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Abstract 
In this research work, the adsorption efficiency of three structurally related acids namely, glycolic, mandelic and 

benzylic acids by MnO2 from their aqueous solutions is investigated.The study is aimed at developing a better 

understanding of the adsorption mechanism regarding the molecular level. The experiments were achieved as 

batch methods.The factors affecting the adsorption efficiency such as; contact time, initial concentration, initial 

pH of the acid medium and temperature are studied. The results obtained showed that, the increase of initial 

concentration increases the adsorption efficiency. The initial pH of the medium plays an important role in 

controlling the attachment of acid molecules on the solid surface of MnO2. The highest adsorption efficiency is 

observed in the acid medium (natural pH of the acid solutions).This study proved that, the acid is connected to 

the solid surface of absorbent in its anion form.The thermodynamic functions of adsorption are estimated at 

different initial concentrations (0.005-0.05 N). The study also included the application of the two kinetic models 

on the adsorption data namely; the pseudo first order and pseudo second order equations. The investigation is 

performed at certain concentration and various temperatures. The results denoted that, the studied systems are 

better fit the second order model.  
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Introduction 
The adsorption process is a very complicated 

phenomenon, depending on the nature of adsorbate 

and adsorbent surfaces and type of functional groups 

present on their structures. The accumulation of the 

adsorbate materials on the solid surface of adsorbent 

is resulted in various types of molecular and ionic 

interactions which are still not well known. The 

exceedingly large number of organic pollutants found 

in the aquatic environments created an important 

challenge that, promoted a demand for effective 

treatment
 (1)

. Organic acids are among the pollutants 

that attracted the attention of several searcher groups 

because of their adsorptive, complexant, and 

reductive properties 
(2-5)

. The metal oxides have been 

proved to be good adsorbents
 (6)

. They were used for 

the removal of organic acids from their aqueous 

solutions by adsorption
 (3)

. Manganese (IV) oxide is 

blackish or brown inorganic compound with the 

formula of MnO2. It occurs naturally as mineral 

pyrolusite, which is the main ore of manganese, and 

represents the most reactive oxidants found in the soil 

and sediments
(7)

. The most important reactions of 

MnO2 are associated with its redox, both   oxidation 

and reduction. Its adsorptive properties are 

responsible for the formation of surface complexes, 

which are the prerequisite of all reactions at oxide 

surfaces. Such characteristics encouraged many 

researcher groups for the use of MnO2 especially as 

adsorbent for the removal of organic acids
 (5, 6)

. The 

acid molecule carrying a negative charge is weakly 

adsorbed on the MnO2 surface. Such behavior is 

observed in the adsorption of organic acids from their 

aqueous solution 
(3)

.The MnO2  has also been applied 

for the oxidation of aromatic organic compounds 

such as phenol
(4)

 dihydroxyl benzene
(5)

 , aniline
(8)

 and 

more complex aromatic structures
(9)

 . The mechanism 

of the reaction of organic substrate with MnO2 can 

possibly pass through different pathways
 (10)

; the acid 

molecule can simply adsorbed on the solid surface of 

MnO2   as in the following equation:  

 
Where L, denote to the organic substrate. The 

reductant properties could enable the conversion of 

Mn
 (IV) 

to a much more soluble Mn
 (II)

, in a process 

termed as reductive properties, as in the equation:  

Mn (IV) L Mn (II) (aq) + L ox (aq) ( + > Mn (IV) ) ----(2)  
 Where Lox is the oxidized product of substrate and 

(+ > Mn (IV)) represents the unoccupied surface 

sites.The reaction mechanism may involve other 

pathways
 (10)

, where there is no room to mention here. 

Whatever was the mechanism pathway, the formation 

of complex by adsorption is the first step in any 

surface chemical reaction
 (6, 11)

. The exact nature of 

this complex is not known at present.The kinetic of 

each pathway depends on adsorption, complexant, 

and reductant properties of organic structure, the 

identity of the MnO2 surface, and the conditions of 

the environmental media (pH, major ion composition, 

and so on). Because of the importance of MnO2 as a 

catalyst, and since the catalytic behavior pass through 

adsorption of the reacting species on its surface, this 

research work, is aimed at developing a deeper 

understanding of the molecular level adsorption 

mechanism by investigating the adsorption of some 

structurally related acids on the MnO2  

Kinetic model  
In this research work, two kinetic models were 

employed to fit the experimental data, namely; the 

Lagergren pseudo first order and pseudo second order 

models. 

