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ABSTRACT
In the undertaken research, a number of N-dimethylphenyl substituted derivatives of N-ethyl/benzyl-4-chlorobenzenesulfonamide,
(6a-f & 7a-f) was synthesized and also estimated for their biological potential. The reaction of 4-chlorobenzenesulfonyl chloride
with different dimethyl substituted phenyl amine (2a-f) in the presence of basic aqueous media yielded N-[(Dimethyl substituted)
phenyl]-4-chlorobenzenesulfonamides (3a-f). The targeted compounds 6a-f & 7a-f were synthesized by the reaction of
compounds 3a-f with electrophiles, ethyl bromide/benzyl chloride in the presence of base NaH and polar aprotic solvent (DMF).
The structures of the compounds were elucidated through 1H-NMR, IR and mass spectral data. The synthesized compounds (6a-f
& 7a-f) were screened against Gram-negative & Gram-positive bacteria and also subjected for enzyme inhibition potential against
lipoxygenase and chymotrypsin enzymes and almost all the compounds exhibited moderate to good activities.
Keywords: 4-Chlorobenzenesulfonyl chloride, Spectral analysis, Antibacterial activity, Enzyme inhibition activity.

1. INTRODUCTION
The sulfonamides have a great significance in medicinal chemistry because of various biological activities1-4 such as
antibacterial5, hypoglycemic6, diuretic7, anticarbonic anhydrase, antithyroid in vitro and vivo, antiinflammatory8,9,
anticancer, antihypertensive10 and anticonvulsing activities; and potential herbicidal properties for agricultural
applications11. Although new methodologies have been introduced yet the formal synthesis by stirring of amino
compounds with sulfonyl halides is still in practice12. Environmentally benign sulfonamides have been synthesized at
room temperature in H2O under pH control with sodium carbonate13,14.
In continuation of our previous research work17,18 to synthesize variety of potent sulfonamide derivatives and
evaluation of their biological activity. The present research work was an effort to synthesize N-dimethylphenyl
substituted derivatives of N-ethyl/benzyl-4-chlorobenzenesulfonamide. Further, in vitro antibacterial screening of all
the synthesized compounds against clinically isolated two gram-positive bacteria (Bacillus subtilis & Staphylococcus
aureus) and four gram-negative (Pseudomonas aeruginosa, Escherichia coli, Klebsiella pneumoniae & Salmonella
typhi). Furthermore, they were also subjected for enzyme inhibition activity using standard protocol19, 20. It was
observed that different N-substitution notably influenced the antibacterial and enzyme inhibition potential from
moderate to excellent level.

2. RESULTS AND DISCUSSION
2.1 Chemistry
The N-dimethylphenyl substituted sulfonamides 6a-f & 7a-f were synthesized according to the procedure sketched in
(Scheme 1) and different phenyl group substitutions are mentioned in (Table-1). The general reaction conditions and
the structural characterization are described in experimental section.
The presented research work is an attempt to explore new series of biological active compounds which may be
helpful in drug development. The parent molecules, N-[(Dimethyl substituted)phenyl]-4-chlorobenzenesulfonamide
(3a-f) were synthesized by the coupling of dimethyl substituted phenyl amine (2a-f) with 4-chlorobenzenesulfonyl
chlorides (1) under dynamic pH control of basic aqueous medium of sodium carbonate. The products were obtained
on acidification using dilute. HCl dropwise and avoid excess of acid that can decrement the yield. The parent
molecules were further derivatized by coupling with electrophiles, ethyl bromide/benzyl chloride (4 & 5) to synthesize
the target compounds, 6a-f & 7a-f, in the presence of NaH as an activator in polar aprotic solvent of N,Ndimethylformamide (DMF). Reaction completion was attained within 2-3 hours by stirring at room temperature (30
°C). The products were isolated by filtration after the addition of cold distilled water. The structure of all the
synthesized compounds was affirmed by spectral data as presented in experimental section.
Compound 6a was synthesized as white amorphous solid with 87% yield and melting point 112-114 oC. The
molecular formula C16H18ClNSO2 was established by molecular ion peak at m/z 323 in EI-MS and also by counting
the number of protons in its 1H-NMR spectrum. The Infrared spectrum showed absorption bands at 3058 cm–1, 1532
cm–1 and 1415 cm–1 because of C-H (aromatic stretching), C=C (aromatic stretching) and -SO2 (stretching of sulfonyl
group) respectively. The EI-MS spectrum gave characteristic peaks at m/z 175, 120 and 111 which were ascribed to
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the loss of chlorinated phenylsulfonyl cation, dimethyl phenyl amine cation and chlorophenyl fragments respectively.
In the 1H-NMR spectrum, the signals resonating at δ 7.62 as doublet with J coupling of 9.0 Hz and 7.47 as doublet
with J coupling of 8.5 Hz each integrated for two protons, confirmed the presence of 4-chlorobenzenesulfonyl group.
Signals appeared at 7.05 (d, J = 7.5 Hz, 1H, H-6), 6.96 (t, J = 7.5 Hz, 1H, H-5), 6.79 (d, J = 8.0 Hz, 1H, H-4), 2.23 (s,
3H, CH3-2) and 1.99 (s, 3H, CH3-3) affirmed the presence of 2,3-dimethylphenyl group attached at nitrogen of
sulfonamide linkage. A triplet and a quartet appeared at 0.88 and 3.36 respectively with coupling constant of 7.5 Hz
corresponding to ethyl group substituted at nitrogen of sulfamoyl group confirmed the electrophilic substitution. All
the spectral data corroborated the structure of 6a as N-(2,3-Dimethylphenyl)-N-ethyl-4-chlorobenzene sulfonamide.
The mass fragmentation pattern of N-(2, 3-Dimethylphenyl)-N-ethyl-4-chlorobenzenesulfonamide (7a) is sketched in
(Figure-1). In the same way, the structures of all the synthesized compounds were confirmed by 1H-NMR, IR and
mass spectral data.
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Scheme-1: Outline for the synthesis of N-[(Dimethyl substituted)phenyl]-N-ethyl/benzyl-4-chlorobenzenesulfonamide.
Reagents & conditions: (I) H2O/5% Na2CO3 soln./pH 9-10/stirring at room temperature (II) Ethyl bromide (4)
DMF/NaH/stirring at RT for 2-3 hours. (III) Benzyl chloride (5) DMF/NaH/stirring at RT for 2-3 hours.
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2.2 Antibacterial activity
The results of antibacterial study of the synthesized compounds (6a-f & 7a-f) with MIC values are tabulated in
(Table-1). The compounds of series were found to be relatively more active against two gram-positive (Bacillus
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subtilis and Staphylococcus aureus) and four gram-negative (Pseudomonas aeruginosa, Escherichia coli, Klebsiella
pneumoniae and Salmonella typhi) bacterial strains as compared to enzyme inhibition activity. Compound 6a was
found to be active against two bacterial strains; E. coli & P. aeruginosa with MIC values of 9.31±1.87 & 10.51±1.34
as compared to reference standard drug ciprofloxacin having MIC values 8.06±1.07 & 8.48±1.91 respectively.
Compound 6b was found to be active against four bacterial strains i.e., S. typhi, P. aeruginosa, B. subtilis and S.
auerus with MIC values of 10.01±1.91, 9.34±2.11, 12.73±1.95 and 10.08±1.34 respectively, as compared to
ciprofloxacin standard. Against P. aeruginosa, the sequence of activity was 6f>6b>6a>6d>6c from the maximum to
lowest but lower antibacterial activity than the standard compound used in this assay. In general the activity exposed
by the synthesized compounds was good as supported by their MIC values. Such kind of compounds can further be
exploited and their analogous could be synthesized to acquire closer MIC values of the standard, Ciprofloxacin. In this
approach, the compounds could be potential target in the drug development program.
Table-1: Antibacterial activity (MIC) of the tested compounds.
MIC
Compound
Gram-negative bacteria
Gram-positive bacteria
S.typhi (-)
E.coli (-)
K.pneumoniae (-)
P.aeruginosa (-)
B.subtilis (+)
S.auerus (+)
14.43±1.25
9.31±1.87
18.41±1.09
10.51±1.34
12.51±2.27
14.76±1.09
6a
10.01±1.91
11.36±2.21
14.67±0.66
9.34±2.11
12.73±1.95
10.08±1.34
6b
14.56±0.31
14.56±0.09
14.44±1.88
10.83±2.98
13.02±0.73
10.88±1.48
6c
14.17±2.92
10.13±1.91
10.66±0.22
12.11±1.17
14.72±0.06
6d
13.17±1.36
12.67±0.45
13.54±1.17
12.35±1.25
14.67±0.04
9.57 ±0.31
6e
12.25±2.08
10.82±1.47
10.52±1.80
9.25±1.76
11.92±1.83
10.37±1.80
6f
13.21±1.94
14.86±2.09
7a
7b
15.11±1.04
16.10±1.22
7c
13.75±1.61
15.04±2.88
16.86±0.75
11.45±1.42
13.21±0.07
12.10±0.65
7d
13.28±0.48
15.03±1.33
12.99±2.03
16.32±2.31
13.63±0.62
14.11±1.54
7e
17.66±0.78
13.97±0.63
16.81±2.61
11.21±2.10
12.89±1.73
14.13±1.52
7f
9.27±1.58
8.06±1.07
8.51±0.14
8.48±1.91
9.04±1.86
8.95±1.33
Ciprofloxacin
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.

2.3 Enzyme inhibition activity
The screening of the synthesized compounds (insert compounds number or codes) against lipoxygenase (LOX)
enzymes and chymotrypsin activity (Table-2) revealed that these molecules exhibited good inhibitory potential only
against lipoxygenase enzyme as it was evident from their IC50 values. The compound, 7b was the efficient inhibitor
for lipoxygenase enzyme having IC50 values of 103.56±1.35 µmoles, relative to Baicalein, a reference standard with
IC50 value of 22.4±1.3 µmoles probably due to the presence of 2,4-dimethylphenyl group in the molecule. All the
compounds were not promising inhibitors against chymotrypsin enzyme. Such type of compounds can further be
explored by changing the substitution on the aromatic ring to get closer IC50 values of the standard, Baicalein so that
they could be possible target in the drug expansion program.

Compound
6a
6b
6c
6d
6e
6f
7a
7b
7c
7d
7e
7f
Baicalein
Chymostatin

Table-2: Enzyme inhibition potential of synthesized derivatives
LOX
Chymotrypsin
Conc. (mM)
% Inhibition
IC50
% Inhibition
IC50
0.5
24.71±1.02
56.40±0.04
>400
0.5
92.83±1.04
187.52±1.07
42.12±0.14
0.5
77.50±1.26
163.28±1.32
36.51±0.11
0.5
18.60±1.21
22.91±0.11
0.5
68.80±1.06
185.93±1.28
50.47±0.08
>400
0.5
10.55±1.29
57.56±0.10
>400
0.25
65.17±1.21
135.45±1.18
59.30±0.07
>400
0.25
91.83±1.05
103.56±1.35
14±98.09
0.25
18.44±1.16
40.12±0.09
0.25
43.56±1.14
43.14±0.12
0.25
36.53±1.21
53.14±0.02
>400
0.25
57.78±1.18
159.63±1.11
54.88±0.05
>400
0.5
93.79±1.27
22.4±1.3
0.5
93.50±0.91
8.24±0.11
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3. CONCLUSION
All the compounds were synthesized in good yield and purity. The structures were elucidated through spectral analysis
and were supported by the biological screening. The results of biological analysis, obtained as MIC and IC 50 values
rendered the synthesized compounds as moderate inhibitors for enzymes but relatively better antibacterial agents.

4. EXPERIMENTAL
4.1General
Thin layer chromatography (TLC) was utilized to detect the purity of the synthesized compounds using ethyl acetate
and n-hexane as mobile phase and visualized by UV lamp at 254 nm. Griffin-George melting point apparatus was used
to record the melting points of all derivatives by open capillary tube method and were uncorrected. Jasco-320-A
spectrophotometer (wave number in cm-1) was utilized for I.R. spectra by KBr pellet method. 1H-NMR spectra were
recorded in CD3OD on a Bruker spectrometers at 500 MHz using tetramethylsilane as reference standard and chemical
shift mentioned in δ-values while the coupling constants (J) is given in Hz. JMS-HX-110 spectrometer was used to
record the mass spectra (EIMS). All the compounds were of Merck and Alfa Aesar purchased from local suppliers.
The solvents used, were of analytical grade.

4.2 Procedure for the synthesis of N-[(Dimethyl substituted)phenyl]-4-chlorobenzenesulfonamide (3a-f)
Dimethyl substituted phenyl amine (2a-f, 0.01 mol) was taken in 100 mL round bottomed flask (RB) and (20%)
Na2CO3 solution was added to maintain pH around 9-10. After 30 min stirring at room temperature, 4chlorobenzenesulfonyl chlorides (1, 0.01 mol) was introduced into the flask. The reaction contents were allowed to stir
for 2-3 hours and progress of reaction was monitored by TLC time to time till the single spot. On reaction completion
dil. HCl was added drop by drop along with continuous shaking to bring the pH to 2-3. The precipitates of N[(Dimethylsubstituted)phenyl]-4-chlorobenzenesulfonamide (3a-f) formed were then filtered, washed with distilled
water and dried to follow the further reaction.
4.3 Procedure for the synthesis of N-[(Dimethyl substituted) phenyl]-N-ethyl/benzyl-4chlorobenzenesulfonamide (6a-f & 7a-f):
Compounds 3a-f (0.01 mol) was dissolved in 10 mL N, N-dimethyl formamide (DMF) in a 100 mL RB flask. Sodium
hydride (0.01 mol) was added to the reaction flask and set to stir for half an hour at room temperature (RT). The
electrophile, ethyl bromide/benzyl chloride (4/5; 0.01 mol) was added to reaction mixture and set to stir for further 4-5
hours to synthesize the target compounds 6a-f & 7a-f. After the completion of reaction, the contents were quenched
with ice cold distilled water along with vigorous shaking. The precipitates formed were left for 10-15 minutes
undisturbed and then filtered, washed with distilled water and dried to acquire yield and analysis of the target
compounds 6a-f and 7a-f.
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Fig-1: Proposed Mass fragmentation pattern of compound 6a.
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4.3.1 N-(2, 3-Dimethylphenyl)-N-ethyl-4-chlorobenzenesulfonamide (6a)
White amorphous solid; Yield: 87%; M. P. 112-114 oC; Mol. formula: C16H18ClNSO2; Mol. Wt.: 323; IR (KBr,
ѵmax/cm-1): 3058 (Ar-H), 1532 (Ar C=C), 1415 (-SO2-), 1144 (C-N), 567 (C-Cl); 1H-NMR (500 MHz, CD3OD, ppm):
δ 7.62 (d, J = 9.0 Hz, 2H, H-2', H-6'), 7.47 (d, J = 8.5 Hz, 2H, H-3', H-5'), 7.05 (d, J = 7.5 Hz, 1H, H-6), 6.96 (t, J =
7.5 Hz, 1H, H-5), 6.79 (d, J = 8.0 Hz, 1H, H-4), 3.39 (q, J = 7.5 Hz, 2H, H-1"), 2.23 (s, 3H, CH3-2), 1.99 (s, 3H, CH33), 0.88 (t, J = 7.5 Hz, 2H, H-2"); EIMS (m/z): 323 [M]•+ (7.1 %), 259 [M-SO2]•+ (3.9 %), 175 [C6H4ClSO2]+ (2.6 %),
148 [M-C6H4ClSO2]+ (100 %), 120 [M-C8H8ClSO2]+ (3.4 %), 111 [C6H4Cl]+ (33.2 %), 105 [M-C8H9ClNSO2]•+ (22.3
%), 90 [M-C9H12ClNSO2]+ (1.5 %), 76 [C6H4]•+ (5.4 %), 75[M-C10H15ClNSO2]•+ (26.9 %).
4.3.2 N-(2,4-Dimethylphenyl)-N-ethyl-4-chlorobenzenesulfonamide (6b)
Cream White amorphous solid; Yield: 85%; M. P. 108-110 oC; Mol. formula: C16H18ClNSO2; Mol. Wt.: 323; IR (KBr,
ѵmax/cm-1): 3058 (Ar-H), 1524 (Ar C=C), 1417 (-SO2-), 1144 (C-N), 557 (C-Cl); 1H-NMR (500 MHz, CD3OD, ppm):
δ 7.63 (d, J = 8.5 Hz, 2H, H-2', H-6'), 7.46 (d, J = 9.0 Hz, 2H, H-3', H-5'), 6.95 (br. s, 1H, H-6), 6.86 (dd, J = 6.0,1.5
Hz, 1H, H-5), 6.85 (s, 1H, H-3), 3.37 (q, J = 7.5 Hz, 2H, H-1"), 2.22 (s, 3H, CH3-2), 1.96 (s, 3H, CH3-4), 0.89 (t, J =
7.5 Hz, 2H, H-2"); EIMS (m/z): 323 [M]•+ (6.5 %), 259 [M-SO2]•+ (3.2 %), 175 [C6H4ClSO2]+ (4.5 %), 148 [MC6H4ClSO2]+ (100 %), 120 [M-C8H8ClSO2]+ (3.1 %), 111 [C6H4Cl]+ (31.8 %), 105 [M-C8H9ClNSO2]•+ (20.9 %), 90
[M-C9H12ClNSO2]+ (1.2 %), 76 [C6H4]•+ (4.7 %), 75[M-C10H15ClNSO2]•+ (24.2 %).
4.3.3 N-(2,5-Dimethylphenyl)-N-ethyl-4-chlorobenzenesulfonamide (6c)
Cream White amorphous solid; Yield: 90%; M. P. 104-106 oC; Mol. formula: C16H18ClNSO2; Mol. Wt.: 323; IR (KBr,
ѵmax/cm-1): 3057 (Ar-H), 1532 (Ar C=C), 1407 (-SO2-), 1135 (C-N), 551 (C-Cl); 1H-NMR (500 MHz, CD3OD, ppm):
δ 7.61 (d, J = 9.0 Hz, 2H, H-2', H-6'), 7.47 (d, J = 8.5 Hz, 2H, H-3', H-5'), 6.97 (d, J = 7.5 Hz, 1H, H-3), 6.95 (d, J =
8.0 Hz, 1H, H-4), 6.83 (s, 1H, H-6), 3.37 (q, J = 7.5 Hz, 2H, H-1"), 2.18 (s, 3H, CH3-2), 1.92 (s, 3H, CH3-5), 0.87 (t, J
= 7.5 Hz, 2H, H-2"); EIMS (m/z): 323 [M]•+ (6.7 %), 259 [M-SO2]•+ (3.5 %), 175 [C6H4ClSO2]+ (4.7 %), 148 [MC6H4ClSO2]+ (100 %), 120 [M-C8H8ClSO2]+ (3.8 %), 111 [C6H4Cl]+ (29.8 %), 105 [M-C8H9ClNSO2]•+ (27.9 %), 90
[M-C9H12ClNSO2]+ (1.3 %), 76 [C6H4]•+ (4.3 %), 75[M-C10H15ClNSO2]•+ (24.5 %).
4.3.4 N-(2,6-Dimethylphenyl)-N-ethyl-4-chlorobenzenesulfonamide (6d)
White amorphous solid; Yield: 85%; M. P. 114-116 oC Mol. formula: C16H18ClNSO2; Mol. Wt.: 323; IR (KBr,
ѵmax/cm-1): 3059 (Ar-H), 1532 (Ar C=C), 1406 (-SO2-), 1138 (C-N), 555 (C-Cl); 1H-NMR (500 MHz, CD3OD, ppm):
δ 7.66 (d, J = 9.0 Hz, 2H, H-2', H-6'), 7.53 (d, J = 8.5 Hz, 2H, H-3', H-5'), 7.09-6.97 (m, 3H, H-3 to H-5), 3.36 (q, J =
7.5 Hz, 2H, H-1"), 2.02 (s, 6H, CH3-2, CH3-6), 0.85 (t, J = 7.5 Hz, 2H, H-2"); EIMS (m/z): 323 [M]•+ (6.8 %), 259 [MSO2]•+ (3.7 %), 175 [C6H4ClSO2]+ (4.2 %), 148 [M-C6H4ClSO2]+ (100 %), 120 [M-C8H8ClSO2]+ (3.7 %), 111
[C6H4Cl]+ (31.3 %), 105 [M-C8H9ClNSO2]•+ (21.8 %), 90 [M-C9H12ClNSO2]+ (1.4 %), 76 [C6H4]•+ (4.5 %), 75[MC10H15ClNSO2]•+ (24.5 %).
4.3.5 N-(3,4-Dimethylphenyl)-N-ethyl-4-chlorobenzenesulfonamide (6e)
White amorphous solid; Yield: 86%; M. P. 118-120 oC Mol. formula: C16H18ClNSO2; Mol. Wt.: 323; IR (KBr,
ѵmax/cm-1): 3056 (Ar-H), 1533 (Ar C=C), 1415 (-SO2-), 1143 (C-N), 565 (C-Cl); 1H-NMR (500 MHz, CD3OD, ppm):
δ 7.65 (d, J = 9.0 Hz, 2H, H-2', H-6'), 7.46 (d, J = 8.5 Hz, 2H, H-3', H-5'), 6.97 (d, J = 13.0 Hz, 1H, H-6), 6.83 (br. s,
1H, H-2), 6.79 (dd, J = 10.0, 1.0 Hz, 1H, H-5), 3.35 (q, J = 7.5 Hz, 2H, H-1"), 2.15 (s, 6H, CH3-3, CH3-4), 0.86 (t, J =
7.5 Hz, 2H, H-2"); EIMS (m/z): 323 [M]•+ (6.5 %), 259 [M-SO2]•+ (3.2 %), 175 [C6H4ClSO2]+ (4.5 %), 148 [MC6H4ClSO2]+ (100 %), 120 [M-C8H8ClSO2]+ (3.1 %), 111 [C6H4Cl]+ (31.8 %), 105 [M-C8H9ClNSO2]•+ (20.9 %), 90
[M-C9H12ClNSO2]+ (1.2 %), 76 [C6H4]•+ (4.7 %), 75[M-C10H15ClNSO2]•+ (24.2 %).
4.3.6 N-(3,5-Dimethylphenyl)-N-ethyl-4-chlorobenzenesulfonamide (6f)
White amorphous solid; Yield: 87%; M. P. 108-110 oC; Mol. formula: C16H18ClNSO2; Mol. Wt.: 323; IR (KBr,
ѵmax/cm-1): 3055 (Ar-H), 1534 (Ar C=C), 1412 (-SO2-), 1136 (C-N), 565 (C-Cl); 1H-NMR (500 MHz, CD3OD, ppm):
δ 7.68 (d, J = 9.0 Hz, 2H, H-2', H-6'), 7.44 (d, J = 8.5 Hz, 2H, H-3', H-5'), 6.74 (s, 2H, H-2, H-6), 6.67 (s, 1H, H-4),
3.38 (q, J = 7.5 Hz, 2H, H-1"), 2.15 (s, 6H, CH3-3, CH3-5), 0.87 (t, J = 7.5 Hz, 2H, H-2"); EIMS (m/z): 323 [M]•+ (7.0
%), 259 [M-SO2]•+ (3.7 %), 175 [C6H4ClSO2]+ (5.1 %), 148 [M-C6H4ClSO2]+ (100 %), 120 [M-C8H8ClSO2]+ (3.9 %),
111 [C6H4Cl]+ (31.6 %), 105 [M-C8H9ClNSO2]•+ (20.7 %), 90 [M-C9H12ClNSO2]+ (1.9 %), 76 [C6H4]•+ (4.9 %), 75[MC10H15ClNSO2]•+ (24.8 %).
4.3.7N-(2,3-Dimethylphenyl)-N-benzyl-4-chlorobenzenesulfonamide (7a)
White crystalline solid; Yield: 83%; M. P. 118-120 oC; Mol. formula: C21H20ClNSO2; Mol. Wt.: 385; IR (KBr,
ѵmax/cm-1): 3054 (Ar-H), 1533 (Ar C=C), 1415(-SO2-), 1147 (C-N), 563 (C-Cl); 1H-NMR (500 MHz, CD3OD, ppm): δ
7.63 (d, J = 9.0 Hz, 2H, H-2', H-6'), 7.43 (d, J = 8.5 Hz, 2H, H-3', H-5'), 7.19-7.16 (m, 5H, H-2" to H-6"), 7.05 (d, J =
7.5 Hz, 1H, H-6), 6.96 (t, J = 7.5 Hz, 1H, H-5), 6.78 (d, J = 8.0 Hz, 1H, H-4), 4.74 (s, 2H, H-7"), 2.23 (s, 3H, CH3-2),
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1.95 (s, 3H, CH3-3); EIMS (m/z): 385 [M]•+ (22.1 %), 321 [M-SO2]•+ (1.6 %), 175 [C6H4ClSO2]+ (6.1 %), 210 [MC6H4ClSO2]+ (43.6 %), 120 [M-C13H10ClSO2]+ (1.0 %), 111 [C6H4Cl]+ (35.9 %), 105 [M-C13H11ClNSO2]•+ (34.1 %),
90 [M-C14H14ClNSO2]+ (24.8 %), 76 [C6H4]•+ (9.6 %), 75[M-C15H17ClNSO2]•+ (31.1 %).

