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ABSTRACT
Glioblastoma is a common brain tumor having comparatively poor prognosis. Bevacizumab and irinotecan are found to be
effective in the treatment of recurrent glioblastoma. The present review covers investigations made on the mentioned drugs in the
past decade. As compared to other chemotherapeutic agents, the drugs have shown greater activity and overall survival when used
as monotherapeutic agents or in combination with other drugs. Still some work needs to be done in establishing clear role of both
the drugs in newly diagnosed glioblastoma, especially, role of irinotecan needs clarity.
Keywords: glioblastoma, monotherapeutic, irinotecan, bevacizumab, prognosis.

1. INTRODUCTION
Chemotherapy is the treatment of any type of cancer by using a cytotoxic antineoplastic agent alone or in combination
with one or more such agents. The drawbacks of chemotherapy are much; despite its wide application1. The first
modern chemotherapeutic agent was arsphenamine2. Irinotecan and bevacizumab are the two important
chemotherapeutic agents. Irinotecan is considered to be a semisynthetic analogue of the natural alkaloid camptothecin
and it prevents unwinding of DNA by inhibiting topoisomerase 1. The structure of irinotecan is shown in Fig 1.

Fig-1: Structure of Irinotecan (C33H38N4O6)

Bevacizumab is an angiogenesis inhibitor and is used in treatment of various cancers. Its molecular formula is
C6638H10160N1720O2108S44. The present review aims to cover the anticancer activity of the above mentioned drugs in
glioblastoma.

2. GLIOBLASTOMA
Glioblastoma (GBM) is the most aggressive brain tumor and involves glial cells. Giant cell glioblastoma and
gliosarcoma are the two variations of glioblastoma. Common symptoms include progressive memory loss along with
personality or neurological deficit. The symptoms vary according to the location of the tumor. Glioblastoma is more
common in males than in females due to unknown reasons3. The causes of glioblastoma include aspartame
consumption, alcohol consumption, ionizing radiations and some also link it to polyvinyl chloride and malaria4,5,6,7. It
has been associated with viruses like SV40, HHV-6 and cytomegalovirus8,9,10,11,12.

3. ROLE OF IRINOTECAN AND BEVACIZUMAB IN GLIOBLASTOMA
In cancer patients treated with bevacizumab, circulating endothelial and progenitor cells (CECs and CEPs,
respectively) have been found to have potential. In Sixty eight patients of recurrent glioblastoma (rGBM) CECs and
CEPs were investigated. The patients were treated with both the drugs along with two independent datasets of rGBM
treated with bevacizumab alone (n=32, independent dataset A: IDA) and classical antiblastic chemotherapy (n=14,
independent dataset B: IDB). Until progression, rGBM patients were treated with KPS>50. Six-colour flow cytometry
was used to investigate CECs expressing CD109 as well as other CEC and CEP subtypes. Those patients who were
treated with bevacizumab were free from MRI progression after two months of treatment and were found to have a
significant decrease of CD109+CECs13. Retrospective analysis of 26 adult patients with rGBM was done. The patients
were treated with bevacizumab or a combination of it with irinotecan. They were analysed for the development of
contrast-enhanced (T1-weighted MRI) and T2/FLAIR lesions. Survival in the FLAIR-only PD group was significantly
better (p=0.025) than in the primary PD group14. Consecutive, non-selected 225 GBM patients were examined who
were receiving temozolomide TMZ as primary therapy. At relapse they were treated by reoperation or combination
with bevacizumab/irinotecan, whereas, few received TMZ therapy in case of recurrence-free period being greater than
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6 months. Median overall survival was 14.3 months and time to progression 8.0 months. Second-line therapy indicated
that reoperation or BEV/IRI increased patient survival compared with untreated patients and was found to be more
effective than reoperation alone15. The prognostic factors and clinical benefits of bevacizumab and irinotecan
treatment were analysed in patients. All the patients were treated with at least one cycle of both the drugs. For overall
survival (OS) analysis, multivariate analysis was used from the initiation of bevacizumab administration. The median
age was found to be 57.9 years among the 100 patients. Karnofsky Performance Status (KPS) was <70 in 44 patients
and >70 in 56 patients. The median tumor area was 2012 mm (2) and median progression free survival was 3.9 months
with median OS being 6.5 months. In patients treated with bevacizumab, KPS was revealed as the only factor to
impact OS16. A promising result was shown by monotherapy or with irinotecan in rGBM17. The safety and efficacy of
bevacizumab (BEV) alone or in combination with irinotecan was assessed in 39 patients with recurrent grade II/III
gliomas. Monotherapy with BEV as well as combination was well-tolerated. In combination the response rate was
33%, whereas, in combination it was 26% 18.
A retrospective cohort study was reported on the effectiveness analysis of bevacizumab and irinotecan
(BVZ/CPT-11) as a second-line treatment in patients with primary glioblastoma multiforme (GBM) in comparison
with a control group that were not administered BVZ/CPT-11 at the first recurrence. The predictor of effectiveness
was the difference in overall survival (OS) between the two groups. Based on prognostic factors, no significant
differences were identified in overall survival19. In one study, the benefits of the combination of both drugs out
weighed by treatment discontinuity and drug toxicity20. Bevacizumab monotherapy resulted in objective tumor
response in 28.2% with the median of progression-free survival being 4.2 months and the median of overall survival
being 9.2 months. When combined with irinotecan, the results were 37.8%21. Analysis of the efficacy and safety of
both drug combination was reported after every two weeks for a maximum of 1 year. The combination improved
responses, progression-free survival and overall survival22. The combination also increased disease stabilization23. The
response and progression of recurrent glioblastomas to irinotecan-bevacizumab by use of RECIST + F criteria and its
comparison with four methods (Macdonald, RECIST, RANO and RECIST + F) was reported. Concurrent results were
found24. Assessment of PFS and OS in patients with GBM was reported. A single dose of SIACI BV after BBBD
followed by IV BV gave positive result in terms of PFS for patients naive to BV25. The patients are reported to relapse
from glioblastoma after chemoradiation followed by adjuvant temozolomide. Twenty-four of such patients were
treated, after relapse, by conventional chemotherapy (nitrosourea) or by the drug combination. In patients treated with
the combination drug overall survival was found to be 11.5 months as compared to only 5 months with nitrosourea26.
The efficacy of vorinostat combined with bevacizumab was also reported27. Minimal toxicity in newly diagnosed
glioblastoma patients was found to be due to addition of bevacizumab in radiation therapy28.
The effectiveness of drug combination in patients with rGBM was determined. It was studied that whether
their response differed from that reported in other populations. The combination was found to be at least as effective at
treating Chinese patients as in different populations29. When administered with irinotecan moderate toxicity and
limited anti-tumor activity was reported30. Modest activity with safety was reported for the combination of
carboplatin, irinotecan and bevacizumab in patients with recurrent glioblastoma31. The addition of bevacizumab to
standard radiation therapy and temozolomide was reported to have moderate toxicity for newly diagnosed
glioblastoma treatment32. Fatigue is found in patients of glioblastoma treated with drug combination. The level and
evolution of fatigue was evaluated in a series of patients. The Norris Visual Analog Scale (VAS Norris) and the
Multidimensional Fatigue Inventory-20 (MFI) tools were used to quantify the physical and emotional aspects of this
fatigue in 39 patients. Results of VAS Norris scale didn’t show an increase in emotional fatigue but increase in
physical fatigue was noticed. MFI 20 tool showed a significant increase in general as well as physical fatigue but no
difference in other indices was noticed33. A 34-year-old man was reported to be in remission three years after
treatment with bevacizumab and irinotecan34. The pattern of tumor progression was evaluated in BRAIN study. MRI
scans was reviewed at baseline by an independent neuroradiologist. At the time of progression no change from
baseline in radiographic characteristics of disease was noted in patients35. Bevacizumab alone or along with irinotecan
was evaluated in patients with glioblastoma. An estimated 6-month PFS rate was 50.3%. Median overall survival was
8.9 months and response rate 37.8%36.
Bevacizumab showed corticosteroid-sparing effects in patients with rGBM37. Waiting for longer periods of
time was reported before starting bevacizumab in patients having carmustine wafers’ implantation38. The drugs,
bevacizumab and irinotecan, showed superior efficacy when used alone39. Correlation of three glioma cases
demonstrated an apparent phenotypic shift to a predominantly infiltrative pattern of tumor progression after treatment
with bevacizumab40. In combination drug treatment, the 6-month PFS rate was 50.3% and the objective response rate
was 37.8%41. The effect of bevacizumab in comparison with the combination therapy of irinotecan hydrochloride with
bevacizumab was reported. Before clinical trial, further preclinical evaluation of the therapy is warranted42.
As compared to bevacizumab alone, the combination showed increased toxicity, but, the anti-tumor activity
was reported to be similar to that of bevacizumab alone or in combination with irinotecan43. The records of 8 adult
patients treated with bevacizumab were reported. The patients included 4 men and 4 women. One patient remained
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stable for a period of 8 months, whereas, six patients achieved a partial response rate of 75%. Median TTP was 6.4
months and median OS was 9.4 months44. The efficacy of bevacizumab alone and in combination with irinotecan was
assessed by assigning 167 patients. In the bevacizumab-alone PFS was 42.6% and in the bevacizumab-plus-irinotecan
groups it was 50.3%45. Bevacizumab was reported to have antiglioma activity in rGBM46. The drug combination
demonstrated an excellent radiographic response rate and improved clinical outcome47. The combination of both drugs
enhanced the effectiveness when used in combination with other chemotherapy drugs48.
The combination of both showed 77% partial response rate and 23% showed stable disease50. The combination
has shown effectiveness in other similar studies51,52,53. The efficacy and safety of bevacizumab in combination with
chemotherapy in patients with progressive malignant glioma was reported54. Bevacizumab plus liposomal doxorubicin
showed antitumor activity with shrinkage of contrast enhancing mass and peritumoral edema55 and the drug
combination showed moderate toxicity in rGBM55,56.

4. CONCLUSION
Glioblastoma multiforme (GBM) is characterized by high heterogeneous enhancement reflecting disruption of the
blood brain barrier. Bevacizumab and irinotecan are considered as effective weapons in glioma treatment.
Conventional radiographic methods have diagnosed one failure to treatment with bevacizumab i.e. most patients
shortly die afterwards due to rapid deterioration. Cost-effectiveness and the role of irinotecan in the combination
studies needs to be further investigated. Overall, the combination of both drugs has proved to be effective and
promising in treating all forms of gliomas.
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ABSTRACT
The two step synthesis of a series of N-substituted derivatives of N-(4-Methylpyridin-2-yl)benzenesulfonamide with potential
antibacterial activity, has been reported. First step includes the synthesis of N-(4-Methylpyridin-2-yl)benzenesulfonamide (3) by
reaction of 2-Amino-4-methylpyridine (1) and Benzenesulfonyl chloride (2) in a slightly basic aqueous medium. The molecule 3
was converted to N-Alkyl/aralkyl-N-(4-methylpyridin-2-yl)benzenesulfonamide derivatives, 5a-f, on treatment with alkyl/aralkyl
halides, 4a-f, using lithium hydride as activator in N,N-dimethylformamide. The synthesized molecules were well corroborated by
1
H-NMR, IR and EI-MS spectral data and evaluated for antibacterial activity against four gram-negative and two gram-positive
bacteria. The evaluation results rendered these compounds as moderately good inhibitors and may be employed as therapeutic
agent for certain inflammatory ailments.
Keywords: 2-Amino-4-methylpyridine, Antibacterial activity, Sulfonamides, 1H-NMR and EI-MS.

1. INTRODUCTION
The sulfonamides (-SO2-NH-) have great importance in the medicinal chemistry1, with different biological activities24
. The compounds of this class possess the anti-bacterial5, hypoglycemic6, diuretic7, anti-carbonic anhydrase, antithyroid (in vitro and vivo), anti-inflammatory8,9, anti-cancer, anti-hypertensive10 and anti-convulsing activities along
with potential herbicidal properties for agricultural applications11. Although large efforts have been attempted for the
development of new methodologies for sulfonamide synthesis yet the conventional preparation by stirring of amino
compounds and sulfonyl halides is still employed because of reaction simplicity and high reactivity12. Recently water
has attracted considerable attention as a desired solvent for chemical reactions because of cost, safety and
environmental benefits. Environmentally benign sulfonamides have been synthesized at room temperature in water
under pH control with Na2CO313,14. The action of sulfonamides is based on their structural resemblance with 4Aminobenzoic acid (PABA). This structural feature inhibits the formation of folic acid and hence the production of
purines for DNA15,16.
The search for new efficient methodologies for synthesis of sulfonamides under mild conditions is under
consideration by organic chemists. With reference of our ongoing research projects17,18 in search of new therapeutic
agents with low toxicity and high potential, we have reported here the facile synthesis of various N-alkyl/aralkyl
substituted sulfonamides using 2-Amino-4-methylpyridine, a heterocyclic compound, as precursor and also their
antibacterial activity. The heterocyclic compounds have been known to possess a broad spectrum of biological
activities such as heterocyclic sulfonamide18,19 and 1,3,4-Oxadiazole20. All the synthesized molecules remained
moderately good inhibitors as evident from their MIC (Minimum Inhibitory Concentration) values, discussed in
results and discussion section.

2. RESULTS AND DISCUSSION
The benign synthesis of N-(4-Methylpyridin-2-yl)benzenesulfonamide (3) and its N-substituted derivatives was
reported (scheme-1) with an aim to inaugurate some new potential antibacterial molecules. The results rendered these
molecules better antibacterial inhibitors and hence showed that the minute changes in the structure had a great effect
on biological properties of molecules. The reaction conditions and reagents are depicted in experimental section.