1- Pseudo first order equation  
This equation is described by Lagergren

 (12, 13)
 as:  

)3(ln)ln( 1  tkqeqtqe  

Where qe and qt (mg. g
-1

), are the adsorption capacity 

at equilibrium and at time (t) respectively. k1 (min
-1

) 
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is the rate constant of the pseudo first order 

adsorption.By plotting the values of ln (qe – qt) 

versus t, a straight line should be obtained if the 

adsorption data fit the first order model and the 

calculated value of qe that obtained from the intercept 

of the line must be equal or close to the experimental 

qe. The value of k1 can be calculated from the slope 

of the straight line. 

2- Pseudo second order equation
 (13, 14)

  
The pseudo second order kinetics may be expressed 

as follow:  

)4(
11

2

2

 t
qeeqkqt

t  

By plotting the value of t/qt versus time (t), the 

equilibrium adsorption capacity (qe) and the second 

order constant (k2) (g.mg
-1

. min
-1

) can be determined 

from the slope and intercept of the straight line 

respectively.The adsorption system can be considered 

as second order when the correlation coefficient (R) 

of the line is close to unity and the calculated qe is 

consistent with the experimental value.  

Adsorption thermodynamic:  
The calculation of the apparent thermodynamic 

parameters can provide a clue for the elucidation of 

the adsorption mechanism of the studied acids on 

MnO2.The enthalpy ).,( 1 molkJH  and entropy 

(∆S
o
, J. mol

-1
 K

-1
) of the acids adsorption on MnO2 

can be estimated from the slope and intercept of the 

straight line resulted from plotting lnK against 1/T 

according to Vant Hoff's equation: 

)5()/()/(ln  RTHRSK  

Where K is the distribution coefficient, and calculated 

from the ratio of adsorbed acid on the remained (Free 

acid) in the solution at equilibrium. R is the gas 

constant (8.314  J. mol
-1

 K
-1

) and T is temperature in 

Kelvin.The Value of  G  could be evaluated by 

using the following equations:  

)6(ln  KRTG  
)7( STHG  

Experimental 

1- Adsorbate:  
Three acids are used for this investigation, namely; 

glycolic, mandelic and benzylic acids. These acids 

vary in their structures by substituting the H (α – to 

the carboxylic group) in the glycolic acid by one and 

two aromatic rings in the mandelic and benzylic acids 

respectively (Table (1)). Those acids are supplied by 

Merck- Schachardn, BDH Company, Riedel- DE 

Haenag Seelze. They are of analytical grade and were 

used without further purification.  
Table (1): Abbreviations, structures and molecular 

weight of the studied acids 

Acids Abbreviation Structures M. Wt. 

Glycolic acid Glyc 
OH CH2 C OH

O

 75 

Mandelicacid Mand 
 
152.15 

Benzylic acid Benzy 
 
228.25 

2- Adsorbent 
Manganese dioxide (MnO2) is used as an adsorbent in 

this study. It is supplied by Fluka. It was used as a 

colloidal and without any purification.  

3- Effect contact time:  
0.02 g of MnO2 was added into a 50 mL of acid 

solution of initial concentration 0.05 N at 20 

C  .Different samples were shaken for a period of 

90 minutes at a time intervals of 5 and 10 minutes 

with continuous stirring at 90 rpm. The sample was 

then filtered rapidly and the acid content of the 

filtrates was determined by titration with 0.1 N 

NaOH. The experiment was repeated at different 

temperatures (25, 30, and 40 C ).  