4.3.8 N-(2,4-Dimethylphenyl)-N-benzyl-4-chlorobenzenesulfonamide (7b)
White amorphous solid; Yield: 82%; M. P. 116-118 oC; Mol. formula: C21H20ClNSO2; Mol. Wt.: 385; IR (KBr,
ѵmax/cm-1): 3059 (Ar-H), 1527 (Ar C=C), 1414 (-SO2-), 1147 (C-N), 553 (C-Cl); 1H-NMR (500 MHz, CD3OD, ppm):
δ 7.65 (d, J = 8.5 Hz, 2H, H-2', H-6'), 7.47 (d, J = 9.0 Hz, 2H, H-3', H-5'), 7.23-7.19 (m, 5H, H-2" to H-6"), 6.95 (br. s,
1H, H-6), 6.85 (dd, J = 6.0,1.5 Hz, 1H, H-5), 6.84 (s, 1H, H-3), 4.69 (s, 2H, H-7"), 2.24 (s, 3H, CH3-2), 1.98 (s, 3H,
CH3-4); EIMS (m/z): 385 [M]•+ (22.3 %), 321 [M-SO2]•+ (1.9 %), 175 [C6H4ClSO2]+ (6.7 %), 210 [M-C6H4ClSO2]+
(43.9 %), 120 [M-C13H10ClSO2]+ (1.4 %), 111 [C6H4Cl]+ (35.1 %), 105 [M-C13H11ClNSO2]•+ (34.7 %), 90 [MC14H14ClNSO2]+ (24.2 %), 76 [C6H4]•+ (9.1 %), 75[M-C15H17ClNSO2]•+ (31.3 %).
4.3.9 N-(2,5-Dimethylphenyl)-N-benzyl-4-chlorobenzenesulfonamide (7c)
White amorphous solid; Yield: 86%; M. P. 108-110 oC; Mol. formula: C21H20ClNSO2; Mol. Wt.: 385; IR (KBr,
ѵmax/cm-1): 3059 (Ar-H), 1532 (Ar C=C), 1410 (-SO2-), 1139 (C-N), 553 (C-Cl); 1H-NMR (500 MHz, CD3OD, ppm):
δ 7.63 (d, J = 9.0 Hz, 2H, H-2', H-6'), 7.48 (d, J = 8.5 Hz, 2H, H-3', H-5'), 7.25-7.21 (m, 5H, H-2" to H-6"), 6.98 (d, J
= 7.5 Hz, 1H, H-3), 6.91 (d, J = 8.0 Hz, 1H, H-4), 6.84 (s, 1H, H-6), 4.67 (s, 2H, H-7"), 2.17 (s, 3H, CH3-2), 1.91 (s,
3H, CH3-5); EIMS (m/z): 385 [M]•+ (22.3 %), 321 [M-SO2]•+ (1.3 %), 175 [C6H4ClSO2]+ (6.3 %), 210 [MC6H4ClSO2]+ (43.2 %), 120 [M-C13H10ClSO2]+ (1.3 %), 111 [C6H4Cl]+ (35.7 %), 105 [M-C13H11ClNSO2]•+ (34.5 %),
90 [M-C14H14ClNSO2]+ (24.6 %), 76 [C6H4]•+ (9.4 %), 75[M-C15H17ClNSO2]•+ (31.4 %).
4.3.10 N-(2,6-Dimethylphenyl)-N-benzyl-4-chlorobenzenesulfonamide (7d)
Light pink amorphous solid; Yield: 88%; M. P. 124-126 oC; Mol. formula: C21H20ClNSO2; Mol. Wt.: 385; IR (KBr,
ѵmax/cm-1): 3055 (Ar-H), 1528 (Ar C=C), 1412 (-SO2-), 1138 (C-N), 555 (C-Cl); 1H-NMR (500 MHz, CD3OD, ppm):
δ 7.66 (d, J = 9.0 Hz, 2H, H-2', H-6'), 7.51 (d, J = 8.5 Hz, 2H, H-3', H-5'), 7.21-7.16 (m, 5H, H-2" to H-6"), 7.06-6.96
(m, 3H, H-3 to H-5), 4.67 (s, 2H, H-7"), 2.03 (s, 6H, CH3-2, CH3-6) ; EIMS (m/z): 385 [M]•+ (22.6 %), 321 [M-SO2]•+
(1.3 %), 175 [C6H4ClSO2]+ (6.3 %), 210 [M-C6H4ClSO2]+ (43.5 %), 120 [M-C13H10ClSO2]+ (1.1 %), 111 [C6H4Cl]+
(35.2 %), 105 [M-C13H11ClNSO2]•+ (34.3 %), 90 [M-C14H14ClNSO2]+ (24.6 %), 76 [C6H4]•+ (9.4 %), 75[MC15H17ClNSO2]•+ (31.6 %).
4.3.11 N-(3,4-Dimethylphenyl)-N-benzyl-4-chlorobenzenesulfonamide (7e)
Cream White amorphous solid; Yield: 87%; M. P. 114-116 oC; Mol. formula: C21H20ClNSO2; Mol. Wt.: 385; IR (KBr,
ѵmax/cm-1): 3057 (Ar-H), 1533 (Ar C=C), 1413 (-SO2-), 1145 (C-N), 565 (C-Cl); 1H-NMR (500 MHz, CD3OD, ppm):
δ 7.67 (d, J = 9.0 Hz, 2H, H-2', H-6'), 7.46 (d, J = 8.5 Hz, 2H, H-3', H-5'), 7.22-7.17 (m, 5H, H-2" to H-6"), 6.97 (d, J
= 13.0 Hz, 1H, H-6), 6.84 (br. s, 1H, H-2), 6.79 (dd, J = 10.0, 1.0 Hz, 1H, H-5), 4.71 (s, 2H, H-7"), 2.15 (s, 6H, CH33, CH3-4); EIMS (m/z): 385 [M]•+ (22.4 %), 321 [M-SO2]•+ (1.5 %), 175 [C6H4ClSO2]+ (6.2 %), 210 [M-C6H4ClSO2]+
(43.7 %), 120 [M-C13H10ClSO2]+ (1.3 %), 111 [C6H4Cl]+ (35.7 %), 105 [M-C13H11ClNSO2]•+ (34.7 %), 90 [MC14H14ClNSO2]+ (24.5 %), 76 [C6H4]•+ (9.3 %), 75[M-C15H17ClNSO2]•+ (31.4 %).
4.3.12 N-(3,5-Dimethylphenyl)-N-benzyl-4-chlorobenzenesulfonamide (7f)
White amorphous solid; Yield: 85%; M. P. 112-114 oC; Mol. formula: C21H20ClNSO2; Mol. Wt.: 385; IR (KBr,
ѵmax/cm-1): 3056 (Ar-H), 1533 (Ar C=C), 1415 (-SO2-), 1139 (C-N), 565 (C-Cl); 1H-NMR (500 MHz, CD3OD, ppm):
δ 7.69 (d, J = 9.0 Hz, 2H, H-2', H-6'), 7.47 (d, J = 8.5 Hz, 2H, H-3', H-5'), 7.18-7.13 (m, 5H, H-2" to H-6"), 6.73 (s,
2H, H-2, H-6), 6.67 (s, 1H, H-4), 4.69 (s, 2H, H-7"), 2.15 (s, 6H, CH3-3, CH3-5); EIMS (m/z): 385 [M]•+ (22.7 %), 321
[M-SO2]•+ (1.2 %), 175 [C6H4ClSO2]+ (6.4 %), 210 [M-C6H4ClSO2]+ (43.2 %), 120 [M-C13H10ClSO2]+ (1.5 %), 111
[C6H4Cl]+ (35.7 %), 105 [M-C13H11ClNSO2]•+ (34.5 %), 90 [M-C14H14ClNSO2]+ (24.6 %), 76 [C6H4]•+ (9.2 %), 75[MC15H17ClNSO2]•+ (31.9 %).
4.4 Antibacterial activity
The antibacterial activity method was based on the principle that microbial cell number or microbial growth was
directly related to the log phase of growth with increase in absorbance of broth medium19-20. The clinically isolated
two gram-positive bacteria (Bacillus subtilis and Staphylococcus aureus) and four gram-negative (Klebsiella
pneumoniae, Escherichia coli, Pseudomonas aeruginosa and Salmonella typhi) were stored on stock culture agar
medium. 20 µg test samples with dilution by suited solvents and 180 µL overnight maintained fresh bacterial cultures
with suited dilution with fresh nutrient broth were mixed. The initial absorbance was crucially between 0.12-0.19 at
540 nm. The incubation was processed at 37 oC for 16-24 hrs with lid on the micro plate. The absorbance was
measured at 540 nm using micro plate reader before and after incubation and the difference was noted as an index of
bacterial growth. The percent inhibition was calculated using the formula:
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where

Control = Absorbance in control with bacterial culture
Test = Absorbance in test sample

Results are mean of triplicate (n=3, ± sem). Ciprofloxacin was taken as 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, and data was expressed as MIC.

4.5 Lipoxygenase assay
Lipoxygenase activity was assayed according to the reported method21-23 but with slight modifications. A total volume
of 200 μL assay mixture contained 150 μL sodium phosphate buffer (100 mM, pH 8.0), 10 μL test compound and 15
μL purified lipoxygenase enzyme (Sigma, USA). The contents were mixed and pre-read at 234 nm and pre-incubated
for 10 min at 25 0C. The reaction was initiated by the addition of 25 μL substrate solution. The change in absorbance
was observed after 6 min at 234 nm. Synergy HT (BioTek, USA) 96-well plate reader was used in all experiments. All
reactions were performed in triplicates. The positive and negative controls were included in the assay. Baicalein (0.5
mM well-1) was used as a positive control. The percentage inhibition and IC50 values were calculated as mentioned
above.
4.6 α-Chymotrypsin assay
α-Chymotrypsin inhibition assay was carried out according to the reported method24-26. A total volume of 100 μL
reaction mixture contained 60 μL of 50 mM Tris-HCl buffer (pH 7.6), 10 μL of 0.5 mM test compound and 15 μL (0.9
units) of enzyme (Sigma, USA) prepared in the above buffer. The contents were o mixed, preincubated for 15 min at
37 C and preread at 410 nm. The reaction was initiated by the addition of 15 μL of 1.3 mM substrate, N-succinyl
phenylalanine-p-nitroanilide (Sigma,USA). Absorbance was measured at 410 nm using Synergy HT microplate reader
after 30-60 min when absorbance values of uninhibited enzyme assay reached 0.7-0.9. The positive and negative
controls were included. Chymostatin (0.5 mM well-1) was used as a positive control. All experiments were carried out
in triplicate. The percentage inhibition and IC50 values were calculated as mentioned above.

5. STATISTICAL ANALYSIS
All the measurements were done in triplicate and statistical analysis was performed by Microsoft Excel 2010. Results
are presented as mean ± SEM.
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ABSTRACT
Sulfonamides belong to an emerging class having good inhibitory effects. In the present work, a series of N-substituted derivatives
of N-benzyl-4-chlorobenzenesulfonamide have been synthesized. The reaction of moringine (benzylamine; 1) with 4chlorobenzenesulfonyl chloride (2) in aqueous medium yielded the parent molecule, N-benzyl-4-chlorobenzenesulfonamide (3).
Alkyl/aralkyl halides, 4a-m, were reacted with 3 in polar aprotic medium to produce N-substituted derivatives, 5a-m. These
synthesized products were characterized by 1H-NMR, IR and EI-MS spectra and screened against lipoxygenase (LOX) enzyme.
These were found to be moderate inhibitors of this enzyme and could find their use as therapeutic agent for various inflammatory
ailments.
Keywords: Moringine, Sulfonamide, Lipoxygenase, EI-MS, IR and 1H-NMR.

1. INTRODUCTION
Sulfamoyl -SO2-NH- moiety is present in many biologically active compounds. These are known as sulfonamides and
extensively used because of their low cost, low toxicity and excellent activity against common bacterial diseases. The
synergetic action of sulfonamides with trimethoprim has brought about vast resurgence of sulfonamide usage
everywhere over the last decade1-4. Many of the chemotherapeutic sulfonamide derivatives are widely used as
antibacterial and antiviral agents5,6. Sulfonamides have shown multiple applications in biological systems such as,
anticancer, anticonvulsant etc2,5,7-9. Structurally modified sulfonamide is considered as important potential inhibitors of
histone deacetylase (HDAC) cease tumor cell growth in vivo in animal cultures10,11. Due to bacteriostatic activity,
sulfonamides are specialized for treatment of urinary-tract infection. To control many diseases in animals and
aquaculture, sulfonamides are employed12-14. The mechanism of action of sulfonamide includes incorporation of 4aminobenzoic acid in folic acid pathway, as it blocks the foliate synthetase enzyme. In this respect, it offers hindrance
to folic acid synthesis in bacteria, which consequently creates hurdle in production of purines2-14.
Lipoxygenases are implied in arachidonic acid metabolism and generation of various biologically active lipids
which own a primary role in inflammation. These support a large number of physiological processes and necessitate in
the development of several pathological conditions such as arthritis and cancer. Lipoxygenases are, therefore, likely
objectives for rational medicine design15-21.
In continuation of our previous work22,23, to search out some therapeutic agents with low toxicity, here we
report the facile and benign synthesis of sulfonamides starting from moringine as lipoxygenase inhibitors for the
ailment of various inflammatory diseases.

