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ABSTRACT

The metal precursor derived from the reaction of Co(ll) acetate with the mixed ligands
of lysine(Lys) and glutamine(Glu) was used to synthesize CozO, nanoparticles. The
precursor was characterized by (C, H, N, M), IR, electronic spectra, TGA and effective
magnetic moments. Co0;0, nanoparticles were prepared from calcinations of the
synthesized precursor at 800 °C. The obtained nanoparticles were characterized by X-ray
powder diffraction and transmittance electron microscope. The average particle size is 50
nm. Co30, nanoparticles. Adsorption of Methylene Blue on the surface of the Cos0, was
studied. The synthesized metal oxide has 27.2 (mg/g) adsorption capacity of methylene
blue (MB) from aqueous solution and removed 95 % of it. This method can be used to
remove dyes from wastewater. Langmuir isotherm was the best model represents the
adsorption of MB. Pseudo-second-order model with determination coefficient (R?) close
to the unity was the best model for adsorption kinetic of MB.
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1. INTRODUCTION

Lysine (Lys) is an amino acid involved polyamine synthesis, it is essential for the metabolic functions
and animal growth [1]. The structures of amino acids can be affected by the interactions with nighber amino
acids or metal ions. Proton affinity (PA) is directly related to the stability of the zwitterion form of aliphatic
amino acids [2-4]. Thes amino acids have proton affinities when bind to metal ions giving non Zwitter ionic
structures [5, 6]. The physiological importance of glutamine (GIn) has been studied in the deamidation of
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GIn [7-15]. Monitoring GIn deamidation is useful in study degradation effects on long-lived proteins
characterized by slow turnover rates [12-16].

It is of considerable interest to use molecular precursor in synthesis of metal oxide nanoparticles. [17-
25]. Using non-hydrolytic technique in preparations of metal oxide nanoparticles at high temperature can
produce material with different properties [26].

Different methods as coagulation, ion exchange, flocculation, and other are used in the removal of
heavy metals and dyes. There are some disadvantages of these methods as high cost, high sludge production,
handling and disposal problems are presented. These disadvantages prompted searching for effective, low
cost and environmentally save techniques for treatment of wastewaters. Adsorption of pollutants on low-cost
adsorbents could be applicable and economically viable sustainable technology [27-31]. Metal oxide
nanoparticles fit these criteria well. The existence of these materials in nanoscale provides high surface area
and surface functional groups that can interact with dyes [32—36].

The present paper aims to synthesis of Co304 in nanoscale by environmentally safe techniques and to
use it as adsorbent of methylene blue dye.

2. EXPERIMENTAL
2.1 Chemicals

Lysine and glutamine were purchased from Merck and cobalt acetate and methylene blue were purchased
from ADWIC.

2.2 Apparatus and methods

Elemental Analysis was determined by using automatic (Elemental CHNS Analysis Analyser Vario—EL
Model 111 Germany). Co(ll) was determined by standard methods [37].The electronic spectra of the
precursor (in DMF) were measured on (JASCO Model V-630) UV2 Unicam UV/Vis. The effective magnetic
moment was recorded on Sherwood scientific magnetic balance using the following equations:
xg = CI(R-R0)/103m; ym = xg.Mwt.10-3; peff = 2.84\ymT (Where g is the mass susceptibility per
gm sample; C is the constant of the instrument; | is the sample length in cm; m is the weight of the
sample; yg is the molar susceptibility, peff is the effective magnetic moment and T is the absolute
temperature). TGA measurement measured on (Disfrantial Thermal Analyser Thermo Gravimetric Analyser
DTG 60 H). (FT/IR- 4100 type A) Mattson Spectrometer was used to measure IR spectra of the precursor in
the range 400-4000 cm-1 as KBr discs. XRD pattern was taken on Philips X PERT-PRO with nickel filtered
Cu Ko (A= 1.5405 A) radiation. CM 20 PHILIPS electron microscope was used to take TEM images.

2.3 Preparation of the precursor

The precursor was prepared by adding (0.2 gm) of the cobalt acetate in 20 ml distilled water to a mixture of
(0.28 gm) of both lysine and of glutamine (0.14 gm) for each of the two amino acids in 30 ml distilled water.
The mixture was refluxed for 4 hrs, then concentrated by evaporation at 50 oC. A perciptate is formed on
addition of excess absolute ethanol. It was filtrated off, washed with ethanol and distilled water then, dried at
100 oC [38].

