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Abstract

The objectives of this study is to adsorb 2, 6-dichloro phenol indophenol sodium salt using nano magnesium oxide as a
nano surface. The adsorption of dyes by using the nanoparticles is a modern and effective way to remove contaminants from
their solutions. The UV spectrophotometer was used to follow the dye concentrations in the water solution after mixing them
with 0.1 g of MgO and different concentrations of the dye solution were used to obtain the isotherm adsorption. The application
of the Langmuir and Freundlich isotherms adsorption was investigated. The isotherm estimate shows that the Freundlich model
obtain better fits to the experimental equilibrium data than the Langmuir model. The effect of temperature was investigated, the
best temperature was 298 K. The adsorption decreases by increasing the temperature. The values of AG revealed that the process
of adsorption was spontaneous within the experimental conditions. The effect of the acidic function was also studied. The
adsorption value changed with the changing acidic function. The results showed that nano magnesium oxide can adsorb 2, 6-
dichloro phenol indophenol sodium salt efficiently.
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1. Introduction . Q
There are many unique properties of hybrid :i}

nanoparticles including high ability of ionic exchange
[1-3] large surface area [4], efficiency and
effectiveness to adsorb big particles [5, 6], high

Fig.1 structural formula of DCPIP.

absorption, and without toxicity[7- 9]. In this study,  Thjs dye is used to estimate vitamin C [14]. It also used
the nano surface of MgO was used to adsorb dye 2,6- in oxidation-reduction reactions to verification of the
dichloro phenol indophenol sodium salt dehydrate efficiency of nanoparticles in influencing enzyme
(DCPIP) from aqueous solutions the nano surface of activity [15].
MgO is an important inorganic material with a wide
band-gap [10]. It has been used in many applications Materials (chemicals)
such as catalysis, catalyst supports, toxic waste All Analytical reagents grade chemicals and distilled
remediation [11-13], refractory materials and water were used throughout
adsorbents. The chemical formula for pigment
C12HsCINNaO,.2 H,0, the molar mass (326.11 g / 1- 2,6-Dichloro phenol indophenol sodium salt:
mol) and its structural formula is as in Fig.1. CDH(P),Lid., INDIA.

2- Nano Magnesium oxide: Mknano, Mississauga,

Canada.
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3- Hydrochloric acid: BHD Chemical, Itd. poole,
England.
4- Sodium chloride: Fluka-Garantie, Switzerland.

Apparatus

1- Apple (PD-303 U.v.) Spectrophotometer
Germany in Kerbala University

2-  pH-Meter -WTW-720-ionlab Germany

3- Thermostatic Shaker Bath, GFL (D-3006)
Germany.

4- Centrifuge, Megafuge 1.0, Herouse Sepatech ,
Germany.

5- Denver sensitive balance instrument 1ISO 9001.

Experimental Methods
Study the Uv-visible spectrum and calibration
curve of DCPIP.
The UV-visible spectrum of DCPIP was studied in the
range (200-800) nm to determine the maximum
wavelength which was 620 nm, as shown in Fig. 2.

Fig.2 UV-visible spectrum of DCPIP versus the reagent
blank.
The calibration curve of DCPIP was obtained after
preparing 10 different solution within the range (2-12)
ppm as shown in Fig 3. Then the absorption record for
each concentration and then the standard curve
plotting between the concentration and absorption.
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Fig. 3 Calibration curve of DCPIP.
The general procedure:

Five solutions of DCPIP were prepared in the range
10-50 pg /ml in100 ml volumetric flask, then a 25 mL
of each solution was taken and placed in contact with
0.1g of nano particle of MgO. The mixture was placed
for 30 minutes in a water bath at temperature of 298K.
The solutions were placed in test tubes and left in the
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centrifuge at a speed of 3000 rpm. The absorbance of
the different concentration was measured. The
quantity of the adsorbent substance Qe (mg / g) was
calculated according to the following equation [16].
Qe=V(Co-Ce)/m D

Qe= The amount of adsorbent (mg / g), Co =
concentration of the primary adsorbent material (mg /
L)

Ce = Concentration at the equilibrium of the
adsorbent solution (mg / L) V = The total volume of
the adsorbent substance solution (L), m= weight of
adsorbent (g).

Results and Discussion

The equilibrium time has an effect on the adsorption
of DCPIP on the surface of the magnesium oxide to
reach the equilibrium state. Amount of 0.1 g of the
surface is placed with 25 mL of the DCPIP in a
concentration of 50 pg/mL. Ten flasks were taken and
placed in a water bath and the temperature was
stabilized at 298 K. The first flask was then withdrawn
after five minutes. It was placed in the centrifuge and
its absorbent was measured. This was done for the rest
flasks after every five minutes for a period of 40
minutes. It was noted that the time required for
equilibrium is 30 minutes. The mechanism of the
reaction is due to the migration and transport of the
molecules dye from the solution to the adsorption
surface [17]. The results are shown in Fig.4.