2. RESULTS AND DISCUSSION
The basic purpose of this research was to inaugurate the different synthesized compounds having valuable potential
inhibition against lipoxygenase enzyme. The synthesized compounds were screened against this enzyme selectively
because of its role in the inflammatory diseases15-21 and also our quondam work on the inhibition of this enzyme15,24,25.
We used different alkyl/aralkyl groups for the substitution at nitrogen of sulfonamide to elucidate the structure-activity
relationship of the synthesized compound with the applied lipoxygenase enzyme. Some of the electrophiles utilized
bear halogens, this was because of better reported inhibition potential of the halogenated compounds26.

2.1 Chemistry
First a parent, that is, N-benzyl-4-chlorobenzenesulfonamide (3) was prepared by the reaction of moringine (benzyl
amine) with 4-chlorobenzenesulfonyl chloride on stirring for an excellent yield. The product was precipitated and
separated after the addition of the hydrochloric acid. Second, the parent product 3 was further processed to achieve a
series of new N-alkyl/aralkyl substituted sulfonamides, 5a-m. The products were accomplished after the addition of a
weak base in a polar aprotic solvent along with excess of distilled water.
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Scheme-1: Synthesis of N-substituted sulfonamides, 5a-m

The products were separated by filtration and by solvent extraction in some cases. The sulfonamide 3 was
accomplished in good yield with white amorphous appearance with sound support of HR-MS by m/z 281.7578 owing
to molecular formula C13H12ClNO2S (Calcd. for 281.7807). The molecular formula was also supported by counting
the number of protons in its 1H-NMR spectrum. Two ortho coupled doublets appearing in its 1H-NMR spectrum at δ
7.71 and 7.45 were characteristics of the protons H-2’ & H-6’ and H-3’ & H-5’ respectively owing to 4chlorobenzenesulfonyl moiety.
The other signal in aromatic region appearing at δ 7.16-7.25 was a multiplet of five protons which was
assigned as H-2 to H-6 owing to phenyl ring of moringine. Furthermore, in aliphatic region a broad singlet at δ 4.65
(CH2-7) was due to methylene protons attached to nitrogen of sulfamoyl group. The IR and EI-MS data of this parent
molecule also thoroughly supported the above inferred structural units. The whole discussion collectively confirmed 3,
N-Benzyl-4-chlorobenzenesulfonamide27. Similarly the structures of N-benzyl-4-chlorobenzenesulfonamide
derivatives were elucidated.
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2.2 Structural Characterization
2.2.1 N-Benzyl-4-chlorobenzenesulfonamide (3)
White amorphous powder; Yield: 88%; m.p.: 108-112oC; HR-MS: [M]+ 281.7578 (Calcd. for C13H12ClNO2S;
281.7807); 1H-NMR (400 MHz, CDCl3, ppm): δ 7.77 (d, J = 8.4 Hz, 2H, H-2', H-6'), 7.45 (d, J = 8.4 Hz, 2H, H-3', H5'), 7.15-7.25 (m, 5H, H-2 to H-6), 4.65 (br s, 2H, CH2-7); IR (KBr): max (cm-1): 3380 (N-H), 3056 (Ar-H), 1530 (Ar
C=C), 1410 (-SO2-), 1140 (C-N), 710 (C-Cl); EIMS: m/z 283 [M+2]+, 281 [M]+, 246 [M-Cl]+, 217 [M-SO2]+, 190 [MCH2C6H5]+, 170 [M-C6H4Cl]+.
2.2.2 N-Benzyl-N-ethyl-4-chlorobenzenesulfonamide (5a)
White amorphous powder; Yield: 90%; m.p.: 56-60oC; HR-MS: [M]+ 309.8110 (Calcd. for C15H16ClNO2S; 309.8305);
1
H-NMR (400 MHz, CDCl3, ppm): δ 7.76 (d, J = 8.0 Hz, 2H, H-2', H-6'), 7.47 (d, J = 8.0 Hz, 2H, H-3', H-5'), 7.247.28 (m, 5H, H-2 to H-6), 4.33 (br s, 2H, CH2-7), 3.18 (q, J = 7.2 Hz, 2H, CH2-1''), 0.92 (t, J = 7.2 Hz, 3H, CH3-2'');
IR (KBr): max (cm-1): 3058 (Ar-H),1535 (Ar C=C), 1415 (-SO2-), 1145 (C-N), 712 (C-Cl); EIMS: m/z 311 [M+2]+,
309 [M]+, 280 [M-C2H5]+, 274 [M-Cl]+, 245 [M-SO2]+, 218 [M-CH2C6H5]+, 198 [M-C6H4Cl]+.
2.2.3 N-Benzyl-N-(1-methylethyl)-4-chlorobenzenesulfonamide (5b)
White amorphous powder; Yield: 84%; m.p.: 94-98oC; HR-MS: [M]+ 323.8376 (Calcd. for C16H18ClNO2S; 323.8567);
1
H-NMR (400 MHz, CDCl3, ppm): δ 7.61 (d, J = 8.4 Hz, 2H, H-2', H-6'), 7.42 (d, J = 8.4 Hz, 2H, H-3', H-5'), 7.247.36 (m, 5H, H-2 to H-6), 4.36 (br s, 2H, CH2-7), 4.12-4.15 (m, 1H, H-1''), 0.96 (d, J = 6.8 Hz, 6H, CH3-2'', CH3-3'');
IR (KBr): max (cm-1): 3054 (Ar-H), 1540 (Ar C=C), 1440 (-SO2-), 1143 (C-N), 715 (C-Cl); EIMS: m/z 325 [M+2]+,
323 [M]+, 288 [M-Cl]+, 280 [M-C3H7]+, 259 [M-SO2]+, 232 [M-CH2C6H5]+, 214 [M-C6H4Cl]+.
2.2.4 N-Benzyl-N-(2-propenyl)-4-chlorobenzenesulfonamide (5c)
White amorphous powder; Yield: 80%; m.p.: 48-52oC; HR-MS: [M]+ 321.8217 (Calcd. for C16H16ClNO2S; 321.8412);
1
H-NMR (400 MHz, CDCl3, ppm): δ 7.76 (d, J = 8.0 Hz, 2H, H-2', H-6'), 7.46 (d, J = 8.0 Hz, 2H, H-3', H-5'), 7.247.27 (m, 5H, H-2 to H-6), 5.44 (m, 1H, H-2''), 5.08 (dd, J = 9.6, 1.5 Hz, 1H, Hb-3''), 5.00 (dd, J = 17.2, 1.5 Hz, 1H, Ha3''), 4.33 ( br s, 2H, CH2-7), 3.75 (d, J = 6.0 Hz, 2H, CH2-1''); IR (KBr): max (cm-1): 3080 (C=C), 3055 (Ar-H), 1533
(Ar C=C), 1435 (-SO2-), 1145 (C-N), 708 (C-Cl); EIMS: m/z 323 [M+2]+, 321 [M]+, 307 [M-CH2]+, 286 [M-Cl]+, 280
[M-C3H5]+, 257 [M-SO2]+, 230 [M-CH2C6H5]+, 212 [M-C6H4Cl]+.
2.2.5 N-Benzyl-N-[(ethoxycarbonyl)methyl)]-4-chlorobenzenesulfonamide (5d)
White amorphous powder; Yield: 80%; m.p.: 54-56oC; HR-MS: [M]+ 367.8471 (Calcd. for C17H18ClNO4S; 367.8517);
1
H-NMR (400 MHz, CDCl3, ppm): δ 7.81 (d, J = 8.4 Hz, 2H, H-2', H-6'), 7.47 (d, J = 8.4 Hz, 2H, H-3', H-5'), 7.247.29 (m, 5H, H-2 to H-6), 4.47 (br s, 2H, CH2-7), 4.00 (q, J = 7.2 Hz, 2H, CH2-3''), 3.90 (br s, 2H, CH2-1''), 1.13 (t, J =
7.2 Hz, 3H, CH3-4''); IR (KBr): max (cm-1): 3050 (Ar-H), 1740 (C=O), 1530 (Ar C=C), 1435 (-SO2-), 1170 (C-O),
1138 (C-N), 716 (C-Cl); EIMS: m/z 369 [M+2]+, 367 [M]+, 338 [M-C2H5]+, 332 [M-Cl]+, 322 [M-OC2H5]+, 303 [MSO2]+, 294 [M-C3H5O2]+, 280 [M-C4H7O2]+, 276 [M-CH2C6H5]+, 258 [M-C6H4Cl]+.
2.2.6 N-Benzyl-N-(2-methylbenzyl)-4-chlorobenzenesulfonamide (5e)
White amorphous powder; Yield: 96%; m.p.: 82-85oC; HR-MS: [M]+ 385.9075 (Calcd. for C21H20ClNO2S; 385.9208);
1
H-NMR (400 MHz, CDCl3, ppm): δ 7.72 (d, J = 8.4 Hz, 2H, H-2', H-6'), 7.45 (d, J = 8.4 Hz, 2H, H-3', H-5'), 6.957.15 (m, 9H, H-2 to H-6, H-3'' to H-6''), 4.33 (br s, 2H, CH2-7), 4.30 (br s, 2H, CH2-7''), 2.05 (s, 3H, CH3-2''); IR
(KBr): max (cm-1): 3057 (Ar-H), 1528 (Ar C=C), 1439 (-SO2-), 1142 (C-N), 717 (C-Cl); EIMS: m/z 387 [M+2]+, 385
[M]+, 370 [M-CH3]+, 350 [M-Cl]+, 321 [M-SO2]+, 294 [M-CH2C6H5]+, 280 [M-CH2C6H4CH3]+, 276 [M-C6H4Cl]+.
2.2.7 N-Benzyl-N-(2-bromobenzyl)-4-chlorobenzenesulfonamide (5f)
White amorphous powder; Yield: 89%; m.p.: 83-86oC; HR-MS: [M]+ 450.7764 (Calcd. for C20H17BrClNO2S;
450.7915); 1H-NMR (400 MHz, CDCl3, ppm): δ 7.70 (d, J = 8.4 Hz, 2H, H-2', H-6'), 7.43 (d, J = 8.4 Hz, 2H, H-3', H5'), 7.38 (d, J = 7.2 Hz, 1H, H-3''), 7.05-7.17 (m, 8H, H-2 to H-6, H-4'' to H-6''), 4.44 (br s, 2H, CH2-7''), 4.39 (br s,
2H, CH2-7); IR (KBr): max (cm-1): 3055 (Ar-H), 1534 (Ar C=C), 1439 (-SO2-), 1139 (C-N), 711 (C-Cl), 550 (C-Br);
EIMS: m/z 352 [M+2]+, 450 [M]+, 359 [M-CH2C6H5]+, 415 [M-Cl]+, 386 [M-SO2]+, 341 [M-C6H4Cl]+, 280 [MCH2C6H4Br]+.
2.2.8 N-Benzyl-N-(3-bromobenzyl)-4-chlorobenzenesulfonamide (5g)
White amorphous powder; Yield: 75%, m.p.: 49-52oC; HR-MS: [M]+ 450.7764 (Calcd. for C20H17BrClNO2S;
450.7915); 1H-NMR (400 MHz, CDCl3, ppm): δ 7.73 (d, J = 8.4 Hz, 2H, H-2', H-6'), 7.46 (d, J = 8.4 Hz, 2H, H-3', H5'), 7.33 (br s, 1H, H-2''), 6.98 (d, J = 7.2 Hz, 1H, H-4''), 7.05-7.23 (m, 7H, H-2 to H-6, H-5'', H-6''), 4.32 (s, 2H, H7''), 4.26 (s, 2H, H-7); IR (KBr): max (cm-1): 3055 (Ar-H), 1534 (Ar C=C), 1439 (-SO2-), 1139 (C-N), 715 (C-Cl), 550
(C-Br); EIMS: m/z 452 [M+2]+, 450 [M]+, 359 [M-CH2C6H5]+, 415 [M-Cl]+, 386 [M-SO2]+, 341 [M-C6H4Cl]+, 280
[M-CH2C6H4Br]+.
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2.2.9 N-Benzyl-N-(4-bromobenzyl)-4-chlorobenzenesulfonamide (5h)
White greenish granules; Yield: 80%; m.p.: 92-94oC; HR-MS: [M]+ 450.7764 (Calcd. for C20H17BrClNO2S;
450.7915); 1H-NMR (400 MHz, CDCl3, ppm): δ 7.73 (d, J = 8.4 Hz, 2H, H-2', H-6'), 7.46 (d, J = 8.4 Hz, 2H, H-3', H5'), 7.33 (d, J = 8.0 Hz, 2H, H-3'', H-5''), 7.22 (d, J = 8.8 Hz, 2H, H-2'', H-6''), 6.90-7.01 (m, 5H, H-2 to H-6), 4.29 (br
s, 2H, CH2-7''), 4.24 (br s, 2H, CH2-7); IR (KBr): max (cm-1): 3055 (Ar-H), 1534 (Ar C=C), 1439 (-SO2-), 1139 (C-N),
713 (C-Cl), 550 (C-Br); EIMS: m/z 452 [M+2]+, 450 [M]+, 359 [M-CH2C6H5]+, 415 [M-Cl]+, 386 [M-SO2]+, 341 [MC6H4Cl]+, 280 [M-CH2C6H4Br]+.
2.2.10 N-Benzyl-N-(2-chlorobenzyl)-4-chlorobenzenesulfonamide (5i)
White amorphous powder; Yield: 80%; m.p.: 54-56oC; HR-MS: [M]+ 406.3254 (Calcd. for C20H17Cl2NO2S;
406.3305); 1H-NMR (400 MHz, CDCl3, ppm): δ 7.69 (d, J = 8.4 Hz, 2H, H-2', H-6'), 7.42 (d, J = 8.4 Hz, 2H, H-3', H5'), 7.32 (d, J = 7.2 Hz, 1H, H-3''), 7.06-7.17 (m, 8H, H-2 to H-6, H-4'' to H-6''), 4.46 (br s, 2H, CH2-7''), 4.39 (br s,
2H, CH2-7); IR (KBr): max (cm-1): 3057 (Ar-H), 1535 (Ar C=C), 1441 (-SO2-), 1141 (C-N), 709 (C-Cl); EIMS: m/z
408 [M+2]+, 406 [M]+, 315 [M-CH2C6H5]+, 370 [M-Cl]+, 342 [M-SO2]+, 296 [M-C6H4Cl]+, 280 [M-CH2C6H4Cl]+.
2.2.11 N-Benzyl-N-(3-chlorobenzyl)-4-chlorobenzenesulfonamide (5j)
White amorphous powder; Yield: 85%; m.p.: 78-86oC; HR-MS: [M]+ 406.3254 (Calcd. for C20H17Cl2NO2S;
406.3305); 1H-NMR (400 MHz, CDCl3, ppm): δ 7.73 (d, J = 8.4 Hz, 2H, H-2', H-6'), 7.46 (d, J = 8.4 Hz, 2H, H-3', H5'), 7.22 (br s, 1H, H-2''), 6.94 ( br d, J = 7.2 Hz, 1H, H-4''), 7.04-7.16 (m, 7H, H-2 to H-6, H-5'', H-6''), 4.32 (br s, 2H,
CH2-7''), 4.26 (br s, 2H, CH2-7); IR (KBr): max (cm-1): 3057 (Ar-H), 1535 (Ar C=C), 1441 (-SO2-), 1141 (C-N), 707
(C-Cl); EIMS: m/z 408 [M+2]+, 406 [M]+, 315 [M-CH2C6H5]+, 370 [M-Cl]+, 342 [M-SO2]+, 296 [M-C6H4Cl]+, 280
[M-CH2C6H4Cl]+.
2.2.12 N-Benzyl-N-(4-chlorobenzyl)-4-chlorobenzenesulfonamide (5k)
White amorphous powder; Yield: 72%, m.p.: 94-98oC; HR-MS: [M]+ 406.3254 (Calcd. for C20H17Cl2NO2S;
406.3305); 1H-NMR (400 MHz, CDCl3, ppm): δ 7.73 (d, J = 8.4 Hz, 2H, H-2', H-6'), 7.46 (d, J = 8.4 Hz, 2H, H-3', H5'), 7.16-7.22 (m, 5H, H-2 to H-6), 7.00 (d, J = 8.0 Hz, 2H, H-3'', H-5''), 6.98 (d, J = 8.0 Hz, 2H, H-2'', H-6''), 4.29 (br
s, 2H, CH2-7''), 4.26 (br s, 2H, CH2-7); IR (KBr): max (cm-1): 3057 (Ar-H), 1535 (Ar C=C), 1441 (-SO2-), 1141 (C-N),
719 (C-Cl); EIMS: m/z 408 [M+2]+, 406 [M]+, 315 [M-CH2C6H5]+, 370 [M-Cl]+, 342 [M-SO2]+, 296 [M-C6H4Cl]+, 280
[M-CH2C6H4Cl]+.
2.2.13 N-Benzyl-N-(4-flourobenzyl)-4-chlorobenzenesulfonamide (5l)
White amorphous powder; Yield: 81%; m.p.: 86-88oC; HR-MS: [M]+ 389.8708 (Calcd. for C20H17ClFNO2S;
389.8891); 1H-NMR (400 MHz, CDCl3, ppm): δ 7.73 (d, J = 8.4 Hz, 2H, H-2', H-6'), 7.46 (d, J = 8.4 Hz, 2H, H-3', H5'), (br s, 2H, H-3'', H-5''), 7.02 (br s, 2H, H-2'', H-6''), 6.87-6.91 (m, 5H, H-2 to H-6), 4.29 ( br s, 2H, CH2-7''), 4.27
(br s, 2H, CH2-7); IR (KBr): max (cm-1): 3059 (Ar-H), 1537 (Ar C=C), 1443 (-SO2-), 1143 (C-N), 712 (C-Cl); EIMS:
m/z 391 [M+2]+, 389 [M]+, 298 [M-CH2C6H5]+, 354 [M-Cl]+, 325 [M-SO2]+, 280 [M-CH2C6H4F]+, 280 [M-C6H4Cl]+.
2.2.14 N-Benzyl-N-(2-phenylethyl)-4-chlorobenzenesulfonamide (5m)
White amorphous powder; Yield: 89%; m.p.: 90-92oC; HR-MS: [M]+ 385.9074 (Calcd. for C21H20ClNO2S; 385.9215);
1
H-NMR (400 MHz, CDCl3, ppm): δ 7.72 (d, J = 8.4 Hz, 2H, H-2', H-6'), 7.44 (d, J = 8.4 Hz, 2H, H-3', H-5'), 6.927.30 (m, 10H, H-2 to H-6, H-2'' to H-6''), 4.33 (br s, 2H, CH2-7), 3.29 (t, J = 7.6 Hz, 2H, CH2-8''), 2.62 (t, J = 7.6 Hz,
2H, CH2-7''); IR (KBr): max (cm-1): 3055 (Ar-H), 1529 (Ar C=C), 1438 (-SO2-), 1140 (C-N), 713 (C-Cl); EIMS: m/z
387 [M+2]+, 385 [M]+, 350 [M-Cl]+, 294 [M-CH2C6H5]+, 280 [M-CH2C6H4Cl]+, 276 [M-C6H4Cl]+, 221 [M-SO2]+.
2.3 Biological activity
In continuation of our previous efforts on such sulfonamides27 to find their possible therapeutic potential against
various diseases, here, the screening of the parent compound 3 and synthesized derivatives 5a-m against lipoxygenase
(LOX) enzyme demonstrated that most of them were active against this enzyme, Table 1. The molecule, 5c was found
to be good inhibitor against lipoxygenase (LOX) having IC50 value of 52.31±0.41 µmoles/L, taking baicalein as
reference bearing IC50 of 22.4±1.3 µmoles/L, the most credibly due to substitution of allyl group in the parent
compound showing π-π interaction with binding site of enzyme. The other good inhibitors were 5e, 5f, 5h and 5m
having IC50 values of 92.31±0.21, 85.21±0.47, 75.31±0.11 and 64.71±0.47 µmoles/L respectively, relative to
baicalein. The activity of the synthesized compounds against the enzyme obeys the following order, 5c > 5m > 5h > 5f
> 5e > 5i > 5j. Four of the synthesized compounds, 5d, 5g, 5k and 5l were found to be the least active against the
enzyme and three, 3, 5a and 5b were found to be inactive plausibly because of simple alkyl chains present in the
molecule.
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Compound
No.
3
5a
5b
5c
5d
5e
5f
5g
5h
5i
5j
5k
5l
5m
Control (Baicalein)

