
as a function of concentrations of nitrate salt of Dy+3 in
water at 25°C and Figure 5b shows  its non linear curve
fitting for determine quenching constant. Free PCX4
gave monomer emission which has maximum peak
intensity at approximately 377 nm. Addition of M3+ in
the solution of PCX4, results in the decrease in intensity
of fluorescence peak at =377 nm.  As the concentration
of M3+ increased, there was decrease in monomer
intensity. There is possibility of structural change of
PCX4 upon complex formation. Quenching is due to
PET (Photoinduced electron transfer) from pyrene
moiety in PCX4 to M3+ ion. The driving force for
complexation is ion-ion interaction between +vely
charged M+3 ion and  electron rich cavity. There may
be strong ion interaction between partially –vely charged
oxygen of lower rim of calixarene and + vely charged

metal ion. Scheme 2 represents an expected structural
change of PCX4 before and after the addition of M3+.
Figures S14a and S14b to S19a and S19b)  show the
plots of fluorescence intensity (I) at 377 nm of PCX4
vs. concentrations of different lanthanides, transition
metal ions and alkali metal ions, including La+3, Eu+3,
Tb+3,  Nd+3, Cu+2, Ni+2,  Co+2. Figure 6a represents the
change in fluorescence intensity of PCX4 with addition
of K+ and Figure 6b gives non linear curve fitting for
complexation. Other metal ions cause no fluorescence
or slight change fluorescence intensity after complexa-
tion. Association constant (K) were calculated by the
non-linear curve-fitting method by using above Equation
1 and the data are tabulated in Table 2.

Binding constant of PCX4 shows more affinity for
Lanthanides than the transition metals. This may be
because of featured length of spacer and absence of
adjacent carbonyl group to fluorophore. PCX4 gives
remarkable quenching for Eu+3 and Cu+2 ions and affects
the quantum yield. The order of quantum yield for
lanthanides is Eu+3> La+3 >Dy+3> Tb+3> Nd+3 and for
transition metals Cu+2 > Ni+2 > Co+2, K+1. Figure 7 shows
bar graph of all elements with reference to quantum
yield.
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Fig. 5: A) The changes in the fluorescence spectra of PCX4 (1 × 10-6 M in H2O) upon addition of different concentrations
of Dysprosium Nitrate. ex = 350 nm. B) The binding curve for the respective PCX4: Dy+3 systems.
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Fig. 6: A) The changes in the fluorescence spectra of PCX4 (1 × 10-6 M in H2O) upon addition of different concentrations
of Dysprosium Nitrate. ex = 350 nm. B) The binding curve for the respective PCX4: Dy+3 systems.
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Fig. 7: The fluorescence intensity of PCX4 (2.5 ÕM) at 377 nm upon the addition of Eu+3 (1 mm) in the presence of other

metal ions (1 mm) in ACN/H2O (1:9).

Table 2: The quenching constants and quantum yield for complex of PCX4 and metal ions.

PCX4/M La+3 Nd+3 Eu+3 Tb+3 Dy+3 Co+2 Ni+2 Cu+2 K+1 
K/µM-1 0.042 0.035 0.0137 0.0285 0.0431 0.0044 0.002 0.0044 0.038 
ὲ0 3.6e+7 3.1e+7 1.9e+7 4.0e+7 7.2e+7 4e+7 7e+7 2.5e+9 3.5e+7 
ὲ1 1.1e+7 1.3e+7 4e+7 1.6e+7 1.6e+7 1e+7 2e+7 1.3e+7 7e+6 
ὲ1/ ὲ0 0.3155 0.4393 0.2332 0.3912 0.3362 0.3349 0.2985 0.0865 0.198 
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Scheme 2: Possible binding modes of complexation of PCX4 and La+3.

Conclusions

From the data obtained from quenching constants of
MPCX4 and PCX4 with all above metal ions it is ob-
served that the constants for PCX4 complex are higher
than that of MPCX4 complex except Co+2. It means that
PCX4 structure is more favourable for complexation
than that of MPCX4. As PCX4 has longer length of
spacer with both pyrene units it may show conjugation
effect through covalent bonding for Photo Induced elec-
tron transfer process from pyrene to M+3. Further MPCX4
has electron withdrawing carbonyl group adjacent to
fluorophore and therefore there will be deficiency of
electron in pyrene for PET process which affects the
quenching process in MPCX4.

Again if we compare quantum yield of MPCX4 and
PCX4 complexes with metal ions, it is noticed that
quantum yield of PCX4 complexes are lower than that
of MPCX4 complexes. It indicates that quenching is
more effective in PCX4 than in MPCX4. As PCX4 has
two pyrene units with electron rich centres for PET
process, higher will be quenching.

In case of metal ions if we compare complexation of
lanthanides and transition metal ions with MPCX4 and
PCX4, quantum yield of transition metal ions is less
than that of lanthanides. It means that transition metal
ions give more quenching than lanthanides. This may
be because the size of transition metal ions ie smaller
than the lanthanides which approximately matches the
size of calixarene cavity.

Among all lanthanides, the quantum yield of Eu+3 com-
plexes with both MPCX4 and PCX4 is lower producing
more quenching. This may be because of unusual
behaviour of europium as compared to other lanthanides.
Trivalent Eu+3 readily oxidises in water and form diva-
lent compound. Divalent europium with +2 oxidation
state with half filled f orbital gives more stability and
hence can form more stable complex with MPCX4 and
PCX4. In case of transition metals, MPCX4 forms com-
plex with Ni+2 with low quantum yield and similarly
PCX4 complexation with Cu+2 gives more quenching.
PCX4 forms a more stable complex with Cu+2 with very
low quantum yield as compared to Ni+2 and Co+2 ions.
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Fig. S1: 1H-NMR of MPCX4 in CDCl3 solvent.

Fig. S2: HR-MS spectrum of MPCX4.
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Fig. S3: 1H-NMR of PCX4.

