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Abstract

In this research the complex [Bis(1,10)-phenanthroline) nitratolead (I1)] nitrate was prepared
and the adsorption of the complex on (activated carbon, zeolite and mixture of them) was studied in
equal weights under various conditions such as: temperature, contact time, pH and the change in the
weights of adsorbents. With respect to activated carbon, the adsorption quantity was increased at:
(30-50)C° and (60-90) min, the suitable weight of activated carbon for adsorption was (0.15)g at pH
(9). Zeolite, the adsorption quantity was increased at the temp. reached (50)C° in a contact time
lower than (90) min at a critical weight (0.3)g and pH(9). Finally when both adsorbents were mixed,
the adsorption quantity was increased at temp. reached (50)C° with the range of time (60-90) min in

a weight (0.25)g at the range of pH(5-11).
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Introduction

1,10-Phenanthroline is a heterocyclic
organic compound. As a bidentate ligand in
coordination chemistry, it forms strong
complexes with most metal ions[1]. 1,10-
phenanthroline (Fig.(1)) represents one of the
most frequently used chelate ligands in
inorganic chemistry, but a detailed quantum
chemical study of its vibrational spectrum has
not yet been carried out. This is somewhat
surprising since the molecule is only of
moderate size and such an investigation would
be of great value for studies on complexes, in
which the intra-ligand vibrations of 1,10-
phenanthroline must be clearly identified and
separated (if possible) from the rest of the
vibrational spectrum[2,3].

SaY

Fig.(1) The Chemical Structure of 1,10-
Phenanthroline.

The coordination chemistry of pb (1) with
N-donor ligand has been investigated in the
past decade and frequently discussed in regard
of the stereo chemical activity of the lone pair
of electrons [4]. (J. Peric, M. Trgo, N.
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Vukojevic Medvidovi, 2004) studied the
adsorption on zeolite by uptake of zinc and
copper from agueous solutions and confirmed
that the efficiency of removal is higher for Cu
than for Zn ions [5]. In the present paper, the
existence of active sites on the carbon phase,
which are able to combine with protons and
ions are explicitly assumed. The proton and
the ions are sorbed mainly by combination
with these functional groups. This should
explain the high selectivity of the activated
carbon for protons and ions with respect to the
not complex able cations, which has been
experimentally observed. The active groups
are considered exactly as ligands in solution

[6]

Experimental
Materials

All chemicals used for the present study
were of high purity reagent grade quality
which include: 1, 10-phenanthroline
(sigma/Aldrich), Pb(NOs). (BDH), Absolute
ethanol(99.9%) (BDH), NHsOH 10% and
distilled water. Activated Carbon & zeolite:
Thomas Baker Co., the diameter of sieve hole
=75um

Instruments

UV-Vis.spectrophotometer (Model: CARY
100, VARIAN Co.) in the (200-800) nm
regions, FTIR spectrophotometer (Model:


mailto:baraka19832012@yahoo.com

SHIMADZU) in the (400-4000)cm™ regions,
conductivity meter (Model: WTW F56) with
platinum  electrode, atomic  absorption
spectrophotometer (Model: phoenix-986-BEM
Co., LTD.(UK)) and shaking water path
(Model: BS-11 degetal, JEIO Korea, TECH.

Preparation of Complex

The complex [Bis(1,10-phenanthroline)
nitratolead (I1)] nitrate were synthesized by
refluxing 25ml ethanolic solution of (Immole,
0.331g) of the mentioned metal salt
(pb(NO3)2) with 25 ml ethanolic solution of
(2mmole, 0.36g) of ligand  (1,10-
phenanthroline), Few drops of NH4OH
solution were added and the mixtures were
refluxed for 3 hours. The obtained products
(white precipitate) were filtered, washed
several times with hot ethanol until the filtrate
becomes colorless and dried; the melting point
of the complex are above 300C°.