Table-1: Lipoxygenase (LOX) enzyme inhibition studies (mean ± SEM).
Lipoxygenase (LOX) enzyme
Conc.
(%age) Inhibition
(mM)
0.5
33.16±0.35
0.5
42.28±0.11
0.5
43.07±0.62
0.5
96.89±0.58
0.5
52.67±0.78
0.25
67.05±0.98
0.25
72.44±0.68
0.5
54.09±0.47
0.25
78.96±0.55
0.5
77.21±0.18
0.5
67.98±0.33
0.5
57.69±0.44
0.5
60.14±0.41
0.25
83.63±0.17
0.5
93.79±1.27

(IC50)
μmoles/L
52.31±0.41
>400
92.31±0.21
85.21±0.47
>400
75.31±0.11
103.61±0.34
157.41±0.51
>400
>400
64.71±0.47
22.4±1.3

3. CONCLUSION
The synthesized molecules were obtained with better yields and their structures were corroborated through 1H-NMR,
EIMS and IR spectra. The molecule 5c was found to possess relatively low IC50 value and so the most active among
the whole series. The better inhibitors can be further evaluated for in vivo activity and these might be helpful in drug
discovery especially for inflammatory diseases.

4. EXPERIMENTAL
4.1 General
Purity of compounds during reaction and after reaction was verified through TLC (Thin Layer Chromatography) using
coated plates of silica gel G-25-UV254 with EtOAc and n-hexane as mobile phase. Compounds were characterized by
melting points on Griffin-George instrument, 1H NMR spectra in CDCl3 at 400 MHz on Bruker spectrometer, IR
spectra in KBr on Jasco-320-A spectrophotometer and EIMS spectra on JMS-HX-110 spectrometer.

4.2 Synthesis of N-Benzyl-4-chlorobenzenesulfonamide (3)
Nucleophilic substitution reaction of equimolar mixture of sulfonyl chloride and amine was carried out. 4Chlorobenzenesulfonyl chloride (2, 10.0 mmol) and Moringine (1, 10.0 mmol) were mixed with 25 mL distilled water
in a 100 mL RB flask. The pH of reaction mixture was monitored and kept 9-10 by sodium carbonate solution. The
reaction contents were set to stir and supervised by TLC for 5-6 hours. The reaction mixture was acidified by
concentrated HCl till pH of 5-6. The coagulated precipitates were filtered off, washed and dried.
4.3 General synthesis of N-Alkyl/aralkyl-N-benzyl-4-chlorobenzenesulfonamide (5a-m)
The compound 3 (0.1 mmol) was dissolved in dimethylformamide (DMF) (10.0 ml) and lithium hydride (0.1 mmol)
was introduced. After stirring for 0.5 hour, alkyl/aralkyl halides (0.1 mmol) were added and stirred for 3-4 hours. The
reaction was supervised by TLC. A weak base was added to make basic pH of 9. The formed products were collected
through filtration or extraction after addition of cold distilled water.
4.4 Lipoxygenase inhibition assay
Lipoxygenase enzyme inhibition activity was performed by a reported method28 with minor differences.
4.5 Statistical analysis
The measurements were performed in triplicate and statistically analyzed by Microsoft Excel 2010. Results are
presented as mean ± SEM.
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ABSTRACT
The sample of natural zeolite is collected from the Sudan area, (scolecite) from Buda desert. And the other one is synthetic zeolite
(Y). The study characterized the natural zeolite (scolecite) and synthetic (Y). Using thin sections for natural zeolite to recognize it.
Beside different techniques as follow: Atomic absorption, x- ray diffraction (XRD), inferared spectroscopy (FTIR), acidity
measured by pyridine FTIR, scanning electron microscopy (SEM). The study was carried out for selected natural zeolite
(scolecite) and synthetic zeolite (Y) they are modification by two methods impregnation and ion exchange using ammonium
chloride and platinum hydrochloride H2PtCl6 The Naphtha was obtained from the refinery of Khartoum Company (it has octane
number40). Piona of naphtha was studied by GC. The natural and synthetic zeolites modification was applied on reforming
process to increase the gasoline octane number. The study carried out fourteen experiments for each kind of zeolite with a variety
of reactions conditions like liquid hour space velocity (LHSV), pressure and temperature, the optimal experiments with suitable
conditions gave good results. Octane number increased in pressure rang 8-12 bar, liquid hour space velocity 2 and temperature
480- 5000C.
The synthetic zeolite (Y) raised the octane number from (40 to 93.5). The natural zeolite (scolecite) also showed good properties
and increased the octane number from (40 to 87.9). It needs more purification and modification to reach the synthetic. The study
explained that the two zeolites (natural, synthetic) are successful for application in reforming process.
Keywords: zeolite, XRD, FTIR, LHSV, GC

1. INTRODUCTION
Zeolites are used in several technological applications and also comprise and important rock - forming mineral group.
Zeolites are used as catalysts for example, in the cracking of hydrocarbons, in molecular sieving and for used in action
exchange process. In nature, they can found in sedimentary rocks, in low grade metamorphic assemblages and in
various hydrothermal deposits. The chemistry of zeolites with a single cation in the channels (we use here the
terminology based on the I U P A C recommendations out lined by MC Cusker et al – 2001) can be represented by the
general formula M x / n (Al O2) x (SOi2) x. m H2O where m is action of valence n and m is the number of water
molecules in the unit cell. In terms of their Crystal structure Zeolites are classified as frame work silicates consisting
of corner – linked AlO 4 and SiO4 tetrahedral. To balance the negative charge in the farm work, resulting form the
person of the Al cation s, M cation s are located in structural channel. The m cation is typicically monovalent such as
li+ and Na+, or divalent such as Mg2+ or Ca2+, for example. H2O molecules are also found in the structural channels and
are present in different concentration. The natural Zeolite scolecite, Ca8 (A l 16 Si 24 O80). 24 H 2O are classified as
small pore Zeolites consisting of eight membered rings having channels around 2.5 x 4 A0 in size that are parallel to
the Crystallographic C – axis surprisingly in as much as it is the presence of molecules in small channels and their
effect on the physical behavior that make the Zeolites so interesting and a useful class of silicates, relatively little
research has been directed toward to enhance the gasoline octane number (1).
A primary object is to increase the gasoline yield and raise the octane number. The source of the large
hydrocarbon molecules is often the naphtha fraction or the gas oil fraction from the fractional distillation of crude oil
(petroleum) (2).
The increasing interest in improving environmental protection and promoting efficiency of auto – motive
motors encourages the formulation of new catalyst and development of new processes for gasoline production.
Considering branched chain alkane have higher octane numbers than linear alkenes the use of gasoline that contains
higher proportions of these compounds is an alternative to obtaining fuel with the required characteristics. These
compounds are and alternative to replace some additives normally used in gasoline to increase the octane number, for
example, MT B E, whose use is considerably criticized by environmental protection agency (E P A). The traditional
isomerization catalyst is Pt – loaded chloride alumina, which is very active and can be operated at low temperature,
but will cause corrosion and pollution problem, (4).
These days Zeolites are desired catalyst. Zeolites are natural minerals that are mined in many part of the
world. Most Zeolite used commercially is synthetically produced (2). The use of Zeolits as support can eliminate such
problems (4). In this study there are probably to modification the natural Zeolite of from the Sudan and used it in
reforming process to enhancement the Sudan gasoline octane number. Today Zeolite Y is used commercially as
catalyst in petroleum refinery because of its high concentration of active acid sites, its high thermal stability and high
size selectivity. Zeolite Y is synthetic analog to the mineral faujasite and crystallizes with cubic symmetry. It has
crystal sizes in the approximate range of 0. 2 – 0. 5 m and pore diameter of 7. 4 A0. It thermally decomposes at 793Co
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(2). In this research the reforming of n – alkenes over Pt – loaded Y Zeolite Pt / H /Y and P t / H scolecite has been
studied.

2. MATERIAL AND METHODS
Natural zeolite collected from Buda desert (in north of the Sudan). The zeolite crystals separated from rock sample
were washed, dried, crushed and sieved to obtain fine powder. The powder was refluxed with doubly distilled water to
remove soluble impurities. It was then decanted and dried in an oven for two hours. The fine powder of natural zeolite
is used for further modification to enhance the activity. Various techniques (impregnation, ion exchange) are available
to introduce metal-support integration is weaker and large metal particles are obtained which can affect secondary
reaction, namely those which are structure sensitive an example being hydrogenoloysis. On other hand, the ion
exchange technique normally brings about a strong metal –support interaction. The Zeolite were characterized by the
elemental Analysis used Atomic Absorption, the X-ray diffraction patterms obtained were recorded by using Philip
powder (shimadz 24 × 6000 RD) diffract meter,ceta- 2ceta scan. The radiation used was Cu-K Alfa. The 2 ceta scan
was form 10- 90 Fourier transform infrared spectroscopy (ABB Bomen MB 104) and nitrogen adsorption (Quanta
Chrome Nova 2000). Scan electron
Philips XL – 30 ESEm), Acidity measurement to differentiate between Lewis
and Bronsted acid sites typical pyridine adsorption experiment followed by (F T I R) measurement were carried out.
After pyridine desorption at 200 0C, the total Bronsted and Lewis acidity can be calculated strong Bronsted and Lewis
a acidity can be obtained.
The acid properties of pt/H/Y and Pt/H/Scolesite zeolite were investigated by heavy naphtha reforming
process. To enhancement the Sudan gasoline octane number and to upgrading the product properties. And study the
properties of gasoline. At the end the gasoline octane number was measured by research octane number method.

3. RESULTS AND DISCUSSION
In this study the characterization of zeolite Y synthetics and type of natural zeolite from the Sudan areas is collected
(zeolite scolecite) indicated all of their properties, I choice zeolite scolecite and zeolite Y for application reforming
process to enhance the Sudan gasoline octane number, all of this characterization shown in figure bellow.

3.1 Thin section analysis light)

Fig-3.1: Thin section of zeolite scolecite (cross polarized
Table.3.2: Results of atomic absorption analysis of natural and scolecite zeolites
Sample
Natural
CaO%
30.8%
Al2O3%
11.4%
SiO2%
55.8%
Na2O%
Moisture
4.3%
Table.3.3: Result of atomic absorption analysis of commercial zeolite (Y)
Sample
CaO%
Al2O3%
SiO2%
Na2O%

Commercial
26.8%
45.5%
12.8%
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3.3 X ray analysis
Catalysts were characterized by means of powder x.ray diffraction using ashimadzu model XRD-6000 diffracted with
monochromatic CUKX Radiation.

Fig-3.2: Thin section of zeolite scolecite (plain cross polarized light)

3.3.1 Xrd Characterization Of Natural Occurring Scolecite Type Zeolite
The natural occurring scolecite type zeolite was collected from the Buda was subsequently washed with distilled water
and acetone for several times, dried and crushed into fine powder which was further washed with distilled water 3-4
time and dried at 110 oC in an oven. The resulting sample was impregnated with NH3 solution and H2 Pt Cl22H2O
dried at 110 oC and heated at 530 oC in high temperature muffle furnace (SONAR)
For four hour at rate 3OC per minute and naturally cooled. These materials were characterized by XRD using a
model D8 Bruker AXS with mono chromo somatic Ca radiation (40 kV and 30 MA) at room
temperature.
The XRD spectra are shown in Fig. (3.3) it seen that the sample are crystalline
It is seen that the sample are crystalline in nature due to calcinations, the high intensity peak has been shifted at 2 Ө=
38.29o and broad hump were observed in fig (3.4) the region of 2 Ө 25-35o. It shows that the crystal structure collapse
at high temperature which was not seen in Fig. (3.5).
The XRD data leads to the following cell dimension a = 4.817416 A o, c = 34.11858 Ao the high values of unit
cell dimension are also reported for Edingtonite type zeolite. The average particle size found to be 1.9915 A o and
hexagonal crystal system. Characterization of the zeolite sample before and after treatment was performed by x.ray
FTIR powder x.ray diffraction (XRD pallerns were recorded by Bruker 8D advance x.ray diffractometer using
monochromator Cu –K q radiation (40 kv dn 30 mv) of wave length =1.5405 Ao
X. Ray powder diffraction data suggest that natural Zeolite is mono clinic in type.
Preliminary indexing of the powder data gave a unit cell with a =9.5669, b= 8.1136, c=6.7945o and α =
90.00 o, B = 93.57 o, X = 90.00 o and particle size = 0.3705 A o volume = 526.38A o.
The x.ray patterns for the sample before and after treatment of chloroplatinic acid (H2ptcl6) and NH3
solution are presented in Fig(3-4) and (3-5) respectively. The x.ray diffraction data were optain in the
2theata range of 10-90 and are represented in (4) respectively. X-ray diffraction (XRD) to confirm of zeolite
Y. powder XRD (Siemens -500 diffractometer using Cuka radiation) was used to determine sample structure
and crystallinity. The formation of zeolite y phase was confirmed by comparing the diffractograms of all
synthesized sample to the differactogram of the reference zeolite Y. according to Treacy and Higgins {m},
the XRD first peak will appear in the range (2 θ = 2-50o) 6-10o for the zeolite Y,
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Fig-3.3: X-ray diffraction of scolecite

Counts
Dr.shefaa (H- ZN)

100

50

0
10

20

30

40

50

Position [°2Theta] (Copper (Cu))

Fig-3.4: X- ray diffraction of H/ scolecite
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Fig-3.5: X-ray diffraction of Pt/ H/ solicited
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Fig-3.6: X-ray analysis of Y zeolite
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Fig-3.7: X ray of zeolite H/Y(treated with ammonia)

Fig-3.8: X ray of Pt/ H / Y zeolite
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Diffraction data were obtained in the 2θ range of 10-90o and are represented in table respectively.
The small zig-zag peak refer to presence of some amorphous material in fig (3-7) Pt/H/y. in Fig (3-8) the first XRD
peak is observed at exactly 6o and other peaks are also very sharp. It is shown to be fully crystalline. Crystallization of
pure zeolite x using silica is favored at temperature lower that 100 co, with less Na2O or greater SiO2 content in the
initial mixture. This is because zeolite y is highly reactive. (Fig (3-6).

3.4 Scan Electron Microscopy
Scan electron microscopy of scolecite zeolite shows tow kind of twining one is (100) twining caused by an symmetric
arrangement of cations and H2O molecules in the channel and the other is sectoral twining owing to a party
ordered(Al, Si) arrangement (100) twining,although the from work of scolecite has aglide plane parallel to (100). the
distribution of water molecules an Ca ions are asymmetric with respect to the plane in figure (3-4-1), and the fore(100)
twining is allowed in scolecite. The three dimensional structure develops on the twined nucleus. Sectoral twining of
scolecite are explained by the following idea suggested by the AKIZUKI (1987), THE Ca ions are bonded directly to
the oxygen’s of T2 tetrahedral. But not to be those of tetrahedral. Because of electrostatic charge balance and the Al,
there for (100) twining is allowed in scolecite. The scan electron microscopy show n in figures (3-4-1, 3-4-2, 3-4-3)
respectively

Fig-3.4.1: Scan electron of scolecite zeolite

Fig-3.4.2: Scan electron of/ H/Scolecite

Fig-3.4.3: Scan electron of Pt/ H/Scolecite
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3.4.4 Scan electron of zeolite Y
The commercial zealite Y show similar scan electron microscopy (SEM) morphology to that of the reference sample
zeolite Y. morphology of the zeolite Y mode faction with pt and without pt are given in figure(26), and (24),
respectively. The SEM morphology in figure (24) show Avery clear and sharp crystal linty SEM analyses of the
sample are figure (3-4-4) the influence of the impregnation of platinum of the H/y zeolite structure can also is
confermed from SEM image.
The macrographs showed the presence of small crystallites of platinum uniformly distributed along some
intergrowth. SEM demonstrated that the morphology and particle size of pt / HY catalyst did not change with respect
to those of HY zeolite – indication that on crystalline transformation occurred during the impregnation of pl platinum)
on to HY zeolite. pt is finely dispersed as their presence in zeolite surface for that the impregnation of pt on H/Y
zeolite result in as male change on microspore structure. This can be verified by the decrease of micro pore area and
volume of all materials after impregnation. This effect may be attributed to the presence of metallic and extra frame
work aluminum species in the interior of the zeolite pores and channels. The decrease in microspore area was
pronounced for pt / H/Y catalyst, probably due to the formation of large partials inside the microspores. the
synthesized zeolite Y genre similar scanning electron microscopy (SEM) morphology and FTIR spectrum pattern to
that of the reference of sample zeolite Y (2009) M. M. Rahman, N. Hasnidb and W. B. Wan Nik Morphologies zeolite
with H/Y and pt / H/Y in figure (3-4-6),(3-4-5) respectively. The SEM morphology in (H/Y) shows a very clear and
sharp crystalline with some dirt.
Result of Scan electron microscopy of zeolite Y

Fig-3.4.4: Scan electron of zeolite y

Fig-3.4.5: Scan electron of zeolite H/y
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Fig-3.4.6: Scan electron of zeolite Pt/ H/Y

3.5 Infrared Spectroscopy (FTIR) of zeolite Scolecite
FT-IR Spectra of natural zeolite samples are presented in fig (3-5-1) and fig (3-5-2) and fig (11) the results show that
the band at 504 cm-1 character of the presence of double four member ring (17). The broad band near 3558 cm-1is due
to the presence of water molecules in the matrix of natural zeolite (17) and partial dehydration (17) band at 1655 cm -1
(H – O –H) deformation band, Band appears due to T-O-T (T – Si and /or Al) stretching at 1097 cm-1 After
modification of natural zeolite by H2 Ptcl6 the band 3558 cm-1 are broaden and shifted towards higher wave number =
1097 cm-1, the stronger band at 624cm-1,is the characteristic of Si-O-Al deformation band and shifted towards higher
wave number 761 cm-1. The band 504 and 432 cm-1 disappeared and new band is appeared at 572 cm-1.