Fig. S4: 13C-NMR Spectra of PCX4.
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Fig. S5: Enlarged portion of HR-MS spectra of PCX4.

Fig. S6: FT-IR spectra of PCX4.
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Fig. S7a) Changes in the fluorescence spectra of MPCX4 (1 × 10-6 M in H2O) upon addition of different concentrations of
Europium Nitrate ex = 340 nm. b) The binding curve for the respective MPCX4: Eu+3 systems.

 La - MPCX4

Wavelength / nm

350 400 450 500 550 600

In
te

ns
ity

0

2e+7

4e+7

6e+7

8e+7

 2D Graph 2

[La] / µM

0 200 400 600 800 1000

I@
38

6

3e+7

4e+7

5e+7

6e+7

7e+7

8e+7

[La]/µM vs I@ 386 
[La]/µM vs Predicted 

Fig. S8a) Changes in the fluorescence spectra of MPCX4 (1 × 10-6 M in H2O) upon addition of different concentrations of
Lanthanum Nitrate ex = 340 nm. b) The binding curve for the respective MPCX4: La+3 systems.
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Fig. S9a) Changes in the fluorescence spectra of MPCX4 (1 × 10-6 M in H2O) upon addition of different concentrations of
Dysprosium Nitrate ex = 340 nm. b) The binding curve for the respective MPCX4: Dy+3 systems.
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Fig. S10a) Changes in the fluorescence spectra of MPCX4 (1 × 10-6 M in H2O) upon addition of different concentrations
of Terbium Nitrate ex = 340 nm. b) The binding curve for the respective MPCX4: Tb+3 systems.
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Fig. S11a) Changes in the fluorescence spectra of MPCX4 (1 × 10-6 M in H2O) upon addition of different concentrations
of Cupper Chloride ex = 340 nm. b) The binding curve for the respective MPCX4:Cu+2system.
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Fig. S12a) Changes in the fluorescence spectra of MPCX4 (1 × 10-6 M in H2O) upon addition of different concentrations
of Lanthanum Nitrate ex = 340 nm. b) The binding curve for the respective MPCX4: K+1 system.
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Fig. S14a) Changes in the fluorescence spectra of MPCX4 (1 × 10-6 M in H2O) upon addition of different concentrations
of Europium Nitrate ex = 350 nm. b) The binding curve for the respective PCX4: Eu+3 systems.
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Fig. S15a) Changes in the fluorescence spectra of PCX4 (1 × 10-6 M in H2O) upon addition of different concentrations of
Lanthanum Nitrate ex = 350 nm. b) The binding curve for the respective PCX4: Nd+3 system.

Fig. S16a) Changes in the fluorescence spectra of PCX4 (1 × 10-6 M in H2O) upon addition of different concentrations of
Lanthanum Nitrate ex = 350 nm. b) The binding curve for the respective PCX4: La+3 system.
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Fig. S17a) Changes in the fluorescence spectra of PCX4 (1 × 10-6 M in H2O) upon addition of different concentrations of
Terbium Nitrate ex = 350 nm. b) The binding curve for the respective PCX4: Tb+3 system.

Fig. S18a) Changes in the fluorescence spectra of PCX4 (1 × 10-6 M in H2O) upon addition of different concentrations of
Nickel Nitrate ex = 350 nm. b) The binding curve for the respective PCX4: Ni+2 systems.
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Fig. S19a) Changes in the fluorescence spectra of PCX4 (1 × 10-6 M in H2O) upon addition of different concentrations of
Cobalt Nitrate ex = 350 nm. b) The binding curve for the respective PCX4: Co+2 systems.
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Abstract
The oxidation of six aliphatic aldehydes by imidazolium dichromate (IDC) in dimethyl sulfoxide (DMSO) leads to
the formation of corresponding carboxylic acids.  The reaction are of first order with respect to IDC. A Michaelis-
Menten type of kinetics is observed with respect to the aldehydes. The reaction is catalysed by hydrogen ions, the
hydrogen ion dependence has the form: kobs = a + b[H+]. The oxidation of deuteriated acetaldehyde, MeCDO,
exhibited a substantial primary kinetic isotope effect (kH/kD = 5.78 at 298 K). The oxidation of acetaldehyde has been
studied in nineteen different organic solvents. The solvent effect has been analysed using Taft’s and Swain’s
multiparametric equations. The rate constants correlate well with Taft’s s* values; reaction constants being negative.
A mechanism involving transfer of hydride ion has been suggested.

Keywords: aldehydes, correlation analysis, halochromate, kinetics, mechanism, oxidation.

Introduction

Salts of Cr(VI) have long been used as oxidizing re-
agents in synthetic organic chemistry. However, these
salts are drastic and non-selective oxidants in nature.
Further, they are insoluble in most of the organic sol-
vents also. and hence miscibility is a problem. To over-
come these limitations, a large number of organic de-
rivatives of Cr(VI) have been prepared and used in
synthetic organic syntheses as mild and selective oxi-
dants in non-aqueous solvents1-4. One such compound is
imidazolium dichromate (IDC)5 used for the oxidation
of alcohols to carbonyl compounds.  It is known that
the mode of oxidation depends on the nature of the
counter-ion attached to the chromium anion. We have

been interested in kinetic and mechanistic aspects of
oxidation by complexed Cr(VI) species and several re-
ports, by halochromates have already been reported6-10.
Therefore, in continuation of our earlier work, we re-
port herein the kinetics and mechanism of oxidation of
nine aliphatic primary alcohols by IDC in dimethyl-
sulphoxide (DMSO) as solvent. The mechanistic aspects
are discussed.

The main aims of the present investigation are to (i)
determine kinetic parameters and to evaluate the rate
laws, (ii) to study the correlation analysis of effect of
structure on  and (iii) to postulate a suitable mechanism
for the oxidation process.