2.1 Chemistry
The parent molecule, N-(4-Methylpyridin-2-yl)benzenesulfonamide (3) was synthesized by gearing up 2-Amino-4methylpyridine (1) with Benzenesulfonyl chloride (2) at room temperature in an aqueous medium. The excellent yield
of product was accomplished by continuous stirring for 3-4 hours. The precipitated product was collected by filtration
after the addition of the hydrochloric acid. The acidic medium is necessary at the time of filtration to bounce back the
salt form of sulfonamide into acidic. Although acid is mandatory yet excess of it should be avoided because of
decrement in the yield. The parent product 3 was utilized to synthesize a series of N-Alkyl/aralkyl-N-(4methylpyridin-2-yl)benzenesulfonamide, 5a-f, by its reaction with alkyl/aralkyl halides in a polar aprotic solvent using
LiH as an activator. The final products were obtained through solvent extraction or filtration after addition of a weak
base. The base was added to wash out the unreacted parent sulfonamide as salt.
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The sulfonamide 3 was obtained as white amorphous powder with 86% yield and melting point of 150-152oC. The EIMS showed the [M]+ ion peak at m/z 248 corresponding to the molecular formula, C12H12N2O2S. The molecular
formula was also supported by counting the number of protons in its 1H-NMR spectrum. One ortho/meta coupled
doublet of doublets (dd pattern) appearing in its 1H-NMR spectrum at δ 7.94 ppm (for H-2’ & H-6’), one ortho
coupled triplet at δ 7.55 ppm (for H-3’ & H-5’) and a multiplet resonating in the range of δ 7.80-7.83 ppm (for H-4')
were the characteristics signals of benzenesulfonyl moiety. The three signals in aromatic region appearing as singlet at
δ 7.14 ppm (for H-3), doublet at δ 7.09 ppm (for H-5) and doublet at δ 8.01 ppm (for H-6) confirmed the presence of
2,4-disubstituted pyridine ring. In aliphatic region, a singlet at δ 2.40 ppm (CH3-4) was due to methyl protons attached
at 4th position of pyridine ring. The IR and EI-MS data, expressed in experimental section, of this molecule well
supported the above inferred structural units. On the basis of these collective evidences, the structure of 3 was
assigned as N-(4-Methylpyridin-2-yl)benzenesulfonamide. The mass fragmentation pattern of N-(4-Bromobenzyl)-N(4-methylpyridin-2-yl)benzenesulfonamide (5d) was sketched in figure 1. Likewise the structures of other synthesized
molecules were corroborated on the basis of spectral evidences of 1H-NMR, IR and EI-MS spectra.
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Scheme-1: Synthesis of N-Alkyl/aralkyl-N-(4-methylpyridin-2-yl)benzenesulfonamide, 5a-f

2.2 Antibacterial activity (In vitro)
The screening of the parent compound 3 and the synthesized derivatives 5a-f against gram-negative and gram-positive
bacteria demonstrated that all showed better activity against both, as evident from the MIC values (table 2). Among
these molecules, N-Heptyl-N-(4-methylpyridin-2-yl)benzenesulfonamide (5c) was found to be the most active
inhibitor against all the gram negative and gram positive bacterial strains, showing almost the same activity as that of
the reference standard, ciprofloxacin. The better inhibitory action of this molecule was the most probably due to the
presence of long straight chain aliphatic group in the parent compound. It was further assessed from the MIC values
that substitution of long aliphatic chains on this nucleus would be beneficial for the pharmaceutical industries
regarding antibacterial activity. All the compounds executed almost the 50% inhibitory action against all the bacterial
strains with some exceptions, relative to the reference standard. K. pneumonae was inhibited by all the molecules up to
same extent as that by the reference standard. The %age inhibition and MIC values of the other synthesized molecules
relative to ciprofloxacin are shown in table 1 & 2.

3. CONCLUSION
A series of molecules were synthesized in better yields in a facile and benign way to evaluate their antibacterial
activity. All the synthesized molecules of this series were assessed for their antibacterial activity and found to be
7
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moderately better inhibitors relative to the reference standard, ciprofloxacin. The purpose of evaluation was to
introduce new molecules being better inhibitors than the existing drugs. The compound 5c with long aliphatic chain
remained the better inhibitor because of long straight chain aliphatic group present in the molecule. Thus it may be
concluded that straight chain long aliphatic groups linked at sulfamoyl nitrogen of this synthesized nucleus are better
inhibitors of bacterial strains. This may assist the drug industries for further research on these compounds to evaluate
their toxicity and affectivity to other microbes.
Table 1: %age inhibition values of antibacterial activity of N-substituted derivatives of 3
%age inhibition
Compound
3
5a
5b
5c
5d
5e
5f
Ciprofloxacin

S. typhi (-)

E. coli (-)

K. pneumonae (-)

P. aeroginosa (-)

B. subtilis (+)

S. aureus (+)

62.89±2.58
55.67±3.77
53.25±3.45
75.10±3.04
56.86±2.32
54.69±0.67
66.19±3.51
89.71±1.43

72.33±1.33
66.39±0.50
59.94±3.28
69.78±1.00
52.39±0.61
61.94±3.28
61.17±1.17
88.76±1.94

67.33±1.65
65.06±2.33
60.91±3.77
77.73±4.00
51.88±1.31
58.07±4.43
57.84±0.23
91.32±0.54

71.30±2.22
60.00±1.99
54.57±0.87
76.90±0.92
60.33±0.87
57.01±3.60
58.86±2.60
88.95±2.05

67.06±1.39
62.27±2.68
59.69±0.10
63.87±0.15
54.74±1.34
59.74±1.29
61.91±2.11
90.10±0.77

77.09±0.45
76.50±0.50
70.68±3.14
80.95±0.23
68.36±2.82
68.95±3.50
71.14±1.86
90.00±1.23
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Fig-1: Mass fragmentation pattern of N-(4-Bromobenzyl)-N-(4-Methylpyridin-2-yl)benzenesulfonamide (5d)

4. EXPERIMENTAL WORK
4.1 General
TLC (Thin Layer Chromatography) for purity of compounds (using ethyl acetate and n-hexane) was developed on the
pre-coated silica gel G-25-UV254 plates with visualization under 254 nm, and by ceric sulphate reagent. The melting
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points were recorded on a Griffin & George melting point apparatus by open capillary tube and were uncorrected. 1HNMR spectra were recorded at 300 MHz on a Bruker spectrometer using methanol-d1. Chemical shifts are given on
the δ-scale with TMS as internal reference. The abbreviations used in 1H-NMR spectral interpretation are s = singlet, d
= doublet, dd = doublet of doublet, t = triplet, q = quartet, qui = quintet and m = multiplet. The IR spectra were
recorded in KBr pellet on a Jasco-320-A spectrophotometer. Mass spectra (EIMS) were recorded on a JMS-HX-110
spectrometer, with a data system.
Table 2: MIC values of antibacterial activity of N-substituted derivatives of 3
MIC (µg/mL)
Compound

S. typhi (-)

E. coli (-)

K. pneumonae (-)

P. aeroginosa (-)

B. subtilis (+)

S. aureus (+)

14.92±3.02
15.99±0.14
11.72±2.68
14.99±1.81
12.08±3.15
14.06±1.17
3
17.23±2.08
15.30±0.29
11.25±3.32
17.68±1.63
12.06±3.05
10.03±2.70
5a
18.43±0.88
16.98±2.43
11.52±0.68
18.95±1.16
12.77±2.00
14.77±4.50
5b
10.85±1.05
11.45±3.56
9.24±2.87
11.56±2.98
11.06±1.04
10.25±2.16
5c
17.13±4.47
19.15±1.21
14.80±1.21
17.72±3.05
11.59±1.21
13.87±4.00
5d
18.15±1.15
17.30±3.80
14.81±3.85
18.46±3.00
12.40±1.17
13.68±1.62
5e
16.38±0.92
17.16±2.85
15.26±2.17
18.37±3.13
13.44±2.40
16.45±3.65
5f
Ciprofloxacin
9.66±1.08
9.27±0.58
8.34±1.50
9.61±2.08
9.61±2.08
9.20±2.31
NOTE: Minimum inhibitory concentration (MIC) was measured with suitable dilutions (5-30 µg/ well) and results were
calculated using EZ-Fit Perrella Scientific Inc. Amherst USA software

4.2 Procedure for the synthesis of N-(4-Methylpyridin-2-yl)benzenesulfonamide (3)
2-Amino-4-methylpyridine (1; 0.02 mol) was suspended in 50 mL distilled water in a 250 mL round bottom flask and
then equimolar Benzenesulfonyl chloride (2) was added gradually. The pH of the reaction mixture was maintained at
8-10 by aqueous sodium carbonate solution or solid Na2CO3. The reaction mixture was continuously stirred for 3-4
hours and reaction completion was monitored with TLC. After single spot on TLC, concentrated HCl was poured into
reaction contents gradually up to pH of 3-5. The precipitated product was collected by filtration, washed with distilled
water and dried to get the title compound. Recrystallization was executed from methanol to yield pure N-(4Methylpyridin-2-yl)benzenesulfonamide (3). White amorphous powder; Yield: 86%; M.P.: 150-152 oC; Mol.
Formula: C12H12N2O2S; Mol. Mass: 248 g/mol; IR (KBr, vmax, cm-1): 3452 (N-H), 3060 (Aromatic C-H), 1640
(Aromatic C=C), 1605 (Aromatic C=N), 1337 (S=O); 1H-NMR (CD3OD, 300 MHz, δ/ppm): 8.01 (d, J = 7.2 Hz, 1H,
H-6), 7.94 (dd, J = 8.7, 1.2 Hz, 2H, H-2' & H-6'), 7.83-7.80 (m, 1H, H-4'), 7.55 (t, J = 7.8 Hz, 2H, H-3' & H-5'), 7.14
(s, 1H, H-3), 7.09 (d, J = 7.2 Hz, 1H, H-5), 2.40 (s, 3H, CH3-4); EIMS (m/z): 248 [M]+, 141 [C6H5SO2]+, 107
[C6H7N2]+, 92 [C6H6N]+, 77 [C6H5]+, 66 [C5H6]+, 52 [C3H2N]+, 51 [C4H3]+.
4.3 General procedure for the synthesis of N-alkyl/aralkyl substituted sulfonamides (5a-f)
The molecule 3 (0.8 mmol) was homogenized in DMF (10.0 mL) followed by the addition of activator, lithium
hydride (0.5 mmol). The mixture was stirred for 40-45 min and then alkyl/aralkyl halides (0.8 mmol) were added.
Stirring was continued for further 5-6 hours. The completion of reaction was developed by TLC. Ice cold distilled
water was added to the reaction mixture and kept still for 5-10 min. The formed products were isolated from the
reaction mixture after basifying it (pH = 9-10), through solvent extraction using chloroform as most of the products
were liquid and sometimes through filtration. The products were further processed for spectral analysis.
4.3.1 N-Ethyl-N-(4-Methylpyridin-2-yl)benzenesulfonamide (5a)
Pale yellow liquid; Yield: 79%; Mol. Formula: C14H16N2O2S; Mol. Mass: 276 g/mol; IR (KBr, vmax, cm-1): 3070
(Aromatic C-H), 1645 (Aromatic C=C), 1602 (Aromatic C=N), 1338 (S=O); 1H-NMR (MeOD, 300 MHz, δ/ppm):
7.98 (d, J = 7.2 Hz, 1H, H-6), 7.91 (dd, J = 8.1, 1.5 Hz, 2H, H-2' & H-6'), 7.84-7.79 (m, 1H, H-4'), 7.57 (t, J = 7.5 Hz,
2H, H-3' & H-5'), 7.18 (s, 1H, H-3), 7.11 (d, J = 7.2 Hz, 1H, H-5), 3.20 (q, J = 6.9 Hz, 2H, H-1''), 2.40 (s, 3H, CH3-4),
0.95 (t, J = 6.9 Hz, 3H, CH3-2''); EIMS (m/z): 276 [M]+, 141 [C6H5SO2]+, 107 [C6H7N2]+, 92 [C6H6N]+, 77 [C6H5]+, 66
[C5H6]+, 52 [C3H2N]+, 51 [C4H3]+, 29 [C2H5]+.
4.3.2 N-(Pentan-1-yl)-N-(4-Methylpyridin-2-yl)benzenesulfonamide (5b)
Orange brown liquid; Yield: 74%; Mol. Formula: C17H22N2O2S; Mol. Mass: 318 g/mol; IR (KBr, vmax, cm-1): 2958
(Aromatic C-H), 1643 (Aromatic C=C), 1550 (Aromatic C=N), 1338 (S=O); 1H-NMR (MeOD, 300 MHz, δ/ppm):
8.02 (d, J = 7.5 Hz, 1H, H-6), 7.91 (d, J = 7.5 Hz, 2H, H-2' & H-6'), 7.85-7.80 (m, 1H, H-4'), 7.61 (t, J = 7.5 Hz, 2H,
H-3' & H-5'), 7.17 (s, 1H, H-3), 7.13 (d, J = 7.5 Hz, 1H, H-5), 3.34 (t, J = 6.9 Hz, 2H, H-1''), 2.39 (s, 3H, CH3-4), 1.95
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(qui, J = 6.9 Hz, 2H, H-2''), 1.45-1.39 (m, 4H, H-3'' & H-4''), 0.98 (t, J = 6.9 Hz, 3H, CH3-5''); EIMS (m/z): 318 [M]+,
141 [C6H5SO2]+, 107 [C6H7N2]+, 92 [C6H6N]+, 77 [C6H5]+, 71 [C5H11]+, 66 [C5H6]+, 52 [C3H2N]+, 51 [C4H3]+.