Fig-3.5.1: Infrared spectroscopy of scolecite

Fig-3.5.2: Infrared spectroscopy of H/scolecite (treated with ammonia)
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Fig-3.5.3: Infrared spectroscopy of Pt/ H/scolecite
Table-3.5: Peak of Scolecite position of Infrared spectroscopy at temperature 300,500k and their assignment (Sh = shoulder).
Measured Peak Position in cm-1
Assignment
At 300k
3589
3507
3409
3327
334(sh)
V (OH)
3232
3212
3140 (sh)
1665
1658
1591
S (OH)
1099
1101
1068
1049
1035
1047
1034
1020
V[ Si (Al)- O
970
988
978
939
931
929
721
703
668
692
673
671
632
610
610
σ [O – Si (Al)- O+ Si –O – Al
604
497
501
501
422
422
422

3.5.4 FTIR of zeolite y
The product was characterized by Fourier transform Infra Red (FTIR). Vibrational spectroscopy, of Zeolite show
strong IR absorption in the spectral region below 1500 c m vibration frequencies of the Zeolite lattice which results
from stretching and bending modes of the T – O units which is observed in the range 300 to 1300 c m -1 indicates that
SiO 4 or A lO4 are linked.
The Zeolite y gave similar spectrum pattern to that of the reference sample Zeolite y figure (3-5-4), (84) an the
FTIR of Zeolite H /Y (zeolite Y after treated with ammonia) figure (3-5-5) show strong IR absorption in the spectral
1036 but the Zeolite Y after treated with platinum figure (3-5-6) Pt / H / Y show strong IR absorption 1041.
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Fig-3.5.4: FTIR analysis of zeolite Y

Fig-3.5.5: FTIR analysis of zeolite H /Y

Fig-3.5.6: FTIR analysis of zeolite Pt/ H /Y
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3.6 Zeolite Acidity Measurement by pyridine FTIR

Fig-3.6.1: Acidity of scolecite by pyridine FTIR

Fig-3.6.2: Acidity of H / scolecite by pyridine FTIR

Fig-3.6.3: Acidity of zeolite scolecite

Figures above (3-6-3) show the acidity of zeolite scolecite, zeolite scolecite treated with ammonia H/scolecite and
zeolite scolecite treated with platinum hydrochloride Pt/H/scolecite measured by pyridine FTIR, the figure show
clearly increase of acidity in figure 3-6-3) and (3-6-4) after zeolite treatment.

Acidity of zeolite Y
Figures (3-6-4) of zeolite Y before treatment, figure (3-6-5) of zeoilte after treated with ammonia, and figure (3-6-6)
of zeolite after treated with platinum hydrochloride are show acidity of zeolite Y respectively measurement by FTIR
after treated by pyridine acid. Figure (3-6-5) and (3-6-6) illustrated the increasing of zeolite acidity after treatment.
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Fig-3.6.4: Acidity of zeolite Y

Fig-3.6.5: Acidity of zeolite H/Y

Fig-3.6.6: Acidity of zeolite Pt/H/Y
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4. SAMPLE OF NAPHTHA
FID1 A, (R0000293.D)
Norm.

17.605

C8
C7
13.757

4000

21.361

C9

3000

10.133

C6

24.901
25.434

21.749

22.453
22.688
23.178
23.647
23.972
24.132
24.360
24.564

17.343

18.256
18.468
18.735
19.075
19.349
19.617
20.074
20.405
20.744
21.015

16.302

C10
16.671

15.541
16.011

14.654

12.535
12.901

13.172
13.507

11.456

7.190
8.207

6.610

11.188

C5

1000

9.137
9.308
9.655

15.210

2000

0
0

5

10

15

20

25
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35

min

Fig-4(45): Piona analysis of naphtha by GC

Run.
no

Temp,
°C

L.H.S.V.

1
2
3
4
5
6
10
11
12
7
8
9
13
14

350
400
450
480
480
480
480
480
480
480
480
480
500
500

8
8
8
8
3.5
12
3.5
8
12
3.5
8
12
2
1.5

Table-4: Reforming processes and octane number measurement
Feed
P,
Gas
Volume, Time, Conversion• Octane, no
rate,
bar rate,
ml
min
ml
ml
-1
-1
min
min
0.73
8
250
50
75
8.68
52.6
0.73
8
250
50
81
15.44
52.9
0.73
8
250
50
90
23.9
54.2
0.73
8
250
50
96
28.65
55.2
0.73
3.5 250
50
76
9.88
53.6
0.73
12
250
50
102
32.85
58.2
0.55
3.5 250
50
103
11.74
58.9
0.55
8
250
50
131
30.6
59.1
0.55
12
250
50
138
34.12
61.2
0.37
3.5 250
50
155
12.82
60.2
0.37
8
250
50
202
33.1
62.5
0.37
12
250
50
209
35.34
64.3
0.28
12
250
50
306
54.36
89.6
0.24
12
250
50
386
56.43
93.5

%
increase
Octane,
no
31.5
32.25
35.5
38
34
45.5
47.25
47.75
53
50.5
56.25
60.75
79.75
80.5

5. DISCUSSION OF REFORMING AND HOW TO ENHANCE OCTANE NUMBER
In the catalytic reforming process the seven types of reactions are taken place as the following: 1- dehydrogenation,2- isomerization, 3- cyclization, 4-Aromatization, 5- Hydro cracking, 6- Hydrogenolysis, 7- Coke
formation.
Some of these reaction are desired because of increasing octane number of gasoline and some of them are
undesired because of decreasing it. For paraffin’s, increase of octane number is the result of increasing the number of
branches such cyclization and aromatization. Therefore normal paraffin’s conversion to isoparaffins, naphthenes and
aromatics result in increasing octane number. On other hand, coke formation and coke deposition, causing the
deactivation of the catalyst are undesired reactions. There are three kinds of this process in use today: semi –
regenerative, Continuously catalyst regenerative, (C C R) and cyclic (6). Recently there has been renewed interest in
the reforming process first because reformate is a major source of aromatic in gasoline, and second, because of the
new legislation of benzene and aromatics content in commercial gasoline (5).

6. CONDITIONS EFFECT IN OCTANE NUMBER INCREASE
6.1 Reactor temperature:
Once a process unit has been installed, the primary mechanism to adjust product octane number is that of adjusting
reactor operating temperatures. Typical reactor inlet temperatures range from 490°C to 550°C. With the other
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operating conditions held constant, a higher reactor inlet temperature results in a higher product octane number.
Higher temperatures also increase operating severity and cause more rapid catalyst deactivation,
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Fig-3.7: Effect of temperature (8 bar, 4 LHSV)

6.2 Reactor Pressure
Reactor operating pressure can practically vary from 3.5 to 30 bars, although there are no theoretical limits. As a
consequence of the typical catalyst distribution between the reactors, the last reactor inlet pressure provides a close
approximation of the average pressure in the overall catalyst bed. The lower the operating pressure, the higher the
reformate and H yields. Low operating pressure results in more severe conditions, causing higher catalyst deactivation
rates. The lowest operating pressures are typically only practiced in continuous reforming units.
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Fig.3.8.1: Effect of Pressure, bar (480 oC, 4 LHSV)
54

Increase in Octan No., %

52
50
48
46
44
42
40
0

2

4

6

8

10

12

14

P Ressure, bar

E
40

Conversion, %

35
30
25
20
15
10
5
0
0

2

4

6

8

10

12

14

P Ressure, bar

F
Fig.3.8.2: Effect of Pressure, bar (480 oC, 3 LHSV)
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Fig-3.8.3: Effect of Pressure, bar (480 oC, 2 LHSV)

Space velocity:
Space velocity is the ratio of the feed rate to the amount of catalyst. It is typically measured in volumetric terms as
Liquid Hourly Space Velocity (LHSV) in units of h Space velocity affects the temperature required to achieve a
desired product quality. Lower space velocity entails larger catalyst volumes, signifying that lower temperatures are
required to achieve the same product quality. High space velocity, a more severe condition, results in higher
temperature requirements for the same product quality. Following the construction of a reforming unit, the LHSV can
only be adjusted by varying the naphtha charge rate.
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Fig-3.8.4: Effect of LHSV (480 oC, 8 Pressure bar)

Hydrogen/hydrocarbon ratio or H is the measure of moles of hydrogen charged to the reactor as a ratio of the moles of
feed naphtha. As mentioned earlier, hydrogen is recycled to the reactors to maintain catalyst stability. The amount of
the hydrogen or H can be adjusted by the rate of recycled gas at a given operating pressure.
The hydrogen purity of the separator gas also has a direct effect on H a higher H results in a less severe
operation and thus a lower catalyst deactivation rate. Operation at higher H must be balanced with the utility cost
associated with recycling the separator gas. Feed stock. Feedstock can be characterized by the relative proportions of
paraffin’s, naphthenes and aromatics (PNA) in the feed along with its distillation range. The fastest reactions are those
of naphthene dehydrogenation. Feedstock’s rich in naphthenes require less severe conditions to reach a product octane
number target or aromatic concentration. Feedstock’s that are lean in naphthenes and correspondingly higher in
paraffin’s require more severe operating conditions.
To obtain specific quality product. A feedstock with a wide boiling range or one with a higher end point will
also require more severe conditions to reach product targets. When reformate is produced for the purpose of feeding
an aromatics complex, the boiling range of the feedstock tends to be more narrow, limited\ to the range that results in
the desired aromatic species. Hydrogen/ hydrocarbon ratio. All these conditions are illustrated in figures above.
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All samples are tested to determine the octane number using the multi function portable fuel analyzer.
Table-3.4: Octaine Number For Naphta Samples Using Multi Function Portable Fuel Analyser
Sample No.
Result
1
52.6
2
52.9
3
54.2
4
55.2
5
53.6
6
58.2
10
58.9
11
59.1
12
61.2
7
60.2
8
62.5
9
64.3
13
89.6
14
93.5
Table-3.5: Research octane number enhance by natural zeolite (scolecite)
%
increase
Octane,
no

Octane,
no
32.20
34.85
39.12

Conversion
59

Time
elapsed,
min

Volume,
ml

Gas
rate, ml
min-1

P, bar

Feed
rate, ml
min-1

L.H.S.V.

Temp,
°C

Run. no

31.82
37.50
39.39
40.00

110
120
165
250

50
50
50
50

250
250
250
250

8
12
12
12

0.67
0.67
0.50
0.33

4
4
3
2

480
480
480
480

7. DISCUSSION OF OCTANE NUMBER RESULT
The using of Zeolite in refinery is very important to solve many problem of fuel, and it had many uses in refinery
processes to produce friendly product. In this study use tow kind of zeolite natural (scolecite) and synthetic (Y) in
reforming process to increase gasoline octane number all these zeolites are get good probably for that purpose. The
synthetic zeolite get very good result it rise the octane number from 40 in heavy naphtha to 93.5 this result in higher
than the octane number can product by alumina loaded platinum in refinery of Khartoum company during the sample
was omitted from. For that reason this study may success for increase gasoline octane number. The natural zeolite
(scolecite) also get suitable result for increasing octane number from 40 in heavy naphtha to 87.9 but it not like
synthetic one, for that natural zeolite used more purification and modification to do this work. Because it more
enough, cheap and easy to collect than the synthesis zeolite. For that reason the researcher recommended to
continuous more study in natural zeolite like use new methods, new elements to develop this work.

8. CONCLUSION AND RECOMMENDATION
Zeolite are stable, non toxic and preventing contamination of valuable feed stock’s. Zeolite is used as heterogeneous
catalyst due to stability to cavity,its thermal at high temperature and secretive even at unfavorable reactant ratio and
the reaction is eco-friendly. Natural zeolites are having intercalated water molecules however after treatment of zeolite
these molecules are removed and cavity which is responsible to the activity of zeolite.
The study identifies the main characteristics of zeolite Y and scolecite and the results show the most important
of these types of zeolite in industrial uses. The researcher applied these zeolites in naphtha reforming process after
modification and it get suitable results for increase the Sudan gasoline octane number. The researcher recommended
that to continue this study to do more purification of natural zeolite.
Use of zeolite s as a catalyst in the manufacture of some fine chemicals should expand. New zeolite catalysts
should be developed with improved application selectivity and new functionalities, perhaps for strong base and
oxidation catalysis. New ion exchange of new micro porous oxide also may be expected. Experience has taught that
the availability of new materials normally precedes by many years the discovery of all of their useful properties and
the conception and development of new uses. The research should be continuing in the purification and modification
of natural zeolite to be useful in many applications. Because it’s economic and cheap.
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ABSTRACT
Nanoscale alumina fibers reduce the flammability and melt dripping behaviour of polymers. Magnesium hydroxide breaks the
agglomerates by generating shear and iterative forces. Mixing was done with Brabender Plasticoder. The temperature and time
of mixing greatly affects the mixing behaviour. At higher temperatures blow holes were observed. By increasing the mixing
time agglomerates were broken to a greater extent. Different concentrations of nanofibers, Magnesium hydroxide and surface
treatments are used to investigate the properties of polymer. Thermogravimetric analysis (TGA), optical microscopy and flame
test was done to see the effect of different parameters on mixing and flame retardancy behaviour.
Keywords: Polystyrene, Flammability, Melt dripping, TGA

1. INTRODUCTION
The prime aim of this research work is to use nanoscale fibrous filler reducing the flammability and melt dripping
of polymeric materials. It was studied whether a combination of the nanofibers with conventional flame retardants,
Magnesium hydroxide, gives improved results or not. Melt blending under different conditions was used to disperse
nanofiller with a conventional flame retardant in a polymer matrix. A surface treatment was used to facilitate the
mixing of the particles with the polymer. The fire behavior of the composites was evaluated in a simple flame test. The
base material used is polystyrene (P.S). Material which is melting strongly in any combustion often use as a model
polymer. The chemical formula is as under:

Fig-1: Chemical Formula of Polystyrene

Alumina nano particles are used. They are used to prevent melt dripping, if it burns; low viscous material is
going to melt easily. At elevated temperatures Polystyrene becomes liquid, nanofibers attached to the structure and
resist the flow1. Quantity used is 2 wt % of the original polymer. The diameter of the fibers is 0.02 micron. The
calculated surface area is 500-600 m2/g. Surface treatment (S.T) has been added to have better linkage between
polymer and the nanofibers. The amount used is 6 wt % of filler. The chemical formula of the surface treatment is as
under:

Fig-2: Isopropyl, tri (dicotyl) phonphate titanate (Titanium 4, 2-propanolato, tris phonphate-O)

Magnesium hydroxide decomposes giving the following reaction:
Mg (OH)2 → MgO+H2O
It is an endothermic reaction with a release of water and act as a fuel depletion providing a blanket effect which
limits the oxygen available for combustion 1.
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2. MIXING TECHNIQUE AND EVALUATION EQUIPMENTS
Melt blending has been carried out with a Brabender Plasticorder. Speeds used are 50,120 rpm. Temperatures were
160 °C, 180 °C and 200 °C. Mixing times are 12 min and 16 min.

Fig-3: Brabender Plasticorder; (a) Mixer with control panel (b) Mixing screws

Optical microscopy has been done to observe the efficiency of mixing technique by seeing the agglomerates and blow
holes at different temperatures and time of mixing. A controlled temperature and controlled atmosphere (nitrogen)
was used. Measurement of mass loss as a function of temperature with microgram sensitivity was done with TGA
analysis. A UL 94 burner was used with a 20 mm blue flame according to the NIST standards3.

Fig-4: Flame test showing the melt dripping of Polystyrene

3. RESULTS AND DISCUSSION
3.1 Optical microscopy
Three samples were prepared one is of pure polystyrene, second one with surface treatment and the third one with
surface treatment and Magnesium Hydroxide. All the samples were made at 180 °C at a speed of 50 rpm for 15
minutes for comparison. The samples and their microstructure are as under:
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Fig-5: a) Polystyrene b) P.S with S.T c) P.S with S.T and Mg (OH)2

Fig-6: a) Polystyrene b) P.S with S.T c) P.S with S.T and Mg (OH) 2 (Magnification 630x)

Marks of surface treatment are observed with alumina nanofibers agglomerates can be seen in the microstructure.
Agglomerates retard the mechanical properties by acting as stress concentration sites2.

3.2 Influence of temperature on mixing technique
Microstructure of samples of Polystyrene mixed with nanofibers and flame retardant are as under. A large
number of agglomerates can be seen at 160ºC then at 180ºC.The blow holes are found at 200ºC. So, 180°C is a good
temperature value for mixing.

Fig-7: Microstructures a) 160ºC b) 180ºC c) 200ºC (Magnification 630x)
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3.3 Effect of dispersion with both fillers
Large iterative and shear forces have been generated by Magnesium hydroxide which breaks the agglomerates as can
be seen by the microstructure. Both the effects were seen at 180 °C.

Fig-8: a) P.S, S.T, Alumina fibers, Mg (OH) 2 b) P.S, S.T and Al2O3 fibers. (Magnification 630x)

3.4 TGA Analysis
Pure Polystyrene decomposes completely while with alumina nanoparticles there is some residue left because of
higher melting point of alumina. The results are shown below:

Fig-9: TGA Analysis (Polystyrene and Polystyrene Alumina Nano fiber 2%)

Fig-10: Polystyrene pure vs Polystyrene, Mg(OH)2 40 %
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Pure polystyrene decompose leaving behind no residue while in case of Magnesium hydroxide first the
decomposition occur and the residue left of Magnesium oxide.

