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Abstract
A new cobalt(II) complex, [CoCl2(η2-P,P-DPEphos)] [DPEphos = bis[2-(diphenylphosphino)phenyl]ether has been synthesized and characterized by elemental analyses, FT-IR,
magnetic measurements and single crystal X-ray diffraction. The catalytic activity of the
complex has been investigated for alcohol oxidation reaction. Under an optimized condition a
range of aromatic alcohols could efficiently be oxidized to corresponding carbonyl compounds
using H2O2 as mild and environment-friendly oxidant.
Keywords: Co(II) complex; DPEphos ligand; X-ray structure; alcohol oxidation; Hydrogen
peroxide.
1. Introduction
During the past few years, the coordination chemistry of wide bite-angle diphosphine
ligands have got tremendous attentions because of their potential utility as catalysts in many
organic transformation reactions [1]. Among various diphosphines, bis[2-(diphenylphosphino)phenyl]ether (DPEphos) (bite-angle = 1050) is one of the most widely studied phosphines that
has got many attentions in coordination chemistry and catalysis because of its rich coordination
behavior and commercial availability. Several coordination modes of this ligand have been
reported such as P-monodentate [2], P,P-chelate [2-4], P,O,P-chelate [4,5], P,P-bridging [4,6],
etc. Literature survey reveals that this ligand forms coordination compounds with a variety of
transition metals, such as Cu(I),[2,7-9] Ni(0),[10] / Ni(II),[8] Rh(I),[11,12] Ru(II),[4]
Ag(I),[6,13] Pd(0) [14], / Pd(II) [3], Re [15-17], Fe(0) [18] etc. Surprisingly, the coordination
chemistry of this ligand with cobalt has not yet been reported, although a few closely related
wide-bite angled ligands containing potential P,O,P or P,N,P bonding sites were used to form
stable complexes with cobalt(II) centre and some of those complexes showed remarkable
activities as catalysts for reactions like hydrovinylation of styrene [19], zinc insertion into aryl
halides [20], stereospecific polymerization of alkenes [21]. Thus, in this communication, we
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wish to report the first example of a cobalt(II) complex with DPEphos ligand. It may be
important to note that during the past few years, cobalt(II) complexes with different types of
ligands have been widely studied as potential catalysts for alcohol oxidation reactions [22-30].
In order to enlarge the scope of oxidation catalysts further, we have explored the catalytic
activity of our new complex for alcohol oxidation reaction using H2O2 as oxidant.
2. Experimental
2.1. General Information
The ligand bis(2-diphenylphosphinophenyl)ether (DPEphos) was purchased from
Across Organics. CoCl2.6H2O and other necessary chemicals including alcohols were
purchased from different Indian firms like RENKEM, SRL etc. The solvents used are of
analytical grade and distilled prior to use. Elemental analyses were recorded by using
Elementar Vario EL III Carlo Erba 1108. IR spectra (4000-250 cm-1) were recorded in KBr by
using Shimadzu (Prestige-21) spectrophotometer. Magnetic measurements were performed
using ADE DMS Vibrating Sample Magnetometer, Model EV 7, USA and the diamagnetic
corrections were made using Pascal’s constant. The effective magnetic moments (µeff) were
calculated from the equation, µeff = 2.83(χMT)1/2 (BM).
2.2. Crystal structure determination and refinement
Single crystal of the complex was grown by slow evaporation from dichloromethane
solution at about -200C. The X-ray diffraction data were collected at 296 K on a Bruker Nonius
SMART CCD diffractometer with graphite monochromatic Mo Kα radiation (k = 0.71073 Å).
The structure was solved by direct method and refined by full-matrix least-squares calculations
using SHELXL and WINGX package. All the non-H atoms were refined with anisotropic
displacement parameters. The Hydrogen atoms were located at their calculated positions and
refined with riding model. The hydrogen atoms on the water of crystallization molecules could
not be located and they are left as such and refined without locating them.
2.3. Synthesis of the complex [CoCl2(η2-P,P-DPEphos)]
A solution of the ligand DPEphos (0.355g, 0.66 mmol) in 30 ml of dichloromethane
was added drop by drop to a solution of CoCl2.6H2O (0.166g, 0.70 mmol) in 50 ml
dichloromethane. The reaction mixture was refluxed under nitrogen for 1 h. After cooling the
reaction mixture, the solvent was evaporated and the resultant solid mass was washed several
times with ether and hexane. Finally, after drying under vacuum, a blue compound was
obtained which was recrystallized from dichloromethane. Yield: 90 %. Anal. Calcd. for
C36H28Cl2OP2Co (%): C, 64.69; H, 4.22, Co, 8.82; Found: C, 64.12; H, 4.19; Co, 8.78;
Selected IR frequencies (cm-1, KBr): 3051, 2985 (νCH), 1485, 1435 (νC=C), 1101 (νC-O-C), 506
(νCo-P); 336, 322 (νCo-Cl); Magnetic moment (RT): 4.89 B.M.
2.4. General procedure for the catalytic oxidation of alcohols
A 50 ml round bottomed flask was charged with alcohol (1 mmol), cobalt complex (0.5
mol%), acetonitrile (10 ml) and H2O2 30% (5 mmol). The mixture was stirred at 70oC for the
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required time. After completion, the reaction mixture was extracted with ether (3 x 20 ml) and
dried over Na2SO4. After evaporation of the solvent under reduced pressure, the residue was
chromatographed (silica gel, ethyl acetate/ hexane, 1:9) to obtain the desired products. The
catalytic products were characterized by IR, 1H -NMR and GC-MS.
3. Results and discussion
3.1. Synthesis and characterization
The complex, [CoCl2(η2-P,P-DPEphos)] was prepared by reacting the DPEphos ligand
with CoCl2.6H2O in 1:1 molar ratio under refluxing condition for 1 h as shown in Scheme 1.

Scheme 1: Synthesis of cobalt(II) complex with DPEPhos ligand.
The elemental analyses data are consistent with the proposed formulation of the
complex. The FTIR spectra of the complex show a moderately intense band at 544 cm-1 which
is the characteristics region of M-P stretching. The far-IR spectrum shows two stretching
frequencies for ʋCo-Cl at 336 and 322 cm-1. The ʋC-O-C band in the complex occurs at 1101 cm-1
which is almost same as that of the free lignd ʋC-O-C stretching (1102 cm-1) substantiating that
the oxygen atom of the DPEPhos ligand is not involved in coordination with the cobalt centre.
The effective magnetic moment of the complex determined at room temperature is 4.89 µB,
which compares favourably with that of 4.1–5.2 µB expected for the Co(II) complex with three
unpaired electrons [31].
3.2. X-ray structure determination
The molecular structure of the complex was determined by X-ray single crystal analysis
(Fig.1, Table 1, 2). It could be seen from Fig.1 that the Co(II) centre in the complex adopts an
almost regular tetrahedral geometry. The coordinating angles varying between 103.21(5)
[Cl(2)-Co(1)-P(1)] to 112.38(5) [Cl(2)-Co(1)-P(2)] with an average angles of 109.82o. The PCo-P angle of 112.21o is very much similar to other tetrahedral complexes containing this
ligand [7]. The mean atomic distances of Co-Cl 2.219 and Co-P 2.421 Å are closely analogous
to other known cobalt complexes containing tetrahedral {CoCl2P2}core [32]. The structure
clearly establishes that the potentially tridentate DPEphos ligands binds with the cobalt(II)
centre through bidentate P,P mode as the observed Co-O distance of 3.225 Å is considerably
longer to form any bonding interaction [7].
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Fig.1: ORTEP drawing of the complex [CoCl2(DPEphos)].2H2O with 30% probability,
hydrogen atoms and uncoordinated disorder water molecules are omitted for clarity.
Table 1: Crystallographic data and structure refinement parameters of the complex
[CoCl2(η2-P,P-DPEphos)].2H2O.

Empirical Formula
Formula weight
Crystal system
Space group
a (Å)
b (Å)
C (Å)
α (o)
β (o)
γ (o)
Volume (Å3)
Z
Dcalc (Mg/m3)
T(K)
µ (mm-1)
F(000)
Reflections collected
Independent reflections (Rint)
θmax
Completeness to θmax
h,k,l max
Final R1 (I>2σ(I))
Final wR2 (I>2σ(I)
Goodness-of-fit
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Complex
C36H32Cl2CoO3P2
700.45
Monoclinic
P21/n
11.611 (3)
19.453 (5)
15.695 (4)
90
97.449 (15)
90
3515.0 (16)
4
1.286
296
0.758
1420
8893
6399
28.73
0.977
15, 25, 21
0.0824
0.2757
1.859
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Table 2: Selected bond lengths and angles for the complex [CoCl2(η2-P,P-DPEphos)].2H2O.
Bond lengths (Å)
Co(1)-Cl(1)
Co(1)- Cl(2)
Co(1)- P(1)
Co(1) –P(2)
Co(1)-O(1)
Bond angles (o)
Cl(1)-Co(1)-Cl(2)
Cl(1) –Co(1)-P(1)
Cl(2)- Co(1)- P(1)
Cl(1)- Co(1) –P(2)
Cl(2) –Co(1) –P(2)
P(1) –Co(1)-P(2)

2.216(2)
2.222(2)
2.417(1)
2.426(1)
3.225(2)
112.34(6)
109.52(5)
103.21(5)
107.21(5)
112.38(5)
112.21(4)

3.3. Catalytic studies
The transition metal catalyzed oxidation of alcohols to corresponding carbonyl
compounds is one of the most important reactions in modern organic synthesis [33,34]. In
order to see the effectiveness of our complex as catalyst, benzyl alcohol was chosen as model
substrate. The initial reaction was performed under aerobic condition at room temperature by
bubbling air through an acetonitrile solution of benzylalcohol in presence of 1.0 mol% catalyst
without using any other oxidant. Interestingly, we found that the corresponding benzaldehyde
was produced in 32% yield (Table 3, entry1) after 24 h of reaction time. However, using H2O2
as oxidant the reaction time and yield of benzaldehyde could be improved significantly (entry
2). Further, on increasing the temperature to 70 oC almost quantitative yield of benzaldehyde
was achieved with H2O2 (entry 4). It is interesting to note that under similar experimental
condition, using CoCl2.6H2O as catalyst only 22% benzaldehyde was isolated (entry 4) which
clearly demonstrates the efficiency of our catalyst. Studies on optimization of catalyst quantity
revealed that use of 0.5 mol% catalyst loading resulted completion of the reaction within 6 h
(entry 5). However, on decreasing the catalyst loading to 0.1 mol%, 56% benzaldehyde
formation was obtained in 12 h (entry 6). A further decrease in catalyst loading to 0.05 mol%
result only 36% product formation was achieved (entry 7).
3.4. Effects of solvents in the alcohol oxidation reaction
It may be mentioned that choice of solvent often plays a significant role in transition
metal catalyzed reaction; hence a range of different solvents were screened for this reaction
(Fig. 2). It has been observed from Fig.2 that the oxidation reaction of benzyl alcohol
proceeded well in polar organic solvents such as methanol, acetone and acetonitrile; however
significant variations in yields were noticed. Non polar solvent such as toluene or THF were
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found to be less effective. Among the solvent screened acetonitrile was found to be the most
efficient, while water was the least efficient.
Table 3: Optimization of reaction conditiona for oxidation of benzyl alcohol using the cobalt(II)
complex as catalyst.

Catalyst
(mol %)
1.0

Time (h)

Yield (%)b

air

Temp.
(oC)
rt

24

32

2

H2O2

rt

1.0

6

58

3

H2O2

50

1.0

6

72

4

H2O2

70

1.0

4

96 (22)c

5

H2O2

70

0.5

6

96

6

H2O2

70

0.1

12

56

7

H2O2

70

0.05

12

36

Entry

Oxidant

1

Reaction condition: alcohol (1 mmol), H2O2 30% (5 mmol), CH3CN (10 ml). bIsolated yield.
amount in the parenthesis is the yield obtained with CoCl2.6H2O as catalyst without using any
ligand.

a
c

Fig.2: Effects of solvents on oxidation of benzyl alcohol using H2O2 as oxidant.
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3.5. Effects of various substrates in the alcohol oxidation reaction
To evaluate the scope and limitations of the current catalyst, reactions of a wide array
of electronically diverse benzyl alcohols were examined under optimized condition and the
results are summarized in Table 4. It has been seen from Table 4 that nearly quantitative yields
of carbonyl compounds had been obtained with a range of benzyl alcohols such as benzhydrol
(entry2), p-methyl benzyl alcohol (entry 5) and p-methoxybenzyl alcohol (entry 9) etc. Our
results also showed that the position of substituents had some effects on the reaction process.
For example, oxidation of m-nitrobenzylalcohol gave only 36% product while under similar
experimental condition p-nitrobenzylalcohol gave 88% aldehyde (entry 8 vs. entry 7). In a
similar way, m-chlorobenzylalcohol gave only 51% yield while p-chlorobenzylalcohol gave
85% yield (entry 12 vs. entry 11), m-methoxybenzylalcohol gave only 52% yield while pmethoxybenzylalcohol gave 98% yield (entry 8 vs. entry 9). Unlike the position of substituents,
the electronic nature of substituents had little influence on the catalytic reactions. Both electron
withdrawing such as p-NO2 (entry 7), p-Cl(entry 11) and electron donating p-Me (entry 5), pOMe (entry 9) substituents in the benzene ring gave the desired products in very good to
excellent yields. In addition to benzylic alcohol, allylic alcohol such as cinnamyl alcohol could
also be possible to oxidize but poor yields are obtained (entry 3). It is interesting to note that
aliphatic alcohols such as cyclohexanol (entry 13), 1-Octenol (entry 14) and heteroaryl alcohol
(entry 15) could also be oxidized to corresponding carbonyl compounds in reasonably good
yields.
Table 4: Oxidationa of various alcohols with H2O2 as oxidant with the cobalt(II) complex as
catalyst.