4- Effect of initial concentration 
The effect of initial concentration is conducted at 

equilibrium conditions within the range of (0.005 -

0.05 N). Four samples of different concentrations of 

the tested acids are prepared using distilled water as a 

solvent (few mLs of ethanol was used for the 

completion of benzylic dissolution). 0.25 g of MnO2 

was added into a 50 mL of the acid solution, shaken 

for 90 minutes, filtered and the amount of adsorbed 

acid is estimated by titration with 0.1N NaOH and 

using phenolphthalein as indicator.The removal 

efficiency is expressed in terms of adsorption 

percentage and calculated as follows:  

)8(100% 
o

i

C

C
Adsoption  

Where Ci, is the concentration of the adsorbed acid 

and Co, is the initial concentration.  

5- Estimation of thermodynamic functions of 

adsorption  
The value of the distribution coefficient of adsorption 

(K) is determined at various temperatures using the 

following equation:  

)9(



io

i

CC

C
K  

Where, (Co- Ci) is the concentration of the free acid in 

solution at equilibrium. The values of G , H  and 

S  are calculated by using equations (7) and (5) 

respectively.  

6- Kinetic Study:  
The kinetic study is achieved as a batch mode at the 

natural pH of each acid solution of concentration 

(0.05 N) and at 20 C , within a period of time 

ranging from 5- 60 minutes. This period is 

determined from the study of the effect of contact 

time. The experiments were carried out by adding 

0.25 g of MnO2 into 50 mL of acid solution of 

concentration (0.05 N). The acid solution was 

continuously stirred at 90 rpm with appropriate time 

intervals and then filtered, and the supernatant was 

titrated with 0.1N NaOH for the determination of the 

remained acid concentration. The value of the 

adsorbed acid concentration is calculated by 
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difference. The above method is repeated at different 

temperatures (25, 30 and 40 C ).  

Results and Discussion  

1- Effect of contact time 
The adsorption of glycolic, mandelic and benzylic 

acids on MnO2 is conducted as batch experiments at 

initial concentration (0.05 N) and at different 

temperatures (20, 25, 30,   and 40 C ). The rate of 

uptake was estimated by titration with 0.1 N NaOH. 

The results obtained are shown in Figure (1).  
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Figure (1): The variation of the adsorption 

efficiency with time 

The results of Figure (1) indicate that, the uptake 

level is very fast within the first 5 minutes, being very 

sharp, showing high affinity between the MnO2 

surface and the acids. The adsorption process is then 

gradually decreased and becomes slower with the 

time going on. Finally, saturation is reached, beyond 

which, no further adsorption can take place. The 

results suggest that, equilibrium could be reached in 

about 60 minutes in all of the considered acids.  

2- Effect of initial concentration  
The effect of initial concentration is tested at various 

concentrations in the range of 0.005 to 0.05 N, while 

keeping all other parameters constant. The 

experiments were repeated at different temperatures. 

The adsorption efficiency is calculated using equation 

(8). The distribution coefficients (estimated by eq. 9) 

and the adsorption efficiencies are listed in Table (2).  

 

 

 

 

 

 

Table (2): The values of distribution coefficients and 

adsorption efficiencies of the considered acids at various 

temperature 

Conc. 

(N) 

Temp  

C  

Glycolic Mandelic Benzylic 

K 
% 

Ads. 
K 

% 

Ads. 
K 

% 

Ads. 