3.5 Simple Flame Test
The melt dripping phenomenon can be seen by the following illustration.

Fig.11: a) Polystyrene b) P.S with alumina c) P.S, Mg (OH) 2 with alumina

In case of pure Polystyrene after 15 sec first
Polystyrene with alumina nanocomposites the
different but was better. In case of Magnesium
seconds. Nanofibers don’t contribute much in
change in flow pattern was seen.

drips occurred. Many small drops were there after first drip. In
drip gets longer and the first drip was after 12 sec. It behaves
hydroxide, nanocomposites and polystyrene first drip was after 18
restricting melt dripping. Polystyrene droplets were small just a

4. CONCLUSIONS
Following are some conclusions:
1. Best mixing of alumina fibers were obtained at 180°C. At this temperature blow holes were not seen. Still
many agglomerates were observed.
2. Mixing Magnesium hydroxide and the alumina fibre together reduced the agglomeration.
3. Melt dripping could not be effectively reduced. A strong deformation rather than flow of small droplets was
observed.
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ABSTRACT
Novel oxalato-bridged binuclear metal {Cu(II) and Zn(II)} complexes; [{(L1)M(II)}2OX] (L1= 2-({2-hydroxy-5-[(4nitrophenyl)diazenyl]benzylidene}amino)benzoic acid, OX = oxalate) and [{(L2)M(II)}2OX], (L2 = 2-{[(2hydroxyphenyl)imino]methyl}-4-[(4-nitrophenyl)diazenyl] phenol, OX = oxalate) were synthesized. Azo anils and corresponding
Metal {Cu((II) and Zn(II)} complexes were characterised by Elemental Combustion System, Atomic Absorption Spectroscopy
(AAS), Fourier Transform Infrared (FTIR) spectroscopy, UV-Visible, Spectroscopy and 13C-1H-Nuclear Magnetic Resonance
spectroscopy. Elemental Analyses, FTIR and UV-Vis were used for structural characterization of metal complexes and distorted
octahedral geometry for M(II) complexes came into being. The antibacterial activities of azo anils ligands, oxalate ion,
CuCl2.2H2O, Zn(CH3COO)2.2H2O and metal {Cu(II) and Zn(II)} complexes against gram-positive (Bacillis subtilis) and gramnegative (Escherichia coli) were evaluated. The antibacterial activities were performed to asses inhibition potential of ligand and
their metal {Cu(II) and Zn(II)} complexes. The results revealed that antibacterial activities of azo anils become more pronounced
when free ligands were coordinated to central metal atom.
Keywords: Azo Anils, Oxalato-bridged binuclear complexes, Antibacterial activity

1. INTRODUCTION
Azo Anils and complexes of them with Cu(II), Zn(II)} had displayed antibacterial and antifungal activities1. Azo anils
ligands are supposed as “fortunate ligands” because they can be easily synthesized by the condensation of azo dye of
salicyladehyde and aromatic amine2. Azo schiff bases can coordinate through azo and azomethine group3. Most transition metal form stable complexes with azomethine because it has excellent Pi-donor character4-6. All at once, it is not
possible for both group together take part in bonding with central metal ion because –N=N- (azo group) and –C=N
(azomethine group) are far away from each other. So preferentially coordination take place through –C=N group
whereas –N=N- group remain free because there is no more room for azo group to take part in coordination 7-10. Azo
complexes are very important compounds and have fascinated much awareness in both academic and applied research11-16.
If we go few back years, complexes having bridging ligands such as oxalate ion were studied not only due to
antiferromagnetic properties of oxalate group between two paramagnetic centres of binuclear homo-17-20 or heterometallic21-23 complexes but also due to their application in various fields of science (chemistry and biology). Binuclear
oxalate bridged Cu(II) complexes with Schiff base have been reported24.
Here we are reporting novel oxalato-bridged binuclear {Cu(II) and Zn(II)} complexes with azo anils (tridentate ligand). Oxalato-bridged binuclear Cu(II) complexes have been synthesized from (2-{[(2-hydroxyphenyl
)imino]methyl}-4-[(4-nitrophenyl)diazenyl]phenol) (L1) and 2-({2-hydroxy -5-[(4-nitrophenyl)diazenyl]been- zylidene}amino) benzoic acid (L2)) respectively. The structure of Cu(II) and Zn(II) complexes were determined by various spectroscopic techniques. Azo anils and metal {Cu(II) and Zn(II)} complexes were chosen for antibacterial activities against gram positive and gram negative bacteria.

2. EXPERIMENTAL SECTION
2.1 Physical Measurements
Carbon, Hydrogen and Nitrogen contents were determined using 4010-Elemental combustion system (Costech international). Atomic absorption spectroscopy (varian) was performed to determine exact Cu(II) and Zn(II) contents in
synthesized complexes. Electronic spectra of oxalate-bridged binuclear {Cu(II) and Zn(II)} complexes in Dimethyl
Sulfoxide (DMSO) solvent were recorded using Perkin-Elmer Lambda 25 UV-Vis spectrophotometer (800-200 nm).
The IR spectra of synthesized azo anils and oxalate-bridged binuclear complexes with KBr pellets were recorded on
Jasco FTIR (4100-typeA) within (4000-400 cm-1) range. Nuclear Magnetic Resonance (13C and 1H) spectroscopy was
performed using a Bruker 300 MHZ spectrometer. The antibacterial studies were carried out using diffusion disc
method. The physical parameters of ligands and complexes are given in table 1.
2.2 Chemicals
Reagent grade Copper chloride dihydrate, Zn(CH3COO)2.2H2O, 4-nitroaniline, 2-aminophenol, 2-aminobenzoic, oxalic acid were purchased from BDH and absolute solvent (methanol and ethanol) were received from Aldrich. All chemicals were used without any further purification, except vacuum dried over silica gel.
*Corresponding Author
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Compounds

Table-1: Physical and analytical data of ligands and M(II) complexes
Elemental Analysis Exp./Calc.
Color
C
H
N

M(II)

M.P (0C)

L1:C20H14N4O5.2H2O

Dark Red

56.32/56.34

4.25/4.27

13.10/13.14

-

280–285

L2:C19H14N4O4.2H2O
[{(L1)Cu(II)}2(OX)]
[{(L1)Zn(II)}2(OX)]
[{(L2)Cu(II)}2(OX)]
[{(L2)Zn(II)}2(OX)]

Dark brown
Orange Red
Orange Red
Brick red
Brick red

57.29/57.28
49.09/49.08
48.88/48.90
49.43/49.44
49.20/49.25

4.56/4.55
2.74/2.75
2.75/2.74
2.87/2.9
2.85/2.89

14.05/14.06
10.8/10.9
10.84/10.86
11.54/11.53
11.50/11.49

12.35/12.37
12.69/12.68
13.09/13.08
13.44/13.41

287–290
˃350
˃350
˃350
˃350
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2.3 Synthesis of starting materials (azo dye)
An azo dye 2-hydroxy-5-[(4-nitrophenyl)diazenyl]benzaldehyde was prepared in accordance with published procedure
[25]. Concentrated Hydrochloric acid (40 mL) and distilled water (20 mL) were added to 4.14 g (30 mmol) of 4nitroaniline and heated up to 80 °C until absolute dissolution occur. Diazotization occurred below 5 °C when solution
of 4-nitroaniline was added to 2.1 g (30 mmol) of sodium nitrite solution in 10 mL distilled water. The chilled diazonium solution slowly poured into salicyladehyde solution which was prepared on adding 3.2 g (30 mmol) of salicyladehyde in 57 mL water, which also contain 11.1 g of sodium carbonate, 1.2 g of sodium hydroxide and stirred over
magnetic stirrer for 40 min in ice bath. The azo dye was obtained using gooch crucible and washed with 10% sodium
chloride solution. Diazonium reagent coupled to salicyladehyde (at p-position from –OH group). The final product
was extensively washed with water and ethanol to remove unreacted substance. Chemical Formula, C13H9N3O4, yellow coloured solid, yield: 85%, m.p.: 187–188 0C. The FTIR (KBr pellet cm−1): 3103 (-OH), 1661 (-CHO), 1481
(N=N), 1337 (NO2) and 1284 (C-O) cm-1 group. UV-Vis: λmax = 395; 551 nm.

Fig-1: Flowchart indicating steps involved in the preparation of azo dye

2.4 Synthesis of Azo anils ligands
Azo anils were synthesized according to a reported method [26]. For preparation of azo anils, 50 mL of methanol was
added in azo dye (4 mmol) followed by the addition of corresponding aromatic amine. Few drops of glacial acetic acid
were added to catalyze the reaction mixture and refluxed for 2-3 hrs.

Fig-2: Flowchart indicating steps involved in the synthesis of Azo anils from azo dye.

2.4.1 2-({2-hydroxy-5-[(4-nitrophenyl)diazenyl]benzylidene}amino)benzoic acid (L1)
Dark Red solid appeared, Yield: 80%, M.p: 280–285 °C. Chemical formula: C20H14N4O5.2H2O, Anal Calc: C: 56.34,
H: 4.27, N: 13.14%. Found: C: 56.32, H: 4.25, N 13.10%. FTIR spectra (KBr pellets, cm−1); 3150–3250 (-OH Phenolic), 3500-3600 (coordinated water), 3072 (C-H, aromatic), 2438 – 2771 (O-H, Carboxylic acid) 1704 - 1750 (corre192
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spond to -C=O and (-C=N azomethine), 1616 (-C=C-, aromatic), 1515 (-N=N-, azo group), 1280 (C-O, phenolic),
1329 cm-1 (C-O carboxylic acid). UV-Vis: λmax = 285, 383, 460 nm. 1H-NMR(DMSO) ppm: 13.50 (1H, S), 12.80
(1H, S), 8.70 (3H, S), 8.1(1H, S), 7.90 (3H, S), 7.78 (2H, S), 7.60 (1H, S), 7.25 (1H, S), 6.90 (1H, S). 13C-{1H} NMR
(DMSO) ppm: 113.1, 115.14, 118.21, 119.01, 123.05, 123.05, 123.50, 124.23, 124.50, 124.70, 124.75, 130.90,
136.53, 142.51, 149.40, 151.53, 152.3, 160.41, 165.34, 172.53.

Fig.3: Structure of 2-({2-hydroxy-5-[(4-nitrophenyl)diazenyl]benzylidene}amino)benzoic acid

2.4.2 2-{[(2-hydroxyphenyl)imino]methyl}-4-[(4-nitrophenyl)diazenyl]phenol (L2)
Dark brown solid appeared, yield: 77%, m.p.: 287–290 °C. Chemical formula: C19H14N4O4.2H2O. Anal. Calc. C:
57.28, H: 4.55, N: 14.06 %. Found: C: 57.29, H: 4.56, N: 14.05 %. FTIR spectra (KBr pellets, cm−1); 3150–3240 (OH, Phenolic), 3500-3600 (coordinated water), 3062 (C-H, aromatic), 1616 (-C=N-, azomethine), 1604 (C=C, aromatic), 1511 (-N=N-, azo), 1290 (C-O, phenolic) cm−1. UV-Vis: λmax = 380, 420, 515nm. 1H-NMR(DMSO) ppm:
12.90 (1H, S), 8.50 (1H, S), 8.40 (2H, S), 7.90 (2H, S), 7.81 (3H, S), 7.60 (1H, S), 7.25 (2H, S), 7.06 (1H, S), 6.91
(1H, S) ppm. 13C-{1H}NMR(DMSO) ppm: 113.2, 115.21, 118.22, 119.03, 119.5, 119.71, 123.11, 123.11, 124.55,
124.70, 124.75, 128, 52, 135.53, 149.50, 151.50, 151.53, 152.21, 153.06, 160.32, 170.33.

Fig.4: Structure of 2-{[(2-hydroxyphenyl)imino]methyl}-4-[(4-nitrophenyl) diazenyl]phenol

2.5 Synthesis of M(II) Complexes
Methanolic solution of azo anils (1mmol) and oxalic acid (0.5 mmol) were blended and added to methanolic solution
of 1mol of Metal salt (CuCl2·2H2O or Zn(CH3COO)2.2H2O). Naked eye colour changed occurred after 2-3 min. The
reaction mixture was refluxed for 3-4 hrs. The precipitated compound was obtained using gooch crucible, washed with
methanol and then with water to remove organic and inorganic impurities.
2.5.1 Complex-1: [{(L1)M(II)}2(OX)]
Orange red solid appeared, Yield: 70%, m.p ˃ 350 °C. FTIR (over KBr, cm−1): 3443 cm-1 (coordinated water). Several
bands were observed in the range of 1450-1608 cm−1, matching to the bands of coordinated oxalate, carboxyl and azomethine group. The band at 1423 correspond to (N=N, azo group), 1336 to (C-O, phenolic group) cm−1. The bands at
978, 1109 cm−1 were assigned to s (C-C) and band at 754 cm−1to s (OCO, carboxylic group). The band such as
412, 589 cm−1 correspond to M-N and M-O band respectively. UV-Vis: λmax = 287, 328 and 414 nm.
2.5.2 Complex-2: [{(L2)M(II)}2(OX)]
Brick red solid appeared; Yield 72 %; m.p above 350 °C. FTIR (over KBr, cm−1) Spectrum of complex -2 showed partial broad peak at 3445 cm−1, which correspond to coordinated water molecule. Several bands were appeared in range
of 1476-1613 matching to the bands of coordinated oxalate, carboxyl, and azomethine group and 1420 to (N=N, azo
group), 1335 to (C-O, phenolic group). The following bands such as 1030, 1109 cm−1 are assigned at the same time as
s (C-C) and band at 747 cm−1 as s (OCO, carboxylic group). The band such as 411, 578 cm−1, correspond to M-N
and M-O band respectively. UV-Vis: λmax = 289, 324 and 412 nm.
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Scheme-2: schematic diagram of synthesized M(II) Complexes

2.6 Antibacterial activities evaluation
Diffusion disc method [27, 28-32] was used to determine antibacterial activities of copper chloride, zinc acetate, oxalic acid, azo anils and their complexes. Glass ware was sterilized at 170 °C for 1 hr. Agar medium was prepared by
adding nutrient agar (2.8 g) and agar technical (1 g) in 100 mL distilled water. The mixture was boiled for half an hour
and then cooled. PH of agar medium was adjusted at 7.4 with the help of dil HCl and dil NaOH solutions. The agar
medium was autoclaved for 15 minutes at 121 °C (at 15 psi) [33]. Spread this autoclaved agar (20-25 mL) on Petri
dishes with the help of spreader and incubated for 24 hrs at 37 0C. Test compound in measured quantities was taken
and dissolved in DMSO to get required concentration of 1000 ppm. The agar media was taken in two Petri dishes (9
cm in diameter). Later than solidifying it, 0.2 mL of gram +ve and gram –ve bacteria were spread over agar medium
using sterilized spreader in different Petri dishes. The discs of whatmann filter paper no.1 (6.00 mm in diameter) were
soaked in test compound solution and then placed on inoculated Petri dishes. The plates were incubated at 37 °C for
48 hrs. The sector of inhibition was measured in millimetres.
A measured quantity i.e. 0.2 mL of DMSO alone was taken as a standard control for gram +ve and gram –ve
bacteria under similar conditions. The thickness of inhibition zone resulting from DMSO was subtracted from the
thickness of inhibition zone of test compounds and antibacterial activity was calculated as an average of three replicate.

194

Pakistan Journal of Chemistry 2014
3. RESULTS AND DISCUSSIONS
3.1 IR Spectrum
The FTIR of synthesized ligands and complexes were performed over KBr pellet (4000-400 cm-1). The ligands and
complexes FTIR Spectra comparison revealed that absorption band at 3250-3350 cm-1 related to –OH (phenolic)
group, disappeared in complexes spectra, indicating loss of phenolic proton upon the formation of complex. The new
band in complexes spectra at 589-578 cm-1 appeared indicating presence of M-O bond. The formation of complex was
shored up with increased C-O stretching vibration (1336 cm−1) in complexes as compared to ligands (1280 cm-1). In
ligands (L1 and L2) the band at 1603–1616 cm−1 indicated the presence of –C=N (azomethine group) as given in literature [34]. This band is shifted in the complexes toward lower frequencies (1597-1608 cm-1). This is an indication for
the formation of M-N bond, and it was confirmed by the results obtained from similar complexes [35-37]. The bands
at 408–443 and 524–599 cm−1 could be assigned to M-N and M-O stretching vibrations respectively and is in accord
with results got from comparable complexes [38]. In prepared complexes the band at 754 cm−1 was assigned to oxalate
group (OCO), which was not appeared in free ligand except L1 (an indication that complexes contain oxalate as bridging group). All the other bands appeared in their customary positions and are shown in Table 2.
Table-2: FTIR and Electronic Spectra of Azo Anils Ligands and M(II) Complexes
FTIR (cm-1)
Azo Anils /
M(II) complexes
ʋ(OH)
ʋ(C-O)
ʋ(-C=N)
ʋ(OCO)
ʋ(M-O)
ʋ(M-N)
3150–
1704–
(L1)
1280
1329
3250
1750
C20H14N4O5.2H2O
3150–
(L2)
1290
1616
3240
C19H14N4O4.2H2O
Complex-1
1336
1580
754
412
589
[{(L1)M(II)}2(OX)]
Complex-2
1335
1575
747
411
578
[{(L2)M(II)}2(OX)]

(UV-Vis)
nm
285, 383,
460
380, 420,
515
287, 328,
414
289, 324,
412

3.2 Electronic spectra of azo anils Ligands and M(II) complexes
The electronic spectra of azo anils ligands (L1 and L2), exhibited two absorption bands at 290 nm and 500 nm were
assigned to π→π* (Phenyl rings) and n→π*(H-C=N and azo group) transitions respectively [39]. These transition
bands were also existed in the electronic spectra of M(II) complexes with different lower intensities, which confirmed
that these groups were involved in coordination. A weak band in complexes spectra at 380 nm and 480 nm was observed which correspond to charge transfer (ct). Another weak band at 480-560 nm corresponds to d-d transition,
namely 2B1g → 2Eg and 2B1g → 2B2g. These transitions suggested distorted octahedral geometry for M(II) complexes. [40]. The electronic spectra results are shown in Table 2.
3.3 13C-1HNMR spectra of azo anils
13
C and 1H-NMR spectroscopy of azo anils was recorded in (6d-DMSO) solvent. 1H-NMR exhibited peaks at 13.50 12.80 ppm and 8.70 – 8.20 ppm which could be assigned to phenolic proton and azomethine proton respectively. In
13
C-NMR, peaks emerged in the range of 113.2 – 165.34 ppm could be assigned to aromatic C and signal at 172.53
ppm to azomethine.
3.4 Antibacterial activities measurement
Gram positive (Bacillus subtilis) and gram negative bacteria (Escherichia coli) were used to test antibacterial activities
of CuCl2.2H2O, Zn(CH3COO)2.2H2O, oxalic acid, azo anils and metal {Cu(II) and Zn(II)} complexes. Streptomycin,
an antibacterial drug was used for the comparison of antibacterial activities under same conditions. The results
obtained are given in table 2. It was concluded from these results that Cu(II) and Zn(II) complexes display higher antibacterial activities as compared to CuCl2.2H2O, oxalic acid, Zn(CH3COO)2.2H2O and azo anils. The Tweedy’s chelation theory and Searl’s idea explain why antibacterial activities of metal complexes increase [41].
The results revealed that antibacterial activities of azo anils become more pronounced when free ligands were
coordinated to central metal atom. The antibacterial activities of these complexes (oxalate-bridged binuclear {Cu(II))
and Zn(II)} were influenced due to their structural symmetry. The enrichment in antibacterial activities may be
streamlined on the basis of their structural features i.e. due to electron withdrawing group (nitro and –C=N) attached
on benzene ring of azo anils.
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Table-2: *1Antibacterial activities of copper chloride, oxalic acid, azo anils and Cu(II) complexes
Gram positive
Gram negative
Compounds
Bacillus subtilis
Escherichia coli
CuCl2.2H20
++
+
Zn(CH3COO)2.2H2O
++
++
Oxalic acid
+
+
C20H14N4O5.2H2O (L1)
++
++
(Ligand # L1)
C19H14N4O4.2H2O (L2)
+
++
(Ligand # L2)
[{(L1)Cu(II)}2(OX)]
+++
+++
(Complex-1)
[{(L2)Cu(II)}2(OX)]
+++
+++
(Complex-2)
[{(L2)Zn(II)}2(OX)]
+++
++
[{(L2)Zn(II)}2(OX)]
++++
+++
*2
Streptomycin
+++
++
*1
Antibacterial activity was measured using disc diffusion method: disc diameter = 6 mm; inhibition zone = 1 – 5 mm beyond
control limit = + (less active); inhibition zone = 6-10 mm beyond control limit = ++ (moderately active); inhibition zone = 11-15
mm beyond control limit = +++ (highly active); inhibition zone = 0 (resistant to bacteria). *2 Streptomycin: standard antibacterial
agent.