Entry

Alcohols

Products

Time (h)
6

1

2

3
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Yield (%)b

92

4

98

6

42
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4

6

66

4

98

6

65

6

88

6

36

9

4

98

10

4

52

11

6

85

6

51

O

5

6

O

7
O2N

8

OH

NO2

OH

12
Cl
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OH

13

4

32

14

4

20

15

4

35

a

Reaction conditions: alcohol (mmol) , H2O2 (5 mmol, 30%), complex (0.2 mol%), acetonitrile
(10 ml).
b
GC yields.

4. Conclusion
In summary, we have synthesized a new cobalt(II) complex containing DPEphos ligand
and characterized by spectroscopic as well as by X-ray single crystal analysis. The complex
was found to be an excellent catalyst for benzyl alcohol oxidation reaction with H2O2 as
oxidant. A range of sterically and electronically diverse benzyl alcohols could effectively be
oxidized to corresponding alcohols in high yields.
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Appendix A. Supplementary materials
CCDC 892982 of the cobalt complex contains the supplementary crystallographic data
for this paper. These data can be obtained free of charge via http://www.ccdc.cam.ac.uk/conts/
retrieving.html, or from the Cambridge Crystallographic Data Centre, 12 Union Road,
Cambridge CB2 1EZ, UK; fax: (+44) 1223-762-911.
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Abstract
The condensation product of acetyl ferrocene and naphthylamine(L) acts as a fluorescent
sensor for Hg2+ over the metal ions - Na+, K+, Ca2+, Mg2+, Al3+, Mn2+, Fe2+, Zn2+, Ni2+, Cd2+,
Pb2+ and Ag+ in 1:1 (v/v) CH3OH:H2O. Two Hg2+ ions bind to L with binding constant value
106.7. The solution of L shows different colors when interacted with the above metal ions but
interaction with Hg2+ results colorless solution making naked eye detection of Hg2+ possible. The
detection limits of L for Hg2+is 10-4 M.
Keywords: Schiff base; fluorescent; Colorimetric; Sensor.
1. Introduction
Mercury (Hg) pollution is considered as a global environmental problem. Both the nature
as well as human is contributing to this problem [1]. The sources of Hg are geological activities,
coal burning, tailing of mine, chlorine-alkali industries wastes etc. [2]. In nature, Hg2+ is
converted into organo-mercury in the form of CH3HgX where X = Cl-, AcO- etc. Due to the
lipophilic nature the organomercury compounds, it can easily accumulate in cell membranes of
different parts of the human body [3]. This makes failure of many organs/systems which include
central nervous system (CNS), brain, kidney etc. Hence detection of Hg2+ in different natural
sources particularly in water is of great importance.
A number of techniques have been employed to detect Hg2+ ion which include atomic
absorption spectroscopy [4], X-ray fluorescence spectroscopy [5], UV/visible spectroscopy [6],
electrochemistry[7, 8], ICP- atomic emission spectrometry [9], and ICP-mass spectrometry [10]
etc. The advantages of fluorescence, as a method for detection of heavy metal ions, over these
methods are high sensitivity, low instrument cost and easy application [11,12].
Fluorescence detection of Hg2+ ion has gained current research interest. A rhodaminecyclen conjugate has been reported as a highly sensitive and selective fluorescent chemosensor
for Hg2+ ion [13]. The high emission selectivity is due to the formation of complex between the
sensor and Hg2+ which leads to spirocycle opening of the sensor. 8-hydroxyquinoline derivative
having an appended boron-dipyrromethene has been reported to detect Hg2+ ion by fluorescent
Published on 15-08-2016; Karimganj
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“on-off” mode [14]. The probe, 1,4-bis(1-pyrenyl)-2,3-diaza-1,3-butadiene does selective
sensing of Hg2+ ion through a yellow to deep-pink color change, fluorescence “off-on” mode
accompanied by red shift of the excimer emission [15]. Derivative of cyclams with two different
fluorophores-pyrene and nitrobenzoxadiazole (NBD) were found to detect Hg2+ by fluorescence
“on-off” mode [16]. There are also other reports of cyclams as fluorescent sensors for Hg2+ ion
[17,18]. Crown ether diazatetrathia, when modified by bis(pyrene) derivative, acted as a
fluorescent sensor for Hg2+ ion [19]. Calixarenes have also been studied in this regard [20]. New
fluorescent sensors for Hg2+ are still attracting the interest of scientists [21,22]. The major
drawback of these methods is requirement of complicated organic synthesis.
In this paper we report that the condensation product of acetylferrocene and
naphthylamine(L) acts as a fluorescent sensor for Hg2+ over a number of metal ions. The naked
eye detection of Hg2+ is also possible. The binding constant and detection limits of L for Hg2+ are
also reported.
2. Experimental
All the chemicals (analytical grade) were from LobaChemie except Methanol (Merck).
The Metal salts were sulphates except Pb(NO3)2, CaCl2, and HgCl2. The Water used was double
distilled in quartz distillation plant. The metal salts were recrystallized from water before use.
The Fluorescence spectra measurements were performed in a Hitachi FL-2500 florescence
spectrophotometer, using a quartz cuvette (1 cm), and both the excitation and emission band
passes were set at 5.0 nm. 1H NMR spectra were recorded in a Bruker Ultrashield 600 MHz
spectrometer. All NMR spectra were obtained in CDCl3 at room temperature and the chemical
shifts were reported in δ values (ppm) relative to TMS. The metal salt solutions (10−3 M) were
prepared in phosphate buffer solution (PBS) at pH 7.0.
2.1. Synthesis and Characterisation of the sensor (L)
0.143 g alpha-naphthyl amine was dissolved in 10 mL CH3CN and a solution of 0.228 g
acetyl ferrocene in 10 mL CH3CN was added to the above solution. This mixture was then stirred
using a magnetic stirrer for about 24 hours. A dark brown coloured product was precipitated.

Scheme 1: Synthesis of L.
Analytical data:
FT-IR (KBr, cm-1): 3402 (-CH3 ), 1637 (C--N)), 1325.10 (N-C). 1H NMR (CDCl3, 600
MHz, δ in ppm versus TMS): 7.8-6.8 (m, 7H of naphthalene); 4.9-3.8 (m, 9H, of ferrocene);
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1.59-1.25 (3H for H of methyl). HRMS (CH3OH, m/z): 354 for M+1 value of L; 229 for M+1
value of acetylferrocene; 144 for M+1 value of α-naphthylamine.
3. Results and discussion
3.1. Fluroscence Property of L
L shows fluorescence spectrum with λmax at 430 nm when excited with photon of 310 nm.
Fig. 1 shows the effect of Hg2+ on the fluorescence spectra of L. The fluorescence intensity
decreases with increasing Hg2+ concentration till its concentration becomes two equivalent to the
concentration of L. The final fluorescence intensity was one-fifth of the original fluorescence
intensity of L. Similar titrations were performed with the metal ions - Na+, K+, Ca2+, Mg2+, Al3+,
Mn2+, Fe2+, Zn2+, Ni2+, Cd2+, Pb2+ and Ag+. A moderate fluorescence quenching was observed
for the metal ions - Al3+, Fe2+, Cd2+ and Pb2+ while no significant change in fluorescence of L
was observed for other metal ions. Fig. 2 compares the I/Io values of L on interaction with
different metal ions. Here, I is the fluorescence intensity of L at the presence of two equivalents
of the metal ion and Io is the fluorescence intensity

Fig. 1: Effect of Hg2+ on the
fluorescence spectra of L.

Fig. 2: Bar diagram comparing the effect of
different metal ions on the I/Io values of L.

In order to find out the number of Hg2+ ions bound to L, from the fluorescence titration of
L versus Hg2+ ion, we plotted log[(Io-I)/(I-Ifinal)] versus log[Hg2+] (Fig. 3). The slope was found
to be 2.1 which indicates that two Hg2+ ions bind to one L. The binding constant was calculated
to be 106.7 [11,12].
3.2. Colorimteric naked eye detection of Hg2+ by L
L was dissolved in 1:1 (v/v) CH3OH:H2O so that its concentration is 1.0 mM. This
solution was taken 2 mL each in a number of test tubes. 0.5 mL of a metal solution (1 mM) in
water was added to each of these test tubes. The solution was shaken and allowed to stand. It was
observed that all the metal ions develop a colour in the solution except Hg2+. In case of Hg2+ the
colour of the solution disappears. Fig. 4 shows the different colours developed by different metal
ions on solutions of L. Thus the naked eye detection of Hg2+ is possible by the solution of L
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Fig. 3: Plot of log[(Io-I)/(I-Ifinal)] versus log[Hg2+].

Fig. 4: Naked eye detection of Hg2+ ion by L.
4. Conclusion
We have developed a new fluorescent “on-off” and naked eye detectable colorimetric
sensor for Hg2+ in 1:1 (v/v) CH3OH:H2O solution. The binding constant between the sensor and
Hg2+ is very high and the detection limit is 10-4 M. The sensor is applicable to Hg2+ over metal
ions- Na+, K+, Ca2+, Mg2+, Al3+, Mn2+, Fe2+, Zn2+, Ni2+, Cd2+, Pb2+ and Ag+ .
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Abstract
Hemilabile metal complexes exhibit interesting dynamic stereo-chemistry through a
reversible ‘Opening and Closing’ mechanism, which is useful for coordination and activation of
the small molecules for catalytic reactions. Ruthenium complexes of unsymmetrical chelating
ligands such as functionalized phosphines have aroused much interest in recent time because of
their structural novelty, reactivity and catalytic applications. A variety of ruthenium(II) carbonyl
complexes of different P,O and P,S type diphosphine ligands like Ph2P(CH2)nP(O)Ph2, [n = 1,2];
Xantphos monosulfide [Xantphos(S)] and DPEphos monosulfide [DPEphos(S)], have been
reported in order to evaluate their catalytic activity. The complexes are found to be thermally
stable up to about 300 °C and show high catalytic activities in the transfer hydrogenation of
aldehydes and ketones to the corresponding alcohols. The highest conversion (about 99%) with
the corresponding Turn Over Frequency (TOF) value of about 1000 h–1 was obtained for
[Ru(CO)2Cl2{DPEphos(S)}] in the case of benzaldehyde. The catalytic efficiency of RuDPEphos(S) complex is found to be much higher than others, which might result from the
hemilabile behavior of the P,S ligand.
Keywords: Ruthenium; hemilabile; diphosphine; carbonyl; hydrogenation.
1. Introduction
The effect of ligands on structure and reactivity of transition metal complexes are
important topics of research in coordination and organometallic chemistry as well as in catalysis.
The large impact of the use of phosphine ligands in metal complexes is evident from their utility
in various catalytic reactions such as hydrogenation [1], carbonylation [2], and hydroformylation
reactions [3,4a˗c]. Diphosphine ligands having different backbones can display marked
differences on the reactivity and selectivity of a catalyst [4]. Heterobidentate ligands often offer
several advantages over symmetrical bisphosphine ligands by creating steric and electronic
asymmetry at the metal centre [5]. A potential consequence of donors with different donating
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properties may lead to hemilability [6] and become important in catalytic reactions [6-9] as well
as in small molecule chemo-sensors [10]. Recently, much interest has been aroused in flexible
scaffolds for hemilabile bidentate phosphine ligands. Flexibility may also be beneficial for both
in catalysis as well as sensing devices when a metal complex requires a ligand to accommodate
different geometries during the course of the catalytic cycle. As such, the rigid backbone may
actually enforce a constrained geometry and thereby limits certain coordination modes which
may reflect its effectiveness in a catalytic reaction. In this manuscript, two diphosphine ligands
such as xantphos and DPEphos with different ligand backbones have been chosen and made
them heterobidentate by selective oxidation of one of the phosphorus atoms with elemental
sulfur. In this paper, the synthesis of different ruthenium(II) carbonyl complexes of P,O and P,S
chelating bidentate phosphine ligands and their reactivity in transfer hydrogenation reaction have
been reported. The effect of the ligand backbones on the geometry and reactivity of the
complexes have also been demonstrated.
2. Experimental
2.1. Materials
RuCl3.3H2O was purchased from M/S Arrora Matthey Ltd., Kolkata. The specialty
chemicals bis(diphenylphosphino) ethane monoxide, bis(diphenylphosphino) propane monoxide
xantphos, DPEphos, elemental sulphur and H2O2 were purchased from M/S Aldrich, USA,
Across Organics, Belgium and so on, and were used without further purification. All the solvents
used were distilled under nitrogen atmosphere prior to use.
2.2. Synthesis of [RuCl2(CO)2(P,O)] (1a,b) and [RuCl2(CO)2(P,S)] (1c,d) [11]
[RuCl2(CO)2]n (0.439 mmol, 100 mg) in methanol (10 cm3) was refluxed with an
equimolar quantity of the ligands Ph2P(CH2)nP(O)Ph2, [n = 1(a), 2(b)]; DPEphos monosulfide
[DPEphos(S)] (c) and Xantphos monosulfide [Xantphos(S)] (d) respectively in DCM to produce
1a-1d. The solvent was removed under vacuum and washed with diethyl ether. The resulting
yellow compounds were recrystallized from DCM / hexane to yield bright yellow powder.
Analytical data for 1a–1d
[RuCl2(CO)2(dppeO)] (1a)
IR (KBr, cm-1): 1990, 2057 [ν(CO)], 1176 [ν(PO)]. 1H NMR (CDCl3, ppm): δ 2.23, 2.89, (m,
CH2), 7.35, 7.61, 7.92 (m, Ph). 13C NMR (CDCl3, ppm): δ 24.2, 31.6 (CH2), δ 128.2, 131, 135
(Ph), 189.6 (CO). Mass: 642.8 (M/Z+). Elemental analyses: Found (Cald. for C28H24O3P2Cl2Ru),
C 51.89 (52.33); H 3.62 (3.73)
[RuCl2(CO)2(dpppO)] (1b)
IR (KBr, cm-1): 1988, 2055 [ν(CO)], 1160 [ν(PO)]. 1H NMR (CDCl3, ppm): δ 2.18, 2.38,
2.89 (m, CH2), 7.35, 7.48, 7.87 (m, Ph). 13C NMR (CDCl3, ppm): δ 21.9, 28.2, 32.3 (CH2), δ
128.7-134.6 (Ph), 190.8 (CO). Elemental analyses: Found (Cald. for C29H26O3P2Cl2Ru), C 52.82
(53.04); H 3.84 (3.96)
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[RuCl2(CO)2{DPEphos(S)}] (1c)
IR (KBr, cm-1): 2057, 1995 [ν(CO)], 600 [ν(P–S)]. 1H NMR (CDCl3, ppm): δ 6.43–7.06
(m, 8H, Ar), δ 7.32–7.92 (m, 10H, Ar), δ 8.05–8.21(m, 10H, Ar). 13C NMR (CDCl3, ppm): δ
127.4–156.1 (Ar), δ 185.3 (COt). Elemental analyses data for C38H28Cl2O3P2RuS: calcd. C 57.10,
H 3.50; found C 56.94, H 3.40. Mass: 798.2 (m/z+).
[RuCl2(CO)2{xantphos(S)}] (1d)
IR (KBr, cm-1): 2059, 1974 [ν(CO)], 610 [ν(P–S)]. 1H NMR (CDCl3, ppm): δ 7.92 (d,
2H, Ar), δ 7.66–7.60 (m, 8H, Ar), δ 7.55–7.46 (m, 12H, Ar), δ 7.36 (d, 2H, Ar) δ 7.26 (t, 2H,
Ar), δ 7.00–6.78 (4H, Ar), δ 1.63 (s, 6H, CH3). 13C NMR (CDCl3, ppm): δ 153.41–120.43 (Ar), δ
34.12 (CH3), δ 186.22 (COt). Elemental analyses data for C41H32Cl2O3P2RuS: calcd. C 58.66, H
3.81; found C 57.48, H 3.65. Mass: 838.6 (m/z+).
2.3. General procedure for the catalytic transfer hydrogenation
In an inert atmosphere, substrate (34.28 mmol), the ruthenium catalyst precursor (0.0438
mmol) and 25 ml of propan-2-ol were introduced into a two necked round bottom flask fitted
with a condenser and heated at 83 oC for 10-20 minutes. NaOH was then added to the reaction
mixture (0.4 mmol in 5 ml propan-2-ol) and refluxed at around 83 oC. The progress of the
reaction was monitored by TLC and the products were isolated by column chromatography.
3. Results and discussion
3.1. Synthesis and characterization of 1a-1d
The polymeric precursor [RuCl2(CO)2]n reacts with P,O and P,S type bidentate ligands in
1:1 mol ratio to afford hexa-coordinated complexes of the type [RuCl2(CO)2(P,O)] (1a,1b) and
[RuCl2(CO)2(P,S)] (1c,1d) (Scheme 1).
Elemental analyses and mass spectrometric results are consistent with the proposed
formulae of 1a–1d. The IR spectra of 1a–1d show two equally intense ν(CO) bands in the region
1973–2073 cm-1 confirming the presence of two terminal carbonyl groups cis to one another. The
ν(P–O) bands of 1a and 1b at around 1176 and 1160 cm-1 are about 10 and 8 cm-1 respectively
lower than that of the corresponding free ligands [[ν(P–O) = 1186 (a), 1168 (b) cm-1]. Similarly,
the ν(P–S) bands of 1c and 1d at around 600 and 610 cm-1 are about 36 and 35 cm-1 respectively
lower than that of the corresponding free ligands [ν(P–S) = 636 (c), 645 (d) cm-1] revealing the
coordination to metal through S donor. The 13C NMR spectra show only one signal for the two
non-equivalent carbonyl carbons as broad singlet in the region δ 184–189 ppm for 1a–1d. The
phenyl and other carbons are found in their respective ranges.
3.2. Catalytic activity of 1a–1d
The catalytic activity of 1a–1d was investigated for transfer hydrogenation reaction and
they are found to exhibit high efficiency in the reduction of aldehyde and ketones to their
corresponding alcohols (Scheme 2).
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Scheme 2. Reduction of aldehyde and ketones.
Despite the large number of Ru(II) catalysts reported for this particular transformations
[11a,b,12], the use of ruthenium(II) carbonyl species (which are generally considered as sluggish
catalysts for hydrogenation reaction [13]) are quite scanty [14]. However, aldehydes are difficult
to reduce by catalysts commonly used for transfer hydrogenation, and controlling the
chemoselectivity of the reaction presents a further challenge [15]. In the present study, the
catalytic conversion of some selected aldehyde and ketones by 1a–1d are found in the range 45–
99% within a reaction time of 0.4–24 h (Table 1). In general, the catalytic conversion increases
with increase in reaction time and decreases in presence of the bulky substituent to the substrate.
All the complexes show much higher catalytic activity for the hydrogenation of aldehydes than
ketones. However, the catalytic activity of P,S containing Ru(II) complexes (1c,1d) is higher
than those of Ru(II) diphosphine catalysts (1a,1b) of similar configuration. Interestingly, the
complex 1c shows much higher catalytic activity than 1d. In order to investigate the catalytic
efficiency of 1c and 1d in more detail, the conversion of acetophenone to 1-phenylethanol was
measured after a regular interval of time for four hours and the results are summarized in Fig. 1
[11b].
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Table 1: Catalytic transfer hydrogenation of selected substrates by complexes 1a–1d.
Entry Substrate
O