0.05 

20 1.941 66 4.000 80 3.166 76 

25 1.500 60 3.166 76 2.846 74 

30 1.174 54 2.846 74 2.125 68 

40 0.923 48 1.941 66 2.111 64 

0.03 

20 1.500 60 2.333 70 1.727 63 

25 1.307 56.6 2.000 66 1.500 60 

30 0.666 40 1.727 63.3 1.142 53 

40 0.500 33.3 1.307 56 0.875 46 

0.01 

20 1.000 50 1.500 60 1.000 50 

25 0.666 40 1.000 50 0.818 45 

30 0.428 30 0.666 40 0.666 40 

40 0.250 20 0.428 30 0.666 30 

0.005 

20 0.666 40 1.000 50 0.666 40 

30 0.250 20 0.666 40 0.428 30 

35 0.250 20 0.428 30 0.428 30 

40 0.250 20 0.250 20 0.250 20 

The results of Table (2) show that, the adsorption of 

acids by MnO2 is highly dependent on the acid 

concentration. The amount of adsorbed acid by MnO2 

is increased by the increase of acid concentration at 

definite temperature. Comparing the adsorption 

efficiencies of the three acids considered in this 

investigation, the results indicated that, the adsorption 

efficiency increased in the following order at certain 

temperature: Glyc. < Benzy < Mand .Since the acids 

are expected to exist as anions in their aqueous 

solutions due to the ionization processes. The 

attachment of acids onto the MnO2 surface will be by 

their anion forms, therefore, the more stable anion is 

the more liable acid to be adsorbed. Due to the ability 

of the negative charge of the benzylic anion to be 

spread on two aromatic rings and that of mandelic 

anion to be distributed on one aromatic ring, the 

stability of the anion forms of the studied acids, are in 

the following order: Glyc < Mand < Benz. 

Accordingly, the adsorption efficiency of the benzylic 

acid is expected to be higher than that of mandelic 

acid. The experimental investigation showed results 

of opposite direction. This could be due to the steric 

effect caused by the two rings present in the   

benzylic structure.    

3- Effect of the initial pH  
An attempt was made to investigate the influence of 

the initial pH solution on the removal of acid by 

adsorption on MnO2. Three different pH's; at natural 

pH of acid solutions (2.27 of glycolic, 2.63 of 

mandelic and 2.81 of benzylic acids), neutral (pH=7) 

medium and at basic (pH= 9) medium were 

investigated. The results obtained are listed in Table 

(3)  
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Table (3): Effect of initial pH solution on adsorption of 

acid by MnO2 at 20 C  

K %Ads. pH Compd. 
1.941 66 2.27 * 

Glycolic 1.500 60 7.00 
0.851 46 9.00 
4.000 80 2.63 * 

Mandelic 2.125 68 7.00 
1.381 58 9.00 
3.166 76 2.81 * 

Benzylic 
1.631 62 7.00 

* Natural pH 

The results of Table (3) indicate that, the three acids 

vary in the same trend in which the percentage of the 

acid removal is decreased when increasing the initial 

pH of the acid solution from acidic (natural pH) to 

neutral (pH=7) medium. This can be attributed to the 

decrease of the ionization abilities of the acids in the 

neutral medium, which in turn lowers the adsorption 

efficiency, since they are attached to the MnO2 

surface as anions.  

The lowest adsorption efficiency is observed in the 

basic (pH=9) medium, which may be due to the 

presence of excess of OH
-
  ions competing with the 

acid anions to be attached to the adsorption sites. The 

results of this study may conclude that, the initial pH 

of the acid solution plays an important role in such 

investigation.  

4- Effect of temperature  
The effect of varying temperatures, when keeping 

other parameters constant, on the removal of the acids 

considered in this study by MnO2 is investigated in 

the range of 20-40 C at different initial 

concentrations. The results obtained are portrayed in 

Table (2). The results of Table (2) showed that, the 

amount of adsorbed acid decreased with the increase 

of temperature for all of the studied acids and at all of 

the concentration selected for this investigation. 

These observations suggest that, the adsorption of the 

studied acids is exothermic process and is physical in 

nature in which the increase of temperature increases 

the desorption process.  

5- Calculation of thermodynamic functions:  
The various intermolecular forces between the acids 

and MnO2 can specify the direction of the adsorption 

process, the nature of these forces and the order of the 

adsorptions system. The thermodynamic functions are 

a good measure for such determination. The 

estimation of the heat of adsorption is conducted 

depending on the adsorption isotherm knowledge at 

various temperatures. The values of the adsorption 

distribution coefficients (K) at equilibrium 

determined at different temperatures according to 

equation
 (9)

 are shown in Table (2). The values of    
H   and S  evaluated from the slope and 

intercept of the straight line obtained from plotting ln 

K versus 1/T by employing equation (5) respectively. 

This straight line is shown in Figure (2).  