RNI No. MAHENG/2017/74063
ISSN No. (Print) 2581-5911
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Materials and Methods

Materials
IDC was prepared by the reported method5 and its pu-
rity checked by an iodometric determination. Solutions
of formaldehyde were prepared by heating para-
formaldehyde and passing its vapours in DMSO. The
amount of HCHO in DMSO was determined by
chromotropic acid method11. Other aldehydes were com-
mercial products and were used as such. p Toluene-
sulphonic acid (TsOH) was used  as  a source of hydro-
gen ions. Deuteriated acetaldehyde (MeCDO) was ob-
tained from Sigma Chemicals. Solvents were purified
by their usual methods12.

Product analysis
The product analysis was carried out under kinetic con-
ditions. In a typical experiment, acetaldehyde (4.4 g,
0.1mol) and IDC (1.88 g, 0.01mol) were dissolved in
DMSO (100 mL) and the reaction mixture was allowed
to stand for ca.  24 to ensure completion of the reac-
tion. It was then rendered alkaline using NaOH, filtered
and the filtrate was reduced to dryness under pressure.
The residue was acidified with perchloric acid and ex-
tracted with diethyl ether (5%, 50 mL). The ether ex-
tract was dried (MgSO4) and treated with 10 mL of
thionyl chloride. The solvent was allowed to evaporate.
Dry methanol (7 mL) was added and the HCl formed
was removed in a current of dry air. The residue was
dissolved in diethyl ether (200 mL) and the ester con-
tent was determined colorimetrically as Fe (III)
hydroxymate by the procedure of Hall and Schaefer13.

Several determinations indicated a 1:1 stoichiometry.
The oxidation state of chromium in a completely re-
duced reaction mixture, determined by iodometric titra-
tions was 3.90 ± 0.15.

Kinetic Measurements
Pseudo first order conditions were attained by keeping
an excess (x 15 or greater) of the [aldehyde] over [IDC].
The solvent was DMSO, unless mentioned otherwise.
All reactions were carried out in flasks blackened from
the outside to prevent any photochemical reactions. The
reactions were carried out at constant temperature
(±0.1 K) and were followed up to 80% of the extent of
reaction, by monitoring the decrease in [IDC] at 352
nm. The pseudo first order rate constant, kobs, was com-
puted from the linear least squares plot of log [IDC]
versus time. Duplicate runs showed that the rate con-
stants were reproducible to within ±3%. The second
order rate constant, k2, was calculated from the relation:
k2 = kobs/[aldehyde].

Results and Discussion

The rate and other experimental data were obtained for
all the aldehydes. Since the results are similar, only
representative data are reproduced here.

Stoichiometry
The oxidation of aliphatic aldehydes by IDC leads to
the formation of corresponding carboxylic acids. The
overall reaction may be written as:

2 RCHO + Cr2O7
-2 + 14 H+  2 RCOOH + 7 H2O    + 2Cr+3 ….1

Rate-laws
The reactions are of first order with respect to IDC.
Further,  the pseudo-first order rate constant, kobs  is  in-
dependent  of  the  initial concentration of IDC. The
reaction rate increases with increase in the concentra-
tion of the aldehydes but not linearly (Table 1). The

Figure 1 depicts a typical kinetic run. A plot of 1/kobs

against 1/[aldehyde] is  linear (r > 0.995) with  an  in-
tercept  on  the rate ordinate (Figure 2). Thus, Michaelis
Menten type kinetics is observed with respect to the
aldehydes. This leads to the postulation of the following
overall mechanism (2) and (3) and rate law (4).



........................................................................................................................................................................................
Page | 166

........................................................................................................................................................................................

Vol. 1 Issue 2  January - June 2018  G P Globalize Research Journal of Chemistry

Table 1:  Rate constants for the oxidation of acetaldehyde by IDC at 298 K

103 [IDC]          [MeCHO]              [TsOH]                  104 kobs
          mol dm–3           mol dm–3             mol dm–3   s–1

      1.00 0.10 0.00 10.3
      1.00 0.20 0.00 15.5
    1.00 0.40 0.00 20.8
      1.00 0.60 0.00 23.5
      1.00 0.80 0.00 25.1
      1.00 1.00 0.00 26.1
      1.00 1.50 0.00 27.7
      1.00 3.00 0.00 29.5
      2.00 0.40 0.00 21.6
      4.00 0.40 0.00 19.8
      6.00 0.40 0.00 18.9

8.00 0.40 0.00 21.0
1.00 0.20 0.00 16.2*

* contained 0.001 mol dm–3 acrylonitrile

Table 2: Dependence of the reaction rate on hydrogen-ion concentration

       K
Aldehyde    +   IDC    [Complex] 2  
  
              k2
[Complex]      Products        3

Rate = k2 K [Aldehyde] [IDC]/(1+K [Aldehyde])..4

The dependence of reaction rate on the reductant
concentration was studied at different temperatures and
the values of K and k2 were evaluated from the double
reciprocal plots. The thermodynamic parameters of the
complex formation and activation parameters of the
decomposition of the complexes were calculated from
the values of K and k2 respectively at different
temperatures (Tables 3 and 4).

  [Aldehyde]  0.10 mol dm 3 ;       [IDC] 0.001 mol dm 3 ;     Temp.  298 K 
  [TsOH]/ mol dm 3                      0.10          0.20          0.40           0.60          0.80        1.00 
  104 kobs/s-1                                          12.6          14.4          18.0           21.6          25.2        29.7 
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Table 3:  Rate constants and activation parameters of the oxidation of aliphatic aldehydes – IDC complexes.