1

2

1a
1b
1c
1d

Reaction
time (h)
4
5
0.4
2

Conv.a
(%)
99
98
99
98

TOF
(h -1)b
100.2
80.2
1001.6
198.3

1a
1b
1c
1d

3
12
6
24

58
45
99
95

40
13.9
64.6
15.5

Catalysts

H

O
CH3

O

24
89
14.9
1a
3
24
72
12.0
1b
6
93
62.1
1c
24
91
15.2
1d
a
Conversion of the substrates were obtained from GC analyses.
b
TOF = [amount of product (mol) / amount of catalyst (Ru mol)] / time (h)].
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60

%Conversion
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Fig. 1: Catalytic transfer hydrogenation of acetophenone using 1c and 1d.
It appears that the catalytic conversion by 1c is about four times faster than 1d, which
reflects exclusively the effect of the ligand backbone on catalytic activity. The enhanced
reactivity of the complex 1c over 1d may be due to the hemilabile behaviour of the ligand
DPEphos(S) in solution caused by flexible ligand backbone. In order to get some evidences
about hemilability, the organometallic residue of 1c after reaction was recovered and examined
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its IR spectra, which indicated the presence of considerable amount of free P–S group [IR: ν(P–
S) 635 cm-1] along with little amount of bound P–S group [IR: ν(P–S) 603 cm-1] suggesting the
dissociation of Ru–S bond during catalytic reaction.
4. Conclusion
Four ruthenium(II) carbonyl complexes 1a–1d containing heterobidentate diphosphine
ligands with different ligand backbone have been synthesized and characterised. 1a–1d are
thermally stable about 300 oC and show high catalytic activities in transfer hydrogenation of
aldehydes and ketones to corresponding alcohols and the highest conversion of about 99% with
corresponding highest TOF of about 1000 h-1 was shown by 1c in case of benzaldehyde. The
catalytic efficiency of 1c is found to be many folds higher than 1a, 1b and 1d which might be
due to the hemilabile behaviour of the ligand DPEphos(S).
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Abstract
Catalytic wet oxidation process is a process by which degradation of dye into harmless
products could obtain. In the present work we use ZnO and its acid treated form as catalysts to
decay of Methylene Blue dye. The catalysts were first treated with 0.5, 0.75, 1.0N H2SO4 which
were then used as catalysts for wet oxidation of the dye. The catalytic activity of the catalysts
was increased after acid treatment and it was measured by BET adsorption isotherm. Using these
oxides as catalysts, oxidation of the dye was done by changing the variables such as reaction
time, dye concentration, catalyst load and pH of the medium. The decay of the dye increased
from untreated to acid treated catalysts and was found to increase from 35.64 -73.93 %. The final
degradation products found were less harmful towards environment.
Keywords: ZnO; wet oxidation; Methylene Blue; acid treatment
1. Introduction
Environmental contamination is now-a-days one of the greatest problems of human
society, mainly due to the population explosion and increase in number of industries [1-5].
Among them, the textile industries produce a large amount of effluents which can cause serious
environmental problems as they contain colored compounds resulting from dyes unfixed to fibers
during the dyeing process [6-13]. There are so many methods for the removal of dyes like
adsorption, coagulation, electrocoagulation, Fenton’s reagent and combination of these
processes. Although these treatment processes are efficient in dye removal, they can generate
adsorbed waste/sludge, etc. which may further causes a secondary pollution. So, this may
become another type of problem for the environment. In wet oxidation method, the sludge is
disposed off to a great extent by oxidizing the organic pollutant. Catalytic wet oxidation method
(CWAO and CWPO) is gaining more popularity now-a-days [16]. In all oxidation processes
hydroxyl radical is one of the intermediate compounds which is responsible for the oxidation of
the dyes in aqueous medium [17]. Now-a-days, many catalysts viz. metal oxides such as ZnO,
CuO, MnO2, TiO2 and ZrO2 [18,19], mixed metal oxide [20], supported noble metal catalysts
[21,22] and polyoxometalates (POMs) [23–25] are used to degrade various organic pollutants by
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CWAO process. But there are only limited studies on CWAO of organic pollutants under room
temperature and atmospheric pressure [20,23,25-27].
The present work reports the removal of Methylene Blue dye using ZnO and its acid
treated form as catalysts. The oxidation was observed by changing the reaction time, dye
concentration, catalyst load, pH of the medium. The decay of the reaction was determined by
UV-vis spectrophotometer and the final products were determined by GC-MS measurement. The
products found were harmless towards environment.
2. Materials and methods
2.1. Chemicals used
The chemicals used for the oxidation were ZnO (Oster pharmaceutical), H2SO4 (Merck
Mumbai), Methylene Blue (Merck Mumbai). All the chemicals used were of analytical grade and
used without further purification.
2.2. Preparation of the catalysts
The catalysts were prepared by treating the metal oxide with H2SO4. Same amount of
ZnO were taken in a 500 mL conical flask and was treated with 0.5, 0.75, 1.0N H2SO4 for 4 h at
room temperature in a batch reactor. After that the acid treated metal oxides were washed with
distilled water till the washings were neutral. The materials were dried at 373 K in an air oven
for 5 h and preserved. Altogether we used four types of catalysts viz. untreated ZnO(C1), 0.5N
acid treated ZnO(C2), 0.75N acid treated ZnO(C3) and 1.0N acid treated ZnO(C4) catalysts.
These catalysts were then used for the oxidation of Methylene Blue dye.
2.3. Reaction study
The catalytic oxidation of the dye was done with these oxide catalysts in a batch reactor
under various reaction conditions. The conditions were reaction time (15- 300 min), dye
concentration (1- 100 mg/L), catalysts load (0.5- 7.5 g/L) pH (2- 12). All the reactions were
carried out under room temperature.
3. Results and discussion
3.1. Surface area study
The surface area of the catalysts were determined by BET adsorption isotherm methods
using N2 adsorption gas. The surface area found for the catalysts were 8.57, 10.01, 11.59 and
17.02 m2/g and pore volumes were 1.87 x 10-2, 4.28 x 10-2, 5.68 x 10-2, 6.80 x 10-2 cm3/g for C1,
C2, C3 and C4 catalysts respectively. The surface areas and pore volumes were found to increase
after acid treatment. The increase in surface areas may lead to increase in catalytic activity of the
oxide catalysts.
3.2. Wet oxidation of Methylene Blue dye
3.2.1. Effects of reaction time
The oxidation of the reaction was studied within a time interval of 15-300 min. It was
found that the % degradation increases from 15.19- 35.64% for untreated ZnO. The equilibrium
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was found at 4hr. The % degradation was 15.46- 63.32% for 0.5N acid treated ZnO,
20.71- 70.36% for 0.75N acid treated ZnO and 23.15- 73.93% for 1.0N acid treated ZnO. So,
acid treated ZnO was found to be more catalytically active than untreated ZnO towards wet
oxidation of Methylene Blue. The decay of Methylene Blue with time was shown in Fig 1. A
related conversion was found in Nezamzadeh-Ejhieh [28]. They found about 86.8% of
conversion of 0.01mM Methylene Blue using 1.0g/L of CuO/X zeolite, a heterogeneous catalyst
by photo degradation.
C1
C2
C3
C4

% oxidation

80

40

0
0

100

Time (min)
200

300

Fig. 1: % Degradation of Methylene Blue with different
time interval for C1, C2, C3 and C4 catalyst.

3.2.2. Effect of dye concentration
The reaction was studied by changing the concentration of the dye from 1- 100 mg/L. It
was found that with increase in concentration of the dye, the % decay decreased. The conversion
decreases from 35.64- 12.09% for 1- 100 mg/L with C1 catalyst. Similarly, that for C2, C3 and
C4 were 63.32- 41.63%, 70.36- 43.94%, 73.93- 45.31%. Thus, when the concentration of
Methylene Blue was increased from 1 to 10, 50, 100 mg/L in the reaction, Methylene Blue
conversion decreased. As dye concentration increased, the competition among them to attach on
the active site of the catalysts increased, which resulted in the decrease of dye degradation [29].
3.2.3. Effect of catalyst load
The effect of catalyst load was studied by changing the catalyst from 0.5- 7.5 g/L. The
loads taken were 0.5, 2.5, 5.0, 7.5 g/L. The reactions were carried out with 1.0 mg/L of the dye.
The conversion increased from 30.97- 35.64% when the catalyst load was increased from 0.52.5 g/L for untreated catalysts (C1). 52.74- 63.32% for the same catalyst load with 0.5N acid
treated catalyst (C2). 64.56- 70.36% and 67.77- 73.93% using 0.75 and 1.0N acid treated
catalysts (C3 and C4). After that the decay of the dye remained almost same at room temperature
and atmospheric pressure. The change oxidation was shown in Fig. 2.
3.2.4. Effect of pH
The effect of pH was measured by changing the pH from 2- 12. It was found that the
conversion was found minimum at pH 2 and the maximum at pH 10. The conversion was
21.91% with 10 mg/L Methylene Blue for untreated ZnO at pH 2 which increased upto 31.71%
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% oxidation

at pH 10. The effect of pH was compared with 1.0N acid treated ZnO (C4), and the same type of
trend was found. The conversion was 60.84% at pH 2, which increased upto 71.87% at pH 10.
Similar trends were found by Ji et al. [30] in the pH range 3- 11 and the maximum decay was
found at pH 9. The minimum conversion was found in the acidic medium may be due to the
presence of H+ ion in the medium and the maximum conversion in the basic medium may be due
to OH- ion present in the medium. As the dye is cationic so it would be better to take oxidation in
the basic medium then that in the acidic medium.