4.3.3 N-(Heptan-1-yl)-N-(4-Methylpyridin-2-yl)benzenesulfonamide (5c)
Brown sticky solid; Yield: 76%; Mol. Formula: C19H26N2O2S; Mol. Mass: 346 g/mol; IR (KBr, vmax, cm-1): 2963
(Aromatic C-H), 1647 (Aromatic C=C), 1548 (Aromatic C=N), 1339 (S=O); 1H-NMR (MeOD, 300 MHz, δ/ppm):
8.01 (d, J = 7.2 Hz, 1H, H-6), 7.93 (d, J = 7.5 Hz, 2H, H-2' & H-6'), 7.89-7.84 (m, 1H, H-4'), 7.66 (t, J = 7.5 Hz, 2H,
H-3' & H-5'), 7.15 (s, 1H, H-3), 7.08 (d, J = 7.5 Hz, 1H, H-5), 3.28 (t, J = 6.9 Hz, 2H, H-1''), 2.40 (s, 3H, CH3-4),
1.95-1.85 (m, 6H, H-2'' to H-4''), 1.57-1.49 (m, 4H, H-5'' & H-6''), 0.99 (t, J = 6.9 Hz, 3H, CH3-7''); EIMS (m/z): 346
[M]+, 141 [C6H5SO2]+, 107 [C6H7N2]+, 92 [C6H6N]+, 85 [C6H13]+, 77 [C6H5]+, 66 [C5H6]+, 57 [C4H9]+, 52 [C3H2N]+, 51
[C4H3]+.
4.3.4 N-(4-Bromobenzyl)-N-(4-Methylpyridin-2-yl)benzenesulfonamide (5d)
Brown amorphous powder; Yield: 79%; M.P.: 122 oC; Mol. Formula: C19H17BrN2O2S; Mol. Mass: 417 g/mol; IR
(KBr, vmax, cm-1): 3060 (Aromatic C-H), 1640 (Aromatic C=C), 1605 (Aromatic C=N), 1330 (S=O); 1H-NMR
(MeOD, 300 MHz, δ/ppm): 7.96 (d, J = 7.5 Hz, 1H, H-6), 7.59 (dd, J = 8.4, 1.2 Hz, 2H, H-2' & H-6'), 7.50-7.44 (m,
1H, H-4'), 7.41 (t, J = 8.7 Hz, 2H, H-3' & H-5'), 7.37 (d, J = 9.6 Hz, 2H, H-3'' & H-5''), 7.36 (s, 1H, H-3), 7.12 (d, J =
8.4 Hz, 2H, H-2'' & H-6''), 6.65 (dd, J = 7.2, 1.5 Hz, 1H, H-5), 5.32 (s, 2H, H-7''), 2.28 (s, 3H, CH3-4); EIMS (m/z):
417 [M]+, 170 [C7H6Br]+, 144 [C5H4Br]+, 141 [C6H5SO2]+, 107 [C6H7N2]+, 92 [C6H6N]+ , 91 [C7H7]+, 77 [C6H5]+, 66
[C5H6]+, 65 [C5H5]+, 52 [C3H2N]+, 51 [C4H3]+.
4.3.5 N-(2-Phenylethyl)-N-(4-Methylpyridin-2-yl)benzenesulfonamide (5e)
Orange amorphous powder; Yield: 69%; M.P.: 146 oC; Mol. Formula: C20H20N2O2S; Mol. Mass: 352 g/mol; IR (KBr,
vmax, cm-1): 3065 (Aromatic C-H), 1643 (Aromatic C=C), 1604 (Aromatic C=N), 1332 (S=O); 1H-NMR (MeOD, 300
MHz, δ/ppm): 7.94 (dd, J = 8.1, 2.1 Hz, 2H, H-2' & H-6'), 7.56-7.51 (m, 1H, H-4'), 7.43 (d, J = 7.2 Hz, 1H, H-6), 7.34
(s, 1H, H-3), 7.17 (t, J = 7.5 Hz, 2H, H-3' & H-5'), 7.09-7.01 (m, 5H, H-2'' to H-6''), 6.42 (dd, J = 7.2, 1.5 Hz, 1H, H5), 4.38 (t, J = 7.2 Hz, 2H, H-8''), 3.05 (t, J = 6.9 Hz, 2H, H-7''), 2.24 (s, 3H, CH3-4); EIMS (m/z): 352 [M]+, 141
[C6H5SO2]+, 107 [C6H7N2]+, 105 [C8H9]+, 92 [C6H6N]+, 91 [C7H7]+, 77 [C6H5]+, 66 [C5H6]+, 65 [C5H5]+, 52 [C3H2N]+,
51 [C4H3]+.
4.3.6 N-(3-Phenylpropyl)-N-(4-Methylpyridin-2-yl)benzenesulfonamide (5f)
Orange brown liquid; Yield: 67%; Mol. Formula: C21H22N2O2S; Mol. Mass: 366 g/mol; IR (KBr, vmax, cm-1): 3058
(Aromatic C-H), 1637 (Aromatic C=C), 1600 (Aromatic C=N), 1333 (S=O); 1H-NMR (MeOD, 300 MHz, δ/ppm):
7.93 (dd, J = 7.8, 1.5 Hz, 2H, H-2' & H-6'), 7.61-7.55 (m, 1H, H-4'), 7.44 (d, J = 7.5 Hz, 1H, H-6), 7.31 (s, 1H, H-3),
7.15 (t, J = 7.2 Hz, 2H, H-3' & H-5'), 7.11-7.06 (m, 5H, H-2'' to H-6''), 6.69 (d, J = 7.2 Hz, 1H, H-5), 4.31 (t, J = 6.9
Hz, 2H, H-9''), 3.10 (t, J = 6.9 Hz, 2H, H-7''), 2.28 (s, 3H, CH3-4), 2.13 (qui, J = 7.2 Hz, 2H, H-8''); EIMS (m/z): 366
[M]+, 141 [C6H5SO2]+, 119 [C9H11]+, 107 [C6H7N2]+, 105 [C8H9]+, 92 [C6H6N]+, 91 [C7H7]+, 77 [C6H5]+, 66 [C5H6]+,
65 [C5H5]+, 52 [C3H2N]+, 51 [C4H3]+.
4.4 Antibacterial activity
The antimicrobial activity was determined following the principle that increased absorbance of broth medium is
directly related to log phase of growth and was performed in sterile 96-wells microplates under aseptic conditions21,22.
Four gram-negative (Salmonella typhi, Escherichia coli, Klebsiella pneumonae and Pseudomonas aeroginosa) and
two gram-positive bacteria (Bacillus subtilis and Staphylococcus aureus) were included in the study and were
maintained on stock culture agar medium. The test samples (with suitable solvents and dilutions) 20 µg/well and 180
µL fresh bacterial cultures (with suitable dilution by fresh nutrient broth) was poured into wells to make a volume of
200 µL. The initial absorbance of the culture was kept 0.12-0.19 at 540 nm. The absorbance was measured at 540 nm
using microplate reader, before and after incubation at 37 oC for 16-24 hours with lid on the microplate. The
difference was related to bacterial growth. The percent inhibition was calculated using the formula,

Inhibition (%) = (X - Y) / X × 100
where, X is absorbance in control with bacterial culture and Y is absorbance in test sample. Results are mean of
triplicate (n=3, ± SEM). Ciprofloxacin was taken as reference standard. Minimum inhibitory concentration (MIC) was
measured with suitable dilutions (5-30 µg/ well) and results were calculated using EZ-Fit Perrella Scientific Inc.
Amherst USA software.
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4.4.1 Statistical Analysis
All the measurements were accounted in triplicate and statistical analysis was performed by Microsoft Excel 2010.
Results are presented as mean ± SEM.
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ABSTRACT
Before studying the gas-sensing properties of graphene-CoFe2O4 composite, graphene-CoFe2O4 composite with different mixing
ratio are prepared via homogeneous precipitation method with urea as precipitator and characterized by X-ray diffraction using
CuKα. The experimental results reveal that the average grain size of CoFe2O4 with spinel-type structure is about 60 nm. The
sensitive properties of pure CoFe2O4, 1%G-CoFe2O4, 2%G-CoFe2O4 and 5%G-CoFe2O4 are similar to the p-type semiconductor,
and the sensor based on 5%G-CoFe2O4 shows the high sensitivity to ammonia, acetone vapor, formaldehyde vapor and
acetaldehyde vapor with the temperature range from 80 to 300 oC. Especially, the sensor based on 5%G-CoFe2O4 shows the
sensitivity as high as 3 to 1000 ppm formaldehyde vapor when the operating temperature of sensor is 180 oC. Thus, grapheneCoFe2O4 composite may be applied to measure the formaldehyde vapor at low temperature if the selectivity and response are
improved further.
Keywords: Graphene, CoFe2O4, gas-sensing properties.

1. INTRODUCTION
CoFe2O4 is an important member of AFe2O4 composite oxide with spinel-type structure, which is mainly prepared by
co-precipitation method1, sol-gel method2, hydrothermal method3 and microwave method4. CoFe2O4 have attracted
much attention due to its outstanding magnetic property5,6, catalytic performance7 and gas-sensing property8,9.
Recently, graphene-CoFe2O4 composite are applied as photo-catalyst10, water treatment agent11 and an anode for
lithium battery12. However, as far as we know, the application of graphene-CoFe2O4 composite on gas sensor is rarely
reported in the present literatures. Thus, we attempt to prepare graphene-CoFe2O4 composite via homogeneous
precipitation method and study the gas-sensing property of sensors based on graphene-CoFe2O4 composite.
In this paper, graphene mixed CoFe2O4 was prepared via homogeneous precipitation method and the responses to
ammonia, acetone vapor, formaldehyde vapor, ethanol vapor, acetaldehyde vapor and acetic acid vapor were studied
in detail. It was found that graphene mixing has great influence on the gas response, especially, the sensor based on 5
wt% graphene mixed CoFe2O4 (5%G-CoFe2O4) showed best gas-sensing performance to formaldehyde vapor.

2. EXPERIMENTAL
2.1 Preparation and characterization of graphene (G), CoFe2O4 and G-CoFe2O4 composite

The preparation method of graphene is similar to that reported in literature13. Graphene oxide (GO) was synthesized
from graphite powder by Hummers method. Then, GO was reduced by hydrazine hydrate at 90oC for 2h to obtain
graphene. The graphene was identified by FT-IR spectrometer and Raman spectrometer. The results are reported in
literature14.
Analytically pure Co(NO3)2·6H2O and Fe(NO3)3·9H2O reagents (the molar ratio of Zn/Fe is 1:2) were dissolved
in distilled water. Then, urea as precipitator (nurea =nZn2+ + 2/3nFe3+) was added to the mixed solution. The mixture was
then transferred into a teflon-lined autoclave (20 mL) and kept for 12 h at 180oC in an oven. The product was
collected and washed with distilled water and ethanol to remove by-products, and finally dried at 80oC for 10 h.
The mixing ratio of G-CoFe2O4 composite was controlled by carefully adjusting the weight ratio of G/CoFe2O4.
The preparation method of G-CoFe2O4 is similar to that of pure CoFe2O4. The difference between them is as follows:
before Co(NO3)2·6H2O and Fe(NO3)3·9H2O reagents were dissolved in distilled water, graphene of different weight
should be dispersed in distilled water by ultrasonic, the time of ultrasonic dispersion was 30 min. 1%G-CoFe2O4,
2%G-CoFe2O4 and 5%G-CoFe2O4 were prepared. The phase composition of the samples was characterized by X-ray
diffraction using CuKα (XRD, D8 Advance, 40 kV and 40 mA).

2.2 Measurement of gas sensing performance14
A paste was prepared from a mixture of the sample with terpineol, and then the paste was coated with a small brush
onto an Al2O3 tube on which two gold leads had been installed at each end. The Al 2O3 tube was about 8 mm in length,
2 mm in external diameter and 1.6 mm in internal diameter. The Al2O3 tube was heated in air at 100oC for 10 h to
remove terpineol. A heater of Ni-Cr wire was inserted into the Al2O3 tube to supply the operating temperature that
could be controlled in a range of 80oC-350oC.
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The response is defined as the ratio of the electrical resistance of the sensor in air (R a) to that in the mixture of the
detected gas and air (Rg) when the resistance of the sensor reaches a stable value. The preparing method for the
mixture of the detected gas and air was depicted in our previous work. When measuring the electrical resistance of a
sensor in air, the sensor was placed in a closed glass bottle filled with pure air and the surface temperature of the
sensor was adjusted to operating temperature by changing the voltage and the current of the heater wire. The sensor
was placed in the air bottle at least 5 min after the electrical resistance of the sensor was stable, then the sensor was
taken out from the air bottle and placed in a closed bottle filled with the mixture of the detected gas and air. If the
resistance of the sensor could not recover from the previous exposure, the operating temperature was adjusted to 80300oC and kept for about 10 minutes to let the detected gas desorb outside the air bottle. The resistance change of the
sensor was recorded by a computer.

3. RESULTS AND DISCUSSION
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Fig-1: The typical XRD patterns of pure CoFe2O4 and 5%G-CoFe2O4 prepared at 180oC for 12h

The typical XRD patterns of pure CoFe2O4 (180oC, 12h) and 5%G-CoFe2O4 prepared at 180oC for 12h are presented
in Fig.1. The six broad peaks, centered at 2θ= 31.96°, 35.19°, 42.69° , 53.36° and 62.26°, respectively, match well
with the CoFe2O4 crystal faces [220], [311], [400], [511] and [440], respectively. The main diffraction peaks in the
pattern of pure CoFe2O4 can be indexed to spinel type structure CoFe2O4 (JCPDS card no.82-1049), and there is no
peaks of impurity in the pure CoFe2O4 sample. Graphene peaks could be found in the XRD patterns of 5%G-ZnFe2O4,
centered at 2θ=25°.

13

Chu & Liu

Fig-2: The SEM image of pure CoFe2O4 (a) and 5%G-CoFe2O4 (b)

The microstructure of pure CoFe2O4 (a) and 5%G-CoFe2O4 power are shown in Fig.2. The average grain sizes of
CoFe2O4 were about 60 nm. A small amount of CoFe2O4 nanoparticles dispersed on the surface of graphene sheets.
Due to the reassembling process between graphene sheets and CoFe2O4 nanoparticles, a large amount of voids exist
between individual composites, which enlarge the specific surface area of composites.

3.2 Responses of sensors based on pure CoFe2O4 and G-CoFe2O4 towards 1000 ppm of several vapors
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Fig-3: The responses to ammonia (1000 ppm) of sensors based on pure CoFe2O4 and G-CoFe2O4 (180oC, 12 h) with different
mixing ratio

The responses to ammonia (1000 ppm) of sensors based on G-CoFe2O4 with different mixing ratio are shown in Fig.3.
In the operating temperature range from 80oC to 300oC, the max responses to ammonia of sensors based on pure
CoFe2O4, 1%G-CoFe2O4, 2%G-CoFe2O4 and 5%G-CoFe2O4 are 1.1, 1.2, 1.5 and 2.4, respectively. The sensors based
on 5%G-CoFe2O4 show the highest response to ammonia at 240oC.
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Fig-4: The responses to acetone vapor (1000 ppm) of sensors based on pure CoFe2O4 and G-CoFe2O4 (180oC, 12 h) with different
mixing ratio

The responses to acetone vapor (1000 ppm) of sensors based on G-CoFe2O4 with different mixing ratio are shown in
Fig.3. In the operating temperature range from 80oC to 300oC, the max responses to ammonia of sensors based on pure
CoFe2O4, 1%G-CoFe2O4, 2%G-CoFe2O4 and 5%G-CoFe2O4 are 1.4, 1.4, 1.7 and 2.8, respectively. The sensors based
on 5%G-CoFe2O4 show the highest response to acetone vapor at 240oC.
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Fig-5: The responses to formaldehyde (1000 ppm) of sensors based on pure CoFe2O4 and G-CoFe2O4 (180oC, 12 h) with different
mixing ratio

The responses to formaldehyde vapor (1000 ppm) of sensors based on G-CoFe2O4 with different mixing ratio are
shown in Fig.5. In the operating temperature range from 80oC to 300oC, the max responses to ammonia of sensors
based on pure CoFe2O4, 1%G-CoFe2O4, 2%G-CoFe2O4 and 5%G-CoFe2O4 are 2.0, 2.6, 2.0 and 3.0, respectively. The
sensors based on 5%G-CoFe2O4 show the highest response to formaldehyde at 240oC. So, the sensors based on GCoFe2O4 could not been applied in detecting formaldehyde vapor.
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Fig-6: The responses to ethanol (1000 ppm) of sensors based on pure CoFe2O4 and G-CoFe2O4 (180oC, 12h) with different mixing
ratio

The responses to ethanol vapor (1000 ppm) of sensors based on G-CoFe2O4 with different mixing ratio are shown in
Fig.6. In the operating temperature range from 80oC to 300oC, the max responses to ethanol of sensors based on pure
CoFe2O4, 1%G-CoFe2O4, 2%G-CoFe2O4 and 5%G-CoFe2O4 are 2.7, 2.0, 1.6 and 1.8, respectively. The sensors based
on pure CoFe2O4 show the highest response to ethanol vapor at 180oC.
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Fig-7: The responses to acetaldehyde (1000 ppm) of sensors based on pure CoFe2O4 and G-CoFe2O4 (180oC, 12 h) with different
mixing ratio

The responses to acetaldehyde vapor (1000 ppm) of sensors based on pure CoFe2O4 and G-CoFe2O4 with different
mixing ratio are shown in Fig.7. In the operating temperature range from 80oC to 300oC, the max responses to
acetaldehyde vapor of sensors based on pure CoFe2O4, 1%G-CoFe2O4, 2%G-CoFe2O4 and 5%G-CoFe2O4 are 1.3, 1.3,
1.4 and 1.8, respectively. It is observed that the response of all sensors increase with the mixing weight of graphene
increasing the sensors based on 5%G-CoFe2O4 show the highest response to acetaldehyde vapor at 240oC.
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Fig-8: The responses to acetic acid (1000 ppm) of sensors based on pure CoFe2O4 and G-CoFe2O4 (180oC, 12h) with different
mixing ratio

The responses to acetic acid vapor (1000 ppm) of sensors based on pure CoFe2O4 and G-CoFe2O4 with different
mixing ratio are shown in Fig.8. The responses to acetic acid vapor of sensors based on pure CoFe2O4, 1%G-CoFe2O4,
2%G-CoFe2O4 and 5%G-CoFe2O4 are low (not exceeding 1.5) in the operating temperature range from 80oC to 300oC.
So, the sensors based on pure CoFe2O4 and G-CoFe2O4 could not been applied in detecting acetic acid vapor.