Subst. 104 k2 / (dm3 mol -1  s 1 ) H*  S* G*

288 K 298 K 308 K 318 K (kJ mol 1) (J mol 1 K 1) (kJ mol 1)

H 1.17 2.79 6.39 14.4 61.1  0.5 108  2 93.3  0.4

Me 14.4 31.5 65.7 135 54.2  0.3 112  1 87.2  0.4

Et 24.3 52.2  106 213 52.4  0.3 113  1 86.0  0.2

Pr 26.1 55.8 117 225  52.3  0.3 113  1 85.8  0.2

Pri 38.7 81.0 162 324 51.3  0.4 113  1 84.9  0.3

ClCH2 0.063 0.18 0.45 1.13 70.4  0.5 100  2 99.9  0.4

MeCDO 2.39 5.48 11.9 25.7 57.6  0.4 115  1 91.6  0.3

kH/kD 6.03 5.75 5.52 5.25

Table 4:  Formation constants and thermodynamic parameters of the oxidation of aliphatic aldehydes – IDC
complexes

Subst. K (dm3 mol –1))  H*  S*  G*

288 K 298 K 308 K 318 K  (kJ mol –1)  (J mol–1 K–1)  (kJ mol–1)

H              6.03 5.33 4.55 3.90 13.6  0.4 24  1 6.60  0.3

Me 5.58 4.88 4.14 3.45 14.7  0.5 28  2 6.38  0.4

Et 6.39 5.69 4.98 4.23 12.9  0.5 21  2 6.77  0.4

Pr 5.94 5.25 4.53 3.80 13.8  0.6 25  2 6.56  0.4

Pri 5.76 5.07 4.35 36.0 14.3  0.7 27  2 6.47  0.5

ClCH2 6.15 5.45 4.70 3.95 13.7  0.6 24  2 6.65  0.5

MeCDO 5.67 4.98 4.25 3.53 14.5  0.6 28  2 6.43  0.5

Induced Polymerization of Acrylonitrile/ test for free
radicals: The oxidation of aldehydes, in an atmosphere
of nitrogen, failed to induce polymerisation of
acrylonitrile.  Further, the addition of acrylonitrile did
not affect the reaction rate. This indicates that a one
electron oxidation, giving rise to free radicals, is unlikely
in the present reaction (Table 1). To further confirm the
absence of free radicals in the reaction pathway, the

reaction was carried out in the presence of 0.05 mol
dm 3 of 2,6-di-t-butyl-4-methylphenol (butylated
hydroxytoluene or BHT). It was observed that BHT
was recovered unchanged, almost quantitatively.

Kinetic isotope effect: To ascertain the importance of
the cleavage of the aldehydic C H bond in the rate
determining step, the oxidation of deuteriated
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acetaldehyde (MeCDO) was studied. The oxidation of
deuteriated acetaldehyde exhibited a substantial primary
kinetic isotope effect (Table 3).

Effect of acidity: The reaction is catalysed by hydrogen

Table  5:  Effect of solvents on the oxidation of acetaldehyde-IDC complex at 298 K

ions (Table 2). The hydrogen  ion dependence has the
following form kobs = a + b[H+].   The values of a and
b, for acetaldehyde, are 4.05 0.12  10 4 s 1 and
7.46 0.21 10 4 dm3 mol 1 s 1 respectively (r2 = 0.99708).

Rate = k2 [IDC] [Aldehyde]  + k3 [IDC] [Aldehyde] [TsOH]  …5

Effect of solvents: The oxidation of acetaldehyde was
studied in 19 different organic solvents. The choice of
solvents was limited due to the solubility of IDC and

its reaction with primary and secondary alcohols. There
was no reaction with the solvents chosen.  The kinetics
was similar in all the solvents. The values k2 are recorded
in Table 5.

Solvents K 104 k2 Solvents K 104 k2

        (dm3 mol-1)  (s-1) (dm3 mol-1)  (s-1)

Chloroform 6.01 8.91 Toluene 4.32 2.82
1,2 Dichloroethane 5.55 10.5 Acetophenone 5.09 14.8
Dichloromethane 5.90 12.0 THF 4.74 5.25
DMSO 4.88 31.5 t-butylalcohol 5.65 4.27
Acetone 5.69 9.77 1,4 Dioxane 4.90 6.03
DMF 6.21 18.2 1,2 Dimethoxyethane 6.03 3.31
Butanone 5.96 7.94 CS2 4.59 1.78
Nitrobenzene 5.45 14.1 Acetic acid 5.60 2.29
Benzene 5.80 3.47 Ethyl acetate 5.57 3.98
Cyclohexane 5.66 0.44

Table 6: Temperature dependence of the reaction con-
stant

There is a fair correlation between the activation
enthalpies and entropies of the oxidation of aldehydes
(r2 = 0.9998), indicating the operation of a compensation
effect14.  A correlation between the calculated values of
enthalpies and entropies is often vitiated by the
experimental errors associated with them. The reaction,
however, exhibited an excellent isokinetic relationship,
as determined by Exner’s method15. An Exner’s plot
between log k2 at 288 K and at 318 K was linear
(r2 = 0.9999) (Figure 3). The value of isokinetic
temperature evaluated from the Exner’s plot was
1412±108 K. The linear isokinetic correlation implies
that all the aldehydes are oxidized by the same
mechanism and the change in the rate of oxidation is
governed by changes in both the enthalpy and entropy
of the activation.

Temp./ K   * r2 sd

288   2.24 0.01 0.9999 0.005 0.01

298   2.14 0.02 0.9998 0.004 0.02

308   2.06 0.01 0.9999 0.006 0.01

318   1.98 0.01 0.9989 0.004 0.04
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Fig. 3. Exner’s Isokinetic Relationship in the oxidation of
aldehydes by IDC

Solvent effect: The rate constants, k2, in eighteen
solvents (CS2 was not considered, as the complete range
of solvent parameters was not available) were correlated
in terms of the linear solvation energy relationship (6)
of Kamlet et  al.16.

log k2  =  A0 + p *  +  b   +   a        …..6

In this equation, * represents the solvent polarity, 
the hydrogen bond acceptor basicity and    is  the
hydrogen bond donor acidity. A0 is the intercept  term.
 It  may  be mentioned here that out of the 18 solvents,
12 have  a value of zero for . The results of correlation
analyses in terms of Equation 6, a biparametric equation
involving * and , and separately with * and  are
given below as Equations 7-10.

log k2  =   3.72  + 1.56 ( 0.17) *   +  0.20 ( 0.14)   +  0.10 ( 0.14) .….7

R2       =  0.8806;    sd = 0.16;    n = 18;       =  0.38

log k2  =   3.69 + 1.60 ( 0.16) *  +  0.17 ( 0.13) …..8

R2       =  0.8757;   sd = 0.16;    n = 18;       =  0.37

log k2  =   3.73  + 1.64 ( 0.16) * …..9

r2        =  0.8631;   sd = 0.16;    n = 18;      =  0.38

log k2  =   3.38  +  0.45 ( 0.34) …..10    

r2        =  0.0978;    sd = 0.41;    n = 18;      =  0.98

Here  n  is  the  number  of data points and  is the
Exner’s statistical parameter17.