70

C1

C2

60

C3

C4

50
40
30
20
0.5 2.5

5

7.5 0.5 2.5

5 7.5 0.5 2.5 5
Catalyst Load (g/L)

7.5 0.5 2.5

5

7.5

Fig. 2: Effects of catalyst load (C1, C2, C3 and C4) on Methylene Blue
(1.0 mg/L) oxidation at room temperature and atmospheric pressure.

3.2.5. Product study
The products of the reaction were also studied by GC-MS study with Perkin Elmer Clarus
600C. The final products found were low molecular weight carboxylic acids and aldehydes, the
less harmful products which could further be converted to CO2 and H2O.
4. Conclusion
It was found from the discussion that the acid treated ZnO could act as a good catalyst for
wet oxidation of Methylene Blue dye. Among the three acid treated forms, the 1.0N acid treated
ZnO gave the highest results. The catalysts were active for the conversion of dye at room
temperature. The final products found were less harmful towards environment.
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Abstract
2-Naphthol aniline dye is a bright red colour dye which contain azo group (-N=N-) as
chromophore. It may be prepared by the coupling of diazonium salts obtained from the
diazotization of aniline with 2- naphthol. Solvatochromism of this dye was studied to determine
the shifting of the λmaxvalues in different solvents like hexane, heptane, toluene, acetone,
methanol, ethanol, DMSO, DMF having different polarities. Red shifting was observed with
increase in solvent polarities except for hexane and acetone. Oxidative degradation of the dye by
hydrogen peroxide was studied in 0.0005M heptane solution as in heptane ~ 75% of the dye got
oxidized in a very small period of time. Kinetic study of the reaction revealed that the reaction
obeys first order kinetics with the rate constant calculated to be 5.99 x 10-2 min-1.
Keywords: Solvatochromism; Oxidative degradation; 2-naphthol aniline; Hydrogen peroxide;
Kinetic Study.
1. Introduction
A dye [1,2] may be defined as a chromogen containing an auxochrome. All colour
compounds are not dyes. Dyes are those colour compounds that can be firmly fixed to the fabrics
by chemical or physical bonding. To be of commercial significance, a dye must show fastness to
light, washing and bleaching. The azo dye represents the largest and the most important group of
dyes. They are characterized by the presence of one or more azo group (-N=N-), which form
bridges between two aromatic rings. 2-naphthol aniline dye [3] is a bright red colour dye
prepared by the coupling of diazotized aniline with 2-naphthol. Azo dye plays an important role
as colouring agents in the textile and pharmaceutical industry. Due to the toxicity of azo dye and
their breakdown products, their removal from industrial waste waters has been an urgent
challenge. The solvatochromic effect or solvatochromic shift refers to a strong dependence of
absorption and emission spectra with the solvent polarity [4,5]. Since polarities of the ground
state and excited state of a chromophore are different, a change in the solvent polarity will lead
to different stabilization of the ground state and excited state, and thus, a change in the energy
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gap between these electronic states. Consequently, variations in the position, intensity, and shape
of the absorption spectra can be direct measures of the specific interactions between the solute
and solvent molecules [4-6]. Solvatochromic property of some novel dyes has been studied by
Alimmari et al. [7].
Oxidation of dyes by using different processes has been known from earlier [8-11].
Hydrogen peroxide (H2O2) is the simplest peroxide. It is also a strong oxidizer. The oxidizing
capacity of hydrogen peroxide is so strong that it is considered as a highly reactive oxygen
species. Hydrogen peroxide is also known as hydroperoxic acid, is a non-linear molecule with a
structure of C2 symmetry. Although the O-O bond is a single bond, the molecule has a relatively
high barrier to rotation, of 29.45kJ/mole. The increased barrier is ascribed to repulsion between
non-bonding electrons of the adjacent oxygen atoms. Oxidation chemistry plays a central role in
many important industrial processes. Examples include the bleaching of wood pulf to make
white paper, remediation of waste water streams, dye bleaching in textile industry, and drinking
water purification [12,13]. In most of these examples chlorine based oxidants such as Cl2, HOCl
or ClO2 are used because these rapidly oxidize organic compounds under ambient conditions.
However, a very undesirable by-product of reactions with these oxidants is the formation of
organo chlorines which are often highly toxic and prone to bioaccumulation when released into
the environment. Hydrogen peroxide is an attractive alternative oxidant because it does not
display these inherent problems. A Gusso et al. [14] reported the conversion of some cyclic
ketones as a potential entry to naturally occurring lactones in the presence of a variety of
platinum complexes as catalyst. This reaction is accomplished by hydrogen peroxide as oxidant.
The stereochemistry of the catalyzed transformation has been determined and it was found that
the reaction proceeds with retention of configuration at the migrating carbon atom.
The objective of the present study is to examine the solvatochromic effect of 2-naphthol
aniline dye, oxidation of azo dye by hydrogen peroxide in presence of HCl and also its kinetic
study.
2. Experimental
All the chemicals and reagents were procured from Qualigens and E-Merck. The solvents
are of AR grade and were distilled before use. Shimadzu UV-visible 1700 spectrophotometer
was used for analysis.
2.1. Synthesis of azo dye 2- naphthol aniline dye [3]
Around 4.5 ml of aniline was taken in a beaker and water was added to it. Concentrated
HCl was also added to disperse the oily layer of aniline which was cooled ~ 00 C. ~ 4g of NaNO2
was dissolved in water and cooled to 00C. Then NaNO2 solution was added to the solution of
aniline in concentrated HCl. ~ 7g of 2-naphthol was taken in water and dissolved in minimum
volume of NaOH solution. The solution was then cooled to 00 C by using an ice bath. Then the
diazotized solution was added very slowly to the 2-naphthol solution with constant stirring. The
mixture immediately developed a deep red colour and the 2-naphthol aniline dye rapidly
separates as red crystals. The solution was filtered through a buchner funnel under suction pump.
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The dye was washed with water and was kept in vacuum desiccator for 2 days to make it
completely dry. The product was then recrystallised from glacial acetic acid. The yield was
~78% and melting point was determined to be 133 oC.
2.2. Solvatochromic Study
For solvatochromic study, 5 x 10-4 M 2-naphthol aniline dye solutions were prepared in
different solvents having different polarities. The shifting of λmax values of the dye (~480nm) of
the respective solutions were analyzed by UV-visible 1700 spectrophotometer.
2.3. Oxidative Degradation of 2-naphthol aniline dye with H2O2
To investigate the efficiency of H2O2, 20 ml of 5 x 10-4 M azo dye solutions in different
solvents were taken and 2 ml of H2O2 and 10 drops of concentrated HCl were also added to
each of these solutions. The mixture was stirred (~speed 900 rpm) for two hours at room
temperature (298 K), separately for each solutions. The resultant mixture was analyzed in an
interval of 5 minute, by UV- Visible Spectrophotometer to find out the minimum time required
for maximum conversion.
2.4. Kinetic Study
To study the kinetics of the oxidative degradation of 2-naphthol aniline dye at room
temperature for a fixed amount of substrate (20 ml ), 20 ml of azo dye in heptane, 2 mL H2O2
and 10 drops of concentrated HCl was stirred for 10 minutes. With the progress of the reaction,
a small amount of reaction mixture was withdrawn after a very small interval of time till 10
minutes and were analyzed by UV- Visible Spectrophotometer to determine the change of
absorbance at ~480nm and hence the percentage conversion. With the help of graphical method
[15], the order and rate constant of the reaction was determined.
3. Results and discussion
3.1. Solvatochromic Study
The UV-visible spectra obtained for the dye in different solvents are presented in Fig. 1
and their λmax values are given in Table 1. It is observed that except hexane and acetone with
comparatively lower polarity; for other solvents, the λmax values of the dye shows red shifting
with the increase in the polarity of the solvents , which indicates that the polarity of the solvents
is not the only parameter which influence the shifting of the λmax values but also influenced by
some other factors .
3.2. Determination of minimum time required for maximum oxidative degradation of the dye
The percentage conversion of dye was calculated by monitoring the absorbance of the
Azo dye at ~480nm. Minimum time required for maximum percentage conversion of the dye in
different solvent is presented in Table 2 which reflects that out of seven solvents, the percentage
conversion of the dye in heptane is 74.8 % in 10minutes.
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3.3. Kinetic Study
Out of seven solvent, heptane was used as an experimental solvent for kinetic study, as
in heptane minimum time was required for maximum oxidative degradation to occur. The kinetic
study was done at room temperature (298 K) for a fixed amount of H2O2 and concentrated HCl,
stirring for 10 minutes. For this purpose, nine aliquots were withdrawn from the reaction mixture
at different time intervals during the course of the reaction and the percentage conversion of
2-naphthol aniline dye (Table 3) was calculated from the respective UV-Visible spectra (Fig. 2).
Table 1: Spectroscopic data for the dye in different solvents at room temperature.

s
b
A

Solvent

λmax

Heptane

473.33

Hexane

471.00

Toluene

476.67

Acetone

474.29

Ethanol

477.78

Methanol

478.89

DMF

481.00

DMSO

481.11

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

Acetone
DMF
Methanol
Ethanol
Heptane
Hexane
Toluene
DMSO

400

500

600

Wavelength (nm)

Fig.1: UV- Visible spectra of the azo dye in different solvents.
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Table 2: Minimum time for highest degradation and corresponding Percentage conversion.
Solvent

Time
(min)
10
10
15
60
15
15
15

Hexane
Heptane
Methanol
Toluene
Acetone
DMSO
DMF

% conversion
51
74.8
46.5
76.5
86.04
34.52
18.41

Table 3: Kinetic study of 5 x 10-4 M 2-naphthol aniline dye solution.
Time (min)
0
1
2
3
4
5
6
7
8
10

%Conversion
0
36.61
35.14
44.52
48.02
46.78
60.34
55.80
51.92
63.60

Fig. 2: UV- visible spectra of dye in heptanes at different time intervals.
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A plot of % conversion vs. time (Fig. 3) was drawn which shows some reversibility
nature of the reaction.

Fig. 3: % conversion vs. time plot.
For the determination of rate constant, the value of logCt against the respective time
interval was calculated and is presented in the Table 4. A plot of logCt vs. time were drawn (Fig.
4) which shows good linearity (R = 0.898) up to a reaction time 10 minutes. The value of the
first order rate constant was determined to be k =5.99 x 10-2 min-1.
Table 4: Ct and log Ct at various time intervals.
Time (min)
1
2
3
4
5
6
7
8
10

Ct ( M )
3.70 x 10-3
3.243 x 10-3
2.774 x 10-3
2.599 x 10-3
2.661 x 10-3
1.983 x 10-3
2.210 x 10-3
2.404 x 10-3
1.820 x 10-3