3.3 The electrical resistances of pure CoFe2O4 sensor and G-CoFe2O4 sensors in air
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Fig-9: The electrical resistances of pure CoFe2O4 sensor and G-CoFe2O4 sensors in air at different operating temperatures

Fig-9 shows the electrical resistances of pure CoFe2O4 sensor and G-CoFe2O4 sensors in air at different operating
temperatures (preparation conditions of pure CoFe2O4 and G-CoFe2O4: 180oC, 12 h). The resistances of all sensors
decrease with the operating temperature increasing because the resistance of semiconductor material decreases with
temperature increasing.
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4. CONCLUSIONS
In summary, graphene-CoFe2O4 composite with different doping ratio are prepared via solvothermal method with urea
as precipitator. The average grain size of CoFe2O4 with spinel-type structure is about 60 nm. The sensitive properties
of pure CoFe2O4, 1%G-CoFe2O4, 2%G-CoFe2O4 and 5%G-CoFe2O4 are similar to the p-type semiconductor. The
sensor based on 5%G-CoFe2O4 shows the high sensitivity to ammonia, acetone vapor, formaldehyde vapor and
acetaldehyde vapor with the temperature range from 80 to 300 oC. The sensor based on 5%G-CoFe2O4 shows the
sensitivity as high as 3 to 1000 ppm formaldehyde vapor when the operating temperature of sensor is 180 oC. This
material may be applied to measure the formaldehyde vapor at low temperature.
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ABSTRACT
Lignite derived humic acid (HA), obtained from Thar coal mines were extracted by 0.5 N KOH; characterized and used to
evaluate its impact on maize yield and soil health. Having highest HA recovery (20%) black coal derived HA were applied in
different level [(@ no HA (HA0), 25 (HA1) and 50 (HA2) mg kg-1 soil)] in conjoint with different nitrogen (N) levels [no N
application (N0) (150 (N1) and 300 (N2) mg kg-1]. Results showed that plant fresh biomass increased by 23% and 44% with
application of HA at HA1 and HA2 respectively, about 23% increase was observed in dry plant biomass at both the HA levels. Cob
weight and grain weight increased significantly (29% and 40%) with HA at 25 and 50 mg kg -1 respectively vis as vis control (no
HA applied), with N at 150 and 300 mg kg-1 the increase was 51% and 103%. The grain weight increased by 12% and 41% with
HA1 and HA2 whereas, 31 % and 43 % with N application (N1 and N2 over the control). The HA application increased plant N
contents by 20% and 26 %, P by 14% and 20% and K by 15% and 10% in HA1 and in HA2, respectively. Nutrient uptake also
enhanced with both N and HA application. From the results it can be concluded that HA application along with N help improved
growth, yield and nutrient uptake by maize.
Keywords: Lignite, humic acid, fulvic acid, maize yield, organic fertilizer

1. INTRODUCTION
Most of agriculture soils in Pakistan are alkaline calcareous in nature and dominantly low in nutrients particularly
micronutrients and organic matter (< 1 %). As to compensate for nutrients deficiency, inorganic fertilizers such as
urea, diammonium phosphate, muriate or sulphate of potassium, zinc sulphate and boric acid for N, P K Zn and B
respectively. However, having high intensity and cropping around the year, the soils are being continuously depleted
of organic matter (OM). The low soil OM on one hand and growing needs for more food on the other end emphasized
the need for improving soil fertility status either alone or in combination with inorganic fertilizers to enhance
productivity. The HA as substitute and synonym for organic matter1,2 and so considered as an appropriate candidate
for enhancing crop productivity through improving organic matter status of soil.
Earlier research3 underlined the significance of HA in enhancing crop productivity. Increase in cropped
production could be ascribed HA potential role of complexing micronutrients (Fe and Al) and making it available for
plant uptake4. Hence, the dual goals of improving soil organic acid along with increasing micronutrients availability
could be achieved.
As source of plant nutrients (54% C, 5% N, and 0.6% P), HA can serve as slow release fertilizer particularly
for N3 where ground water pollution of NO3 is getting at alarming rate. The significance of HA in increasing crop
productivity has been extensively reported5, 6, 7, 8, 9. Recently, Ahmad and Khan et al. (2013)10, 11 reported the positive
impact of plant derived HA both by foliar and soil application in vegetables (pea and pepper). Findings of first study10
recommended that soil application of HA @ 15-30 kg/ha and foliar application @ 45 kg/ha could improve plant
growth and increase pea yield in addition to increase in foliar nutrients (P, K and Fe) and chlorophyll contents.
The HA can be derived both from coal and waste plant materials. As the positive impact of plant derived HA has been
reported earlier10, 11. Coal derived HA can also acts as potential source of HA and having long retention in soil and
slow decomposition12 hence it can possibly play role in C sequestration.

2. RESULTS AND DISCUSSION
2.1 Chemical Composition of HA
Analysis of three lignitic coals (black, brown and half white) showed the existence of essential plant nutrients, HA and
FA content (Table 1-2). Highest HA recovery (42%) was obtained in black coal followed by 15.3 % in brown and < 1
% (0.02 %) in half white coal. Based on HA recovery and micronutrients availability, black coal can be classified as of
superior quality. However unlike black coal, the P and K contents were relatively high in brown white coal HA. These
results simply imply that the possible combination of all three coal type could provide macro (P and K) as well as
micronutrients (Cu, Zn and Fe) in addition to potential source of HA.
2.2 Agronomic Measurements
2.2.1 Cob weight and grain weight per cob
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Cob weight and grain weight per cob were significantly increased with application of N and HA alone as well as in
combinations. An increase of 29% and 42% and 11.7% and 29% increase in cob weight and grain weight per cob were
obtained with the HA applied as HA1 and HA2 respectively over control (HA0) treatment (Fig 1 a and Fig 1 b). Nitrogen
application alone increased cob weight by 52 and 93 % and grain per cob by 31 % to 44 % with N1 and N2 respectively vis a
vis control. The interaction effect (HA × N) was also significant for both yield parameters (Fig 1 a).

Characteristic
LOI
N
K
P
Zn
Cu
Fe
Mn

Table-1: Chemical composition of lignite coal
Type of lignite
Unit
Black
Brown
85.00
77.00
0.70
0.60
(%)
0.75
0.95
7.25
7.25
11.95
4.25
5.35
5.85
-1
mg kg
606.9
390.0
71.25
96.40
LOI = Loss on Ignition

Half white
4.00
0.02
0.40
2.90
4.85
1.20
51.65
2.80

Table-2: Humic acid recovery and its nutrients composition using various coal sources
HA recovery
N
K
Na
P
Cu
Zn
Fe
-------------------(%)---------------------------------mg kg-1----------------49.2
1.23
0.04
7.9
11.38
22.0
20.6
3201
Black coal
15.3
0.54
0.06
10.6
15.74
7.2
6.4
629
Brown coal
0.2
0.02
0.05
11.2
15.03
7.0
5.6
64
Half white coal
Coal type

2.2.2 Chlorophyll content and fresh weight
Chlorophyll content was also positively affected with applied HA alone as well in combination with different N levels. Results
showed increase of 7% and 13% with HA1 and HA2 respectively. Whereas, N application also improved chlorophyll content
by 9% and 31% at N1 and N2 respectively. Interaction effect (HA × N) effect was also significant (p≤0.05) and the maximum
chlorophyll contents were recorded in HA1 x N2 and the minimum in control [HA0 × N0] (Fig 1 c). Plant biomass as fresh
weight also significantly increased with HA application. The increase of 27% and 44% were obtained with HA1 and HA2
respectively. Application of N increased plant biomass yield by 19% and 33 % at N1 and N2, respectively over the control (N0).
Interactive effect of (HA × N) also showed positive significantly increase fresh weight (Fig 1 d).

Fig-1: Response of (A) Cob weight (B) Gram weight (C) Chlorophyll and (D) Fresh biomass of Maize to HA and Nitrogen

2.2.3 Effect of application on N, P, K and micronutrients
Both HA application alone and in combination with HA significantly affected (<P 0.05), macronutrients and
micronutrients in soil and its uptake by plant. N contents of maize plant significantly (Fig 2 a-f and Fig 3 a, b). The
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HA application not only individual but interaction of both N and HA increased N, P and K concentration. Similarly, it
also differed significantly with N levels as compared to control treatment (Fig 2 a). The combined effect of N and HA
on plant N concentration was also significant and the maximum N was recorded in HA2×N2 treatment and the
minimum in HA0 × N0 combination.
The P and K contents of plants were positively affected with applied HA levels showing the increase of 14 % and
22% and 15 and 10 % with HA1 and HA2 respectively. Results showed that N application in absence of HA decreases P
contents at N1 (Fig 2 b). The interactions (HA × N) also showed significant differences (p ≤0.05) on P content of maize (Fig 2
b). Increase in plant K with increasing application rate of N can be ascribed to synergistic effect of N on plant K content and
increased it by 6 and 8 % with applied nitrogen as N1 and N2, respectively over the control. The combined effect of (HA × N)
on potassium content of maize was also significant (p ≤0.05). Similar to macronutrients, HA application increased plant
available Zn, B, Cu and Fe and Mn under different HA and N application (Fig 2 d, e-f; Fig 3 a, b). In overall, plant
available Zn content increased by 31% with HA2 over HA0 treatment and conversely, plant B contents decreased as HA
application increased. Application of N increased Zn and B contents in plants variably. Non-significant difference was
obtained in interactive effect (HA × N) on Zn and B contents. Plant B concentration in maize plants was less affected with
different N and HA levels showing antagonistic response of HA on B plant uptake. However, it was noticed that in comparison

Fig-2: Response of plant (A) N conc. (B) P conc. (C) K conc. (D) Zn conc. (E) B conc. (F) Cu conc. In maize to HA and N
application rates

to control (where no HA applied) HA application @ 25 mg/kg resulted better B uptake. Concentration of Fe was also
significantly increased with HA application to maize crop (Fig 4 a) and Cu showed significant differences in plants
grown on pots applied with different HA levels (p ≤ 0.05) and an increase of 29% and 28% for Fe and 11% and 22%
for Cu was recorded with HA1 and HA2 respectively over HA0 treatment. The B contents decreased linearly with
increasing application rates of HA (Fig 3 b). Application of nitrogen (N) also had synergistic effect on micronutrient
uptake by plants. Iron concentration in maize plants increased by 31% and 25 %, Cu by 29% and 120% and Mn by 8
and 43% with applied N1 and N2, respectively over the control (N 0). The interactions HA×N also showed significant
effect (p≤0.05) on micronutrient concentration of maize plants. Results showed that maximum Fe concentration (168
mg kg-1) obtained by HA2 x N2 treatments whereas minimum Fe concentration (62 mg kg-1) was obtained where both
HA and N were controlled (HA0 x N0). The Mn concentration increased linearly with increasing rates of HA and N.
Manganese (Mn) contents were increased by 7% and 14% at HA1 and HA2 respectively over HA0. Applied N1
increased Mn by 8% and N 2 by 48% over control (N0). The interactions HA × N regarding maize Mn contents
significantly differed (p≤0.05) and the maximum Mn concentration was recorded in plants grown in HA 2 × N2
treatments (66.38 mg kg-1) and the minimum in HA0 x N0 treatment (40.95 mg kg-1). It showed that HA application at
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different rate help solubilised micronutrients and hence increased their bioavailability. Earlier studies reported that HA
application increased micronutrients availability such as Fe, Zn and particularly Mn.
These results are of particular interest as having low micronutrients bio available in most soil of Pakistan, HA
application either alone or in combination with N could improve availability of micronutrient in soil and hence uptake
by plant. The classical work18 (Schnitzer and Khan (1972) reported that by complexing micronutrients HA improve
plant root access to soil micronutrients and acts as carrier but also increase their availability to plant.

Fig-3: Response of plant (A) Mn conc. And (B) Fe conc. in maize to HA and N application rates

2.2.4 Effect of coal derived HA on soil pH, N, P K and micronutrients
2.2.4.1 Soil pH, N, P and K
Results showed that soil pH ranged from 7.5-8.02 across all treatments (Table 3). Application of N also tended to
decrease soil pH and a slight decrease (7.94 to 7.92 and 7.83) with N 1 and N2 over the control was recorded. The
interactions (HA× N) also showed non-significant effect (p≤0.05) on soil pH. The soil pH decreased with applied HA
as HA1 and HA2 gradually under N1 and N2 as well as N0.

HA Level
HA0
HA1
HA2

Table-3: Interactive effect of N and humic acid levels on soil pH after crop harvest
pH
N Levels
N0
N1
8.02
8.00
7.97
7.93
7.84
7.84

N2
8.01
8.00
7.50 b

Though there has been shift in soil NO3-N however it was found to be statistically non-significant (Fig 4 a). As a
whole an increase of 11-17% was found by HA application at the rate of HA1with HA2 vis a vis control treatment
where no HA was applied (HA0). As expected soil NO3-N responded to N application in various levels. An increase of
about 6 and 12% was recorded with N 1 and N2 over N0. The interactions effect (HA × N) showed a significant increase
(p≤0.05) in soil NO3 status. Adani et al. 199819 reported that peas and leonardite derived HA increased plant uptake of
N. Like N soil P also responded to HA application alone and in combination with N. It is reported that PO 4 usually
rendered unavailable owing its complexing potential with Fe/Al and Ca in acidic and alkaline soils respectively. As
chelating agent HA help PO4 releasing out of this complexing and make it available for plant uptake. Results from this
study showed significant differences (54% and 21%) at HA1 and HA2 over HA0 treatment (Fig 4 b). Application of N
increased the P status by 14% at N1 only over the control (N0). The interactions (HA × N) also showed significant
change (p≤0.05) in soil P status after crop harvest. Earlier work of Ahmad and Tan, (1998) 20 and Cimrina and Yilmaz,
(2005)21 also reported the HA effects phosphate availability and ultimate uptake by plant.
The K contents increased with N as well as HA application. Results showed significant differences among HA levels
(p ≤ 0.05) and increased soil K status by 14% and 34% with the applied HA1 and HA2 over control treatment HA0. The results
regarding effect of application of N also showed the similar trend and K increased linearly with increasing N rates. An increase
of 14% and 30% was recorded at N1 and N2 over that of N0. The interactions (HA × N) also showed significant decrease (p
≤0.05) in soil K status (Fig 4 c). The maximum K was recorded in HA2 and N2 treatment and the minimum in HA0 and
N0 treatment.