Kamlet’s16 triparametric equation explains ca. 88% of
the effect of solvent on the oxidation. However, by
Exner’s criterion17 the correlation is not even satisfactory
 (cf. Eq. 7). The major contribution is due to solvent
polarity. It alone accounted for ca. 86% of the data.
Both  and  play relatively minor roles.

The data on the solvent effect were analysed in terms
of Swain’s equation18 of cation  and anion solvating
concept of the solvents (Equation 11).
      
log k2  =  aA  +  bB  +  C     …..11

Here A represents the anion solvating power  of the
solvent and B the cation solvating power.  C is the
intercept term. (A + B) is postulated to represent  the
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solvent polarity.  The rates in different solvents were analysed in terms of Equation 8, separately with A and B
and with (A + B).

log k2  =  0.65 ( 0.04) A  +  1.62 ( 0.03) B    4.47 …..12
      
R2 =   0.9950;  sd  =  0.03;  n  =  19;     =  0.07

log k2  =  0.42 ( 0.53) A   3.35 …..13

r2 =  0.0356;  sd  =  0.43;  n  =  19;     =  1.01

log k2  =  1.57 ( 0.12) B  4.25 …..14

r2 =  0.9111;  sd  =  0.13;  n  =  19;     =  0.31

log k2  =  1.30  0.12 (A + B)  4.44 …..15

r2 =  0.8629;  sd  =  0.16;  n  =  19;     =  0.38

The rates of oxidation of acetaldehyde in different
solvents showed an excellent correlation in Swain’s
equation [cf.  Eq. 12] with the cation solvating  power
playing the major role. In fact, the cation solvation
alone accounts for ca. 99% of the data. The correlation
with the anion solvating power was very poor. The
solvent polarity, represented by (A + B), also accounted
for ca. 86% of the data. In view of the fact that solvent
polarity is able to account for ca. 86% of the data, an
attempt was made to correlate the  rate  with the relative
permittivity of the solvent.  However, a plot of   log k2
against the inverse of the relative permittivity is not
linear (r2 = 0.5447; sd = 0.30;  = 0.69).

Correlation analysis of reactivity: The rates of the
oxidation of six aldehydes show an excellent correlation
with Taft’s * substituent constants19, the reaction
constant being negative (Table 6). The negative polar
reaction constant indicates an electron-deficient carbon
centre in the transition state of the rate-determining
step.

Mechanism

In aqueous solutions most aliphatic aldehydes exist

predominantly in the hydrate form20 and in many
oxidations, in aqueous solutions, it has been postulated
that the hydrate is the reactive species.  However, owing
to the non aqueous nature of the solvent in the present
reaction, only the free carbonyl form can be the reactive
species. The presence of a substantial primary kinetic
isotope effect (kH/kD = 5.75 at 298 K), confirms that the
aldehydic C–H bond is cleaved in the rate determining
step.  The large negative value of the polar reaction
constant together with the substantial deuterium isotope
effect indicates that the transition state approaches a
carbocation in character. Hence, transfer of a hydride
ion from the aldehyde to the oxidant is suggested. The
hydride ion transfer mechanism is also supported by
major role of cation solvating power of the solvents.

High values of activation indicate that in the rate
determining step bond breaking is more important in
transition state. Large negative entropy of activation
supports a transition state formed from two independent
molecules.

Conclusions

The reaction is proposed to proceed through a hydride-
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Fast

ion transfer from aldehyde to the oxidant. The hydride
ion transfer mechanism is also supported by major role
of cation solvating power of the solvents. Both
deprotonated and protonated forms of IDC are the reac-
tive oxidising species. An aldehydic C-H bond is cleaved
in the rate-determining step.
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Abstract
Europium tetrakis dibenzoylmehtide triethylammonium (EuD4TEA) is one of the most intense triboluminescent (TL)
materials currently known. In 2011, the authors have reported that the triboluminescent yield can be enhanced by
changing the starting europium salt from europium chloride to europium nitrate by 82%. Unfortunately, europium
nitrate has been classified as a hazardous material that cannot be shipped by air, which limits the availability of
manufacturers and increases the cost. In an effort to further reduce the synthesis cost of EuD4TEA, we explore the
effects of europium acetate on the triboluminescent properties of EuD4TEA by comparing the triboluminescent yield.
The photoluminescent spectra as well as crystal structure using an optical microscope will also be explored.

Keywords: Triboluminescence, Fractoluminescence, Mechanoluminescence, Europium tetrakis dibenzoylmehtide
triethylammonium, Materials Synthesis, Solution Growth, Luminescence

Introduction

Triboluminescence (TL) is the light emitted from a
material when it undergoes fracture.1 While this unique
phenomenon has been known for over 400 years, no
theory has yet been advanced to predict whether a
material will emit TL. However, this has not stopped
scientists from coming up with many unique applica-
tions. One such application is the use as the active el-
ement for impact and damage sensors.1–13 For example,
in 1999, Sage and Geddes used TL to patent a sensor
capable of discerning the locations of an impact.8,9,14

Their simple design involved coating a structure with a

triboluminescent material or creating a composite tri-
boluminescent object.8,9,14 A sensor would then be em-
bedded within the structure or mounted on its surface.14

Impacts to the structure would produce light, which
would be recorded and analyzed to determine the loca-
tion.14 In addition, Sage et al. proposed that several
different triboluminescent materials could be used and
arranged at various locations.8,9,14 The advantage is that
when an impact takes place, its location could be deter-
mined by the wavelength emitted.14 For example, by
placing two different triboluminescent materials at known
distances from the detector, it is possible to determine
the approximate location of the impact by measuring
the emitted wavelength.