R2 = 0.9708

R2 = 0.7716

R2 = 0.9941

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

0.00315 0.0032 0.00325 0.0033 0.00335 0.0034 0.00345

1/T K

ln
 K

Benzylic

Glycolic

Mandelic

 
Figure (2): The relation between ln K versus 1/T 

for the three acids 

considered is this study. 

The values of   G   are estimated by using 

equations (7).The values of S , H  and  G  

for the adsorption of the studied acids on MnO2 at 

two different concentrations (0.05 and 0.05 N are 

listed in Table (4)). 

Table (4): The adsorption thermodynamic 

functions of considered acids at different 

concentrations 
0.005 N 0.05 N 

 
∆- Go 

kJ.mol-1 

∆- H 

kJ.mol-

1 

∆- So 

J.mol-

1.K-1 

∆- So 

J.mol-

1.K-1 

∆- H 

kJ.mol-1 

∆- Go 

kJ.mol-1 

Glyc 1.61556 27.940 90.165 110.401 30.465 990.15 

Mand 3.3771 26.84 79.952 179.923 52.660 0 

Benzy 2.80741 16.129 45.746 122.37 34.754 990.15 

Looking at the results of Table (4) one may conclude 

that, the negative value of G  confirms that, the 

acids adsorption on MnO2 surface is a spontaneous 

process, while the negative sign of ∆H is an 

indication to the exothermic nature of adsorption 

system under consideration, and the value of ∆ H 

refers to the type of forces that control the adsorption 

process which are physical in nature (< 40 kJ .mol
-1

). 

The negative value of ∆ S
o
 explains the increase in the 

system order due to adsorption process. Comparing 

the values of ∆ H and ∆ S
o
 obtained for the three 

acids at the highest (0.05 N) and lowest (0.005 N) 

concentrations chosen for this study showed an 

increase in the opposite direction.  

      At (0.05 N)            Mand             >              Benzy         >         Glyc 

∆ H -52.66 - 34.75 -30.46 k J . mol
-1

 

∆ S
o
 -179.92 -122.37 -110.40 J. K

-1
.  mol

-1
 

    At (0.005 N)                   Benzy             <       Mand               <         Glyc 

∆ H -16.129 -26.84 -27.94 k J . mol
-1

 

∆ S
o
 -45.74 - 79.95 -90.16 J. K

-1
.  mol

-1
 

These results may indicate that, these values are 

significantly affected by the initial concentration. At 

higher concentration, the competition among the acid 

molecules to be attached on a certain number of 
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active sites present on a specific amount of the MnO2 

surface is increased. This, in turn, is affected by the 

size of molecule that elevates the steric interactions. 

The effect of steric congestion is seemed to be 

weakened at lower concentration. 

6- Kinetic study:  
The kinetic of acids adsorption onto MnO2 was 

investigated using two different models; the pseudo 

first order (eq.3) and pseudo second order (eq.4) 

kinetics. The study is achieved as batch experiments 

at certain conditions of initial concentration (0.05 N), 

natural pH of each acid and at different temperatures. 

According to the pseudo first order model, the value 

of k1 and calculated qe are evaluated from the slope 

and intercept of the straight line resulted from 

plotting log (qe- qt) versus time respectively (Figure 

(3)). 
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Figure (3): lines obtained from the application of 

first order model of the 

adsorption system 
In a similar way, the application of the pseudo second 

order model is carried out by plotting t/qt versus time. 

The values of k2 (g mg
-1

. min 
-1

) and calculated qe (qe 

thero) are estimated from the intercepts and the slopes 

of the obtained straight lines respectively (Figure (4)). 
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Figure (4): The fitting of the adsorption data to 

the second order model 

Comparison between the experimental values of qe 

and the calculated ones obtained from the fitting of 

first and second order kinetic models on the 

adsorption data are given in Tables (5) and (6) 

respectively.  