2.2.4.2 Effect of HA on Micronutrients availability in soil
The AB-DTPA extractable micronutrients were affected with the application of not only HA but N as well. Results
showed significant differences for micronutrients with HA treatment at p ≤ 0.05. Iron contents increased by 29% and
27% and Mn by 82% and 73% at HA1 and HA2, respectively over HA0 while Cu content decreased with application of
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HA in soil (Fig 4 a-f). In case of N application Fe contents also increased by 60 %, Cu by 14% and Mn by 25% with
N1 over N0 while, in case of N2 the increase was non-significant. The interactions (HA×N) also showed variable effect
(p ≤0.05) on micronutrient concentration in soil. Regarding zinc (Zn) contents there was a non significant difference in
soil after crop harvest with HA and N levels. The interactive effect of HA×N on soil was significant (p ≤0.05) for Zn
content. The maximum Zn was recorded in HA2×N2 treatment and the minimum in HA0 and N0 treatment.
By complexing micronutrients HA application improved soil micronutrients. Having alkaline calcarious soils,
these results have special implication for Pakistani soil where micronutrients availability is generally low in soil.

Fig-4: Response of (A) N conc. (B) P conc. (C) K conc. (D) Zn conc. € Mn conc. and (F) Fe conc. in soil to HA and N application
rates

3. EXPERIMENTAL
3.1 Extraction of HA and FA from coal
Three types of coal viz. black, brown and half white (color based) were used for HA extraction. Coal samples were
ground; sieved (2 mm), treated with KOH (0.5N) and NaOH (0.5N) separately; filtered, centrifuged and dried to HA
(Fig 5), following grinding and sieving, extraction was acidified (10% HNO 3) as (1:4; coal: acid); filtered and dried
(65 0C) to fulvic acid (FA), a yellow color substances (Fig 5). Purity of FA and HA was determined by
spectrophotometer. The chemical composition of coal derived HA was determined as described12.

3.2 Trial setup
3.2.1 Soil sampling, preparation and analysis
Pot experiment was carried out at National Agricultural Research Centre (NARC) Islamabad using Nabipur soil series
with chemical properties listed in Table 4. The soil was collected from top 15 cm field layer; air dried, sieved (2 mm)
and filled into 7 kg plastic container. Treatments consisting three HA levels (HA 0 = no HA, HA1 = HA applied at 25
mg kg-1 soil and HA2 = HA applied at 50 mg kg-1 soil) with or without three N levels [(N0 = no N, N1 = N @ 150 mg
kg-1 soil and N2 = N @ 300 mg kg-1)] and replicated thrice using completely randomized design (CRD). The N applied
as urea solution (in three splits at planting, at plants attained one foot height and before tussling) frequency. Earlier
grown 6 seeds per pot were reduced to 3. Soil pH, EC, organic matter, macronutrients (NO 3-N, P, and K) and
micronutrients (Zn, Fe, Cu, B and Mn) were determined following standard procedures as described 13.
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Fig-5: Humic and fulvic acid extraction from coal

Property
pH
EC1:1
CaCO3
OM
NO3
NaHCO3_P

unit
dS m

-1

%
mg kg-1

Table-4: Chemical properties of soil science
value
property
8.10
K
0.16
Zn
4.00
Cu
1. 02
Fe
1.34
Mn
4.90

unit

mg kg-1

value
48.0
0. 4
0.5
6.6
6.2

3.3 Measurement and chemical analysis
3.3.1 Plants analysis
The plant samples previously rinsed, washed; oven dried (65 0C), ground and analyzed for total N (Kjeldahl method14,
tissue B by dry ashing15. Nutrients (P, K, Zn, Fe, Cu and Mn) were determined in plant materials following mixed acid
(HNO3: HClO4 in 2:1) digestion as described16. Leaf chlorophyll content was measured using chlorophyll meter (SPAD 502,
Konica Inc. Japan).
3.3.2 Statistical analysis
The data obtained were analyzed using the MSTATC 5.4.217. Difference in means was compared using least
significant difference (LSD) test.

4. CONCLUSION
Combine use of HA and N helped in booting biomass production and enhancing grain yield. This was attributed to enhance
uptake of nutrients by plants with applied HA and N in different concentrations. The application of HA improved soil
characteristic by playing its role in chelating nutrients that became available to plant. It laid a positive effect on soil indicated
the improvements in soil health which is a key to sustain crop productivity and on over all sustainable agriculture.
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ABSTRACT
N-(3-hydroxyphenyl) benzamide (3) was synthesized by the condensation of 3-hydroxyaniline (1) with benzoyl chloride (2) in
aqueous medium. From this parent molecule 3, various 3-O-derivatives, 5a-f, were prepared via O-alkylation, by reacting it with
different alkyl halides, 4a-f, for 2 h under reflux conditions in the presence of mixture of Na-ethoxide and C2H5OH as solvent.
The synthesized compounds were characterized by using different spectroscopic techniques and were subjected to enzyme
inhibition activity against butylcholinesterase, acetylcholinesterase, and lipoxygenase enzymes.
Key words: Benzamides, 3-Hydroxyaniline, Butylcholinesterase, Acetylcholinesterase, and Lipoxygenase.

1. INTRODUCTION
Benzamides are important class of organic compound which are derived from benzoic acid. They are biological active
molecules with a large number of applications; their most profound use is inhibitors in medicine. A variety of
benzamide derivatives inhibit Histone deacetylases, or they act as HDAC enzyme inhibitors. Benzamides have been
reported as relaxant for smooth muscle and activators of potassium channel. Some synthetic benzamides are
antihelmintic agent1, while some others are anti-inflammatory and analgesic2. Pharmacologically active benzamide 3
derivatives have anti-bacterial and anti-fungal activities 4. Benzamide derivatives are also very importance in medicinal
chemistry5. The Non-biaryl benzamides are used as ligands and suitable for asymsmetric catalysis 6. Therapeutically
active compounds are listed under Heterocyclic benzamides, which show activity in central nervous system. These
heterocyclic compounds act as antipsychotics, antiemetics and gastric motility stimulants 7, 8, 9. In this project we
synthesized various O-substituted derivatives, 5a-f, of N-(3-hydroxyphenyl) benzamide (3) and their biological
screening against three enzymes namely, butyryl cholinesterase, acetyl cholinesterase, and lipoxygenase. The
synthesized compounds (3, 5a, 5b) have already been reported in literature10-12 whereas compounds (5c, 5d, 5e, 5f)
have been synthesized for the first time.

2. RESULTS AND DISCUSSION
2.1 Chemistry
In the present study, first, N-(3-hydroxyphenyl)benzamide (3) was synthesized on reacting 3-hydroxyaniline (1) with
benzoyl chloride (2) in aqueous medium. Then compound 3 was treated with different alkyl halides 4a-f to synthesis
new 3-O-derivatives via O-alkylation (Scheme-1). The molecular formula C13H11NO2 of N-(3hydroxyphenyl)benzamide (3) was inferred with the help of EIMS with molecular ion peak at m/z 213 and integration
of protons in its PMR data. The EIMS of this new compound illustrate base peak at m/z 105 due to benzoyl [C6H5CO] +
group. In IR spectrum peaks at (3420 cm-1), (1620 cm-1) and (3230 cm-1) explained the existence of hydroxyl, carbonyl
and -NH- groups respectively in the molecule. In its 1H-NMR spectrum, the signals in aromatic region at δ 7.89 (dd, J
= 1.5, 7.0 Hz, 2H, H-2ʹ and H-6ʹ), 7.56 (br t, J = 7.5 Hz, 1H, H-4ʹ) and δ 7.49 (br t, J = 7.0 Hz, 2H, H-3ʹ and H-5ʹ)
were characteristics of a benzoyl group13 while the signals at δ 7.29 (t, J = 2.0 Hz, 1H, H-2), 7.14 (t, J = 8.0 Hz, 1H,
H-5), 7.08 (m, 1H, H-6) and 6.58 (ddd, J = 1.0, 2.5, 8.0 Hz, 1H, H-4) were attributed to the protons of the Nsubstituted 3-hydroxyaniline moiety in the molecule. Keeping in view these spectroscopic studies, the structure of 3
was established as N-(3-hydroxyphenyl)benzamide. In the same way, the structures of other derivatives, 5a-f, were
established by interpreting IR, 1H-NMR and EI-MS spectra, as given in experimental section.
2.2 Bioactivity Studies
The screening of all the synthesized derivatives of 3 rendered them as good inhibitors of butyryl cholinesterase
(BChE) and acetyl cholinesterase (AChE), affirmed by their IC50 values (Table-1). Our results revealed that due to the
substitution of ethyl group N-(3-ethoxyphenyl)benzamide (5b) was found to be more potent inhibitor against
butyrylcholinesterase having IC 50 value of 20.90 ± 0.11 moles comparative to a reference standard (eserine) having
IC50 value of 0.85±0.001 moles. However, for acetylcholinesterase inhibitory test the substitution of five carbon
chain in N-[3-(pentoxy)phenyl]benzamide (5f) resulted in an increase in its inhibitory potential with IC 50 value of
*Corresponding Author
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158.81±0.12 moles relative to eserine having IC50 value of 0.04±0.001moles against this enzyme. Against
lipoxygenase 5a, 5b and 5c were not found to be active. On these molecules Antioxidant activity by DPPH method 14
was also performed. Table-1 illustrates the results of DPPH assay. These outcomes showed that only 3 demonstrated
good scavenging of DPPH radical. This scavenging was due to free phenolic group. From the plotted curves, for each
sample the IC50 value was premeditated.

Compound

R

Compound

5a

5d

5b

5e

5c

5f

R

Scheme-1: Synthesis of N-(3-hydroxyphenyl)benzamide (3) and its derivatives 5a-f.

Table-1: Bioactivity studies on N-(3-hydroxyphenyl)benzamide (3) and its derivatives 5a-f
DPPH
BChE
AChE
LOX
(%
DPPH
(%
BChE
(%
AChE
(%
LOX
Sample
inhibition)
(IC50)
inhibition)
(IC50)
inhibition)
(IC50)
inhibition)
(IC50)
No.
at
μM
at
μM
at
μM
at
μM
0.5mM
0.5mM
0.5mM
0.5mM
66.61±0.11
283.21±0.25 64.49±0.11 84.21±0.35 62.38±0.81 411.37±0.35 92.03±0.25 185.61±0.32
3
20.24±0.62
Nil
71.10±0.52 201.11±0.45 78.48±0.69 143.51±0.45 53.25±0.32
Nil
5a
22.24±0.53
Nil
95.34±0.35 20.90±0.11 52.75±0.22 403.24±0.75 40.08±0.11
Nil
5b
19.55±0.95
Nil
84.15±0.59 98.71±0.34 61.87±0.95 408.11±0.41 68.52±0.87
<400
5c
13.66±0.31
Nil
97.62±0.13 20.11±0.22 57.31±0.62 246.11±0.38 81.36±0.54 145.11±0.39
5d
19.44±0.11
Nil
87.03±0.01 22.31±0.15 68.07±0.56 169.30±0.25 68.97±0.33 319.51±0.63
5e
17.84±0.25
Nil
77.03±0.46 134.41±0.23 54.50±0.35 158.81±0.12 77.91±0.69 134.91±0.01
5f
Quercetin
16.96±0.14
Eserine
0.85±0.001
Eserine
0.04±0.001
Baicalein
22.4±1.3
Control
Note: IC50 values (concentration at which there is 50% enzyme inhibition) of compounds were calculated using EZ-Fit Enzyme
kinetics software (Perella Scientific Inc. Amherst, USA)
DPPH= 1,1-Diphenyl-2-picrylhydrazyl radical; BChE = Butyryl cholinesterase; AChE= Acetyl cholinesterase; LOX=
Lipoxygenase.

3. EXPERIMENTAL
3.1 General
Purity was checked on TLC cards. They were formed from already coated silica gel G-25-UV254 plates. TLC was
visualized at 254 nm and developed by ceric sulphate reagent with single spot. Mobile phase consisting of EtOAc and
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n-C6H12. The IR spectra were computed in Pot. bromide on a Jasco-320-A spectrophotometer with wave number in
percentimeter. 1H-NMR spectra were computed using CDCl3 on a Bruker spectrometers working at 400 MHz.
values are specified in ppm and J-values in hertz. Mass spectra (EIMS) were done on Finnigan MAT-112
instrument with a data system.

3.2 Procedure for the Synthesis of N-(3-Hydroxyphenyl)benzamide (3)
3-Hydroxy aniline (2.0 mmol; 5.0 g, 1) was reacted with benzoyl chloride (2.0 mmol; 6.44g, 2) in aqueous medium by
vigorous shaking for 30 min. The pH of the contents was lowered during reaction due to the evolution of HCl gas. On
TLC conformation, the reaction contents were diluted by cold water till the formation of white precipitates. The pure
precipitates were obtained by filtration and washing with dist. H2O. On drying the title compound N-(3hydroxyphenyl)benzamide (3) was obtained. Recrystallization was done with methanol; white powdered product was
acquired on evaporating CH3OH. Yield: 88.6% 10-12.
3.3 Procedure for Synthesis of O-Alkylated Derivatives (5a-f) of N-(3-Hydroxyphenyl)benzamide
0.4g sodium metal was completely dissolved in 10.0 ml absolute ethanol in a 250 ml round bottom flask till no
evolution of hydrogen gas. On cooling, calculated amount of 3 (2 g) was added followed by pouring alkyl halides, 4af. Reaction contents were refluxed for about 2 hrs, followed by slow addition of water to avoid the formation of lumpy
material. The temperature of reaction was maintained at 0-4 oC on ice bath. The products were obtained through
filtration or in some cases liquid product was extracted with chloroform, depending upon the nature of product 10-12.
3.4 Cholinesterase Assays
The AChE and BChE inhibitory assays were performed by the reported method15,16 with minor modifications. 100 µL
volume was made by 60 µL Na2HPO4 buffer (50 mM; pH 7.7), 10 µL test compound (0.5 mM well-1) and 10 µL
(0.005 unit well-1) enzyme. These 100 µL assay’s volume was mixed together. After that its reading was taken at 405
nm followed by pre-incubation for 10 mins at 37 ºC. The initiation of reaction was performed by the 10 µL of 0.5 mM
well-1 substrate (acetylthiocholine iodide for AChE and butyrylthiocholine chloride for BChE) followed by 10 µL
DTNB (0.5 mM well-1). After incubating for 15 mins at 37 ºC, Again absorbance was taken at 450 nm. All conducted
tests were performed in three folds with the particular controls. Eserine (0.5 mM well -1) was employed as a +tive
control. The % age inhibition was accounted as,

By using EZ–Fit Enzyme kinetics software (Perella Scientific Inc. Amherst, USA), IC 50 values of compounds were
intended, it is the concentration at which there is 50% of enzyme is inhibited.