RNI No. MAHENG/2017/74063
ISSN No. (Print) 2581-5911
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Unfortunately, the triboluminescent emission yield for
most materials is small; therefore, the resulting light
can be difficult to detect. For the last few years, Fontenot
and Hollerman et al. have been investigating europium
tetrakis dibenzoylmethide triethylammonium
(EuD4TEA),2,15,16 which is also sometimes known as
triethylammonium tetrakis (dibenzoylmethanato)
europate.17 This material is bright enough to be seen in
daylight and has 206% of the triboluminescent emission
yield of ZnS:Mn when subjected to low energy im-
pacts.2,18 In fact, recently, Fontenot et al. showed that
adding dibutyl phosphate can increase the tribolumines-
cent emission yield by 500 or 600%, i.e., it has an
triboluminescent emission yield between 700 and 800%
of ZnS:Mn.19

While emission from this material is very bright, it uses
europium compounds as precursors, which are expen-
sive in today’s market.  Just a few years ago, europium
nitrate (99.999% pure) could be purchased for about
$3-5 per gram (not including shipping costs).  Since the
1990s, a large fraction of rare earth elements (such as
europium) have come from China. Since 2007, the
Chinese government has restricted mining and produc-
tion of rare earth elements to conserve resources and to
give supply preference to their manufacturers.  For this
reason, the cost of compounds made with rare earth
elements has greatly increased. Currently, the most eco-
nomical europium nitrate (99.9% pure) costs about 300%
of what it did a few years ago. Adding to this increase,
europium nitrate is now considered to be a hazardous
material (oxidizer) in the United States.

To reduce the cost of synthesizing EuD4TEA, we de-
cided to use europium acetate instead of europium ni-
trate as the precursor material. Europium acetate was
chosen because it can be dissolved in ethanol, it is the
same europium ion state as common europium nitrate,
and is significantly less expensive. This paper will com-
pare the TL properties of EuD4TEA made from both
europium nitrate and acetate precursors.

Methods and Materials

Synthesis of EuD4TEA
The synthesis of EuD4TEA was based on reported pro-
cedures2. The process began by pouring 25 mL of HPLC
grade anhydrous denatured ethanol (Alfa Aesar, 22930)
into an Erlenmeyer flask and placed onto a hotplate.
Afterwards, 4 mmol of 99.9% (REO) europium (III)
acetate hydrate (Alfa Aesar, 42878) was added to the
hot solution. Then, 13 mmol of 99% (GC) 1,3-diphe-
nyl-1,3-propanedione (Chem-Impex, 00693) also known
as dibenzoylmethane (DBM) was added. This addition
caused the clear solution to turn dark yellow. Once the
DBM was dissolved, the flask was removed from the
hotplate and 14 mmol of 99.5% triethylamine (TEA)
(Sigma Aldrich, 471283) was added. The solution was
then kept aside to cool at ambient temperature. The
EuD4TEA powder that formed were light yellow in color,
clumpy, and hard as shown in Fig 1(a).  The same pro-
cedure was then repeated using 99.9% (REO) europium
(III) nitrate hexahydrate (Alfa Aesar, 15290), which
produced a light yellow powder that was very sparkly
as shown in Fig. 1(b).

Triboluminescent Testing
Once the crystals were completely dried, they were stored
in a small clear round wide-mouth jar. Using a custom
built drop tower18, the crystalline products were tested
for their triboluminescent properties. The measurement
began by placing 0.10 g of sample powder on the
Plexiglass plate. The powder was arranged so that it
was positioned around the center of the tube with a
minimum height. A 130 g steel ball was positioned on
a pull pin at a set distance of 42 inches (1.1 m) above
the material. The pin was pulled and the ball fell and
impacted the sample material producing TL. After each
test, the drop tube was removed, the ball was cleaned,
and the sample powder was redistributed near the cen-
ter of the target area.18

To determine the triboluminescent yield for a given
sample, a United Detector photodiode was positioned
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(a) (b)

Fig. 1. Pictures of the finished EuD4TEA samples synthesized with (a) europium acetate and (b) europium nitrate.
These pictures were taken under standard white room light.

under the Plexiglass plate 2.25 cm below the sample. A
Melles Griot large dynamic range linear amplifier set to
a gain of 20 µA increased the signal amplitude. A
Tektronix 2024B oscilloscope recorded the signal in
single sequence mode with a 500 µs measurement time.
Once the signal was acquired, it is analyzed using cus-
tom LabVIEW program that integrated the area under
the curve and calculated the decay time for the particu-
lar emission.18

Photoluminescent Testing
Unlike fluorescence, phosphorescence utilizes both the
singlet and triplet excited states.20 The europium com-
plex has an emission mechanism consisting of: the ligand
absorbs energy, undergoes intersystem crossing into a
triplet state, and then transfers its energy to the Eu3+

ion.20 The phosphorescence of each material was ex-
cited using a 4 W 365 nm Raytech UV lamp (LS-7CB).
It should be noted that each material was fresh, i.e., not
tested for TL. The photoluminescence was recorded
using an Ocean Optics USB 2000 spectrometer. The
integration time was controlled using the SpectraSuite
program and increased by using software until the pho-
toluminescent emission spectrum reached its maximum
that was just below the saturation limit of the spectrom-

eter. Once this was determined, the dark background
was subtracted and one hundred spectra were recorded
and averaged.