log Ct
-2.4989
-2.4890
-2.5569
-2.5852
-2.5750
-2.7026
-2.6556
-2.6190
-2.7399

Fig. 4: logCt vs. time plot.
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4. Conclusion
From the experimental study it can be concluded that shifting of λmax values is influenced
by the polarity of the solvents, but in a very lesser extent. The oxidative degradation of 2naphthol aniline dye by hydrogen peroxide shows that in heptane, 74.8% conversion was
achieved for reaction time 10 minutes. The Kinetic study of the oxidation reaction shows a
reversible oxidative degradation of the dye occurs in heptane which follows first order kinetics
with rate constant k =5.99 x 10-2 min-1.
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Abstract
Fe(III) impregnated fly ashes treated, or not treated by acid were prepared by refluxing
10 g fly ash with 40 ml of 1.0 M Fe(III)-aqueous solution. After refluxing, the catalysts were
washed and calcined at 773 K for 5 h before use. Characterization of catalysts were done by
atomic adsorption spectrophotometry for the amount of Fe(III) entering into fly ash, FT-IR
measurements for the structural features and CEC experiments which show improved cation
exchange capacity after metal impregnation. Catalytic wet air oxidation (CWAO) of phenol was
investigated over these catalysts at 323 K and to optimize the reaction conditions, the effects of
different parameters, like time, molar ratio of hydrogen peroxide, catalyst load and the initial
phenol concentration were evaluated in a high-pressure stirred reactor. Acid treated Fe(III)
impregnated fly ash was found to be very active for the CWAO of phenol as compared to
untreated one.
Keywords: Phenol, catalytic wet air oxidation, Fe(III)-fly ash, acid treatment.
1. Introduction
Many industries like petroleum, petrochemical and pharmaceutical generate wastewater
that contains organic products hazardous to the environment especially to natural water
resources. Phenol was found to be the most important water pollutant due to its extreme toxicity
to the aquatic life, carcinogenic nature and resistance to biodegradation [1-5]. Phenol also
imparts a strong disagreeable odour and taste to water even at a small concentration. In UESEPA
least Phenol is found to be the most important pollutant with discharge limit less than 0.5 mg/L
[6]. Direct biological treatment is not possible for wastewater having more than 200 mg/L phenol
concentration. Specific chemical processes are necessary to convert this carcinogenic compound
into industrially degradable products such as diphenols. Different strategies such as “clean”
technology, improvement of existing technologies, or development of new, innovative
technologies (advanced oxidation) have been developed to reach the requested objectives
satisfactorily. Among these, the catalytic wet air oxidation (CWAO process) using air or pure
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oxygen as oxidant could appear to be very promising to achieve high conversion of organic
pollutants, but unfortunately, high pressure and temperature are needed for this process which
increase the investment costs [7-10]. By contrast, the use of hydrogen peroxide (CWPO process)
allows performing oxidation reaction at ambient conditions, limiting the investment costs, even if
the low reaction rates compare to those of CWAO process needs high volume reactors.
Hydrogen peroxide appears to be an appropriate and potential oxidant due to high oxygen
content and yielding water as the only byproduct. Again heterogeneous catalysts are found to be
more desirable because homogeneous catalysts require an additional separation step for the
soluble species leading to high treatment costs. Among various catalysts, transition metal oxides
and supported noble metals have been reported to be widely applied in CWAO [11-13]. But their
use is limited by durability constraints and difficulties in recovery after use. This problem is
usually overcome by dispersing the catalyst components on a porous support such as charcoal,
polymers, zeolites and layered structures (pillared clays and hydrotalcites) by direct intercalation,
ion exchange and encapsulation [14]. In this work, Fe(III) was impregnated into fly ash and the
material was used as the catalyst for oxidation of phenol in water in presence of H2O2. The
reaction time, catalyst load, feed concentration and reactant mole ratio were chosen as the
variables.
2. Experimental
Coal fly ash, obtained as a waste product after the combustion of coal with the help of
High Speed Diesel (HSD) at Bongaigaon Thermal Power Station, Assam, has been utilized as the
catalyst support material.
Iron(III) nitrate nonahydrate from E. Merck, Mumbai, India was used for metal
impregnation, phenol from Merck-Schuchardt, Honenbrunn, Germany, H2O2 from E. Merck,
Mumbai, India was used as oxidant.
2.1. Synthesis of Fe(III) impregnated fly ash
Raw fly ash is first washed with distilled water and then treated with 1.0 M H2SO4. The
treated fly ash is further washed and dried. Each type of ash is then refluxed with 1.0 M Fe(III)
solution (10.0 g in 40.0 mL solution) for 6 h. After refluxing, the materials were washed with
distilled water and dried. All these materials obtained were then calcined at 773 K for 5 h and
preserved. Thus the two type of catalyst under investigation are:
Fe(III) impregnated on
•
•

Water washed fly ash (F1)
1.0 M H2SO4 treated fly ash (F2)

2.2. Characterization of catalyst
The percentage of Fe entering into fly ash was determined with Atomic Absorption
Spectrophotometer (Perkin Elmer AAnalyst 220). The catalysts were further characterized by
FT-IR measurements (Shimadzu IR Affinity-1 FTIR Model range 4400 to 440 cm–1, KBr pellet
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technique). The cation exchange capacity (CEC) of the catalysts was estimated using the copper
bisethylenediamine complex method [14,15].
2.3. Wet oxidation of phenol
Catalytic oxidation was carried out in a batch reactor with equal volumes (25.0 mL each)
of phenol and H2O2 (concentration 5.0 x 10–3 M each) having catalyst load of 1.0 g/L at 323 K
under an atmospheric pressure for 300 min. When evaluating the effects of a particular variable,
appropriate changes were made in the values of the variable. After the reaction was complete, the
mixture was filtered. The unconverted reactant was estimated spectrophotometrically using
Hitachi UV-visible U3210.
3. Results and discussion
3.1. Characterization of catalyst
From AAS analysis, it is found that catalysts F1 and F2 have 134.8 mg and 165.5 mg of
Fe per 1.0 kg of fly ash. The amount of Fe present in the calcined raw fly ash was 83.9 mg/kg.
The CEC of calcined raw fly ash (O) was measured as 2.26 meq/100g. Metal
impregnation into fly ash increases the CEC having value 5.81 and 8.65 meq/100g for catalyst
F1 and F2 respectively. The ion exchange capacity may be due to the structural defects, broken
bonds and structural hydroxyl transfers etc. and the values indicate that Fe(III)-impregnation into
fly ash enhances the ion exchange capacity of the catalyst [16].
FT-IR spectra of calcined samples of raw fly ash (O) and Fe(III)-impregnated fly ash
catalysts F1 and F2 showed a characteristic FT-IR band at 1099.4, 1087.9 and 1088.3 cm-1
respectively (Fig. 1).
100
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F2
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Fig. 1. FT-IR spectra of calcined raw fly ash (O) (on the middle) and of
calcined samples of Fe(III)-impregnated fly ash (F1, F2 from the bottom
upwards )
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Strong mineral band observed around 1095 cm-1 is normally assigned for Si-O-Si stretching. The
broad absorption band found in the range of 3460 and 3300 cm-1 in the FT-IR spectra may be
attributed to hydrogen-bonded Si–OH group or –OH of water. The band between 2920 and 2850
cm-1 in the fly ash samples may be assigned to the asymmetric and symmetric stretching of –CH2
group. IR bands in the regions, 800–795 cm-1 correspond to aromatic C–H bending vibrations
and some bands are observed in these regions [17,18].
3.2. Wet oxidation of phenol
3.2.1. Blank experiments
A set of blank experiments were carried out for the following reactions under the same
conditions of temperature (323 K), atmospheric pressure and a time interval of 300 min:
(i) Phenol alone without any catalyst and H2O2, (ii) Phenol and H2O2 (1:1 molar ratio)
without any catalyst, (iii) Phenol with fly ash as the catalyst (1 g/L) and (iv) Phenol and H2O2
(1:1 molar ratio) with raw fly ash as a catalyst.
No measurable conversion could be recorded in (i) and (iii) while the conversion
observed in (ii) and in (iv) was about 9.2 and 20.4% respectively. From these blank experiments
it is clear that phenol is normally very stable and show very little decomposition at 323 K as in
experiment (i), and again fly ash itself is a poor catalyst which could not give any significant
decomposition of phenol as in (iii). Some amount of decomposition was observed in (ii) and (iv)
as some of .OH radicals were produced from hydrogen peroxide at the temperature of reaction,
323 K and fly ash itself had some adsorption property which provide an appreciable amount of
oxidation. All these wet oxidation were carried out at the natural pH of the aqueous phenol
solutions.
3.2.2. Effects of reaction time
The conversion of phenol increases with reaction time (5–300 min) on catalytic wet
oxidation (Fig. 2) till equilibrium conditions are reached. The conversion of phenol in presence
of H2O2 in 1:1 molar ratio was 49.7 and 57.4% respectively for catalyst F1 and F2 after 15 min
of reaction, which was increased to 63.9 and 76.7 after 300 min. From Fig. 2 it is clear that
amount of phenol conversion was very fast at the initial period of time (about 15-20 min) and
thereafter the rate was found to decrease. The higher reaction rate at the initial period (first 20
min) may be due to the availability of an increased number of vacant sites on the catalyst surface
at the initial stage [20].
3.2.3. Effects of mole ratio of the reactants
The influence of the mole ratio of H2O2 and phenol was studied for mole ratios of 1:1 to
20:1 while keeping the reaction time (300 min) temperature (323 K) and catalyst load (1.0 g/L)
constant. The results showed that with increase in molar ratio the overall conversion also
increases (Figure 3). It is obvious by the fact that increasing the relative amount of H2O2 in the
reaction mixture, more and more .OH radicals were come out which enhances the oxidation of
phenol. This can be seen in the results as Fe(III)-impregnated catalyst F1 and F2 gave a total
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conversion of phenol as 63.9-95.9 and 76.7-98.7%, respectively, with the mole ratio (H2O2 to
phenol) of 1:1 to 20:1. The stoichiometric equation for the complete oxidation of phenol with
H2O2 as given below:
C6H5(OH) + 14 H2O2 → 6 CO2 +17 H2O

(1)

From this equation it is clear that for bringing about the complete oxidation of 1.0 mole
phenol 14.0 mole H2O2 would be required. Here also the increase in conversion was up to the
molar ratio of 1:10 after which it remain almost constant.
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Fig. 2. Effects of reaction time on oxidation of
phenol with Fe(III)-impregnated catalyst F1 and F2 at
323 K with catalyst load 1.0 g/L, reactant and H2O2
concentration of 5.0 x 10-3 M
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Fig. 3. Effects of molar ratio on catalytic wet oxidation
of phenol with Fe(III)-impregnated fly ash F1 and F2 at
323 K with reaction time 300 min, catalyst load 1.0 g/L

3.2.4. Effects of phenol concentration
When the concentration of phenol was increased from 4.0 x 10-4 to 5.0 x 10-3 M, the
conversion showed a downward trend (Fig. 4) at a fixed reaction time of 300 min and catalyst
load (1.0 g/L). The % conversion of phenol came down from 83.5–63.9% for F1 and 91.1–76.7
% for F2 when phenol concentration increases from 4.0 x 10-4 to 50.0 x 10-4 M. The negative
effect may be due to the fact that as the concentration of phenol increases, more and more
reactant molecules were coming out which flocking together on the catalyst surface competing
for the active site among themselves.
3.2.5. Effect of Catalyst Load
When the catalyst load was increased from 0.4–8.0 g/L keeping the other parameters
constant the conversion of phenol showed reasonable enhancement (Fig. 5). At the lowest
catalyst load of 0.4 g/L, F2 could convert 76.3 % of phenol compared to 63.4% for F2. The
conversion at the highest catalyst load of 8.0 g/L was 67.4 % and 79.3 % for catalyst F1 and F2
respectively. With increasing catalyst load, the % of conversion of phenol was obviously
increases. However at higher loading the conversion did not change much. This may be due to
the fact that although the catalyst load was varied, the amount of active phase per unit mass
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remains the same. Thus a small amount of catalyst load (0.4g/L) can bring a significant amount
of conversion under moderate condition.
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Fig. 4. Effects of reactant concentration on phenol
conversion over the Fe(III)-impregnated catalyst F1
and F2 for fixed catalyst loading (1.0 g/L) and time
(300 min) at 323 K
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Fig. 5. Effects of catalyst load on catalytic wet
oxidation of phenol at 323K for reaction time 300
min, reactant concentration 5.0 x 10-3 M.

4. Conclusion
Fe(III)-impregnation into fly ash has produced supported metal catalysts having
reasonable catalytic activity towards the oxidation of phenol. Among the two, the acid treated
catalyst (F2) show better result. Although the catalysts can bring an appreciable extent of
oxidation at higher H2O2 concentration, but still more than 50 % of conversion was observed at a
lower concentration of H2O2 with comparatively low temperature and shorter period of time. As
phenol is one of the toxic pollutants, which usually survives biological oxidation of industrial
effluents, the present work shows that the wet oxidative treatment of the effluent with Fe(III)-fly
ash may be a viable tertiary treatment technique for the removal of phenol from water or
effluent.
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Abstract
Co(III) cubane complex, Co4(µ 3-O)4(µ-O2C-4-CH3O-C6H4)4(C5H5N)4:tetrakis (µ3-oxo)
tetrakis (µ-methoxybenzoato-O) tetrakis (pyridine) cobalt (III) was synthesized by adapting
literature procedure. The synthetic procedure involves the reaction of a mixture of Co(II) salt,
4-methoxybenzoic acid and pyridine in a 1:2:1 molar ratio in methanol by hydrogen peroxide.
The presence of an oxo-bridged distorted cubane like core of [Co4(µ 3-O)4]4+ in the complex has
been confirmed by spectral studies. The oxo-bridged cubane complex exhibits inhibitory effects
on both gram positive S. aureus and gram negative E. coli in a dose dependent manner.
Keywords: Cubane cluster; inhibitory; gram positive; gram negative.
1. Introduction
Transition metal cluster chemistry, an area of modern science has been proved to be very
useful in the fields of chemistry, physics, and biology. Oxo bridged metal carboxylates having
cubane like cores are found to show interesting physical property and posses varied structural
motifs when bind with N-donor and O-donor ligands [1] and have been the subject of extensive
study because of their function in various field viz. materials, catalysis as well as bioinorganic
chemistry [2]. Historically, there have been continual battles between human and the multitude
of microorganisms that cause infections and diseases. To overcome the alarming problem of
microbial resistance to antibiotics, the discovery of novel active compounds against new targets
in resistant bacteria is a matter of urgency. Recently much attention has been emphasized to the
synthesis of new metal complexes and evaluating of these agents for antibacterial activity [3-6].
The use of metal complexes in medicine is reported by different groups [7,8]. Rosenberg
reported the use of cis-platin on gram negative E. coli bacteria and studied the antibacterial effect
of cis-platin [9]. Recently metal complexes of Fe, As Cu, Zn, Al and Co also were found to be
very useful for therapeutic use [7]. Synthesis and investigation of antibacterial activities of
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bimetallic complexes of Cobalt (II) and Nickel (II) acetophenolate was undertaken [5].
Synthesis, characterization and antimicrobial activity of Cu(II), Co(II), Ni(II), Pd(II) and Ru(III)
complexes with Clomiphene Citrate was investigated by Prasad et al.[10]. Cobalt (III)
Complexes as antiviral and antibacterial agents was also studied by Beattie et al. [6]. They also
worked on the synthesis, characterization and antimicrobial activity of cobalt metal complex
against multi drug resistant bacterial and fungal pathogens. Synthesis, antibacterial and
antifungal activity of some new pyridazinone metal complexes was also investigated [11] and
were evaluated for their antimicrobial activities against Gram-positive, Gram-negative bacteria.
In literature Co based complexes have been found to exhibit both antiviral and
antibacterial activity [4-7]. Antibacterial activity of Co complexes is also reported by different
groups [5,12-15]. There are however very few studies on the antimicrobial activity of cobalt
complexes against multi drug resistant microorganisms [4-7]. Co-complexes with redox active
centre exhibiting antibacterial activity against E. coli. is reported recently [4]. Das et al. reported
some Cobalt-oxo cubane complexes in which the [Co4III (µ3-O)4]4+ core undergoes a reversible
one-electron oxidation to the [Co3IIICoIV(µ3-O)4]5+ core [16]. Thus we intend to prepare new
cubane complexes by the reported method and use the prepared complexes to evaluate their
antibacterial activity against gram positive S. aureus and gram negative E. coli bacteria.
2. Experimental
2.1. Materials and method
Chemicals used for our study were obtained from the available commercial sources and
used without any further purification. Co(NO3)2.6H2O, hydrogen peroxide were procured from
E. Merck (India) and pyridine from E. Merck (Germany). Methanol used for synthesis was of
reagent grade obtained from Helix Pvt. Ltd. The solvents DCM (Qualigen), acetonitrile (E.
Merck), DMSO (E. Merck) used for different spectral, electrochemical and antimicrobial studies
respectively were of HPLC grade. The susceptibility of S. aureus and E. coli towards the
synthesized cobalt complex was done by the disc diffusion method in Mueller-Hinton Agar
plates inoculated with S. aureus and E. coli with gentamycin serving as the antibiotic standard.
2.2. Measurements
Infrared spectrum of the complex was recorded using a Bruker alpha FT-IR
spectrophotometer in the mid-IR region (450-3500 cm-1). Shimadzu UV-Visible
spectrophotometer was used to record the electronic spectra of the complex. Analysis of Co was
performed by gravimetric technique by precipitation of cobalt as Hg[Co(NCS)4] following
standard procedure [17]. Cyclic voltammetry was performed using an EG & G PAR model 253
VersaStat potentiostat/galvanostat having a three-electrode setup viz glassy-carbon (working),
platinum-wire (auxiliary), and a saturated calomel (reference) electrode [17].
2.3. Preparation
The complex was synthesized by following a reported procedure in a modified form [13].
A mixture of Co(NO3)2.6H2O (2.908 g, 10 mM) and sodium-4-methaoxybenzoate (3.478 g, 20
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mM) in methanol (20 mL) was stirred. Pyridine (0.8 mL, 10 mM) was added to the reaction
mixture and refluxed. 30% (v/v) hydrogen peroxide solution (5 mL, ~50 mM) was then added
dropwise. The reaction mixture was stirred under refluxing condition for 4 h at a temperature
nearly at 800C (See Scheme 1). The reaction mixture was cooled, filtered to collect the
precipitate which was washed with methanol. The olive green filtrate was again concentrated in a
rotary-evaporator and extracted by adding dichloromethane to it. The compound was precipitated
out on addition of petroleum ether (40-60 fractions) to the dichloromethane solution[3] and
filtered. Both the precipitated solid was dried in a vacuum desiccator over fused CaCl2. The dried
compound was weighted and found to be 6.44g. Yield: 6.44g (52.8 % based on cobalt).