2.4 Synthesis of Co3;0,4 nanoparticles

1 gram of Co(ll) precursor was ignited in a muffle furnace at 800 oC for 2 hrs in air. Co304 nanoparticles
were obtained.

2.5. Adsorption of methylene blue

Methylene blue dye was removed by the prepared nanoparticles from aqueous solvent. Definite weight of
Co0304 oxide nanoparticles was put in definite volume of methylene blue aqueous solution of known
concentration (10 ppm). The absorbance measured (at wavelength 664 nm) at different time intervals and at
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pH nearly 7, using UV2 Unicam UV/Vis. Spectrometer. Adsorption capacity of MB in the surface of
nanoparticles presented. The adsorption capacity (ge) expressed in mg dye/g adsorbent and the (%) of dye
removal determined at 25 °C at different time were calculated and presented.

3. RESULTS AND DISCUSSION
3.1 Elemental analysis

Co(Il) precursor is violet in colour, soluble in water and organic solvents as DMF and DMSO. The elemental
analysis is presented in (Table.1).

Table 1. Analytical data of Lys-GIn-metal complex Co(ll)

Molecular M.P. % Calculated Found%
Complex color

Weight °C c | H N M c | H N M

Co(Lys-GlIn),.2H,0 383.03 Violet | >300 | 347 | 6.7 | 146 | 143 | 350 | 6.4 | 137 | 137

3.2. Infrared spectra (FT-IR)

IR spectrum of lysine shows two bands around 3276 and 3040 cm—1 was related to the asymmetric
stretching vibrations of (NH3+). Another bands at 1625 and 1605 cm-1 were related to the asymmetric
stretching vibrations of (COO-) and the in-plan-bending (NH3+). The band at 1382 cm-1 relates to the
symmetric (COO-) [39].

There are several bands for glutamine appearing at 3408 and 3308 cm-1 relate to the stretching
vibrations of NH2 group. The asymmetric and symmetric stretching vibrations of (COO-) appear at 1687 and
1586 cm-1, respectively [40]. The band of (CO) appears at 1629 cm-1.

Comparison the spectrum of the Co(ll) precursor with the spectra of lysine and glutamine indicated blue
shifts of the bands assigned to of (COO-) of lusine and glutamine, respectively. The difference between two
the asymmetric and symmetric stretching vibrations is higher than 200 cm-1, indicating the mono-dentate
nature of the carboxylate group. The positions the bands attributed to amino groups were shifted after
coordination to Co(ll) ion (Table 2). From these observations it could be deduced that the amino acid
coordinates to the metal ion in a bi-dentate manner through the carboxylate and amino groups (Fig.1.).
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Fig. 1. Suggested structure of Co(ll) precursor

The bands of vibration stretching of the terminal C=0 in the spectra of the complexes remain approximately
in their positions as an evidence of their inertness towards bonding to the metal ions. Many bands appear in
the regions 565and 490 cm-1 due to v(M-O) and v(M-N) vibrations, respectively (Fig.2).
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Fig. 2. IR spectrum of Co(ll)-Lys-GIn complex

Table 2. Bands assignment of Lys, GIn and metal complex

T T
1000

assignment Ligand co
(Lys + GIn) complex
N 3276, 3040 3232, 3169
va(NHy) 3408, 3308 3437, 3355
vas(COO) 1625, 1687 1605, 1658
S(NH,") 1497, 1605 1487, 1590
vs(COO0) 1382, 1586 1339, 1437
v(C=0) 1629 1617
v(C-N) 1410, 1004 1483, 962
p(NH,) 810, 1052 837, 1001
(M-0) — 565
(M-N) — 490

3.3. Electronic spectra (UV/Vis)
Tetrahedral stereochemistry was suggested for Co(ll) complex (Fig. 3) on the basis of the presence of a

T
500

splitted band at 16583 cm-1 with a shoulder at 14880 cm-1 due to 4A2 — 4T]1 transition, respectively [41].
The charge transfer band (LMCT) was observed at 25000 cm-1. The value of magnetic moment (4.5 B.M.)
agrees with the suggested stereochemistry.
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Fig. 3. Electronic spectra of Lys-GIn-Co(ll) complex

3.4. Thermal analyses (TGA)

The thermal stability of Co(ll) precursor was determined from thermal analyses. TGA-DTA curves of
Co(Il) precursor was represented in (Fig.4) and (Table 3).
Co(Il) precursor decomposes in three steps, from 22 - 130 oC, 131 - 407 oC and 450 - 700 oC due to the
eleimenation of two molecules of hydrated water, loss C6H10N203 and loss of (C4H10N respectively. With
mass loss (Found Weight loss 9.1 %, Calculated Weight loss 9.3 %) for the first step, (Found Weight loss
40.5 %, Calculated Weight loss 41.2 %) for the second step and (Found Weight loss 22.6 %, Calculated
Weight loss 22.1 %) for the third stage.