3.5 Lipoxygenase Assay
Lipoxygenase activity was assayed using the reported method17-19 with some modifications. 200 µL assay mixture was
prepared from 150 µL Na3PO4 buffer (100 mM; pH 8.0), 10 µL test compound and 15 µL enzyme followed by
mixing, pre reading (at 234 nm) and pre incubation (10 minutes at 25 °C). Reaction was started at 25 µL of substrate
concentration, followed by absorbance at 234 nm repeated after every 6 min. All reading were taken thrice using +tive
and -tive controls. Quercetin (0.5 mM well-1) was used as a +tive control. All readings were taken thrice using
Baicalein as control.
3.6 DPPH Assay
The DPPH radical scavenging activities of synthesized compounds were observed by comparing with butylated
hydroxytoluene (BHT) using the reported method14. The different amounts of samples were added to the DPPH
solution in methanol (3 ml; 0.1mM). Solution was shaked vigorously for about 1 hour at RT. Absorbance of each
sample was measured at 517 nm against blank. Methanol was used as a blank. Smaller the absorbance, higher will be
the free radical scavenging activity of respective compound. For each sample %age of DPPH decolouration was
calculated. Calculations were made by the method as given for cholinesterase assays.

4. SPECTRAL CHARACTERIZATION OF SYNTHESIZED BENZAMIDES
4.1 N-(3-Hydroxyphenyl)benzamide (3)
Yield: 88.6%; M.P: 152-154 oC; 1H-NMR (400 MHz, CDCl3):  7.89 (dd, J = 1.5, 7.0 Hz, 2H, H-2ʹ& H-6ʹ), 7.56 (br t,
J = 7.5 Hz, 1H, H-4ʹ), 7.49 (br t, J = 7.0 Hz, 2H, H-3ʹ& H-5ʹ), 7.29 (t, J = 2.0 Hz, 1H, H-2), 7.145 (t, J = 8.0 Hz, 1H,
H-5), 7.08 (m, 1H, H-6), 6.58 (ddd, J = 1.0, 2.5, 8.0 Hz, 1H, H-4); IR (KBr): vmax (cm-1): 3420 (O-H), 3230 (N-H),
3056 (Ar-H), 1620 (C=O), 1600-1517 (Ar (C=C)); EIMS: m/z 213 [M]+, 105 [C6H5CO]+, 77 [C6H5]+.
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4.2 N-(3-Methoxyphenyl)benzamide (5a)
Yield 70.42%; M.P: 150-152 oC; 1H-NMR (400 MHz, CDCl3):  7.90 (dd, J = 1.5, 7.5 Hz, 2H, H-2ʹ & H-6ʹ), 7.56 (br
t, J = 7.5 Hz, 1H, H-4ʹ), 7.49 (br t, J = 7.5 Hz, 2H, H-3ʹ & H-5ʹ), 7.40 (br d, J = 2.0 Hz, 1H, H-2), 7.24 (t, J = 8.0 Hz,
1H, H-5), 7.22 (m, 1H, H-6), 6.71 (dt, J = 2.0, 7.0 Hz, 1H, H-4), 3.80 (s, 3H, CH3-1ʹʹ); IR (KBr): vmax (cm-1): 3300 (NH), 3040 (Ar-H), 1640 (C=O), 1600-1517 (Ar, C=C), 1230 (C-O); EIMS: m/z 227 [M]+, 105 [C6H5CO]+, 77 [C6H5]+.
4.3 N-(3-Ethoxyphenyl)benzamide (5b)
Yield: 78.76%; M.P: 155-157 oC; 1H-NMR (400 MHz, CDCl3):  7.90 (dd, J = 1.5, 7.0 Hz, 2H, H-2ʹ & H-6ʹ), 7.56 (br
t, J = 7.5 Hz, 1H, H-4ʹ), 7.49 (t, J = 7.5 Hz, 2H, H-3ʹ & H-5ʹ), 7.38 (d, J = 1.5 Hz, 1H, H-2), 7.23 (t, J = 7.0 Hz, 1H,
H-5), 7.21 (m, 1H, H-6), 6.69 (dt, J = 2.0, 7.0 Hz, 1H, H-4), 4.04 (q, J = 7.0 Hz, 2H, CH2-1ʹʹ), 1.38 (t, J = 7.0 Hz, 3H,
CH3-2ʹʹ); IR (KBr): vmax (cm-1): 3330 (N-H), 3000 (Ar-H), 1650 (C=O), 1600-1517 (Ar, C=C), 1245 (C-O); EIMS: m/z
241 [M]+, 213 [M-CO]+, 105 [C6H5CO]+, 77 [C6H5]+.
4.4 N-[3-(Propan-2-yloxy)phenyl]benzamide (5c)
Yield: 81.58%; M.P: 159-161 oC; 1H-NMR (400 MHz, CDCl3):  7.90 (dd, J = 1.5, 7.0 Hz, 2H, H-2ʹ & H-6ʹ), 7.56 (t,
J = 7.0 Hz, 1H, H-4ʹ), 7.49 (t, J = 7.0 Hz, 2H, H-3ʹ & H-5ʹ), 7.38 (d, J = 1.5 Hz, 1H, H-2), 7.22 (t, J = 8.0 Hz, 1H, H5), 7.19 (m, 1H, H-6), 6.68 (dt, J = 2.0, 7.5 Hz, 1H, H-4), 4.59 (heptet, J = 6.5 Hz, 1H, H-1ʹʹ), 1.3 (d, J = 6.5 Hz, 6H,
CH3-2ʹʹ & CH3-3ʹʹ); IR (KBr): vmax (cm-1): 3290 (N-H), 3070 (Ar-H), 1630 (C=O), 1600-1517 (Ar, C=C), 1225 (C-O);
EIMS: m/z 255 [M]+, 105 [C6H5CO]+, 77 [C6H5]+.
4.5 N-(3-Propoxyphenyl)benzamide (5d)
Yield: 73.6%; M.P: 164-166 oC; 1H-NMR (400 MHz, CDCl3):  7.90 (dd, J = 1.0, 7.5 Hz, 2H, H-2ʹ & H-6ʹ), 7.56 (br
t, J = 7.5 Hz, 1H, H-4ʹ), 7.49 (t, J = 7.5 Hz, 2H, H-3ʹ & H-5ʹ), 7.38 (d, J = 2.0 Hz, 1H, H-2), 7.23 (t, J = 8.0 Hz, 1H,
H-5), 7.21 (m, 1H, H-6), 6.69 (dt, J = 2.0, 7.5 Hz, 1H, H-4), 3.98 (t, J = 6.5 Hz, 2H, CH2-1ʹʹ), 1.51 (sextet, J = 7.5 Hz,
2H, CH2-2ʹʹ), 0.97 (t, J = 7.5 Hz, 3H, CH3-3ʹʹ); IR (KBr): vmax (cm-1): 3320 (N-H), 3050 (Ar-H), 1630 (C=O), 16001517 (Ar, C=C), 1240 (C-O); EIMS: m/z 255 [M]+, 213 [M-C3H6]+, 105 [C6H5CO]+, 77 [C6H5]+.
4.6 N-(3-Butoxyphenyl)benzamide (5e)
Yield: 74.6%; M.P: 169-171 oC; 1H-NMR (400 MHz, CDCl3):  7.90 (dd, J = 1.5, 8.5 Hz, 2H, H-2ʹ & H-6ʹ), 7.56 (br
t, J = 7.5 Hz, 1H, H-4ʹ), 7.50 (t, J = 7.5 Hz, 2H, H-3ʹ & H-5ʹ), 7.39 (d, J = 1.5 Hz, 1H, H-2), 7.22 (t, J = 7.5 Hz, 1H,
H-5), 7.20 (m, 1H, H-6), 6.69 (dt, J = 2.5, 7.5 Hz, 1H, H-4), 3.99 (t, J = 6.5 Hz, 2H, CH2-1ʹʹ), 1.76 (quintet, J = 6.5
Hz, 2H, CH2-2ʹʹ), 1.59 (sextet, J = 7.5 Hz, 2H, CH2-3ʹʹ), 0.99 (t, J = 7.5 Hz, 3H, CH3-4ʹʹ); IR (KBr): vmax (cm-1): 3340
(N-H), 3000 (Ar-H), 1660 (C=O), 1600-1517 (Ar, C=C), 1235 (C-O); EIMS: m/z 269 [M]+, 105 [C6H5CO]+, 77
[C6H5]+.
4.7 N-[3-(Pentoxy)phenyl]benzamide (5f)
Yield: 88.6%; M.P: 173-175 oC; 1H-NMR (400 MHz, CDCl3):  7.90 (dd, J = 1.5, 7.0 Hz, 2H, H-2ʹ & H-6ʹ), 7.57 (br
t, J = 7.5 Hz, 1H, H-4ʹ), 7.49 (t, J = 7.5 Hz, 2H, H-3ʹ & H-5ʹ), 7.39 (d, J = 2.0 Hz, 1H, H-2), 7.23 (t, J = 8.0 Hz, 1H,
H-5), 7.20 (m, 1H, H-6), 6.69 (dt, J = 2.5, 7.5 Hz, 1H, H-4), 3.96 (t, J = 6.5 Hz, 2H, CH2-1ʹʹ), 1.78 (quintet, J = 6.5
Hz, 2H, CH2-2ʹʹ), 1.47 (quintet, J = 6.5 Hz, 2H, CH2-3ʹʹ), 1.41 (sextet, J = 6.5 Hz, 2H, CH2-4ʹʹ), 0.95 (t, J =
7.0 Hz, 3H, CH3-5ʹʹ); IR (KBr): vmax (cm-1): 3323 (N-H), 3010 (Ar-H), 1635 (C=O), 1600-1517 (Ar, C=C), 1250 (CO); EIMS: m/z 283 [M]+, 105 [C6H5CO]+, 77 [C6H5]+.

3. CONCLUSION
It was usually concluded from such O-substituted N-[3-(alkoxy)phenyl]benzamide derivatives that these are suitable
entities for the inhibition of butylcholinesterase and acetylcholinesterase enzymes. Therefore, they might serve as
therapeutic agents, particularly for the treatment of Alzheimer’s disease.
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ABSTRACT
Most of the Phenols are hazardous substances and some are supposed to have carcinogenic activity. Thus it is necessary to remove
Phenolics and other aromatics from the aqueous ecosystem. Traditional processes for the removal of Phenolics compounds are
extraction, adsorption on granulated activated carbon, steam distillation, chemical and bacterial techniques. Literature survey
show a number of methods like oxidation, ion exchange, reverse osmosis, electrochemical oxidation and adsorption. Phenol
removal by process like, adsorption is the best method of choice as it can remove most of phenols in simple and easy way. In
recent past; agricultural by-products such as, maize cob, date stone, apricot Stones, rice bran, and bagass pith have been
extensively studied and used as adsorbents for the adsorption of hazardous substances from wastewater.
In the present study we tried modified rice husks as potential adsorbents for the removal of Phenol from aqueous system.
Batch mode studies were carried out. Isotherm data was generated and fitted in Freundlich and Langmuir equation to explain the
phenomenon of adsorption. The adsorption capacities based on Langmuir model (Qm) of the 3 adsorbents were found to be 0.81
for raw husk (RH), 0.395 for the Grafted (G) and 2.306 mg/g for the Charred (C). The R2 values were 0.92 for raw husk, 0.97 for
grafted and 0.91 for charred husk. Based on Freundlich model the adsorption capacities (K) were 2.94, 2.29 and 1.25mg/g for Raw
husk, grafted husk and charred husk. The R2 values were found to be 0.72, 0.95 and 0.83 for the raw husk, grafted husk and
charred husk respectively. Our result showed that modified rice husks could be used as potential adsorbents for Phenol removal
from aqueous system.
Keywords: Adsorption, Phenol, rice husk, grafting, isotherm.

1. INTRODUCTION
The primary sources of Phenolics in natural water are, generation during natural decomposition processes or releases
in the effluents of brown coal from coking plants, distillery plants, pulp and paper industry, tanning, textiles, plastics,
rubber, petroleum and pharmaceutical also contains significant amount of different Phenolics 1. Decay of vegetation
also contributes Phenols to aqueouse system2. Phenols resemble a number of pesticides, which are resistant to
biodegradation. Roughly speaking 25% of the pesticides on the world market have a substituted phenol ring3. Phenol
is very toxic to humans through oral route; ingestion of one gm of phenol is found to be lethal. The symptoms includs
tremors muscle weakness, loss of coordination, paralysis, coma, convulsion, and respiratory problems. Blood changes,
kidney and liver damage, cardiac toxicity and low blood pressure have been reported in humans 4. Activated carbon
has been used for the adsorption of phenols & chlorophenols. The kinetics of adsorption of Phenols by granular
activated carbon was studied by Zogorski et al5. It was observed that 60% to 80% of the ultimate adsorption occurs
within the first hour of contact. The adsorption of substituted phenols onto activated carbon produced from olive
stones have been studied by Caturla et al6. The adsorption process was found to be affected by the porosity of the
carbon. A. Kermani et al7 studied the removal of Phenol from aqueous solution by using rice husk ash and activated
carbon. Batch kinetics and isotherm studies were carried out to evaluate the effects of PH, initial Phenol concentration
and adsorbent dose. Maximum adsorption capacity of rice husk ashes prepared at 300, 400 and 500˚C and granulated
activated carbon was 0.952, 1, 0.989 and 1mg phenol/gm of adsorbent respectively. The study showed that rice husk
ash could be used as a new and efficient adsorbent material for the removal of phenol from aqueous solution. Nagda et
al8 studied the use of leaf refuse of tendu leaf as adsorbent for the removal of Phenol from aqueous system. The
adsorption data were modeled by using both Langmuir and Freundlich classical isotherms. The maximum ads capacity
of chemically modified leaf refuse was 4 times higher than that of the raw tendu leaf refuse.
Pakistan is an agriculture country. Its major food crops are wheat, maize and rice. Rice is the major food crop
and Pakistan is ranked at 12 in the world in producing rice9. The rice crop provide white rice which is the favorite food
for human consumption but it also produce rice husk as an agriculture residues. The rice husk has got a number of
applications. Rice husk can be used to produce mesoporous molecular sieves (e.g., MCM) 10, which are applied as
catalysts for various chemical reactions, as a support for drug delivery system and as adsorbent in waste water
treatment. Rice husk hulls are an inexpensive source of fiber that is considered a filler ingredient in cheap foods 11.
In the present study we used modified rice husk to study its ability to remove phenolics from various aqueous
system.