Microscopy
To better understand the crystal structure, the samples
were examined using a standard light microscope as
well as a JOEL-6300FV field emission scanning elec-
tron microscope (SEM). The unused samples were first
attached to metal stubs using carbon tape. Then they
were gold coated so that they could be analyzed using
SEM. An Electron Microscopy Sciences 550x sputter
coater was used to coat a 12 nm gold layer on each
sample. Once the thin coats were dry, they were placed
inside the SEM. The working distance, till, accelerating
voltage, and emission current were then set to 22 mm,
300 mm, 15 kV, and 8 µA, respectively.

Results and Discussion

Using the drop tower and LabVIEW VI tools described
above, the effects of europium acetate on the tribolumi-
nescent properties of EuD4TEA are shown in Fig 2.
Due to this being a relative measurement, all the data
was normalized to the europium nitrate result. The error
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in normalized TL light yield was estimated to be 7%
which is the error from synthesizing the material and
the drop tower apparatus.21 From these results, it is
evident that europium acetate provides about half of the
triboluminescent yield as the nitrate version. It should
be noted that while the triboluminescent yields were
different, the decay times are statistically identical. The
measured triboluminescent decay time for the acetate
based EuD4TEA was 522.7 ± 10.1 µs, while the nitrate
based EuD4TEA decay time was 524.3 ± 17.7 µs.

Fig. 2. Comparison of the TL produced by EuD4TEA
synthesized with europium acetate and nitrate precursors.

To better understand why the acetate provides a lower
triboluminescent yield, we first used a standard optical
microscope to investigate the crystals. As you can see in
Fig. 3(a), the crystals formed by the acetate are cloudy.
Meanwhile, the crystals produced by the nitrate are clear
as shown in Fig. 3(c). This could be explained using the
solubility. When acetate was used to create EuD4TEA,
the acetate had a very low solubility with ethyl alcohol
(it was completely insoluble with acetone). This in turn
caused a quick precipitation and rougher crystals. Con-
versely, the europium nitrate has a higher solubility with
ethyl alcohol, which slows the precipitation and allows
for a better crystal to form. This is verified by the SEM
images shown in Fig. 4 as well as supplemental plots
Figs. S1 and S2. Notice how the acetate based EuD4TEA
looks dirty, i.e., it is typically a rod shape with many
smaller rods growing around it [Figs. 4(a) and S1].
Conversely, the nitrate based EuD4TEA tends to be more
plate-like and cleaner [Figs. 1(b) and S2]. More research
is needed to fully understand these results.

(a) (b)

Fig. 4. Scanning electron microscope (SEM) images of EuD4TEA crystallites made with (a) europium acetate and (b)
europium acetate precursors at a magnification of 300.
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(a) (b)

The measured photoluminescent (PL) and triboluminescent emission spectra for EuD4TEA are shown in Figs. 5
and 6, respectively. Notice that the PL and TL excited emissions for both the acetate and nitrate precursor samples
have the same peak wavelengths and are very bright. The spectra indicate that the luminescence from EuD4TEA
originates from the typical Eu3+ centered transitions from the 5D0 levels to the lower7 F0-4 levels.22 The main
emission occurred from the 5D0  F2 transitions.

(c) (d)

Fig. 3. Optical microscope pictures of EuD4TEA crystallites made with europium acetate and nitrate at a magnification of
40. EuD4TEA made with europium acetate is shown under (a) regular white light and (b) ultraviolet light. EuD4TEA made

with europium nitrate is shown under (c) regular white light and (d) ultraviolet light. EuD4TEA
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Fig. 5. Photoluminescent emission spectrum of EuD4TEA synthesized with europium acetate and nitrate precursors. The
inset pictures show the PL emitted from the samples under the UV light.

Fig. 6. Triboluminescent emission spectrum of EuD4TEA synthesized with europium acetate and nitrate precursors. The
inset pictures show the TL emitted upon impact.
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Fig. S1. Scanning electron microscope images of EuD4TEA crystallites made with europium acetate.  The given magnifica-
tions and scale bar sizes are shown on each image.  A 12 nm gold layer was deposited on each sample.
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Fig. S2. Scanning electron microscope images of EuD4TEA crystallites made with europium nitrate.  The given magnifica-
tions and scale bar sizes are shown on each image.  A 12 nm gold layer was deposited on each sample.
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Conclusions

In order to reduce cost, europium acetate was used to
synthesize EuD4TEA. It was found that the tribolumi-
nescent yield for EuD4TEA made with europium ac-
etate was approximately half of what was measured for
the sample made with europium nitrate. In addition, the
EuD4TEA precursor crystals produced with the acetate
are cloudy and only emit luminescence near the edges.
Emission peaks from both the acetate and nitrate pre-
cursor samples have the same peak wavelengths, when
excited by both PL and TL. The spectra indicate that
the luminescence from EuD4TEA originates from the
typical Eu3+ centered transitions from the 5D0 levels to
the lower 7F0-4 levels. The main emission occurred from
the 5D0

7F2 transitions. As a result, the use of europium
acetate to synthesize EuD4TEA using ethyl alcohol is
not practical, even with its reduced cost. Additional
research needs to be completed to further quantify the
best precursor materials for synthesizing EuD4TEA.

Acknowledgement

This research was funded by the Louisiana Space Grant
Consortium under the grant “Feasibility of EuD4TEA-
Based Sensors to Detect Space Radiation, 2014-2015.”
We would also like to thank the Louisiana Accelerator
Center for allowing us the use of their chemistry center
for the synthesis.

References

1. Walton, A. J., Adv. Phys., 1977, 26, 887–948.

2. Fontenot, R. S., Bhat, K. N., Hollerman W. A. and
Aggarwal, M. D., Mater. Today, 2011, 14, 292–
293.

3. Fontenot, R. S., Hollerman, W. A., Broussard B.
M. and Steuart, M. S., 2010, in Earth and Space,
eds. Song G. and Malla, R. B., 2010, American
Society of Civil Engineers, Honolulu, Hawaii, pp.
2560–2567.