Co(NO3)2 .6H2O + 4-MeO-C6H4-COONa + C5H5N
H2O2 (30% V/V) , Reflux

CH3OH

Pink Solution

Co4(µ 3-O)4(µ-O2C.C6H4-4-MeO)4(C5H5N)4

4hr
Olive Green

Scheme 1: Synthetic Scheme of the Co-complex
3. Results and discussion
3.1. Characterisation of the complex
3.1.1. Infrared Spectroscopy
The complex has been characterized by infrared spectroscopy in the mid-IR region (4503500 cm-1) (Fig. 1). In the IR spectrum, it is possible to identify bands due to bridging
carboxylate anions as well as for the N-donor pyridine ligand. The bands at 1556 and 1374 cm-1
can be assigned to asymmetric [νasym(COO-)] and symmetric [[νsym(COO-)] carboxylate stretching
vibrations. The difference 182 cm -1 (∆ν = νasym-νsym) of the asymmetric and symmetric stretching
vibrations of the carboxyl group is consistent with this ligand bonding in a syn-syn bridging
fashion. The bands at 1604, 1516 and 1481 cm-1 are characteristic of pyridine ring stretching
vibration. The band at 732 cm-1 is tentatively assigned to µ 3-metal-oxo bridging.
3.1.2. UV-visible Spectroscopy
The UV-visible spectrum for the complex (Fig. 2) was recorded in CH2Cl2 at the
concentration of 10-4 M. Two distinct bands occur at 366 nm and 248 nm. The bands can be
attributed to ligand to metal charge transfer transitions (LMCT). While the first LMCT band at
366 nm is expected to be due to a transition involving the µ 3-O-Co(III) moiety present in the
complex [17], later at 248 nm most probably involves a transition between a molecular orbital
from the carboxylato ligands and a vacant cobalt(III) eg* orbital [3]. The UV-visible spectra of
the complex in CH2Cl2, is given in Fig. 2.
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Fig. 1. IR spectrum of the complex

Fig. 2. Electronic spectrum of the complex

3.1.3. Cyclic Voltammetry
The complex was found electrochemically active and undergoes a one-electron oxidation.
The stoichiometry of the electron transfer indicate the involvement of one electron oxidation of
the cubane core from [Co4III(µ 3-O)4]4+ to [Co3IIICoIV(µ 3-O)4]5+ which is similar to that reported in
literature [17]. The observed E½ and ∆EP values for the complex are found to be 0.76 V and 160
mV respectively while the DPV peak potentials ranges from 0.77 V. The cyclic voltammogram
of the complex is represented in Fig. 3.

Fig. 3. Cyclic voltammogram of the complex

The IR, electronic spectra and electrochemical behavior study for the complex was found
to be similar with the reported complex [17] although the single crystal structure is yet to be
obtained.
3.2. Antimicrobial activity
Gram positive S. aureus and gram negative E. coli microbial strain were obtained from
Dept. of Microbiology, Handique Girls’ College and grown at 37 oC in an incubator for 24 h.
Blood agar, Nutrient agar and Mannitol salt agar were used for initial isolation and for
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maintenance nutrient agar slant was used at 40C. The susceptibility of both gram positive and
gram negative bacteria were studied by disc diffusion method in Mueller-Hinton Agar plates
inoculated with S. aureus and E. coli respectively, where gentamycin was used as the antibiotic
standard. Six Mueller-Hinton plates were prepared for both S. aureus and E. coli. Three discs
were streaked with S. aureus. The remaining three plates were lawn cultured with the broth
culture of E. coli through swab stick. The cobalt complex at three different concentrations viz.
0.1mg/ml, 0.05mg/ml and 0.01mg/ml were loaded individually on to the discs in the plates with
bacteria while a gentamycin disc provided the reference antimicrobial against the test bacteria.
While loading, it was ensured that each disc is placed in the centre of the plates. All the plates
were then incubated for 24 hours at 370C for the study of the antimicrobial activity
The diameter of the zones of inhibition around the disc with the complexes and
gentamycin standard was measured to the nearest millimeter (mm), using the Zone Reading
Scale. Sensitivity tests for the complex against gram positive S. aureus and gram negative E. coli
along with antimicrobial zone formed are shown in Table 1 and 2 respectively.
Table 1: Sensitivity test for antibacterial activity of cobalt complex against Staphylococcus
aureus.
Compounds used

Concentration used

Inhibition zone (mm)

Co-complex

0.1mg/mL
0.05mg/mL

15
11

0.01mg/mL

08

Gentamycin

Standard

28

DMSO

Standard

06

The result obtained from the experiment with the Co-complex was analyzed and found that
the inhibitory zone of 15.0 mm and 12.0 mm was exhibited by the compound at a concentration
of 0.1mg/ml respectively for S. aureus and E. coli. Gentamycin showed a zone of 28 mm in S.
aureus and 38mm in E. coli. To be sensitive to S. aureus and E. coli (Standard for gentamycin)
and the inhibition zone of it should be 17 mm and 18 mm respectively. In comparison to
Gentamycin the zone formed was smaller. On lowering the concentration of the complex from
0.1 mg/mL to 0.05 mg/mL and further lowering to 0.01 mg/mL, the inhibitory zone formed was
smaller. For both gram positive and gram negative bacteria viz S. aureus and E. coli and it was
seen that the compound did not have significant inhibitory effects on the microbe at lower
concentration of the complex. But from the result, it might be expected that the compound could
have higher inhibitory effect at higher concentrations
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Table 2: Sensitivity test for antibacterial activity of cobalt complex against Escherichia coli.
Compounds used

Concentration used

Inhibition zone (mm)

Co-complex

0.1mg/mL

12

0.05mg/mL

09

0.01mg/mL

07

Gentamycin

Standard

38

DMSO

Standard

06

4. Conclusion
It can be thus concluded that the compound synthesized showed a capacity to behave as
an antibacterial agent even though the result obtained with this complex at lower concentration
shows nominal potency against the bacteria. At higher dose and optimized conditions the
complex is expected to exhibit a better antibacterial activity. This result can pave way for
discovering some new cobalt based drugs for controlling the pathogens as well as help us to
overcome the fear of Multi Drug Resistant pathogenic microbes. A more detailed work and
further study can throw light upon the bioactive principles underlying the antimicrobial activity
of the synthesized cobalt complex.
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Abstract:
This study presents the removal of hexavalent chromium by Kala jamun seed powder.
Optimum Cr(VI) removal (97.5) from aqueous solution was done at pH=3 by 3gL-1 biomass
dosage. A thermodynamic study on to the removal of Cr(VI) by Kala Jamun seed Powder have
been carried out. Thermodynamic effect on Cr(VI) adsorption on Kala Jamun seed Powder were
investigated with temperature 293, 298, 308 and 313K having concentration 10, 20, 30, 40, 50
mg/L, adsorbent dose 3 g/L, contact time 180 minute and pH as prepared. The results reveals that
the biosorption of Cr(VI) is exothermic in nature.
Keyword: Chromium(VI), Kala Jamun seed, biosorption.
1. Introduction
Most of the environmental problems and ecosystem damage are mostly due to the
accumulation of pollutants such as toxic metals (chromium, copper, lead, cadmium, zinc, nickel,
etc.) on the environment [1]. The soil, sediments, ground water, surface water and air
contaminates with hazardous and toxic chemicals which causes significant problems for human
health and also to general environment [2]. Some industrial processes like electroplating, metal
finishing, metallurgical works, tanning, chemical manufacturing, mining and battery
manufacturing, etc., has raised serious concerns throughout the world since these can be toxic
and harmful even at very low concentrations if consumed by humans and other life-forms [3–5].
There are several contender technologies, such as adsorption on miscellaneous adsorbents [6,7],
supercritical fluid extraction [8], ion exchange [9] etc., exist for treatment and elimination of
heavy metals from industrial effluents and water [10–13]. Adsorption is one of an effective and
versatile technique for heavy metal removal, even at very low concentrations. Thus, the heavy
metal adsorption studies have been focused towards the utilization of natural and renewable
materials that are available in vast amounts, as well as certain waste products from industrial and
agricultural operations [14].
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Hexavalent chromium is considered as one of the top sixteen toxic pollutants because of
its carcinogenic characteristics for humans [15]. It is 500 times more toxic than the trivalent
form. Hexavalent Chromium causes irritation to skin and vital organs. Short duration exposure to
Cr(VI) can cause ulcer and irritation of the nasal and the gastrointestinal tracks. It has adverse
effects on kidney and liver. Inhalation of Cr (VI) may also affect the immune system. Chromium
is released into the environment from both natural and anthropogenic sources.
The present work investigates the possible use of Kala jamun seed powder as a
biosorbent for treatment of water containing Cr(VI).
2. Experimental
2.1. Preparation of the biosorbent
The Kala Jamun (Syzygiumcumini L) seeds were collected locally, washed with distilled
water several times to get rid of dust and other deposits, and dried in an oven at 105oC overnight.
The dried seeds were ground to a fine powder in an electric grinder to obtain the Kala Jamun
seed powder (KSP) biosorbent.
2.2. Characterization of the biosorbent
The surface functional groups of the biosorbent, KSP, were studied with FTIR
spectroscopy (Shimadzu, IR Affinity-1, CE) in the range of 4000 – 400 cm-1 by KBr pellet
technique. The specific surface area of the biosorbent, KSP was determined by dye adsorption
method using Methylene Blue to adsorb on the adsorbent. The amount of the dye adsorbed on
unit mass of the biosorbent (qe mg/g) at equilibrium was determined by measuring the dye
remaining unadsorbed in the solution spectrophotometrically (Shimadzu U1800).
The surface topography of KSP was studied with Scanning Electron Microscopy (SEM)
analysis at the Sophisticated Instruments Facility (SIF), North Eastern Hill University, Shillong,
India (Scanning Electron Microscope, JEOL JSM-6360).
The cation exchange capacity (CEC) of KSP was determined by Copper (II)
bisethylene-diamine complex method [16].
The anion Exchange Capacity (AEC) of KSP was determined using conductometric
method [17].
2.3. Adsorption experiments
A stock solution containing 1000 mg Cr (VI) per L was prepared by dissolving 2.8289 g
K2Cr2O7 in 1000 mL distilled water. Standard solutions of Cr(VI) concentration, 10 to 50 mg/L,
were prepared by appropriate dilution of the stock solution with distilled water.
Adsorption of Cr(VI) on KSP was carried out in the batch mode by agitating a known
amount of the biosorbent with 50 ml of Cr (VI) solution of desired concentration in 100 mL
Erlenmeyer flasks and agitating the mixture in a thermostated water bath shaker for different
time intervals at a fixed temperature. After adsorption, KSP was separated by filtration using
Whatman No.1 filter paper and the supernatant was analyzed for unadsorbed Cr(VI)
spectrophotometrically (Shimadzu U1800).
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3. Results and discussion
3.1. Characteristics of the adsorbent
3.1.1. Specific surface Area
The specific surface area of KSP was found to be 13.8 m2 g. Kehinde et al. have also
reported specific surface area of 20.31 and 17.45 m2 g for coconut husk and teak tree bark
respectively [18].
3.1.2. Surface Topography
The SEM micrographs Fig. 1 of KSP particles have clearly showed that the biosorbent
consists of particles of different sizes and shapes. The particles have irregular surfaces with a
large number of wavy edges. Further, the KSP surface contains some heterogeneous pores and
small openings, which help to give a porous look to the surface, and indicate a lager surface area
and a high adsorption capacity of the adsorbent.