2. RESULT AND DISCUSSION
2.1 Characterization of the adsorbents
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2.1.1 Rice husk
Raw rice husk chemical analysis show that it contains 40-50 percent cellulose, 25-30 percent lignin, 15-20 percent ash
and 8-15 percent moisture12.
After burning, most evaporable components are slowly lost and the silicates are left. The typical properties of
rice husk are indicated in Table 1. No other plant except paddy husk is able to retain such a huge proportion of silica
in it.
2.1.2 Thermal treatment of rice husk
There are two stages in the thermal treatment of rice husk - carbonization and decarbonation. Carbonization is the
decomposition of volatile matter in rice husk at temperature greater than 300°C and releases combustible gas and tar.
Decarbonation is the combustion of fixed carbon in the rice husk char at higher temperature in the presence of oxygen.
The melting temperature of RHA is estimated as 1440°C, that is, the temperature at which silica melts 13
S. No.
1
2
3
4
5
6
7
8
9
10

Table-1: Typical husk analysis [Bronzeoak, 2003]
Property
Bulk density (kg/m3)
Length of husk (mm)
Hardness (Mohr’s scale)
Ash (%)
Carbon (%)
Hydrogen(%)
Oxygen (%)
Nitrogen (%)
Sulphur (%)
Moisture (%)

Range
96 - 160
2.0 – 5.0
5.0 - 6.0
22.0 - 29.0
≈ 35.0
4.0 - 5.0
31.0 – 37.0
0.23 - 0.32
0.04 - 0.08
8.0 - 9.0

.

Fig.1: A combined effect of back scattered electron and X-ray images revealing porous husk structure and silica concentration at
outer surface14 [Stroeven et al.,1999]

2.2 FTIR Characterization of the grafted rice husk
The rice husk was hydrolysed with 10% sulphuric acid followed by hydrolysis with 10% sodium hydroxide for 2
hours under reflux(liqour ratio: 1:15 w/v). The purpose of hyrolysis was to remove lignin as for as possible. Grafting
was carried out by steeping 2g hydolysed rice husk in acrylonitril solution for 15 minutes and then added the
dissolved hydrogen peroxide (0.3mL) and 0.5g ferric sulphate in glacial acetic acid at 40°C for 2.5hrs (total liquor
ration was 1:15, i.e., total quantity of grafting liquor was 100mL). After grafting the sample was filtered washed with
distilled water and then dried in air. This dried sample was extracted with distilled water in a soxhlet device for 24hrs
to dissolve the formed homopolymer. After extraction, the sample was washed with distilled water and then air
dried15. The functionalized rice husk was characterized by FTIR spectophtometer shimadzu Prestige-21 as shown in
fig 2. The various band specifications of the spectra are given in table no 2.
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Fig.2: FTIR spectra of rice husk grafted with with acrylonitrile.
S. No
1
2
3
4
5

Table-2: FTIR band of grafted husk with acrylonitrile
Frequency in Cm-1
Functional group
3349
-OH streching
2912
C-H streching(aliphatic)
2166
-CN streching
1650
C=C Streching aliphatic
1371
C-H bending aliphatic

2.3 Adsorption studies
The adsorption of phenol on modified husk was carried out by batch technique. Three adsorbents i.e. raw husk (RH),
grafted (G) with acrylonitril, & charred (C) were tested to asses their ability to remove phenol from aqueous system by
adsorption. The equilibria of the adsorption and the kinetics are two important physico-chemical aspects for the
evaluation of the adsorption process as a unit operation.Equilibrium studies give the capacity of the adsorbent and are
described by adsorption isotherms. Generally the ratio between the quantity adsorbed and that remaining in the
solution at a constant temperature is at equilibrium. There are two types of adsorption isotherms i.e. Langmuir &
Freundlichs.
2.4 Langmuir isotherm
The Langmuir model predicts that the uptake of the adsorbate occurs on a homogenous surface by a monolayer
adsorption without any interaction between the adsorbate molecules 16. The linear form of Langmuir equation
Ce/Qe=1/K+a/KCe
Where;
Ce is the equilibrium concentration of adsorbate (mg/L).
Qe is the amount of the adsorbate adsorbed at equilibrium (mg/g).
The linear plot of Ce/Qe vs Ce agive a straight line. The various parameter of the Langmuir isotherm are as follow
a / K = Qm = slope = adsorption capacity
1 / K = intercept of the line
b = Qm / K = Energy of adsorption
a = Qm

2.5 Freundlich isotherm
The Freundlich isotherm assumes that the uptake of adsorbate occurs on a heterogeneous surface by multilayer
adsorption and that the amount of adsorbate adsorbed increases infinitely with an increase in concentration17. The
Freundlich isotherm is represented by the linear equation.
Ln Qe = ln K + 1/n ln Ce
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Where,
K and 1/n are Freundlich constants,
Qe is the amount of adsorbate adsorbed at equilibrium and Ce is the equilibrium concentration of the adsorbate in the
solution.
A linear plot of ln (Qe) vs ln (Ce) gives a straight line.
The intercept of the line is K (Adsorption capacity),
Slope is 1/n (adsorption intensity) and
“n” give the favorability of adsorption (0<n<10)
These both are called isotherms because it gives a straight line at constant temperature.

2.6 Langmuir isotherm of phenol
The Langmuir adsorption isotherm data of phenol on all the 3 adsorbents are given in table no 4 and fig no 3, 4 and 5.
The Langmuir constants for various adsorbents are shown in table no 6. The adsorption capacities (Qm) of the 3
adsorbents shown in table no 6,shows that it is highest (2.306) for the Charred (C) and lowest (0.395) for the Grafted
(G). The highest adsorption capacity of the charred husk (C) show that many sites on the surface of the adsorbent are
unoccupied by the adsorbate molecules and most of the adsorbate molecules are still in the solution and are not
adsorbed by the adsorbent.
The lowest adsorption capacity of grafted (G) shows the reverse trend and mostly the adsorbate molecules are
bonded to the adsorbent surface. The energy of adsorption is found to be maximum for grafted husk (2.13) and
minimum for charred husk.
2.7 Adsorption equillibrium data of phenol on the various adsorbents

S. No
1
2
3
4
5

S. No
1
2
3
4
5

Table-3: Adsorption equilibrium data of phenol on raw husk, grafted husk and charred husk:
Raw Husk(RH)
Grafteted Husk (G)
Charred Husk (C)
Conc.
Ce
Qe
Ce
Qe
Ce
Qe
100µg
0.81
0.036
0.347
0.060
0.642
0.180
200µg
1.679
0.070
0.729
0.115
0.292
0.250
300µg
2.520
0.102
1.466
0.163
1.944
0.280
400µg
3.256
0.128
2.188
0.217
2.593
0.270
500µg
4.184
0.162
2.912
0.267
3.163
0.315
Equilibrium concentration in mg/L = Ce
Adsorbed concentration in mg/g = Qe
Table-4: Langmuir isotherm data of phenol on rice husk, grafted husk and charred husk
Rawhusk(RH)
Grafted husk(G)
Charred husk(C)
Conc.
Ce
Ce/Qe
Ce
Ce/Qe
Ce
Ce/Qe
100 µg
0.818
22.4
0.729
12.2
0.642
3.6
200 µg
1.679
24.0
1.466
12.6
0.292
5.2
300 µg
2.52
24.9
2.188
13.2
1.944
7.1
400 µg
3.256
25.3
2.912
13.4
2.593
9.7
500 µg
4.184
25.8
3.665
13.7
3.163
10.6
Equilibrium concentration in mg/L = (Ce)
Adsorbed concentration in mg/g = (Qe)

35
30
25
Ce/Qe

20
15

Linear ()

10
5

0
0

5

10

15

Ce
Fig-3: Langmuir adsorption isotherm of phenol on raw rice husk
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Fig-4: Langmuir adsorption isotherm of phenol on grafted rice husk
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Fig-5: Langmuir adsorption isotherm of phenol on charred rice husk
S.no
1
2
3
4
5

2

4

Table-5: Freundlich isotherm data of phenol on rice husk, grafted husk and charred husk:
CONC
Ce
Qe
Ce
Qe
Ce
100 µg
-0.20
-3.31
-0.32
-2.81
-0.44
200 µg
-0.52
-2.66
0.38
-2.16
0.26
300 µg
0.92
-2.28
0.78
-1.81
0.07
400 µg
1.18
-2.05
1.07
-1.53
0.95
500 µg
1.43
-1.82
1.30
-1.32
1.15
Equilibrium concentration in mg/L= (Ce)
Adsorbed concentration in mg/g= (Qe)
Raw husk( RH)
Grafted husk(G)
Charred husk(C)

Qe
-1.73
-1.40
-1.27
-1.31
-1.12

Freundlich isotherm model of Phenol: The Freundlich adsorption isotherm data is given in table no 5. The Freundlich
constants are given in table no 7. The adsorption capacities (K) of the various adsorbents show that it is highest (2.94)
for raw material (R.M) and lowest (1.25) for Charred (C).The adsorption intensities (1/n) is highest (0.11) for Charred
(C) and lowest (0) for raw material (R.M).The n value (which is the measurement of the favorability (0<n<10) of
adsorption) ranges from 0 for raw material (R.M) to a maximum of 9.10 for Charred (C).
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Fig-6: Freundlich adsorption isotherm of phenol on rice husk.
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Fig-7: Freundlich adsorption isotherm of phenol on grafted rice husk.
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Fig-8: Freundlich adsorption isotherm of phenol on charred rice husk.

The correlation coefficient (R2) which is measurement of the fitness of the adsorption model is in the range of 0.72 for
Raw (R) and a maximum value of 0.95 for Grafted (G). The correlation coefficients of all the adsorbent show that the
adsorption isotherm data of phenol on modified rice husk can be well fitted on the Freundlich isotherm equation.
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S.no
1
2
3

S.no
1
2
3

Table-6: Langmuir isotherm constants for Raw husk, grafted husk and charred husk:
Adsorbent
1/K
K
Qm
R2
A
Raw husk(RH)
22.1
0.05
0.81
0.92
0.81
Grafted husk(G)
11.8
0.84
0.40
0.97
0.40
Charred husk(CS)
0.00
0.00
2.30
0.91
2.31
Table-7: Freundlich isotherm constants for Raw husk grafted husk and charred husk:
Adsorbent
K
1/n
n
Raw husk(RH)
2.94
0.00
0.00
Grafted husk(G)
2.29
0.10
9.00
Charred husk(C)
1.25
0.11
9.10

B
0.06
2.13
0.00

R2
0.72
0.95
0.83

3. CONCLUSION
The above results show that agriculture residues including modified rice husk can be efficiently and cost effectively
used in water treatment technologies for the effective removal of various toxic substances including phenolics.

4. EXPERIMENTAL
4.1 Chemicals
Phenol, 4-amino anti pyrine, Potassium ferricynide, Ammonium hydroxide (0.5N), distill water, Chloroform,
Potassium mono hydrogen (K2HPO4) and potassium di-hydrogen phosphate (KH2PO4).

4.2 Materials (Adsorbents)
4.2.1 Rice husk
The husk was obtained from a local rice mill in Swat Pakistan and was used as adsorbents in 3 different forms i.e
Raw, Grafted with acrylonitrile and Charred at 250ºC for the removal of Phenol from aqueous system.
4.3 Methods
4.3.1 Air drying
The fresh rice husk were subjected to air (in shadowing place) for 36-48 hours, and then weighed after drying.
4.3.2 Oven drying
The air dried rice husk were taken in Petri dish and kept in oven at 100ºC for 4hrs to find the moisture content in. The
air dried rice husk was used on dry weight bases in the subsequent studies.
4.4 Preparation of adsorbents
4.4.1 Raw husk
The oven dried Husk was considered as raw husk adsorbent and Sthey were directly used for adsorption study.
4.4.2 Grafted husk
The grafting of chemically (acid and base treated) treated rice husk was carried out with acrylonitrile and was used as
adsorbent.
4.4.3 Charred husk
Charred husk was obtained by keeping the dried husk in muffle furnace for 3 to 4hrs at 250ºC.
4.5 Adsorption of phenol (Batch design study)
Various adsorbents were selected for this study. These includes, raw Husk (R.M), grafted with acrylonitrile husk (G),
and charred (C). 5 samples of each adsorbent (0.5gm) was taken in a reagent bottle and various doses of Phenol
concentration in the range of 100-500 microgram (µg) of phenol were added. The volume of the mixture was diluted
to 50ml. The bottles were agitated on a shaker at 400 rpm for 4hour at room temperature. The samples were
centrifuged at 4000rpm for 10 minutes to remove the residual adsorbents. The supernatant was transferred to a
volumetric flask. 10ml of Ammonium hydroxide and 10ml of phosphate buffer was added to adjust the pH to 8 by pH
meter jenway 3505. The solution was transferred to a separating funnel and 3ml of 4-Aminoantipyrine and 3ml of
potassium ferricynide were added. The mixture was allowed to develop color for 15 minutes. The colored complex
was extracted with 25ml of chloroform. The absorbance was recorded for each sample on a UV visible
spectrophotometer at 460nm.The amount of residual phenol in the supernatant was determined from the calibration
curve18.
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ABSTRACT
Thecurrent study describes the interactive role of diethylthiourea on the bleaching of toluidine blue (tolonium chloride) (TB+) in
acidic and basic media using the GC Mass Chromatography and Spectrophotometric technique. GC-Mass Spectrophotometric
analysis was carried out to verify the decoloration of dye whether the bleaching of dye owed to leuco dye formation or
degradation may also occur in the reaction mixture. The dye redox reaction process followed first order kinetics with respect to
TB, DETU showed first order mechanism, first order kinetics with respect to H+. Enhanced decoloration in the presence of DETU
proved that reductant‘s role is pivotal in the redox reaction. Slow decoloration in basic medium with ions was seen compared to
acidic media, suggesting that pH of the medium is significant in the oxidation of DETU. The bleaching reaction of dye was
investigated at different temperatures. At pH of 1.0 and 250C, the order of reaction is found to be second having rate constant
value of 15.81 mol-1.L s-1,and rate law is suggested to be -d/dt [TBH ] = k2 [TB+ H+][DETU].Different reaction energy parameters
were evaluated for a TB+-DETU reaction, including the energy of activation (Ea = 60.786 kJmol-1 (basic medium), 1.669kJmol-1
(acidic medium)), enthalpy of activation (∆H≠ = -58.267 kJ mol-1(basic medium), -12.6kJ mol-1(acidic medium)), entropy of
activation (∆S≠ = -131.525Jmol-1K-1(basic medium),-243 Jmol-1K-1(acidic medium)),and free energy of activation (∆G≠ = 98.119kJmol-1 (basic medium) and -86.55kJmol-1 (acidic medium). A mechanism of interaction of involved ions in dye bleaching
and a mechanism of oxidation based on the above findings is proposed.
Keywords: TB, DETU, bleaching of the dye, redox reaction, activation energy.