Table (5): Results of the kinetic study obtained 

from the application of first order 

model on adsorption data 

Temp 

C  

k2 (g.mg 
-

1
 .min

-1
) 

R
2
 

qe theo 

(mg/g) 

qe exp 

(mg/g) 

Glycolic acid 

20 0.001060 0.9847 96.10 90 

25 0.001770 0.9975 111.11 105 

30 0.001788 0.9976 111.11 105 

40 0.001494 0.9935 121.35 105 

Mandelic acid 

20 0.001380 0.9870 119.00 115 

25 0.001776 0.9970 121.95 115 

30 0.001799 0.9993 131.57 125 

40 0.002080 0.9997 147.05 140 

Benzylic acid 

20 0.001320 0.9905 121.95 115 

25 0.000979 09931 147.05 140 

30 0.001280 0.9978 151.51 145 

40 0.000923 0.9978 169.49 160 
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Table (6):  Application of second order kinetic 

model on adsorption data 
Temp C  k1 (min-1) R2 qe theo (mg/g) qe exp (mg/g) 

Glycolic acid 

20 0.02049 0.5857 5.030 90 

25 0.01266 0.7068 2.546 105 

30 0.01266 0.7068 2.546 105 

40 0.01197 0.884 2.506 105 

Mandelic 

20 0.01082 0.946 2.525 115 

25 0.01174 0.8213 2.361 115 

30 0.01174 0.2485 3.129 125 

40 0.01013 0.6274 2.045 140 

Benzylic acid 

20 0.01174 0.8202 2.316 115 

25 0.01381 0.8816 3.080 140 

30 0.01150 0.8222 2.426 145 

40 0.01427 0.812 2.970 160 

According to the results presented in Tables (5 & 6), 

the second order model provided best fit with the 

experimental data of adsorption. High correlation 

coefficients (R
2
 close to unity) are obtained. The 

calculated values of adsorption capacities (qe theo) 

are consistent with the experimental values of (qe 

exp). Meanwhile, the application of Lagergren 

equation on adsorption data gave weak correlation 

coefficients. The calculated values of qe are too low 

compared to the experimental qe values, for all of the 

adsorption data of the three acids involved in this 

study.The above results confirm that, the adsorption 

of the three acids considered in this study on the 

surface of MnO2 obeys and follows the pseudo 

second order kinetic model.  

References   
1. Mark L., "Introduction to physical chemistry", 

3rd Ed Edition, Cambridge University Press, 1993.  

2. Khaled A.; El Nemr A.; El- Sikaily A.; and 

Abdel- Wahab O., "Treatment of artificial textile dye 

effluent containing direct yellow-12 by orange peel 

Desalination, 2009, 283, 210-232..  

3. Kovaceric D.; and Kallay N., "Adsorption of 

organic acids on metal oxides", CROATICA 

CHEMICA ACTA, 1998 CCA CAA 71 (4), 1139-

1153.  

4. Shone A.T., "Reductive dissolution of 

Manganese (III/IV) oxides by substituted phenols", 

Environ Sci. Technol., 1987, 21, 979-988.  

5. Shone A.T.; and Morgan J.J. "Reductive and 

dissolution of Manganese and Manganese oxides by 

organics: 2. Survey of the reactivity of organics", 

Environ. Sci. Technol., 1984, 18, 617-624.  

6. Stumm W.; and Morgan J. J., "Aquatic 

Chemistry, chemical Equilibria and Rates in Natural 

Waters", 3 rd ed. John Wiley and Sons. INC., 1996.  

7. Post J.E., " Manganese oxide mineral: Crystal 

structures and economic and environmental 

significance ", P.Nalt. Acad, Sci., USA, 1999, 96, 

3447- 3454.     

8. Laha S.; and Luthy R. G., "Oxidation of aniline 

and other primary economic amines by manganese 

anise dioxide". Environ. Sci. Technol., 1990, 24, 363- 

373.  

9. Zhang H.C.; and Hang C.H., "Oxidative 

transformation of triclosan and chlorophene by 

manganese oxides", Environ. Sci. Technol., 2003, 37, 

2421- 2430.  

10. Jones T.J.; and Noyer R.M., "Mechanistic details 

of the oxidation of oxalate by manganese (III)" J. 

phys. Chem., 1983, 87, 4686- 4689.  