4. Goedeke, S.M., Allison, S.W., Womack, F.N.,
Bergeron N.P. and Hollerman, W.A., 2001, Tribolu-
minescence and its application to space-based dam-
age sensors, Oak Ridge, TN.

5. Hollerman, W.A., Goedeke, S. M., Bergeron, N. P.,
Moore, R. J., Allison S. W. and Lewis, L. A., 2005,
in Photonics for Space Environments X, ed. E. W.
Taylor, SPIE, San Diego, CA, USA, vol. 5897, p.
58970F–10.

6. Olawale, D. O., Dickens, T., Sullivan, W. G., Okoli,
O. I., Sobanjo J. O. and Wang, B.,2011, J. Lumin.,
131, 1407–1418.

7. Sage I. C. and Bourhill, G., 2001, J. Mater. Chem.,
11, 231–245.

8. Sage, I. C., Badcock, R., Humberstone, L., Geddes,
N. J., Kemp M. and Bourhill, G., 1999, Smart Mater.
Struct., 8, 504.

9. Sage, I. C., Humberstone, L., Oswald, I., Lloyd P.
and Bourhill, G., 2001, Smart Mater. Struct., 10,
332–337.

10. Xu, C. N., Watanabe, T., Akiyama M. and Zheng,
X. G., 1999, Appl. Phys. Lett., 74, 1236.

11. Xu, C. N., Zheng, X. G., Akiyama, M., Nonaka K.
and Watanabe, T., 2000, Appl. Phys. Lett., 76, 179.

12. Yoo, C. S., Radousky, H. B., Holmes N. C. and
Edelstein, N. M., 1991, Phys. Rev. B, 44, 830–833.

13. Zink, J. I. 1978, Acc. Chem. Res., 11, 289–295.

14. Bhat, K. N., Fontenot, R. S., Hollerman W. A. and
Aggarwal, M. D., 2012, Int. J. Chem., 1, 100–118.

15. Hurt, C. R., Mcavoy, N., Bjorklund S. and Flipescu,
N., 1966,  Nature, 212, 179–180.

16. Sweeting L. M. and Rheingold, A. L., 1987, J. Am.
Chem. Soc., 109, 2652–2658.



........................................................................................................................................................................................
Page | 182

........................................................................................................................................................................................

Vol. 1 Issue 2  January - June 2018  G P Globalize Research Journal of Chemistry

17. Fontenot, R. S., Hollerman, W. A., Aggarwal, M.
D., Bhat K. N. and Goedeke, S.M., 2012, Measure-
ment, 45, 431–436.

18. Fontenot, R. S., Bhat, K. N., Owens, C. A.,
Hollerman W. A. and Aggarwal, M.D., 2015, J.
Lumin., 156, 428–434.

19. Takada, N., Peng J. and Minami, N., 2001, Synth.
Met., 121, 1745–1746.

20. Hollerman, W. A., Fontenot, R. S., Bhat K. N. and
Aggarwal, M. D., 2012, Metall. Mater. Trans. A,
43, 4200–4203.

21. Carnall, W. T., Fields P. R. and Rajnak, K., 1968, J.
Chem. Phys., 49, 4450–4455.



Page | 183
........................................................................................................................................................................................

........................................................................................................................................................................................

Vol. 1 Issue 2  January - June 2018  G P Globalize Research Journal of Chemistry

Conference Alerts

1) International Conference on Chemistry and Environmental Science, 2018 (ICCES 2018)
January 5-6, 2018, Kota, Kinabalu, Malaysia
Website: http://icces2018.weebly.com/

2) 3rd World Research Journals Congress-World Environment Congress
January 10-12, 2018, Bangalore, India
Website: http:worldresearchjournals.com/conferenceinvitation.aspx
Enquiries: congress@worldresearchjournals.com

3) 6th International Conference on Nano and Materials Science (ICNMS-2018)
January 19-21, 2018, Orlando, USA
Website: http://www.icnms.org/

4) 1st Alpine Winter Conference on Medicinal and Synthetic Chemistry
January 28-February 1, 2018, St. Anton am Arlberg, Austria
Website: http://go.evvnt.com/128374-1

5) International Conference on Clean and Green Chemistry (ICCGE2018)
February 7-9, 2018, Paris, France
Website: http://www.iccge.org/

6) 3rd International Conference on Research in Science and Technology (ICRST2018)
Organised by World Association for Scientific Research and Technical Innovation (WASRTI)
February 20-21, 2018, Dubai, UAE
Enquiries: info@wasrti.org

7) 20th International Conference on Materials Chemistry and Catalysis (ICMCC-2018)
February 23-25, 2018, Mumbai, India
Website: http://www.waset.org/conference/2018/mumbai/ICMCC

8) 8TH International Conference on Chemistry and Chemical Process (ICCCP-2018)
February 23-25, 2018, Nha Trang, Vietnam
Website: http://www.icccp.org/

9) 5th International Conference on Chemical and Biological Sciences (ICCBS 2018)
March 7-9, 2018, Bucharest, Romania
Website: http://www.iccbs.org/
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10) International Conference and Expo on Nanotechnology
April 19-20, 2018, Dubai, UAE
Website: http://scientificcognizance.com/Conference/Nanotechnology/Home

11) 11th Global Experts Meeting on Chemistry and Computational Catalysis
May 18-19, 2018, Singapore
Enquiries: chemistry@conferencesworld.org

12) World Agriculture Congress (4th World Research Journals Congress)
May 24-26, 2018, Banat’s University of Agricultural Sciences and Veterinary Medicine “King
Michael 1”, Timisoara, Romania
Website: www.worldresearchjournals.com

13) 22nd Annual Green Chemistry and Engineering Conference
Hosted by ACS Green Chemistry Network
June 18-20, 2018, Portland, Oregon, USA
Website: www.acs.org/gce
Enquiries: gceconference@acs.org
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