It has been assumed that azo anils (or Schiff base) with nitrogen and oxygen system retard enzymatic activities of bacteria, after coordinating to central metal atom.

4. CONCLUSION
Azo anils ligands, 2-({2-hydroxy-5-[(4-nitrophenyl)diazenyl]benzylidene}amino)benzoic acid (L1) and 2-{[(2hydroxyphenyl)imino]methyl}-4-[(4-nitrophenyl)diazenyl]phenol (L2) were synthesized. Likewise from these ligands,
novel oxalate-bridged binuclear Complex-1 [{(L1)M(II)}2(OX)] and Complex-2 [{(L2)M(II)}2(OX)] were also synthesized. Azo anils ligands and their M(II) Complexes were characterized by various spectroscopic and analytical techniques such as elemental analysis, AAS, FTIR spectroscopy, UV-Vis spectroscopy and 13C-1HNMR spectroscopy.
These techniques confirmed existence of distorted octahedral geometry for M(II) complexes. The antibacterial activities of azo anils ligands, oxalate ion, CuCl2.2H2O, Zn(CH3COO)2.2H2O and metal complexes against gram-positive
(Bacillis subtilis) and gram-negative (Escherichia coli) were evaluated. The antibacterial activities were performed to
asses’ inhibition potential of ligands and their metal complexes. The results revealed that antibacterial activities of azo
anils become more pronounced when free ligands were coordinated to central metal atom. The enrichment in antibacterial activities may be streamlined on the basis of their structural features. It was concluded from above mentioned
results that M(II) complexes show higher antibacterial activities as compared free ligands.
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ABSTRACT
The goal of this research is to evaluate the efficiency of charcoal as low coast and effective adsorbent for acridine orange (a
cationic dye) from aqueous solution at room temperature. Effect of initial pH (2-8), shaking time (5min. - 1hour), adsorbent dose
(0.1gm- 0.9gm) and dye concentration (37mg/30ml-185mg/30ml) were investigated. Results demonstrated that charcoal act as
good adsorbent for the removal AO where 99.15% of the dye was adsorbed within 30 minutes. For the maximum dye removal
efficiency (100%), optimum conditions were obtained at pH 8 (99.24%), adsorbent dose of 0.9g and dye concentration of 185 mg
with charcoal. Kinetics of adsorption was investigated as well as Langmuir and Freundlich isotherms were employed to describe
equilibrium studies. The Langmuir adsorption isotherms models and pseudo second order kinetics fitted the experimental data best
with high regression coefficient R2. The results of the present studies points to the potential of charcoal as an effective adsorbent
for the removal of dye from contaminated water sources.
Keywords: Acridine Orange, Charcoal, Isotherms, Langmuir, Freundlich, Kinetics

1. INTRODUCTION
Adsorption of Waste water pollutants onto activated carbon surfaces has been studied widely and a huge literature is
available on this progressively important practical problem1, 2. Recycling is the major concern for this century; besides
the recycling the conversion of the waste materials to less toxic substances is also a major issue therefore Wastewater
management is one of the demanding issues in the world. It’s of primary concern to make waste water less toxic and
less injurious for the nature. The conventional aim of wastewater treatment is to permit wastewater to be disposed
safely, without a danger to public health, polluting watercourses or causing other irritation. Increasingly another
important aim of wastewater treatment is to recover energy, nutrients, water and other precious resources from waste
water3.
Waste products of many industries (e.g. textile, leather, paper, pulp, plastics, food etc.) contain enormous
amount of dyes and pigments which are used for coloring their final products 4. Dyes present in waste water may cause
severe environmental pollution problems (e.g. reducing light penetration in water and photosynthesis).
The removal of these toxic materials from water in cost-effective manner, remains an important hitch.
Surprisingly there is no handy method to eliminate the color of the dye from the water. The available methods of
primary treatments including sedimentation and flotation are not effective for the removal of color without
simultaneous chemical treatments. Other Processes such as membrane separation, coagulation and ion exchange are
also used for the removal of color from dye waste water, but the cost of the process is the main negative aspect of
these techniques5. Pollution caused by the textile wastewater is a common problem faced by many industrial countries.
Dyes used in the textile industries are particularly difficult to remove by the conventional waste treatment methods
because of their stability towards light, oxidizing agents and resistance towards aerobic digestion. Rather than these
expensive and difficult techniques Adsorption is an advanced and better technique for water reuse in terms of initial
cost and not affected by toxic substances6, 7. Adsorption is one of the most promising decolorization techniques in
dyeing wastewater treatment. Adsorption techniques for wastewater treatment have become more widespread in recent
years owing to their efficiency in the removal of pollutants too stable for biological methods 8. The main advantage of
adsorption in recent times became the use of low-cost materials, which reduces the procedure cost.
Acridine Orange, we briefly denote as AO, is a heterocyclic dye containing nitrogen atoms which is
extensively used in the fields of printing, dyeing leather, printing ink, and lithography , it has also been used widely in
biological stain. Toxicological investigation shows that amino acridine has mutagenic potential. In literature, there are
various ways and techniques that can be used for the removal of organic dyes; among them is the adsorption process9,
10
.
Activated carbon adsorption treatment has been confirmed to be an effective replacement for the combined
biological and chemical treatment. The performance of an activated carbon treatment process depends on the type of
carbon and the characteristic of the wastewater in addition to the operating conditions. Activated carbon is relatively
modern form of porous carbon materials with a number of significant advantages over the more traditional powder
materials. These include high surface area and adsorption capacity as well as adsorption power from the gas and liquid
phase11. Surface area, porosity and surface chemistry also affect adsorption process12. The hydrogen present in active
carbon is the residual hydrogen and is spread throughout the surface. The presence of oxygen arises only by the
*Corresponding Author
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subsequent oxidation of the carbon during manufacturing and activation. Oxygen and hydrogen combine with
the surface carbons and form a variety of surface complexes. The major groups determined on the surface of the active
carbons are –OH, >C=O, -COOH, aromatics, lactones, and heterolytic ether structures13, 14.

2. EXPERIMENTAL
All reagents of pure quality (E-Merk) were used throughout the experiment. Dye stock solution of 1×10-3mol dm-3 was
prepared in 250 ml of deionized distilled water. Solution of dye was preserved in polyethylene bottle. Stock solutions
of NaOH or HCl of 0.1 mol dm-3 was prepared in distilled water and charcoal is used as adsorbent. The effect of
agitating time was investigated by 900 mg of adsorbent surface with 1x10 -4mol dm-3and 2x10-4mol dm-3 dye solution
for 5, 10, 15, 30, 45 and 60 minutes. The effect of acridine orange concentration was investigated by agitating (37185) mg concentration of acridine orange with fixed amount of adsorbent. The effect of adsorbent concentration was
shaking by a series of known concentration of acridine orange with adsorbent weight ranging from (300-900) mg. The
effect of pH on acridine orange adsorption on charcoal was studied by agitating 900mg of charcoal at different pH
values. The percent removal of dye from solution was calculated by the following equation:
Percentage removal = [Co-Ci/Co] × 100

3. RESULTS AND DISCUSSION
In the present work, adsorption of acridine orange with charcoal was examined. The main purpose of this research was
to study the adsorption isotherms, adsorption kinetics, and the effect of agitating time, effect of acridine orange
concentration, effect of adsorbent concentration and effect of pH.

3.1 Effect of agitating time
The effect of agitating time on dye and adsorbent are shown in Figure 1. Adsorption of acridine orange dye increased
with increasing contact time. In adsorption process rapid uptake at the initial stage showed that there were easily
accessible sites for molecules of adsorbate. As the experiment proceeds, saturation occurred, resulting in the
percentage uptake to be remained almost constant. The data which is noted from the adsorption of acridine orange
onto charcoal showed that a contact time of 30 min. was sufficient to achieve equilibrium. The rate of adsorption of
dye remained almost constant after this time. This may be due to the deficient in the number of available adsorption
sites at the end of the adsorption process.
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Fig-1: Time dependence of the adsorption of the dye on charcoal

3.2 Effect of acridine orange concentration
The effect of adsorption of acridine orange concentration onto charcoal shows that adsorption of acridine orange
increases with increase in adsorbent concentration. An increase in acridine orange dye concentration caused an
increase in its adsorption is shown in Figure 2. The amount of equilibrium adsorption of the dye increased as long as
the dye saturated all available active sites of adsorbent. The percentage adsorption of acridine orange onto charcoal
was increased from 98% to 99.95%. Similar results are reported in literature15, 16.
The amount of methylene blue absorbed increase with the increase in the concentration of methylene blue.
This means, when the initial concentration increases from 25 to 125 mg/L. It was because the initial concentration
plays an important role which provided the necessary driving force to overcome the resistance to the mass transfer of
methylene blue between the aqueous and the solid phases15. The interaction between adsorbate and adsorbent was also
found to enhance with the increase in the initial concentration. Thus it can be concluded that higher initial
concentration enhances the adsorption uptake of methylene blue16.
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Fig-2: Influence of initial AO concentration on adsorption of AO on charcoal

3.3 Effect of adsorbent concentration
The adsorption of acridine orange varied with varying adsorbent concentration. The amount of adsorbed dye increases
with increase in adsorbent concentration (Figure-3). This increase is due to the greater availability of the adsorption
binding sites.
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Fig-3: Influence of adsorbent concentration on adsorption of AO on charcoal
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3.4 Effect of pH
The effect of pH on adsorption of acridine orange was also investigated, it was found that the optimum pH for
adsorption of dye is 8 (Figure 4). It was also observed that dye has low adsorption capacity in the acidic medium,
because the adsorbent surface and dye both are positively charged at low pH. Thus, higher pH favors strong
adsorption due to strong interaction of negatively charged adsorbent surface and cationic dye17.
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Fig-4: Influence of pH on adsorption of AO on charcoal
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3.5 Effect of Adsorption Isotherms (Langmuir and Freundlich)
Among various adsorption isotherms we study the two adsorption isotherms which are Langmuir isotherm and
Freundlich isotherm. These adsorption isotherms indicate how the adsorption molecules distribute between the solid
phase and liquid phase when the adsorption processes reaches the equilibrium state. Adsorption isotherms are the
basic requirements for the design of the adsorption systems18.
3.5.1 Freundlich isotherm
According to Freundlich adsorption isotherm19, 20 is
log x/m = log K + 1/n log C

2+log(x/m)

This isotherm is an empirical equation and can be employed to describe heterogeneous systems. Where K and n are
Freundlich constants, K related to bonding energy or measure the intensity of adsorption and n related to extent of
adsorption or measure of deviation from linearity of adsorption. The values of K and n are calculated from the
intercepts and slope of the plots log x/m vs. log C (Figure 5) and the results are presented in Table 1. The decreasing
in the values of K with the rise in concentration of dye indicates that adsorption affinity of dye on charcoal is less
favorable at higher concentration. While the values of n were also calculated they represent the binding capacity of
adsorbate on the surface of adsorbent. The n values in Freundlich isotherm was found to be n < 1for adsorbent, this
shows the chemical adsorption.
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Fig-5: The Freundlich plot for the adsorption of AO on charcoal.

3.5.2 Langmuir isotherm
The Langmuir isotherm assumes monolayer adsorption on a uniform surface with a finite number of adsorption sites.
Once a site is filled; no further adsorption can take place at that site21.
According to Langmuir isotherm21, 22
1/(x/m) = 1/ (xm K) × 1/C + 1/xm
Where x/m is the adsorption density (mg/g) at equilibrium of dye, C is the equilibrium concentration in mg/L of the
dye solution, xm is the monolayer adsorption capacity in mg/g and K is the Langmuir constant related to the free
energy of adsorption in L/mg. the values of x m, K and regression coefficient R2 were calculated from the slope (1/xm)
and the intercept (1/xm K) of the linear plots of 1/(x/m) vs. 1/C (Figure 6) and presented in Table-1.
Initial Conc.
(mol/30ml)
1x10-4
2x10-4
3x10-4
4x10-4
5x10-4

Table-1: Langmuir and Freundlich Parameters and Regression Coefficient
Regression
Langmuir parameters
Freundlich parameters
Coefficient
xm
K
K
n
0.7142
0.625
0.005
0.486
0.581
0.109
0.028
0.9094
0.702
0.365
0.491
0.016
0.9795
0.437
0.553
1.155
0.010
0.9873
0.310
0.644
7.137
0.002
0.8101
0.183
0.754

Regression
Coefficient
0.6771
0.697
0.918
0.9406
0.8833

Result tabulated in the Table 1 reveal that as the concentration of acridine orange increases the value of x mis increased
which shows that monolayer adsorption capacity increases or indicating high affinity of cationic dye at high
concentration of dye. So when dye molecule strike a part of this uncovered surface of the adsorbent at that moment the
201

Qamar et al, 2014
separation of dye from aqueous solutions and adsorption on adsorbent starts and ends when a thick layer is formed.
The decrease in the values of K with the rise in concentration of dye indicating the weakening of adsorbate-adsorbent
interaction at high concentration. From Table 1, the regression coefficient values (R2= 0.9873 for Langmuir model)
indicate that the adsorption of acridine orange dye onto charcoal follows the Langmuir model better than the
Freundlich model.
7

1/(x/m)(g/mg)

6

y = 83.97x - 0.8653
R² = 0.9873

5
4
3
2
1
0
0

0.02

0.04
0.06
3
1/C (dm /mol)

0.08

0.1

Fig-6: The Langmuir plot for the adsorption of AO on charcoal.

3.6 Effect of Adsorption Kinetics
The kinetics of the removal of AO+ with the charcoal was investigated to understand the behavior of the adsorbent.
The kinetics of adsorption describes the rate of AO adsorption and this rate controls the equilibrium time. It is
important to be able to predict the rate at which contamination is removed from aqueous solution in order to design an
adsorption treatment plant. The kinetics of the adsorption data analyzed using pseudo-first-order and pseudo-secondorder models. We find that it best fits the pseudo second order reaction because straight line is come in pseudo second
order. Pseudo-second order kinetics shows that chemical adsorption is a rate limiting stage that controls adsorption
process.
The Lagergren first-order model was used to treat the kinetic data.
ln (qe-qt) =lnqe- k1t
In the present study, the plot of ln (qe –qt) versus time t was not linear as shown in Figure 7, indicating that more than
one mechanism involved in adsorption23. The slopes and intercepts of the plot of ln (qe –qt) against time t can be used
to obtained k1min -1 and qe, the values obtained being presented in Table 2.These results showed the pseudo-first-order
kinetic model was not suitable to describe the kinetic profile for adsorption systems24.
Time (min.)
-2.5
0
-2.7

5

10

y = -0.0502x - 2.6673
R² = 0.7917

log (qe-qt)

-2.9

15

20
1×10-4 mol/30ml
2×10-4 mol/30ml

-3.1
-3.3
-3.5 y = -0.0463x - 2.8217
R² = 0.9963
-3.7

Fig-7: Pseudo-first-order kinetics plots for the adsorption of AO on charcoal.
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The equation of pseudo second order is
t/qt =1/k2.qe2+ t/qe
The values of k2 and qe were calculated from the intercepts and the slopes of the plots of t/qt vs. t (Figure 8, Table 2).
The results show that regression coefficient (R2) is unity which confirms that adsorption of AO on to charcoal follows
pseudo second order kinetic model.
Initial Conc.
(mol/30ml)
1x10-4
2x10-4

Table-2: Values of adsorption rate constants for pseudo-second order, pseudo-first order models
Regression
Pseudo-first order
Pseudo-second order
Coefficient
k1
qe
k2
qe
(min-1)
(mg/g)
(g/mg.min)
(mg/g)
0.791
0.050
0.069
5.810
0.040
0.046
0.059
0.996
17.78
0.081

Regression
Coefficient
1
1

400
y = 24.716x + 4.26
R² = 1

350

1×10-4 mol/30ml
2×10-4 mol/30ml

300

t/qt

250
200
150
100

y = 12.272x + 0.69
R² = 1

50
0
0

5

10
Time (min.)

15

20

Fig-8: pseudo-second-order kinetics plots for the adsorption of AO on charcoal.

4. CONCLUSION
The present work investigated elimination one of the toxic dyes which has a mutagenic potential, like Acridine
Orange, It was found that the proposed method is simple, cheap and useful. The current study also emphasizes on the
ability of charcoal to adsorb AO from aqueous solution and optimal conditions of each variable were determined.
Activated carbon is often used for adsorption and separation of a variety of compounds. In this study the adsorption
was dependent on charcoal concentration and agitation time. As can be seen from the results, charcoal is a promising
adsorbent for the removal of dye. The adsorption process followed pseudo-second-order kinetics and obeyed
Freundlich and Langumir Isotherms. The results showed that, from a biochemical point of view, adsorption is a
suitable method for the elimination of environmental contaminants, particularly dyes, and it can be economically
justified compared with conventional methods. These phenomena will be studied in the near future.
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ABSTRACT
Major coal fields in Punjab Province are located in the Salt and Surghar ranges, whose collective reserves are 235 million tons.
Representative coal samples were collected from Makarwal, Kallar Kahar and Dandot for assessment of quality and its impact on
environment during combustion. The coal was classified as sub-bituminous type on the basis of proximate analysis. Average
measured calorific values were noted 6801, 5624 and 6415 Btu/lb for Makarwal, Kallar Kahar and Dandot samples respectively.
Moderate moisture, volatiles, fixed carbon and low ash designate it as suitable material for electric generation and cement
manufacturing. The average sulfur content of all samples was appeared as 5.13%, which is high for power generation and other
allied industries. The combustion of this coal may pose threat to the environment in the region due to the presence of high sulfur
and other trace elements like Al, Cr, Fe, Zn, Mn, Cu, Sn, and Ni in appreciable quantities. Appropriate measure is essential to
substantially reduce sulfur and these trace elements before using it in the power generation plants and other industries of Pakistan
Keywords: Punjab Coal deposits, Salt Range, Coal Quality, Environmental Impact, Proximate analysis, heavy metals

1. INTRODUCTION
The continuously increasing energy crises in Pakistan have triggered the need for alternate energy sources by
industries to produce electricity. Currently, in Pakistan, coal hardly contributing ~0.1% in power generation. It is
important to note that the share of coal in the electricity generation in India is more than 68%, in spite of the fact that
India has very low reserves of lignitic coal (4.5 Billion Tons). Present government has planned to utilize coal for
cheap power generation. Pakistan has huge reserve (185 Billion Tons) of coal, out of which 235 million tons are
present in Punjab1. The main coal fields of Punjab are located in Salt (213MT) and Surghar (Makarwal) ranges
(22MT). The coal deposits of Salt and Surghar ranges are classified as sub-bituminous, and the heating value ranges
from 9,472 to 15,801 Btu/lb. It has low ash and high sulfur and is suitable for power generation after proper
desulfurization.
There are two major concerns about coal usage as fuel for power generation. One is the coal quality while
other is environmental consideration2. Quality of coal is very important for installation of a cost-effective (low capital
and operating cost) quality power plant3. As far as the environmental impact is concerned, the combustion of coal is
the main cause of many atmospheric fugitive emissions like CO, CO2, SO2, H2S and NOx. Coal is a compressed
organic matter containing carbon as major element4. It is worth mentioning that virtually every element in the periodic
table is present in the coal. Coal also contains many toxic metals (Ti, Sr, Mn, V, As, Ni, Pb, Hg, Cr etc.) in appreciable
quantities. Trace elements are becoming more important because of restrictions on the emission of air toxins and the
disposal of waste ash. In many countries legislation has been introduced limiting the discharge of environmentally
sensitive trace elements5, 6. More attention is required to focus on the levels of trace elements in power station feed
stocks. This is likely to have a significant impact on the world coal export market. The extraction of coal from its
geological sources involves the production of acid mine drainage from coal mines. For oil and gas there is a risk of
contamination of terrestrial and aquatic systems during extraction from accidental leaks and spills. It is, therefore,
necessary to acquire accurate, reliable and quantitative information about the concentration and modes of occurrence
of chemical elements, especially heavy metals in feed coal and coal combustion products.
Present study elaborates the rank of coal deposits in Salt and Surghar ranges by proximate analysis and
calorific values. Current study is beneficial for designing electric power generation plants in the country. Assessment
of various trace elements may provide guideline for better environmental conservation.