1. INTRODUCTION
Oxidation of diethylethiourea with TB gave a new aspect, as the oxidant is widely used in the industry as stabilizer 1-4.
GC-mass analysis proved that color of the dyes diminishes with the degradation. Consequently leuco formation of the
dye occur in the reaction mixture, these reactions exclusively occurring in textile dye disposable waste material and
were neglected and ignored in past. This research described the continuous redox reaction in between dye and
diethylthiourea, its degradation and oxidation into smaller fragments which were not reported yet in the highly
contaminated presenceof acidic and basic medium which provides a maximum interaction of these species in the
industrial drainage streams. Experiments were performed to gain the knowledge of useful and harmful reaction
occurring in textile waste water through kinetics technique.
DETU is a very significant derivative of the urea family. It is widely used in paper and leather industries. One
cannot ignore the role of the reductants after dying process in open atmosphere in presence and absence of natural
solar light.

2. MATERIALS AND METHODS
The experiments are performed according to the sequence: (i) preparation of solutions, (ii) Spectrokinetic
measurements, (iii) data analysis (iv) spectral analysis.

2.1 Preparation of solutions
Stock solution of toluidine blue (TB+) = 1.0 × 10-4molL-1, Stock solutions diethylethiourea = 0.5 molL-1, HCl = 0.5
molL-1, NaOH = 0.50 molL-1, and NaCl = 0.60 molL-1 in 250 mL were prepared in deionized water. Necessary
dilutions were made at the time of kinetics measurements
2.2 Kinetic measurements
Initially, each kinetic run was made by keeping one reactant varied and the others taken as constant. Mechanism was
measured by noticing the absorbance of a mixture of solutions w.r.t. time at each regular 60 s intervals up to 10 min,
thermostatistically5-6. The absorption spectrum of TB was scanned for absorption maximum peak at a wavelength of
625 nm.
2.3 Data analysis
The plot of absorbance vs time gives rate of reaction. The plot of ln Abs. vs time gives the apparent rate constant and
the values of the slopes gave its values. The values of the slopes from the plot of ln (Ao-A∞/At-A∞) gave the value of
specific rate constant.
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3. RESULTS AND DISCUSSION
GC mass spectrophotometry of reaction mixture was performed in order to confirm the oxidation of the DETU with
TB. It was found that molecular ion peak at m/z 132 indicates that the dye decoloration takes place with the
degradation of dye that may be attributed with the dissociation of dye complex formed, with DETU present in the
reaction mixture, Figure (1,2,3) illustrate these facts.

Fig-1: Ionization mode EI+

Fig-2: Scan: 1324-1327, Base: m/z 394; 4.2% FS, TIC: 1271978 (Max Inten: 44279), R.T: 53.85
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Fig-3: Scan: 651, Base: m/z 132; 99.8% FS, TIC: 6019396 (Max Inten: 1046043, R.T: 27.95)
The DETU oxidation with Toluidine blue was studied at various pH with. The initial rate and the extent of
decoloration are reported in Tables (1,2,3,4,5,6) and represented plots are given in the Figures (4,5,6,7,8,9,10,11,12).
The absorbance have linear dependence upon time and the slope of the line is equal to the rate constant for different
initial concentrations of TB, DETU, H+ and OH- ion.
[TB]x105mol.L-1
1.00
2.00
3.00
4.00
5.00

Table-1: Effect of concentration of TB on rate of reaction in aqueous medium
dx/dt x104mol.L-1s-1
Kobss-1x104
%decoloration
0.1
0.50
0.1
0.4
0.54
0.15
0.6
0.60
0.3
0.6
0.67
0.3
0.6
0.70
0.3
Temperature = 298K, [DETU] = 1.0 × 10-2moldm3

[TB]x105mol.L-1
1.00
2.00
3.00
4.00
5.00

Table-2: Effect of concentration of TB on rate of reaction in acidic medium
dx/dtmol.L-1s-1
Kobss-1
%decoloration
2.00
11.1
90.05
4.00
15.0
90.05
3.00
31.2
97.0
4.00
32.1
98.02
3.00
29.0
96.63
Temperature = 298K, [DETU] = 1.0 × 10-2moldm3, [H+] = 1.2 moldm3

[DETU]mol.L-1
0.003
0.005
0.01
0.02
0.03

Table-3: Effect of concentration of DETU on rate of reaction in aqueous medium
dx/dtx104mol.L-1s-1
Kobss-1x104
%decoloration
0.40
0.10
0.10
0.45
0.25
0.11
0.50
0.35
0.15
0.55
0.60
0.20
0.60
0.80
0.30
5
1
Temperature = 298K, [TB] = 2.0 × 10 molL
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[DETU]mol.L-1
0.003
0.005
0.01
0.02
0.03

+

[H ]mol.L
0.001
0.01
0.1
0.5
1.0

-1

[OH-]x102mol.L-1
0.6
0.9
1.0
3.0
6.0

Table-4: Effect of concentration of DETU on rate of reaction in acidic medium
dx/dtmol.L-1s-1
Kobss-1
%decoloration
4.0
0.03
33.47
7.0
0.07
61.10
10.0
0.15
90.63
11.0
0.31
98.88
18.0
0.45
99.0
5
1
+
3
Temperature = 298K, [TB] = 2.0 × 10 molL , [H ] = 1.2 moldm
Table-5: Effect of concentration of H+ on rate of reaction
dx/dtmol.L-1s-1
Kobss-1
%decoloration
0.06
0.05
0.24
0.05
0.05
0.24
2.0
2.0
30.0
10.1
13.1
67.6
10.2
15.3
90.5
Temperature = 298K, [TB] = 2.0 × 10 moldm3, [DETU] = 1.0 × 10 moldm3
Table-6: Effect of concentration of OH- on rate of reaction
dx/dtmol.L-1s-1
Kobss-1
%decoloration
0.2
0.4
6.43
0.2
0.5
8.62
2.0
4.0
9.00
1.0
0.4
8.12
0.2
0.4
8.00
Temperature = 298K, [TB] = 2.0 × 10 moldm3, [DETU] = 1.0 × 10 moldm3

kobs

3.1 Effect of varied concentration of reductant on TB decoloration
Kinetics of the DETU oxidation were measured by varying the concentrations of DETU keeping all other variables
constant7-12.
A plot of k verses DETU concentration in presence of acidic or basic medium showed immense effect on dye
decoloration which reflect that DETU oxidation was dependent upon its concentration Figures (4,5). A plot of k vs
DETU concentration was presented in the Figures (4, 5) in which proved that dye decoloration was enhanced by the
presence of reductant and order of reaction was first order in acidic medium and basic medium, the the value of R2 is
(0.99) in acidic medium and (0.95) in basic medium respectively, which predicts high dependency on reaction. At pH
of 1.0 and 250C, the order of reaction is found to be second having rate constant value of 15.81 mol-1.L s-1, and at pH
of 9.0, rate constant value of 0.002 mol-1.L s-1.

0.5
0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05
0
0

0.005

0.01

0.015

[DETU]

0.02

0.025

0.03

0.035

/mol.dm-3

Fig-4: The plot of k vs [DETU] in acidic medium
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0.00003
0.00002
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0
0
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0.02

0.03

0.04

[DETU]/mol.dm-3
Fig-5: The plot of k vs [DETU] in basic medium.

It also reflects high dependency of DETU on its oxidation, as shown in equation (1).
S

N

CH3

+

+
NH2

S

H /2e

N (C H 3 ) 2

N

-

NH

H
TB (blue color)
DETU

CH3

H
N

Urea

+
NH2

S

-----------------------[ 1]

N (C H 3 ) 2

LTB

The TB absorbs photons of light 13-14 and gets in excited state
→

® (excited state)
→ TBH

(

)

→

(

)

Rate of formation of TB ® (photo excited form) is according to equation
r[TB® ] = k1 [TB]

(1)

Rate of reduction of TB into TBH is according to equation
r [TBH ] = k2 [TB][H][DTEU]

(2)

Rate of oxidation of DETU is according to equation
- r[DETU] = k3 [complex]

(3)

r [TBH+ ] = k1 [TB® ] + k2 [TB [H+ ] [DETU ] = k3 [complex ]
k1 [TB] +k2 [TBH] [H+ ] – k3 [ complex ] = 0
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Decoloration

The scan of GC chromatogram of peak yield peaks at 394.2 m/z which proves the reduction of TB in acidic medium.
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CH 3
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k3

degraded
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H

+

+ C 2H 5

C 2H 5
N

N

H

H

D

+

The above reaction was proved by GC mass chromatographic analysis. Scan of 651 peak showed highest peak at
132.0, which proved dye degradation during reduction process. Eventually it leads to complex formation in the
intermediate step as given above.
The second order rate constant value k2 is 2.0x10-2 mol-1.dm3s-1 in aqueous medium and k1 is 15.81 mol-1.dm3
-1
s in acidic medium.

3.2 Effect of dye, TB concentration on oxidation of detu
Effect of varied concentration of TB in presence of DETU were reported in the Table (3) and Figures (6, 7, 8), showed
that increasing concentration of dye effect significantly and decoloration was found to increase but at higher
concentrations of dye the effect got diminished which may be attributed with that at higher concentration of dye,
excitation of dye was suppressed or more photon of light was required for large number of molecules in the reaction4.
The rate constant data was obtained for varied initial concentrations of TB with fixed concentrations of HCl,
NaOH and the reductant, Table (3) and respective graphs are shown in Figures (6, 7, 8).
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Rate/s

First order trend of TB with DETU in acidic and basic medium, clearly shows that the dye sparks a significant role in
the reaction mechanism as shown in equation 2.
0.00008
0.00007
0.00006
0.00005
0.00004
0.00003
0.00002
0.00001
0
0
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Fig-6: The plot of Rate vs [TB] with DETU in aqueous medium
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Fig-7: The plot of kobs vs [TB] with DETU in aqueous medium
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Fig-8: The plot of kobs vs [TB] with DETU in acidic medium

A plot of kobs vs conc. of TB in presence of DETU in aqueous and acidic mediums presented in the Figures (7,8) in
which linear regression analysis proved that dye reduction was dependent of the concentration of dye and order of
reaction was first order and the values of R2 shows dependency of reduction on dye concentration.

5.4 Effect of varied concentration of different mediums on the reduction of TB
The pH of the reaction mixture was varied by changing the concentration of hydrochloric acid and sodium hydroxide.
In acidic medium and in low conc. of dye the reaction fellows pseudo first order mechanism indicating first order
dependence with respect to the H+ ion in HCl, DETU and dye, as shown in Figure (9). The plot of k vs [H+] shown in
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Figure (10) reflect first order dependence with respect to acidic medium. The plots of log dependence of H + and OH ions presented in the Figures (9, 11) indicate first order kinetics.
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Fig-9: The plot of k vs H+(HCl) for reaction of TB vs DETU

Whereas in the presence of base, the insignificant value of R2 = 0.329 shows, the less dependence of rate of reduction in
case of DETU to the concentration of OH-ions, as shown by Figure (12, 13).
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Fig-10: The plot of lnk vs ln[NaOH] for reaction of TB vs DETU

5.5 Effect of temperature on the reduction of TB
Temperature plays an effective role in dye decoloration process, which increases with an increase in temperature. Dye
reduction with DETU was studied at elevated temperatures between 303 - 343 K at low and high pH. The plots of lnk
vs 1/T were linear as shown in Figure (11, 12). It was found that the rate of reaction was low at low temperature but
significantly increased with an increase in temperature. Thermodynamic activation parameters were computed and are
reported in the Table (5).The energy of activation for the oxidation of DETU is (Ea = 1.669 kJmol-1) in acidic medium
and for DETU is (Ea = 60.786 kJmol-1) in basic medium.
The negative values of ∆H≠, (∆H≠ = -12.6 kJmol-1) in acidic medium and (∆H≠ = -58.2 kJmol-1) in basic
medium showed that enthalpy is the driving force in the formation of the complex, and negative values of entropy
(∆S≠ = -131.525Jmol-1 K-1(basic medium),-243 Jmol-1 K-1(acidic medium) shows that entropy is also responsible
for the formation of the complex which involves one charged species and solvent molecule for the decoloration of dye.
For DETU the negative values of ∆G≠, (∆G≠ = -86.55kJmol-1 in acidic medium and ∆G≠ = -98.11 kJmol-1 in basic
medium indicates that the reaction is spontaneous under normal conditions but enhanced by different thermodynamic
and chemical parameters15-17.
Table-5: Effect of Temperature on rate of reaction of TB Vs DETU in Acidic medium( [HCl ]=1.2 mol.L-1),TB] = 2.0 ×
10 moldm3, [DETU] = 1.0 × 10 moldm3
4
Temperature (K)
10 (dx/dt) (mol.dm-3.s-1)
104 kobs (s-1)
% decoloration
303
10.0
29.0
96.63
313
11.0
31.0
79.65
323
11.0
41.0
92.38
333
13.0
50.0
92.00
343
15.0
55.0
99.65
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Table-6: Effect of Temperature on rate of reaction of TB Vs DETU in basic medium ([NaOH ] =1x10-2 mol.L-1 ),[TB] = 2.0 ×
10 moldm3, [DETU] = 1.0 × 10 moldm3
Temperature
104 (dx/dt)
104 kobs
% Decoloration
-3 -1
(K)
(mol.dm .s )
(s-1)
303
0.2
0.5
6.85
313
0.3
0.7
7.17
323
0.5
0.9
11.76
333
1.0
2.0
12.50
343
2.0
3.0
15.70
-4
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Fig-11: A plot of ln k with 1/T for the reaction of DETU with NaOH
-5
0.0028 0.0029
-5.2

0.003

0.0031 0.0032 0.0033 0.0034

-5.4
lnk

-5.6
-5.8
-6

1/T(K-1)

Fig-12: A plot of ln k with 1/T for the reaction of DETU with HCl

From the above graphs it clearly concludes that the rate of reaction was affected by the change in temperature.

6. CONCLUSIONS
The oxidation reaction of DETU with TB was carried out in alkaline and acidic media and temperature variations to
predict the of mechanism spectrophotometrically. It was observed that the oxidation reaction was tremendously fast in
acidic medium and followed pseudo first order kinetics. Industrial drainage contain mostly organic, inorganic
compounds and dyes which remain non degradable and creates toxicity in the effluents. These chemicals often react
with each other and form more complex compounds which add to this lethal scenario. We have focused on the
possible reactions and the type of interactions that can occur in these circumstances.
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