11. Weaver R.M.; and Hochella M.F., " The 

reactivity of seven Mn. Oxides with Cr
+3

 (aq): A 

comparative analysis of complex, environmentally 

important redox reaction", Am. Miner. , 2003, 88, 

2016-207.  

12. Lagergren S., "About the theory of So-called 

adsorption of soluble substances ", K. Sven. 

Vetenskapsakad. Handl., 1898, 24(4), 1-39. 

13. Hameed B. H., "Spent tea leaves, A new non-

conventional and low-cost adsorbent for removal of 

basic dye from aqueous solutions", J. Hazardous 

material, 2009, 161, 753-759. 

14. Ho Y. S.; Mckay G.; Wase D. A. J.; and Foster 

C. F., "Study of the sorption of divalent metal ion 

onto peat", Adsorp. Sci. Technol., 2000, 18, 639-656. 

 
 
 
 
 
 
 
 
 
 
 
 



Tikrit Journal of Pure Science 17 (2) 2012                                                                                ISSN: 1813 - 1662 

 555 

  MnO2  دراسة حركية وثرموداينمكية لامتزاز بعض الحوامض العضوية باستخدام 
  عماد عبد الاله صالح الحيالي ، خليل ابراهيم النعيمي ، صفوان عبد الستار الدبوني

  ، الموصل ، العراق قسم الكيمياء ، كلية التربية ، جامعة الموصل
 ( 1122/  21/  12   لقبول:تاريخ ا ---- 1122/  5/   8 تاريخ الاستلام:) 

 
 الملخص

تضممممذ  مممحا البسمممف ءراسمممة كبممماءح امتمممضاض بعمممك اكسمممماك العضممموية ) الكليكوليمممي و المتمممءليي و البتضيليمممي( والتممم  تتبممماو  بصمممي  ا التركيبيمممة ممممذ 
ا بالتركيممأ جلجضيةمم  ل مماق وقممء جتجممض  مساليل مما الماةيةقوقممء  ممءر  الءراسممة التوصممل يلممو ر ممم كميممق وواضممز لميكاتيكيممة امتممضاض  ممح  اكسممماك وكلقت مم

البتممءاة   التجمارأ العمليممة باسممتطءام  ريدممة الءرعمة الواسممءحق لدممء جلممتمل البسمف كلممو ءراسممة العوامممل المممنرح كلممو المتممضاض منممل ضممذ التممما  والتركيممض
مممذ كبمماءح المتممضاض واذ الءالممة السامضممية البتءاةيممة لوسمم   والءالممة السامضممية والمتممضاض وءرجممة السرارحقجت ممر  التتمماةل يذ ضيمماءح التركيممض البتممءاة  يضيممء

ت ما رم  الوسم  المتضاض تلعأ ءورا جساس  ر  التسكم ب ريدة ارتبا   الجضيةا  الممتضح بالس ز جلماض ق وتبيذ التتاةل يذ جكلو كباءح امتضاض تمم ملست
بلمممكل ا  MnO2ة يذ اكسمممماك العضممموية المءروسمممة تمممرتب  مممم  سممم ز المممم جلسامضممم  )كتمممء الءالمممة ال بيعيمممة لمساليمممل السممموامك( قوقمممء جنبتممم  الءراسممم

وقمء سسمب  المءوال النرموءايتميكيمة لتتمام المتمضاض بالكتمماء كلمو التتماةل المسصمل كلي ما ممذ ءراسمة تمانير ءرجمة السمرارح كتمء ممء   جليوت  السالأ ق
وحلمممي مممذ طمملل ت بيمممق  MnO2ضاض  ممح  اكسمممماك كلممو سمم ز الممم قجلممتمل البسمممف جيضمما كلممو ءراسممة سركيمممة امتممN(1015-10115مممذ التراكيممض )

رو  يتبمم  تممموحج  معمماءلت  المرتبممة اكولممو الكاحبممة والناتيممة الكاحبممة رمم  كممءء مممذ ءرجمما  السممرارح وكتممء تركيممض نابمم  ق جت ممر  التتمماةل يذ التتممام المممء
 تموحج المرتبة الناتية الكاحبةق