Fig. 1. SEM images of KSP particle.
3.1.3. Cation Exchange Capacity (CEC)
The CEC of KSP was measured to be 1.47 meq/100g. The cation exchange capacity
measurement has shown that the biosorbent, KSP, has considerable CEC value due to the
presence of polar functional groups like -OH, -C≡N, >C=O, etc., on the surface.
3.1.4. Anion Exchange Capacity (AEC)
The anion exchange capacity of KSP was measured to be 1.41 meq g-1. It may be noted
that Anirudhan and Jalajamony have reported values of 0.69 and 1.81 meqg-1 for commercial
cellulose powder and a cellulose-based anion exchanger respectively [17].
3.1.5. Identification of Surface Functional Groups
The principal functional groups identified in KSP from the FT-IR spectra shown in Fig.
2 along with the corresponding IR bands are -OH (3842 cm-1), -CH3 (2992 cm-1), -C≡N (2350
cm-1), -C≡C- (2042 cm-1), >C=O (1640 cm-1), >C=S (1240 cm-1), C-X (680 cm-1). Similar
functional group identification has been made earlier by other workers [19,20].
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3.2 Results of Thermodynamic Studies.
Thermodynamic effect on Cr(VI) adsorption on KSP are investigated with temperature
293, 298, 308 and 313K having concentration 10, 20, 30, 40, 50 mg/L, adsorbent dose 3 g/L
contact time 180 minute and pH as prepared. The capacity of Cr (VI) adsorption on KSP
decreases with rise in temperature. The plot is shown in figure 2. The plot indicate that
adsorption of Cr (VI) on KSP is exothermic in nature. Similar results were also found for Cr (VI)
adsorption on various adsorbents [21]. Anirudhan et al. [22] also reported similar results on Cr
(VI) adsorption.

Fig. 2. Effects of temperature on Cr (VI) adsorption on KSP, adsorbent
dose 3 g/L, contact time 180 min, pH as prepared.
There are mainly three important parameters of thermodynamic equilibrium namely,
Change in enthalpy denoted by ∆H, Change in entropy denoted by ∆S and Change in Gibbs free
energy denoted by ∆G. These parameters can be calculated by plotting a graph of log(qe/Ce) vs
1/T. The graph is shown in the Fig. 3. The graph shows a good linearity with a mean correlation
coefficient of 0.97.
The change in enthalpy ∆H for various temperature of 293, 298, 308 and 313K on Cr
(VI) concentration of 10, 20, 30, 40 and 50 mg/L varies from -51.62 to -58.28 KJmol-1 with a
mean value of -51.66 KJmol-1. The value of ∆H indicates the exothermic nature of the
adsorption. Similar values of ∆H (-17.22 KJmol-1) has been reported for Cr (VI) adsorption by
Anirudhan et al. [22].
The change in entropy ∆S varies from -166 J K-1mol-1 to -208 J K-1mol-1 with a mean
value of (-)176.2 J K-1mol-1. The value of entropy decreases as temperature increases. Similar
negative value of change in entropy has reported by several authors [23,24] for Cr (VI)
adsorption.
The change in Gibbs energy increases from -8.4 to +3.66 KJmol-1 with increase in
temperature. Similar results of increase in Gibbs energy with increase in temperature has also
been reported by Dakiky et al. [25] for Cr (VI) adsorption by various biosorbents. Here at 293K,
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the Gibbs energy decreases from -2.94 to -39.8 KJmol-1 with a mean value of - 8.4 KJmol-1. Thus
at temperature 293 K Cr (VI) adsorption on KSP is a spontaneous process. The negative value of
Gibbs energy is also found for 298 K and 308 K of Cr (VI) of 10 mg/L.

Fig. 3. van’t Hoff plots of Cr (VI)- sorption on KSP (pH as prepared,
interaction time 180 min, adsorbent dose 3 g/L).
Table 1. Thermodynamic parameters of Cr (VI) adsorption on KSP for different Temperature at
293, 298, 308, 313 K.

C0 (mg/L)

∆H
(kJ/mol)

∆S
(J/K/ mol)

∆G (kJ/mol)
293K

298K

308K

313 K

10

-51.6

-200

-2.9

-2.1

-0.4

0.4

20
30

-40.2
-56.46

-134
-192

-1.0
-0.1

-0.3
0.8

1.0
2.7

40

-51.73

-183

1.82

2.7

4.6

1.7
3.7
5.5

50

-58.28

-209

-39.8

3.9

6.0

Mean

-51.66

-200

-8.4

1

2.78

7.0
3.66

4. Conclusion
From the present study, it can be concluded that powder of Kala Jamun seed powder
has successful application as an adsorbent and shows high efficiency for the removal of Cr(VI)
from aqueous solution . Thus from the above studies it also can be concluded that the Cr (VI)
adsorption on KSP is feasible at lower temperature (293K) and at normal room temperature
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(298K). Kala Jamun seed are easily available. Optimize condition for Cr(VI) removal with
black-berry seed are 3gL-1 adsorbent, 180 min time, room temperature and at pH 3.
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Abstract
To assess the water quality of Naughty Khal, a canal connects the municipality waste
dumping site and Longai river of Karimganj district, six water samples have been collected from
six important sites of Naughty Khal by maintaining a uniform distance between them during the
month of August, 2011 and January, 2012. Analysis have been done for the quantitative
determination of the concentration of Fe, Mn, Cu, Cr, Cd , As and also for the qualitative
determination of physical parameters like pH, EC, TSS, TDS, TS and total hardness of the
collected water samples. In both the seasons the concentration of Mn, Cr, Fe , Cd and As
obtained were higher than the permissible limit declared by WHO and TSS, TDS, TS and total
hardness were found to be within the permissible limit. pH and Electrical conductance of the
water samples lies between 6.63-7.75 and 4.71-5.92 ms/cm respectively. Comparative study
shows that almost all the values of the physico chemical parameters were much higher in winter
season than that obtained during summer. But the metal concentration shows reverse trends
except copper.
Keywords: Water; waste dumping; Naughty Khal; winter; physico chemical.
1. Introduction
In India and many other developing countries open dumping of municipal solid waste is
one of the major causes of water pollution. We have reported the water pollution of Naughty
khal by the leachates coming down from the municipality open dumping site near Naughty Khal
during the month of August, 2011 [1]. Leachates are composed of high concentration of organic
substances, soluble salts and other constituents including toxic heavy metals etc [2-8]. Although
some metals are essential for life, many other metals like Cd, Cr, Pb have very detrimental
effects if present beyond a certain limit [9-11]. The contamination of river Ganga by inorganic
contaminants as well as by heavy metals has been reported by Kar et.al[12]. The pollution in the
Hosur road of Banglore has come in to light after analyzing the heavy metal concentration in soil
and lichens from various localities of Hosur road of Banglore The analysis showed the presence
Published on 15-08-2016; Karimganj

56

D. Deb et al. / Chemical Journal of Karimganj College, 2016, 1(1), 56-63

of significant amount of heavy metal [13]. It was reported very recently that half of the
biomedical wastes generated in the country’s hospitals is just dumped with the municipal
garbage without any special treatment [14]. The urban centers of the developing world are ill
equipped to handle the increasing amount of MSW [15]. All the urban centers of India produce
~ 120,000 t of solid per day and in almost all the cites , unscientific disposal of solid waste has
created environmental pollution [16]. Rajkumar et.al [17] has analyzed 43 ground water samples
and 7 surface water samples from waste dumping sites at Erode city, Tamilnadu and found that
the analyzed water samples are unsuitable for drinking due to contamination from leachates.
This research paper intends to present the assessment report of water quality of Naughty
Khal of Karimganj District, Assam. The concentration of various metals present in the water
was analyzed and some physico chemical parameters including pH , Electrical conductance,
TSS, TDS, TS and Total Hardness were measured during winter season and the results obtained
was compared with that of the summer.
2. Experimental
2.1. Description of Study Area
Naughty Khal is a wide canal meandering across the Karimganj Town. Earlier it used to
be a connecting river way between Kushiara and Longai river of Karimganj facilitating river
communication and also for balancing water-levels between the two rivers. Although now, this
canal has been blocked at several places through embankments and land-fills to pave way for
road transport and construction works but still today Longai River is directly connected with the
canal. The east side area near the embankment connecting Bonomali road and Hospital road of
Karimganj Town was used by municipality for dumping the waste for several years. During
rainy season, leachate from the municipality dumping site directly goes to the canal and
ultimately pollutes the water quality of Longai river which is the main water resource used by
Public health engineering of Karimganj Town for domestic purpose.
2.2. Sampling Procedure
Water samples were collected from six different sites of Naughty Khal at regular distance
from the municipality waste dumping site of Karimganj Town during the month of January,
2012. The description of sampling sites is given in the Table 1. The samples were collected from
a depth of 1ft below the surface and kept in 1liter pre washed polythene containers. Half part of
the water samples were analyzed for the physico chemical parameters within 24 h of collection
and the other half part has been kept in refrigerator at ~40C with 1 ml concentrated HNO3 per
500 ml in order to preserve the metals and also to avoid precipitation.
2.3. Physicochemical Parameters
pH, Conductance, TS, TSS, TDS, total hardness were determined according to the
standard procedure given in the literature.
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Table 1: Description of sampling sites.
Sample
S1
S2
S3
S4
S5
S6

Site description
Nearest to the dumping site
Near the Bonomali embankment
Near the Betail embankment
Near the water supply plant of PHE where Naughty
khal and Longai river joined
Opposite to Longai police outpost
Opposite to Satsangha Asram

2.4. Heavy Metal analysis
100 ml of each acid digested water sample was taken in beaker and the beaker was then
kept in a oven at 700C to reduce the volume up to 50 ml. Mn, Fe, Cd, As, Cu and Cr were
analyzed by Atomic Absorption Spectrometer (AAS) using three standards calibration curve.
AAS required an acid digestion step prior to analysis by treating the samples with concentrated
HNO3. Digestion of samples was performed essentially as described in standard method in
American Public Health Association [18]. All trace metal determinations by AAS used a PerkinElmer Model 200 instrument, for which settings were determined from the recommendations in
the instruction manual (IO).
3. Results and discussion
3.1. Physicochemical Parameters
pH of the water samples varies from acidic to alkaline. Out of the six samples analysed,
S3 is most alkaline in nature. Conductance of the water samples lies between 4.66-5.92 ms/cm.
The low conductance values indicate the presence of low concentration of dissolved ion in the
water samples. TSS, TDS, TS and Total Hardness of the six water samples analyzed are given in
the Table 2. Except TSS other physico chemical parameters are within the permissible
limit declared by WHO [19]. There is a very good relation between EC and TDS of the water
samples that the sample which collected from the site nearest to the dumping site has highest EC
and TDS value, which is expected. This is because of the fact that during the winter season the
leachate contains dissolved inorganic ions which could not move further away and concentrated
in the area nearest to the dumping site.
3.2. Heavy metals
The concentration of heavy metals present in the water samples are given in the Table 3.
It is clear from Table 3 that out of the six heavy metals analyzed for the water samples collected,
concentration of Mn and Fe are well above the permissible limit of WHO for drinking water. For
Mn and Fe, the permissible limit for drinking water is 0.05 mg/l and 0.3 mg/l respectively. The
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remarkable feature is that the concentration of iron is highest in the water sample collected from
the site near the open dumping area of Karimganj municipality. Since the water of Naughty Khal
is used by the nearby dwellers for their domestic purposes, used in the nearby tea stalls and also
sometimes by the patients of the Karimganj Civil Hospital, so, it is a great concern for the
citizens of Karimganj District and a great challenge for the young scientists. More over
assessment of water quality of Naughty Khal is so important because of the fact that Naughty
Khal is directly linked with the Longai River which is the main source of water for the
Karimganj Public Health Department to supply water to the citizens of Karimganj District for
drinking purpose.
Table 2: Values of Physicochemical parameters.
Sample

pH
6.68

EC
(ms/cm)
5.92

TS
(mg/l)
404

TSS
(mg/l)
180

TDS
(mg/l)
314

Hardness
(mg/l)
54.7

S1
S2

6.63

5.54

344

30

305

93.3

S3

7.75

5.77

280

20

260

83.3

S4

7.10

5.31

315

15

300

70

S5

7.35

4.71

212

10

202

66.7

S6

7.17

4.66

252

30

222

52

The variation pattern of pH, EC, TS, TDS, TSS and Total Hardness is in Fig. 1 and 2.

Fig.1. Variation of pH and EC in six different water samples during winter.
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Fig. 2. Variation of TS, TSS, TDS and total hardness in six different water
samples during winter.
Table 3: Concentration of heavy metals present in the water samples.
Sample

Cr(mg/l)

Cu(mg/l)

Mn(mg/l)

As(mg/l)

Fe(mg/l)

Cd(mg/l)

S1

BDL

BDL

BDL

BDL

4.173

0.023

S2

0.091

0.926

0.332

BDL

1.668

0.013

S3

0.672

1.256

0.462

0.039

3.367

0.065

S4

0.93

1.103

0.431

0.041

2.506

0.007

S5

0.038

1.005

0.638

BDL

1.668

0.003

S6

0.493

1.02

0.592

0.046

2.683

0.002

The variation of the concentration of heavy metals in the collected water samples are
shown in Fig. 3 and 4.
An exceptional finding is that Arsenic is obtained in three collected water samples (S3,
S4 and S6 in Table 3) of Naughty Khal. The finding is surprising in the sense that Arsenic is
generally present in ground water. In these three samples, the concentration of Arsenic is almost
three to four times greater than the permissible limit (0.01mg/l) given by WHO for drinking
water [20]. Since the collection site of S3 and S4 are very near to the PHE water supply plant of
Karimganj town, so in near future it will cause detrimental health effect on the citizens of the
Karimganj district using supply water for their domestic uses. According to WHO, the
permissible limit of Cd in drinking water is 0.005mg/l. But it is found that in S1, S2 and S3 its
concentration is well above the permissible limit.
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S1
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S3

S4
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S6

Samples

Fig. 3. Variation of the concentration of Cr, Cu, Mn and Fe.