The thermodynamic parameters (E*, AH*, AG*, AS*) calculated by applying Coats- Redfern (CR)
equation [42] and represented in (Table 4) and (Fig. 5).
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Fig. 4. TGA curves of Co(ll) precursor

The high values of the activation energies ( E) suggest that the aminoacid is strongly chelates Co(ll) ion. The
negative values of the entropy (AS*) suggest that the activated has more ordered structure than the starting
materials and the reactants are slower than the normal. The positive values of both the enthalpy (AH*) and
the free energy change (AG*) confirm that the reaction is endothermic and nonospontanous, respectively.
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Table 3. Thermal analysis results of Lys-GIn-metal complex

Complexes TGA T,°C Wt. loss found Decomposed
steps range (calculated) group
9.1
1 42 - 130 9.3) Loss of 2 H,O
40.5
Co(Il) complex 2 131 - 407 (41.2) Loss of CgH1oN,04
22.60
3 450 - 700 (22.10) Loss of C4H;gN

T

-
T TN [N TN N TN N T Y T |

Fig. 5. Coats-Redfern relation for the main stage of the thermal decomposition of the precursor

Table 4. The thermodynamic parameters of decomposition of the Lys-GIn-metal complexes

Complex TGA E* IAS* AH* AG*
P steps kJ mol® ki*mol* | kImol* | kJmol*
1 1.00 -146.09 2.98 2.98
Co(ll)
2 1.32 -254.68 451 451
precursor
3 9.44 -362.38 2.39 2.39
Total — 11.76 -763.61 9.88 9.88

3.5. X-ray powder diffraction (XRD)

To insure the formation of cobalt oxid as a result of calcining the precursor X-ray diffraction was used.
XRD pattern of ignation product of Co(ll)precursor (Fig. 6) indicates the formation of Co304. The peaks at
20 = 31.21, 36.82, 38.51, 55.63, 59.27and 65.17 which are indexed to the planes (220), (311), (222), (400),
(422), (511) and (411) of confirm the presence of pure Co304 nanoparticle (JCPDS 04-008-3173). The
disappearance of any peaks due to other impurities insures the purity of this compound. From Debye Scherer
formula, crystallite sizes determined from the major diffraction and found to be 50 nm Debye-Scherrer
formula D =0.94 A/ B cosO [43]. Where A is the wavelength of x-ray (1.5406 1&) for Cu K a radiation, B is
full width at half maximum and 0 is the peak position. The particle size obtained by this method is smaller
than that obtained from calcinations of cobalt salicylate precursor [44].
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Fig.6. XRD pattern of Co304 nanoparticles

3.6. TEM

TEM images of Co304 nanoparticles indicated in (Fig. 7) crystalline product with average size 47-75
nm which lies in the same range as that calculated from XRD pattern.

Fig. 7. TEM image of Co304 nanoparticles

3.7. Methylene Blue Adsorption

Organic dyes are an important part of many industrial effluents and require an efficient method of
disposal. There are numerous conventional techniques of removing dyes including coagulation and
flocculation, membrane filtration, oxidation or ozonation and precipitation. Activated carbon has been
extensively used as an adsorbent in the removal of dye from waste water due to their microporous structure,
large surface area and high sorption ability [45]. The previous techniques are expensive and large part of the
cost isassociated with high cost of maintaining the techniques and cost of chemicals. Hence, the use of
indigenous techniques and locally sourced low-cost materials are imperative and seem to be the brightest
solution to the ever increasing challenges of wastewater treatment. Adsorption process by molecules of gas,
liquid, or dissolved solids added to a surface. This process creates a thin layer of the adsorbed material
(atoms or molecules being adsorbed onto the surface of the adsorbing material. Just like surface tension,
adsorption is as a result of surface energy [46].