Calibration Curve Determination

The determination of calibration curve was
carried out for [Bis(1,10-phenanthroline)
nitratolead (I1)] nitrate complex by preparation
of several solutions in different concentrations
at constant wave length (Amax= 344nm). The
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absorbance for these solutions were recorded
in (Table (2)):
Table (1)

Initial concentrations and absorbance values
for [Bis(1,10-phenanthroline)
nitratolead(l1)]nitrate complex at
lmax:344nm.

Absorbance

Concentration (ppm)

The relation between absorbance and
concentration was carried out according to
(Bear-Lambert Law): (A=¢.b.c), which showed
a linear relation, its slope represents the molar
absorbance coefficient (e=2 10%) (Fig.(2))
shows this relation:
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Fig. (2) Calibration curve for [Bis(1,10-phenanthroline) nitratolead (I11)] nitrate complex.

Adsorption Study
-Effect of Temperature

Measurements for the effect of temperature
on adsorbent performance used (0.1gm)
adsorbent added to fixed volume of lead
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complex solution (10ml) of (10ppm) in six
bottles, bottles were shaken for (1 hour) at (25,
30, 35, 40, 45 and 50)C° in shaking water bath
at rotation of (120) turns and then the mixtures
were filtered to get rid of adsorbent and
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to get clear solutions. The absorbance was
measured for each solution by UV-Vis.
Spectrophotometer [7].

-Effect of Contact Times:

Times effect were measured on adsorbent
performance used (0.1gm) adsorbent added to
fixed volume of lead complex solution (10ml)
of (10ppm) to six bottles, bottles were
shaken at 30C° and at (30, 60, 90, 120, 150
and 180) minutes in shaking water bath, at
rotation of (120) turns and then the mixtures
were filtered to get rid of adsorbent and to get
clear solutions. The absorbance was measured
for each solution [7].

-Effect of Adsorbent Weights:

Measurements of the effect of change in
adsorbent weights on adsorbent performance
by used fixed volume of lead complex
solutions (10ml) of (10ppm) to six bottles,
bottles were shaken at (30C°) and a (0.05, 0.1,
0.15. 0.2, 0.25 and 0.3) gm in shaking water
bath, at rotation of (120) turns and then the
mixtures were filtered to get rid of adsorbent
and to get clear solutions. The absorbance was
measured for each solution [7].

-Effect of pH:

Measurements of pH effect on adsorbent
performance was carried on by using (0.1gm)
adsorbent added to fixed volume of lead
complex solutions (10ml) of (10ppm) to five
bottles, bottles were shaken at (30C°) and at
pH(2, 5, 7, 9 and 11) in shaking water bath, at
rotation of (120) turns and then the mixtures
were filtered to get rid of adsorbent and to get
clear solutions. The absorbance was measured
for each solution [7].

Results and Discussion
Conductivity Data

The molar conductance was determined by
taking 0.1M of the complex [Bis(1,10)-
phenanthroline)nitratolead  (I1)] nitrate in
DMSO solvent, the measurement showed that
there is a large difference between the molar
conductance value of DMSO (315 pS. mol™?)
and the molar conductance of complex
(357 uS. mol?t) which reflects that the
complex is electrolyte. From that, it can be
deduced that one of nitrate molecule is present
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out of the coordination sphere and the other
nitrate molecule is present in the coordination
sphere [8].

Mole Ratio Measurements

The mole ratio measurements showed that
the ratio of [L:M] is [2:1] according to the
(Fig. (3)) [9]:

0.08 -
0.07 -
0.06 -
0.05 -
0.04 -
0.03 -
0.02 -
0.01 -

0

Cx: Moles of ligand
Cm: Moles of metal

absorbance

01 2 3 456 7 8 910
Cx/Cm

Fig. (3) The mole ratio method.