Fig. 4. Variation of the concentration of Cr, Cu, Mn and Fe.
3.3. Comparison of the results of the winter with that obtained for summer
Comparative data of physicochemical parameters and concentration of heavy metals for
both summer and winter are given in the Table 4 and 5 respectively. It is obtained from the
comparison of the data of physicochemical parameters for both summer and winter seasons that
except hardness all the three physicochemical parameters of the six collected water samples
analyzed are more in winter than that in summer (Table 3). The results indicate that the
concentration of Ca2+ and Mg2+ present in the water samples collected in winter is less than in
summer. From the Table 5 it is clear that with the exception of a very few cases the
concentration of almost all six metal present in the six water samples are less in winter than that
in the summer season.
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Table 4: A comparative data of physicochemical parameters for both summer and winter
seasons.
Sample

a

TS( mg/l)

TSS(mg/l)

TDS(mg/l)

Hardness(mg/l)

Season

Sa

W

Sa

W

Sa

W

Sa

W

S1

208

404

20

180

188

224

70

54.7

S2

116

344

70

30

46

314

37

93.3

S3

256

280

150

20

106

260

50

83.3

S4

292

315

10

15

282

300

53.3

70

S5

124

212

10

10

114

202

30

66.7

S6

150

252

30

30

120

222

40

52

Results of summer already published by the author[1], S: Summer, W: Winter

Table 5: Comparative data of the concentration of metals present for both summer and winter
seasons.
Sample
Season

a

Cd(mg/l)

Cr(mg/l)

Cu(mg/l)

Mn(mg/l)

As(mg/l)

Sa

Sa

Sa

Sa

Sa

W

W

W

W

W

Fe(mg/l)
Sa

W

S1

0.008 BDL 0.729 BDL 0.069 BDL 0.446 BDL

0.01 BDL 3.5

4.173

S2

0.073 0.013 0.347 0.091 0.102 0.926 0.461 0.332 0.013 BDL 0.87

1.668

S3

0.003

0.065 0.921 0.672 0.203 1.256 0.492 0.462

0.04 0.039 3.17

3.367

S4

BDL

0.007 0.462 0.93 0.197 1.103 0.502 0.431

0.02 0.041 2.17

2.5067

S5

0.029

0.003 0.469 0.038 0.142 1.005 0.469 0.638

0.01 BDL 1.17

1.668

S6

0.032 BDL 0.512 0.493 0.161 1.02 0.456 0.592 0.012 0.046 1.68

2.683

Results of summer already published by the author[1], S: Summer, W: Winter

4. Conclusion
After analyzing the results it can be concluded that the physicochemical parameters
analysed were almost within the permissible limit with the exception of very few cases. The
astonishing outcome of the present work is the presence of high concentration of Fe and As in
the surface water. By comparing the result of the winter season with that of the summer, it can be
concluded that the water pollution is more during the rainy season than that in the winter, which
is obviously by the leachate come down in Naughty Khal from the municipality dumping site.
Taking the analytical results in to consideration, it has been established that dumping of
municipality solid waste in an open space or in an adjoining area of water body is completely
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unscientific and unhygienic, which is a common scenario in all over India. So, to control all kind
of pollutions Government should take adequate steps for proper dumping of waste materials.
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Abstract:
This study is conducted to evaluate the total iron in Jalukbari area and the removal of iron
from drinking water using Banana peel ash. Banana peel, a common fruit waste, has been
investigated to remove iron from drinking water. From this study, a significant removal of iron is
achieved under neutral pH, 1 g biosorbent dose, stirring rate at 150 rpm and contact time of 1 h
Both the fresh and metal loaded biosorbent is studied using FT-IR spectroscopy.
Keywords: Drinking water, Biosorption, banana peel ash, iron, FT-IR
1. Introduction
Pure and safe drinking water should be free from any type of contamination and
wholesome drinking water is a basic need of every human being [1]. Drinking water should be
free from any toxic elements. But due to unavailability of technology for monitoring and
purifying, the problem of drinking water has become a cause of concern in both developed and
developing countries [2]. The contamination of pollutants beyond the permissible limits in
drinking water has both direct and indirect impact, not only over the human society but also over
the biotic life. The chemical contaminants like arsenic, cadmium, lead, mercury, phosphorous do
not cause immediate health problems unless they are present massive quantities [3].
Iron is one of the most abundant elements on earth. It is one of the earth’s most plentiful
resources making up about 5% of the earth crust [4]. Most groundwater contains iron which
naturally leaches from rocks and soils. These metals that are found naturally in rocks, soils,
plants and most water supplies are essential for human health [5]. The BIS, 2012 stipulates that
the acceptable limit of iron in drinking water is 0.3 mg/L. Iron is an essential element for human
but excess amount of iron present in drinking water may cause diseases like hemochromatosis,
heart disease, liver problems and diabetes, organ damage [6] and its excess in ground water
causes staining of plumbing fixtures, clothes during laundering and porcelain and imparts an
astringent taste to drinking water [5].
Removal of unwanted metal ions from drinking water samples is a matter of great
importance. The conventional methods of removal includes oxidation with chlorine and
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potassium permanganate treatment with limestone, liquid-liquid extraction, ion exchange,
chemical precipitation, bioremediation, use of activated carbon and other filtration materials [7].
These methods are however not economically viable. In recent years, research has developed the
use of natural or agricultural adsorbents to overcome the problem of environmental pollution.
Biosorption process requires the biological materials which have high metal binding capabilities
and specific heavy metal selectivity [8]. Now a days, efforts have been made to use cheap and
available agricultural waste or natural products such as sugarcane bagasse [9], banana peel [10],
coconut shell [11], orange peel [12], rice husk [13] as adsorbents to remove heavy metals from
ground water.
Banana is one of the largest consumed fruits in the world. The peels of banana are useless
and therefore, create one of the major agro-waste problems. Preliminary investigations showed
that several tons of banana peels are produced daily in market places and household garbage that
create environmental nuisance. Banana peels ash has been tested as a green sorbent for water
treatment. The focus of the present study is to assess the potentiality of banana peel ash, a
commonly available waste material as a low-cost, natural and eco-friendly biosorbent for the
economical removal of iron from aqueous solution, as an ideal alternative to the current
expensive methods of removing iron from groundwater.
2. Experimental
2.1 Collection of water samples and physico-chemical analysis
Water samples are collected from tube wells and ring wells from the Jalukbari area,
Guwahati. The physico-chemical parameters are analyzed according to Standard Methods of
APHA (1995).
2.2 Preparation of synthetic iron solution
The standard solution 1000 mg/L is prepared by adding calculated amount of ferrous
ammonium sulphate in double distilled water. Then 10 mg/L synthetic iron solution is prepared
from the stock solution.
2.3 Preparation of the biosorbent
Bananas are collected from Jalukbari market; the peels are separated from the fruit
gently, washed thoroughly and dried in a hot air oven at 800C for 48 hrs. The dried banana peels
are grinded mechanically and then thermally activated (carbonized) at 4500C in a muffle furnace
for 1 hr in aerobic condition.
2.4 Biosorption experiment
The biosorption experiments are conducted in two stages. First batch experiments are
conducted at known initial concentration of iron (10mg/L) at neutral pH in order to determine the
dose of adsorbent required for optimum removal of iron from drinking water.
Adsorption experiment is conducted using 4 different doses (1g/L, 5 g/L, 8g/L and
10g/L) for a contact time of 1h 100ml of the standard solutions of concentrations 10mg/L are
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taken in 4 different conical flasks and above mentioned doses are added to each conical flask and
agitated on a digital orbital shaker at 150 rpm. After agitation, the samples are filtered with the
help of filter paper and the concentration of iron is determined by using Atomic Absorption
Spectrophotometer (AAS). From the experiments conducted at various initial adsorbent doses it
has been found that dose 1gm/L adsorbed maximum iron. Hence, for the further analysis 1gm/L
has been accepted as the dose having highest iron adsorption capacity.
In the second stage 100mL of the drinking water samples are taken in the conical flasks
and agitated for 1 h at 150 rpm with an adsorbent dose of 1g/L. The concentration of iron in the
drinking water samples are considered as the initial iron concentrations for the subsequent
biosorption experiments. After biosorpion the final concentrations of iron in the drinking water
are recoded using AAS.
2.5 FT-IR studies
The FTIR is an important technique to determine qualitatively the characteristics of
functional groups. Functional groups in banana peel ash before and after biosorption of iron are
obtained by KBr pellets methods operated on FT-IR spectrophotometer (FT-IR-4100 JASCO) in
the transmittance % mode in the range 4000-400 cm-1.
3. Results and discussion
3.1 Physico-chemical analysis
The physico- chemical parameters of the water samples collected from the ring wells and
tube wells of the investigated area are studied. From the Table 1 and Table 2 it is found that the
physico-chemical parameters of drinking water in the study area is found to be within the limit of
WHO (2004) and BIS(2010) guidelines. But the concentration of iron exceeds the prescribed
limits of BIS and WHO guidelines.
3.2 Characterisation of Biosorbent
FT-IR spectra of banana peel are obtained in order to understand the nature of the
functional groups present in banana peel. FT-IR spectra displayed a number of peaks, indicating
the complex nature of the adsorbent. The FTIR spectra of the prepared adsorbent before and after
treatment are presented in Fig. 1a and Fig. 1b respectively. FT-IR spectrum of the prepared
biosorbent obtained from banana peel ash is recorded to identify the functional groups
responsible for the metal ions coordination. The FT-IR spectra of biosorbent and metal loaded
biosorbent are compared to determine the functional groups that are responsible for the iron
biosorption. The spectrum of fresh banana peel had a broad adsorption peak at around 3200-3500
cm-1, which indicates the presence of carboxylic acid and amino groups. The adsorption band at
2867 cm-1 can be assigned to the asymmetric vibration of -C-H Stretch (alkenes). The stretching
vibration bands 1700 cm-1 and 1630 cm-1 is due to asymmetric stretching of the carboxylic C=O
double bond. The peak at 1404 cm-1 is the indication of phenolic –OH group and –C=O
stretching of carboxylates. The band at 1072 cm-1 is due to the vibration of –C-O-C and –OH of
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polysaccharides. Peaks in the region of lower wave numbers (under 832 cm-1) appear as a broad
peak. Spectra analysis after iron biosorption shows that there is a substantial decrease in the
wave number of asymmetric stretching of carboxylic C=O double bond to 1574 cm-1. The band
at 1404 cm-1 is also shifted to 1380 cm-1 for iron-loaded. Thus from the above characterization it
is found that the carboxylic acid group and the hydroxyl groups plays a major role in the removal
of iron.
Table 1 Water quality parameters of ring well
Samples

WHO (2004)
Desirable
limit

RW-1

RW-2

RW-3

RW-4

RW-5

BIS (2010)
Acceptable
limits

PH

6.02

6.26

6.65

7.12

6.25

6.5-8.5

7.0-8.5

Temperature
( °C)
Conductance (µS/cm)

23.0

22.4

24.0

22.0

24.0
--

--

797.4

244.6

941.0

984.8

564.2
-100-600

Parameters

Total Hardness
(mg/L)
Calcium (mg/L)

74.0

53.0

195.11

177.1

58.9

-200.0

63.0

37.8

191.1

170.1

56.7

75.0

75-200

Magnesium (mg/L)

11.0

15.2

4.01

7.0

2.20

30.0

30-150

Iron (mg/L)

2.35

6.284

0.584

1.226

3.252

0. 3

0.3-1.0

WHO
(2004)
Desirable
limit

Table 2 Water quality parameters of tube well
Sample
TW-1

TW-2

TW-3

TW-4

TW-5

BIS (2010)
Acceptable
limits

pH

6.8

6.6

7

6.62

6.71

6.5-8.5

7-8.5

Temperature (°C)

23

18

26

24

23.4

--

--

293.6

268.9

420

369.1

465.9

--

--

83.9

56.4

173.9

126

124.4

200

100-600

Calcium (mg/L)

63

40.9

163.9

84

102.9

Magnesium (mg/L)

20.9

15.5

10

42

21.5

Iron (mg/L)

0.47

2.066

0.958

0.58

0.428

Parameter

Conductance
(µS/cm)
Total
Hardness
(mg/L)
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Fig. 1a: IR- Spectra of fresh Banana peel ash

Fig. 1b: FT-IR Spectra of iron loaded banana peel ash

3.3 Results of removal of iron from drinking water samples using banana peel ash
The initial iron concentrations in the drinking water samples collected from the study
area are determined. The present study shows that the final concentrations of iron after being
treated with banana peel ash, in all the water samples are below detectable limits (Table 3). From
this preliminary study, it is seen that banana peel ash can significantly adsorb iron from aqueous
solutions and thereby has high iron removal capacity.
Table 3 Results of Iron removal
Sample No.

Initial Iron Concentration (mg/L)

Final Iron Concentration (mg/L)

RW-1
RW-2
RW-3

2.35
6.284
0.584

BDL
BDL
BDL

RW-4

1.226

BDL

RW-5
TW-1

3.252
0.47

BDL
BDL

TW-2
TW-3
TW-4
TW-5

2.066
0.958
0.58
0.428

BDL
BDL
BDL
BDL

4. Conclusion
In order to analyze the effectiveness of various parameters in drinking water quality,
continuous monitoring system of drinking water is to be adopted. The physico-chemical
parameters of drinking water in the study are found to be within permissible limits. From the
biosorption analysis, it is found that the total iron concentrations is significantly reduced to
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below detectable limits by applying 1g/L dose of the banana peel ash. FTIR analysis of banana
peel ash exhibits the presence of various functional groups indicating the binding of metal ions
onto the surface of the adsorbent. Hence banana peel ash can be considered as a potential
candidate for future studies on iron removal techniques using biosorbents
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