2. EXPERIMENTAL
Sites for sampling were selected to represent different parts of the Salt and Surghar ranges of Punjab Province (Fig. 1).
All the samples were collected from different coal mines situated between Salt and Surghar range. Eight samples were
collected from Makarwal region (M1 to M8); 8 samples from Kallar Kahar (K1 to K8) and 6 samples from Dandot
area (D1 to D6). Standard ASTM methods were adopted for proximate analysis of coal samples. Ash7 and volatile
matter8 were estimated gravimetrically. Moisture content was measured using Moisture Analyzer, Sartorius MA 509.
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Total sulfur was analyzed using Eschka method10. Calorific values were obtained from Adiabatic Bomb Calorimeter
(Parr 1241).
Coal samples were crushed and pulverized to fine powder. A known weight of air dried -200 mesh sample was
decomposed by concentrated hydrofluoric acid (HF), concentrated nitric acid (HNO3), and 3N hydrochloric acid

Fig-1: Map of the study area showing sample sites

(HCl), in the Teflon beakers and the final stock solution of 50 mL volume was prepared by using the method of
Jeffery and Hutchison11. After preparing the stock solutions of all coal samples, elements were estimated in test
solutions by using Atomic Absorption Spectrophotometer (Perkin Elmer, AA Analyst 100).

3. RESULTS AND DISCUSSION
3.1 Proximate analysis
3.1.1 Moisture
In the analyzed samples, moisture was found in the range of 3.12 - 5.59% with an average value of 4.41% in
Makarwal, 1.33-7.8 % in Kallar Kahar, with an average value of 5.99%, while 3.07-6.69 % with an average value of
5.50 % in Dandot coal field (Table 1, Fig. 2). Moisture is very important for the determination of quality of coal. Total
moisture in coal includes the inherent and surface moisture, which directly affects its specific energy and efficiency of
the boiler due to loss of latent heat of water accompanied with the flue gas. An increase of 1% moisture drops boiler
efficiency by 1%. A greater volume of coal is also required, affecting the operating and maintenance cost and capital
cost of the plant. The dust collecting plant, ash plant and boiler plant are also affected by the increase in moisture of
the coal. An increase of 1% of moisture in design coal increases the capital cost of the power plant by 4%2.
Table-1: Proximate analysis (Mean, Minimum, Maximum) of coal from study area.
Makarwal Coalfield
Kallar Kahar Coalfield
Dandot Coalfield
Parameter
Mean
Min
Max
Mean
Min
Max
Mean
Min
Max
Total Moisture (%)
4.41
3.12
5.59
5.99
1.33
7.85
5.50
3.07
6.69
Ash (%)
28.37
11.26
41.15
31.65
13.44
53.83
30.46
23.4
36.06
Volatile matter (%)
33.89
25.05
43.79
31.38
22.76
34.57
34.64
31.23
37.78
Sulfur (%)
6.02
3.61
10.82
4.60
3.15
8.84
4.79
1.26
8.08
Fixed Carbon (%)
33.39
24.02
40.93
30.96
17.83
45.3
29.36
24.77
34.75
Heating Value (Btu/lb)
6801
4736
8012
5624
2533
10102
6415
4650
8006

3.1.2 Fixed Carbon
Fixed carbon provides a rough estimate of heating value of coal. It consists mostly of carbon but also contains some
hydrogen, oxygen, sulfur and nitrogen. In coal samples from Makarwal coal, fixed carbon was found in the range of
24.02-40.93% with an average value of 33.39%. In Kallar Kahar and Dandot samples values for fixed carbon were
obtained in the range of 17.83-45.30% and 27.77-34.55%, with an average value of 30.96 and 29.36% respectively.
The samples which showed high calorific value also consider to contain high value of fixed carbon (Table 1, Fig. 2).
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Fig-2: Comparative study of proximate analysis (%) among coal samples collected from study areas
Samples collected from Makarwal (M1 to M8), Samples collected from Kallar Kahar (K1 to K8) and Samples collected from
Dandot (D1 to D6)

3.1.3 Ash Content
Ash is ranging from 11.26- 41.15%, 13.44-53.58% and 23.40-36.06% with an average value of 28.37%, 31.65% and
30.46% in Makarwal, Kallar Kahar and Dandot samples respectively (Table 1, Fig. 2). Ash content has an adverse
effect on the power plant and its costs. An increase in ash content results in a direct decrease of specific energy. It then
requires a greater quantity of coal to be handled by the coal plant, boiler, electrostatic precipitators and ash plant, and
results in a larger and costlier plant and increased cost. Ash is responsible for erosion problems in boiler pressure parts
and ducts and loss of availability. The effects of a 1% increase in ash content in coal increases operations and
maintenance cost and plant costs by US$ 0.2 million per year and capital costs by 4%, whereas it reduces plant
availability. The composition of ash determines its slugging and fouling effects, its abrasiveness and coating of
heating surfaces of the furnace and convection areas of boiler. The recommended maximum ash content for the steam
coals are up to 20% and a maximum of 10-20% for coking coal12.
3.1.4 Volatile Matter
The specific energy is dependent on composition of the coal, indicated by the ultimate analysis, and is adversely
affected by the moisture and ash content. The volatile matter is of key interest in determining the coal’s reactivity and
ignitability. Low volatile coal requires long burnout time and ignition support at certain loads. Coal having values less
than 18% volatile would requires special boilers using down- shot firing to provide turbulence and longer furnace
residence time. In the studied samples the volatile matter was found in the range of 25.05-43.79, 22.76-34.57 and
31.23-37.78% in Makarwal, Kallar Kahar and Dandot samples respectively. The average values for volatile matter are
found as 33.89, 31.38 and 34.64% respectively in Makarwal, Kallar Kahar and Dandot coalfields samples (Table 1,
Fig. 2). There is no significant difference in average volatile matter of Makarwal, Kallar Kahar and Dandot coal
samples.
3.1.5 Sulfur
The sulfur content is also an important factor in coal quality, mainly for corrosion and environmental reasons. Coal
with low sulfur content can be used without a desulphurization plant. In analyzed coal the values for sulfur were
obtained in the ranges of 3.61-10.82, 3.15-8.84% and 1.26-8.08% with average sulfur contents as 6.02%, 4.60%, and
4.79% in Makarwal, Kallar Kahar and Dandot samples respectively. All the coal from these three locations have high
sulfur content (Table 1, Fig. 2).
The total sulfur content in the steam coal used for power generation should not exceed than 0.8-1.0%.For
cement industry 2% max sulfur is acceptable and for coking coal maximum 0.8% is required, because higher values
affect the quality of steel12. The coal from these coalfields may have higher SO2 emission as flue gases to the
environment and may also cause corrosion and fouling of boiler tubes. In order to estimate the amount of SO 2
produced daily from the power station, it is necessary to know the calorific value, sulfur and ash contents of the coal
and power station heat rate. According to world bank group a 500 Mw plant using coal with 2.5% sulfur, 16% ash and
a calorific value of 12898 btu/lb will emit 200t SO2, 70t NO2, 500t fly ash, 500t solid waste and 17 (GWh) of thermal
discharge per day13. In the studied samples all the coal on average having more than 2.5% sulfur, therefore, the SO 2
release will be more than 200t per day, if 500t MWe of coal from these coal fields are used. These coals therefore
need to be desulfurized before their use.
3.1.6 Combustion Properties
Calorific value is the measure of energy content of coal. The calorific values of coal samples are given in Table 1&
Figure 3. It is clear from the table that the calorific value varies from 4736-8012 Btu/lb with average value of 6801
Btu/lb in Makarwal sample; 2533-10102 Btu/lb Kallar Kahar samples with average value 5624 Btu/lb and 4650-8006
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Btu/lb with an average value of 6415 Btu/lb in Dandot samples (Table 1, Fig. 3). The coal which contains calorific
value more than 10080 Btu/lb is considered as grade A coal, while less than 2340 Btu/lb is considered as grade G coal.

Fig-3: Comparison of heating value (gross calorific value, Btu/lb) of different coal samples
Samples collected from Makarwal (M-1 to M-8), Samples collected from Kallar Kahar (K-1 to K-8) and Samples collected from
Dandot (D-1 to D-6)

3.1.7 Trace elements
The concentration of aluminum is highly variable in all the samples. In Makarwal coalfield it is ranging from 579516511 mg/kg, while 6195-21283 and 1200-17607 mg/kg in Kallar Kahar and Dandot coal fields. The average Al
content was found 8597 mg/kg, 13108 mg/kg, and 9585 mg/kg in Makarwal, Kallar Kahar and Dandot coal fields
respectively (Table 2, Fig. 5). The highest Al content found was 16511 mg/kg in Makarwal, 21283 in Kallar Kahar
and 1707 in Dandot samples respectively. All the coal samples contain very high content of Al, which shows a
potential threat for environmental pollution14.
Table-2: Elemental concentrations (Mean, Minimum, and Maximum) of coal of study area (mg/kg), ND =Not detected.
Makarwal Coalfield
Kallar Kahar Coalfield
Dandot Coalfield
Mean
Min
Max
Mean
Min
Max
Mean
Min
Max
08597
05795
16511
13108
06195
21283
09586
01200
17607
Al
2067
1182
6940
2375
1234
8906
1635
1534
1705
Cr
17027
04180
33889
11041
06009
32463
08855
05914
14576
Fe
0213
0145
0299
0826
0417
1339
0687
0306
0159
Zn
114
069
159
108
033
160
105
052
187
Cu
0.180
0.005
0.400
0.272
0.110
0.400
0.290
0.200
0.400
Cd
13
04
29
10
05
15
16
08
27
Pb
ND
--------29.12
00.00
48.00
80.33
52.00
107.0
Mn
0957
0567
1347
1366
1008
1620
1388
1333
1444
Sn
393
190
597
473
310
582
375
319
675
Ni
ND
--------ND
--------ND
--------Co
ND
ND
ND
ND
ND
ND
ND
ND
ND
Ca
0667
0161
1507
1775
1071
4175
1680
1644
1764
Mg
02058
00000
02058
02316
00000
02316
08507
01041
15503
Na
1299
0320
3131
1659
0597
4951
1342
0875
1780
K

The coal samples did not show a large variation in the concentration of chromium, as it is in the range of 1182-6940
mg/kg, 1234-8906 mg/kg and 1534- 1705 mg/kg in Makarwal, Kallar Kahar and Dandot respectively (Table 2, Fig. 5).
Chromium is very important element with respect to environmental concerns because of its possible toxicity. This
value is very much higher than the mean value of coal elsewhere in the world 15, which is a potential environmental
threat (Table 3).

Fig-5: Comparison of results for heavy metals (Al, Cr, Fe) of different coal samples from Makarwal, Kallar Kahar and Dandot
(mg/kg)
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Al
Cr
Fe
Zn
Cu
Cd
Pb
Mn
Sn
Ni
Co
Ca
Mg
Na
K

Table-3: Worldwide ranges (mg/kg) of elements in coal (after, SWAINE 1990). NA = Not Available
Mean
Minimum
Maximum
NA
NA
NA
20.00
0.50
060.00
NA
NA
NA
50.00
05.00
300.00
15.00
0.50
050.00
05.00
0.10
003.00
40.00
2.00
080.00
70.00
5.00
300.00
NA
NA
NA
20.00
0.50
050.00
5.00
0.50
030.00
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

A vast variation was observed in the concentration of iron in all coal samples. The concentration of Fe varies from
4180-33889 mg/kg in Makarwal, 6009-32463 mg/kg in Kallar Kahar and 5914-14576 mg/kg in Dandot samples. The
samples from Makarwal coalfield showed highest Fe content than Kallar Kahar and Dandot samples (Table 2, Fig. 5).
Iron is associated with sulphide and carbonates. The mean worldwide value for Fe is not available, so it cannot be
compared with coal elsewhere in the world.
One of the most serious effects of underground coal mining has been the escape of polluted water from both
old and current mine workings. The mineral iron pyrite and marcasite (FeS 2) are commonly present in coal and in
coal-bearing sequences, and these are reactive to atmospheric oxygen. The initial products of oxidation are ferrous and
ferric Sulphate, sulphuric acid and hydrated ferric oxide, with the exception of ferric oxide. These products are soluble
in water and in turn react with clays and carbonate minerals to form Al, Ca, Mg and SO4. Water flooding in to the
abandoned mine areas containing large quantities of sulphide minerals will rapidly become contaminated. This all
pollute the underground water, which contains largest quantities of Fe and other dissolved metals13.
No vast variation was observed in the concentration of zinc of Makarwal coalfield samples. Zinc was found in
the range of 145-299 mg/kg with an average value of 213 mg/kg. Samples collected from Kallar Kahar, Zn was
obtained in the range of 417-1339 mg/kg while in Dandot samples in the range of 159-306 mg/kg. Some samples of
Kallar Kahar coal field showed unusual high zinc content (K2, K4 and K6 having Zn 1181, 1332 and 1339 mg/kg
respectively) (Table 2, Fig. 4). Samples of Makarwal and Dandot showed values of Zn less than the values obtained
elsewhere in the world, while many samples collected from Kallar Kahar showed higher values of zinc than mean
worldwide values (Table 3).

Fig-4: Comparison of results for heavy metals (Zn, Sn, Ni) of different coal samples from Makarwal, Kallar Kahar and Dandot
(mg/kg)

Large variations were observed in the concentration of Cu in all coal samples. Copper was found in the range of 69159 mg/kg in Makarwal, 33-160mg/kg in Kallar Kahar and 52-187 mg/kg in Dandot samples. The average Cu
concentration was found 114 mg/kg, 108 mg/kg and 105mg/kg respectively. The mean worldwide value of Cu is
15mg/kg (Table 2, Fig. 6). All the samples from these coal fields showed very high concentration of Cu as compare to
the values obtained anywhere else (Table 3).
In all coal samples obtained from Makarwal, Mn was not detected. Two samples from Kallar Kahar coal field
also did not show presence of Mn. One sample from Dandot coal field showed unusual high concentration of Mn
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(107mg/kg) when compared with other samples. The mean value of Mn in Kallar Kahar coal was found 34 mg/kg, and
80 mg/kg in Dandot, which are lower than the coal elsewhere in the world (Table 3, Figure 6).

Fig-6: Comparison of results for heavy metals (Cu, Cd, Pb, Mn) of different coal samples from Makarwal, Kallar Kahar and
Dandot (mg/kg)

The presence of Ni in the coal may be due to sulphide phase16, as well as the inorganic or organic matter17. The mean
value for Ni is 20 mg/kg with a range of 0.5-50 mg/kg in coal elsewhere in the world15. In Makarwal Ni was not
detected in four samples. Average Ni was found 519 mg/kg in Makarwal coal field. Same trend was observed in
Kallar Kahar, four samples did not show Ni, while the average value in half samples is 473 mg/kg. Two samples from
Dandot did not show Ni content. The average Ni in other Dandot samples is 364 mg/kg. One sample from Dandot
showed very low Ni content (33 mg/kg) (Figure 4, Table 2).
Cobalt was absent in all analyzed samples. Only two samples from Makarwal showed presence of tin. In
Kallar Kahar samples it was absent in four samples. The average Sn content in other samples is 1366 mg/kg. Only two
samples (D2 and D3) from Dandot coal field showed its presence (Table 2, Fig. 4).

Fig-7: Comparison of results for light elements of different coal samples from Makarwal, Kallar Kahar and Dandot
(mg/kg)
Most of the samples from Makarwal and Kallar Kahar also showed the absence of sodium. One sample of Makarwal
(M1, 2058 mg/kg) and one sample from Kallar Kahar (2316 mg/kg)showed very high sodium (Fig. 7). All samples
from Dandot showed the presence of Na, ranging from 1041-15503 mg/kg, with mean value 8507 mg/kg. The mean
worldwide value for Ca in coal is 0.5 mg/kg. In all samples Ca was not detected in mg/kg which shows the absence
calcite and dolomite18. Magnesium was found in varying ratio from 161-1507 mg/kg, 1071-4175mg/kg and 1644-1764
mg/kg in Makarwal, Kallar Kahar and Dandot samples respectively. The average values observed were 667, 1775 and
1680 mg/kg in these three coal fields respectively (Fig. 7). No vast variations were observed in the amount of K in all
coal samples except three samples from Makarwal (M3, M4 and M5, 1913 mg/kg, 3131mg/kg and 2539 mg/kg
respectively) and one from Kallar Kahar (K1, 4951 mg/kg) showed high amount of K as compared to other samples
(Table 2, Fig. 7).

4. CONCLUSIONS
Coal is an important part of world energy supply due to its domestic availability and abundance, particularly in the
scenario of present energy crisis in Pakistan. The proximate analysis of collected coal samples from Salt and Surghar
ranges show average moisture content is 5.26%, fixed carbon 31.23%, ash 30.16% and volatiles 33.03%. Average
calorific values of Makarwal, Kallar Kahar and Dandot samples were measured 6801, 5624 and 6415 Btu/lb
respectively. Based on amount of different parameters of proximate analysis and heating values, the rank of the coal is
deduced as Sub-bituminous type and is suitable material for electric generation, cement manufacturing and other allied
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industries. The average sulfur content was noted 6.02%, 4.60%, and 4.79% in Makarwal, Kallar Kahar and Dandot
samples respectively. The value is much higher for power plants (1%) and cement industry (2%), this will cause
environmental pollution. There are many problems related with the use of coal, as its quality impact on environment
due to emission of environmentally hazard gases and toxic elements. High amount of Al, Cr, Fe, Zn, Mn, Cu, Sn, and
Ni in the coal samples of study area may pose threat to the environment of the region. It is suggested that the coal
needs cleaning and desulfurization before use it as fuel.
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