Qe mg/g
O Rr N W & U1 O

0 30 60 90 120 150 180
t/ min

Fig.4 The effect of time on adsorption of DCPIP on the
nano surface of MgO

The effect of pH on adsorption

In this study the highest adsorption was found at pH =
3. The reason for this is that the concentration of 2, 6-
dichloro phenol indophenol for sodium salt in the
solution decreased, resulting to decreased adsorption
[18], according to Fig.5.
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Fig.5 The effect of different acidic functions at 298 K

Determination of adsorption isotherms

A temperature effect was studied to determine
isotherm adsorption, the results are illustrated in the
Fig.6.
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Fig.6 The adsorption isotherms of DCPIP on the nano
surface of MgO in the temperature range (298-318) K

The general shape of isotherms in Fig.6 corresponds
with S type according to Giles's classification [19].
The type(S) where the DCPIP particles are oriented on
the nanosurface of the MgO in a diagonal or vertical
manner.

Langmuir equation [20] was used to explicate the
adsorption of the DCPIP on the nano surface of MgO
according to equation (2)

Qe=abCe/1+bCe 2

The Frandlish equation [21] is used to describe the
adsorption properties of the non-homogeneous
surfaces according to equation (3)

logC, % =logK; + logQ, @)

The result showed in Fig.7 and 8 for Langmuir and
Frandlich equations respectively.
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Fig. 7 Langmuir adsorption isotherm for the DCPIP at
298-318 K on nanosurface of MgO and pH=3
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Fig. 8 Frandlich adsorption isotherm for the DCPIP on
nanosurface of MgO at 298-318K and pH=3

RL is an essential characteristic of Langmuir isotherm,

it is the measure of the adsorbent capacity used given

by the equation:

RL=1/[1+b Co] (5)

The values of RL are in the range of 0.1-0.99 means

0< RL> 1 representing extremely favorable adsorption

process [22].

The values of the isotherm constants of the (a, b, RL)

for Langmuir model and (n, kf) Frandlich model were

calculated with the correlation coefficients (r?) are

shown in TABLE 1.

The results show that the Freundlich model, obtain
better fits to the experimental equilibrium data than the
Langmuir model [9].

TABLE 1. The values of Langmuir and Frandlich constant with the correlation coefficients for adsorption of DCPIP

on nanosurface of MgO at 298-318K and pH=3

Temp. Langmuir isotherm Freundlich isotherm
K a(mg/g) b(mg/1) RL Kf n R?
298 0.521257 9.48024 0.6263 1.21 0.291631 | 1.329423 0.9255
308 0.008711 0.000672 0.2481 1 0.111252  1.217776 0.9241
318 -0.01258 -0.00041 0.3353 1 0.015538 | 0.724018 0.9189
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Effect of ionic strength on adsorption

A study of the effect of ionic strength for adsorption
on the surface of MgO at 298 K for DCPIP and pH =
3. Table 6. and Fig. 9 show that the effect of adding
NaCl as a catalyst is that adsorption is more effective
than if it were without salt. Stimulation gives extra
stability to the effective site versus electrostatic
interference [23,24].

3.5 7 @ with NaCl
3 Ml without NaCl
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Fig.9 The effect of ionic strength for adsorption of
DCPIP on the nanosurface MgO at 298 K and pH 3

Q

Thermodynamic study
The highest adsorption was found at 298K the
diffusion speed of adsorption molecular on the surface
decrease resulting in reduced interaction between the
surface and the adsorption molecule and when the
temperature increase, the bonds will separate. The AH
is calculated by plotting Log Xmvs. 1/ T K according
to the equation (4) [25].
Log Xm = - AH / (2.303 RT) + conc.
(4)
A linear relationship was obtained as in Figure 10
according to the results in TABLE 2.
TABLE 2. The values 1/ T K and Log Xm for adsorption
of DCPIP on nanosurface of MgO in the experimental
range (298 — 318)

C° TK 1UTK! Xm LogXm

25 | 298 0.003356 4.25 0.628389

35 308 0.003247 2.37 0.375664

45 318 0.003145 2.25 0.352183

0.7 -
0.6 -
0.5 -
log Xm 03 -
0.2 -
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O T 1
0.003 0.0032 0.0034
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Fig.10 Log Xm vs. 1/ T K for adsorption of DCPIP on
the nanosurface of MgO
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AG=-RTIn[Qe/Ce]

©) | |
The entropy values were obtained by the following
equation

A G=AH - ATAS

(6)

The results are illustrated in TABLE 3.

TABLE 3. The values of AH, AG and AS for adsorption
of DCPIP on nanosurface of MgO at 298K
AH (KJ.mol %) AG (KJ.mol?) AS (kJ. molt)
-25.28 -5.076 6.77

The negative value of AH refers to the exothermic
process, this indicates that the process is only
adsorption [26]. The AG value refer to the
spontaneously of the adsorption process for the DCPIP
on the nano surface of MgO. The positive value of AS
indicates the increased entropy.

Conclusion

The adsorption of 2, 6-dichlorophenol-indophenol
sodium salt dihydrate from aqueous solutions by using
the nanoparticles of surface magnesium oxide is a
modern and effective way to remove contaminants
from their solutions.
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