Atomic Absorption Measurements

A 0.001g of [Bis(1,10)-phenanthroline)
nitratolead (11)] nitrate complex was digested
in 2 ml of conc. HNOs. The clear solution was
diluted to 10 ml and 1 ml of this solution is
again diluted to 10 ml with de ionized water in
a volumetric flask. For sample analysis, four
standard metal solutions were prepared by
appropriate dilution of the metal stock solution
with de ionized water. The percentage of
pb(Il) in the complex is calculated (29.94%)
but the found percentage is (30.36%). From
this, can be deduced that the proposed
molecular weight is (691.62) and the chemical
structure for the complex is shows in (Fig. (4))

[8]:



Fig. (4) The chemical structure of prepared
complex.

Electronic Spectrum
The electronic spectrum for ligand in
ethanol showed three bands at 202 nm
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(49504cm™), 228nm (43859cm™) and 264nm
(37878cm™). They are due to 1 = n° (C=C),
and n—-n (C=N) transitions, while the
electronic absorption spectrum for Bis [(1,10-
phenanthroline)nitratolead(I1)] nitrate complex
was recorded in ethanol at room temperature.
It is helpful in determining the stereochemistry
of the complex based on the position and
number of transitions peaks. The bands at
236nm (42372cm™), 261nm (38314cm™) and
341nm (29325¢cm™) are due to m = = (C=C),
and n = " (C=N) transitions. This shift is due
to complexation. The band at 541 nm
(18484cm™) is due to d-d transition [10].
(Figs. (5) and (6)) show the electronic
spectrum of ligand and its complex:
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Fig. (5) The electronic spectrum of 1,10-phenanthroline ligand.
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Fig. (6) The electronic spectrum of Bis(1,10-phenanthroline) nitratolead(l1)]nitrate complex.
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Infrared Spectrum

1,10-phenanthroline ligand contains peaks
due to groups which component for 1,10-
phenanthroline molecule but the important
peak is vc=n at(1620cm?)region, the region
(1421cm) which due to ve=c and (3034cm™)
due to vc.H, While the complex [ Bis(1,10-
phenanthroline) nitratolead (I1)] nitrate was
noticed a change in active peaks [11]. The
band vc-n was shifted to (1624cm™) and vc=c
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shifted to (1384cm™). These frequencies shifts
proved that the metal ions were coordinate
with ligand through N atoms. Anew peaks
were appeared due to vps-o at (632-557)cm,
vpb-N at(466-408)cm™ and vn.o at (1512cm™)
[12]. (Figs.(7) and (8)) show the infrared
spectrum of 1,10-phenanthroline and its
complex:
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Fig. (7) The IR spectrum of 1,10-phenanthroline ligand.
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Fig. (8) The IR spectrum of [Bis(1,10-phenanthroline) nitratolead (I1)]nitrate complex.

32



Journal of Al-Nahrain University Vol.17 (3), September, 2014, pp.27-38 Science

Adsorption Study
-Effect of Temperature

The adsorption study was carried out for [
Bis (1,10-phenanthroline) nitratolead (I1)]
nitrate complex on (activated carbon, zeolite
and mixture of them) at different temperatures
(25, 30, 35, 40, 45, 50)C° using constant
concentration of complex solution and the
study results show in (Table (2)) and (Fig.(9)):

Table (2)
Adsorption quantities of complex in different temperatures at 60min.

Adsorbents Temp. (C% | Qe x1000

Activated
Carbon

Zeolite

Mixture of
(Activated
Carbon
& Zeolite)

e Activated Carbon
mZeolite
A Act.Carbon&zeolite
w
S~
T4}
£
[]
(e}
6
1 " " " " " ]
25 30 35 40 45 50 55

Temperature

Fig. (9) Temps. Effect on adsorption quantities of complex at 60min.
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Was observed from table data that adsorbents
activity in the adsorption of complex from
aqueous solution as follow [13]:

Zeolite > Activated Carbon & Zeolite >
Activated Carbon

-Effect of Contact Times
The adsorption of [Bis(1,10-
phenanthroline) nitratolead(l1)]nitrate complex

Barakat A. F. Kamel

on activated carbon, zeolite and mixture of
them at different times (30, 60, 90, 120,
150)min using constant concentration of
complex solution at 30C°. The results show in
(Table (3)) and (Fig.(10)):

Table (3)
Adsorption quantities of complex in different times at 30C°

Adsorbents

Time(min)

Activated Carbon

Zeolite

Mixture of

(Activated Carbon

& Zeolite)

Qe(mg/g)

e Activated Carbon
m Zeolite
A Act.Carbon&zeolite

30 50 70 90
Time

110 130 150 170

Fig. (10) Times effect on adsorption quantities of complex at 30C°.