Co0304 used to remove MB from water. Adsorption capacity of MB in the surface of nanoparticles
presented in (Fig. 8). The adsorption capacity (ge) expressed in mg dye/g adsorbent and the (%) of dye
removal determined at 25 °C at different time were presented in (Table 5). These data were obtained from
equations (1) and (2) [47].

% Dye Removal = (Co-Ce/ C0)100  ------- (1)
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(Co = the initial concentration in ppm of the adsorbate, and Ce = the equilibrium concentration in ppm, m
= the weight of the adsorbent in (g), and V = the volume of the solution in (L). It is clear that, there is a
direct relation between both (ge) and % of removal with the contact time. The rate of adsorption is high in the
begging of the adsorption process because of the presence of adequate surface area of the metal oxide
nanoparticles available for adsorbing MB. This surface area is unavailable in the latter stages of adsorption
process as the surface becomes saturated by MB.
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Fig. 8. Adsorption of MB on the Co304 nanoparticles at different times

Table 5. The adsorption capacity (qe) and the dye removal percentage at different time in at 25 °C
Time, Minute 30 60 90 120 150 180 Omax

ge, Ma/g 26.1 26.2 26.4 26.6 27.0 27.2
% Removal 91.4 91.8 92.6 934 94.7 95.5

C050, 27.2

Langmuir isotherm equation (3) [48] applied to calculate the specific surface areas of nano-particles
and the precursors.

S=(gm.aMB .NA.10-23)M ......ccvoen..... 3)

S (10-3 km2/kg) = the specific surface area; gm (mg/g) is the amount of MB adsorbed; the occupied surface
area of one molecule MB (aMB) = 197.2 A2 [49]; NA (Avogadro’s number) = 6.02 x 1023 mol-1; M = the
molecular weight of MB. From the results it is clear that, the specific surface area of Co304 is 86.36x10-3
km2/kg. The nanoparticles are higher than the values obtained for MB on the acid treated carbon (H3PO4-
FAC with SMB; 18.170x10-3 km2/kg), the salt treated carbon, (ZnCI2-FAC, SMB; 13.579 x10-3 km2/kg),
the commercial carbon, CAC (SMB; 13.884x10-3 km2/kg) [50] and the activated carbon (21.06 x10-3
km2/Kg) [51].
3.8. Adsorption isotherms

By applying Langmuir [52], Freundlich [53] and Temkin [54] isotherm mode, Langmuir isotherm
(Fig.9) was the best model represent the adsorption of MB. The correlation coefficient of R2 value was close
to unity. Qmax was calculated and collected in (Table 7). Langmuir adsorption isotherm was tested by
applying the following equation: (Ce/ge) =(1/KL. gm) + (Ce /gm) ............... (G))
Where (gm) is the maximum adsorption capacity expressed in mg dye/g adsorbent. Plotting of (Ce/ge) versus
Ce gives a straight line with slope = (1/gm) and intercept = (L/KL. Ce). From which the values of the
maximum adsorption capacity (qm) and Langmuir constant (KL) were determined.
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Fig. 9. Langmuir adsorption isotherm for Co304 nanoparticles

3.9. Kinetics Isotherms

Pseudo-first and second orders and intra-particle diffusion models [55] used to study the adsorption
dynamics, but pseudo-second-order model with determination coefficient (R2) close to the unity (Fig. 10)
and the other models showed small (R2) values. Pseudo-second-order model are expressed by the following
equation:

(t/qt) = (1/k2qe) + t(1/qe) ...vvvenenn... (5)
k2 (g/ (mgemin)) is the pseudo-second-order rate constant. By plot (t/qt) versust, k2 and ge were determined

from the slope and intercept if value of ge very close to experimental value then the reaction pseudo second
order

T8
6 o
&4 il
D =
2 A
0
0 50 ¢ 100 150 200

Fig. 10. Pseudo-second-order kinetic isotherm for Co304 nanoparticles

4. CONCLUSION

Molecule precursor derived from Co(ll) with the mixed ligands lysine and glutamine was synthesized
and characterized. Lysine and glutamine chelate Co(ll) through carboxylate oxygen and amino nitrogen. The
precursor was used to synthesize Cos0, nanoparticles by thermal decomposition at 800 oC. The obtained
nanoparticles were characterized by XRD and TEM. Adsorption of Methylene Blue on the surface of the
Cos0,4 was studied. The synthesized metal oxide has 27.2 (mg/g) adsorption capacity of methylene blue. This
method can be used to remove dyes from wastewater.
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