As the contact time was increased, the
amount of adsorption of the complex on all
adsorbents also increased. This trend is
consistent between (30 -90) minutes contact

34

time when equilibrium was attained. Further
increase of contact time beyond 90 minutes
generally results in decrease in the adsorption
of complex [14].
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-Effect of Adsorbents Weights

The adsorption study was carried out for
[Bis (1,10-phenanthroline) nitratolead (I1)]
nitrate complex on activated carbon, zeolite
and mixture of them at different of adsorbent
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weights (0.05, 0.1, 0.15, 0.2, 0.25, 0.3)grams
using constant concentration of complex
solution at 30C° for 60min and the study
results show in (Table (4)) and (Fig.(11)):

Table (4)
Adsorption quantities of complex in different weights of adsorbents at 30C°.

Adsorbents

Wt. of adsorb.(gm)

Activated Carbon

Zeolite

Mixture of

(Activated Carbon
& Zeolite)

35
30
25
20
15

10 A

Qe(mg/g)

— \
- /A \A

e Activated Carbon
mZeolite
A Act.Carbon&zeolite

0.05 0.1

A
5*\/\.——‘——‘
0 L] L] L] L] L]

0.15
Wt. of Adsorbent(gm)

0.2

0.25 0.3 0.35

Fig. (11) Wt. of adsorbents change effect on adsorption quantities of
complex at 30C°.

It was observed that the adsorption
quantity of complex on activated carbon
decreased when the weight of adsorbent
increased that similar observation has been
reported by (Sawsan A. M. Mohammed,
Ibtihage Faisal and Maha M. Alwan), while
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the adsorption quantity of zeolite and (mixture
of activated carbon and zeolite) increased
when the weights of them are increased
because zeolite adsorbent is better than
activated carbon in the adsorption [15].



-Effect of pH

Adsorption study was carried out for [Bis
(1,10-phenanthroline) nitratolead (11)] nitrate
complex on activated carbon, zeolite and
mixture of them at different pH (2, 5, 7, 9, 11)

Barakat A. F. Kamel

using constant concentration of complex
solution and constant weight of adsorbent
0.1gm at 30C° for 60min and the study results
show in (Table (5)) and (Fig. (12)):

Table (5)
Adsorption quantities of complex in different pH at 30C°.

Adsorbents

Activated Carbon

Zeolite

Mixture of

(Activated Carbon

& Zeolite)

2
5
7
9
11
2
5
7
9
11
2
5
7
9

[N
[EEY

25 - e Activated Carbon
mZeolite
20 - A Act.Carbon&zeolite

Fig. (12) pH effect on adsorption quantities of complex at 30C°.

There is a significant difference in
adsorption due to the influence of pH for
activated carbon, zeolite and the mixture of
them. The effective pH range for activated
carbon was 5 to 11, for zeolite it was 5 to 11
and for the mixture it was above 2. In the three
cases there are a convergence from side of

increasing in the adsorption quantities with the
increasing of pH values [7].
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Conclusions
1- The complex [Bis (1,10-phenanthroline)
nitratolead (I1)] nitrate was prepared by
using the analytical instruments (IR, UV)
spectroscopy, conductivity meter and
atomic absorption to analyze the complex
and use it in the adsorption.
2- This complex was used in the adsorption on
activated carbon, zeolite and mixture of
them. Were concluded from this recent
study that’s the adsorption increased with
increasing of adsorbents amount.
generally these results show that natural
zeolite can be used effectively for the
removal of metal cations from wastewater.
This naturally occurring material provides a
substitute for the use of activated carbon as
adsorbent due to its availability and its low
cost.
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