
ORIENTAL JOURNAL OF CHEMISTRY

www.orientjchem.org

An International Open Free Access, Peer Reviewed Research Journal

ISSN: 0970-020 X
CODEN: OJCHEG

2018, Vol. 34, No.(3): 
Pg.  1283-1296

  		  This is an        Open Access article licensed under a Creative Commons Attribution-Non Commercial-Share Alike  
		  4.0 International License (https://creativecommons.org/licenses/by-nc-sa/4.0/), which permits unrestricted  
		  Non Commercial use, distribution and reproduction in any medium, provided the original work is properly cited.

Adsorption Behavior of some N-alkyl Pyridinium Salts from 
Aqueous Solution on Amberlite-IR 120 H+ resin

NAJAH AYAD ALSHAMMARI1,2*, EHTERAM A. NOOR1 and JAMILAH MOHAMMAD ALAHMARI1

1Department of Chemistry, Faculty of Sciences, King Abdulaziz University, Jeddah, Saudi Arabia.
2Department of Chemistry, Faculty of Sciences and Art, Northern Border University (NBU),  

Rafha, Saudi Arabia.
*Corresponding author E-mail: najah.a.j@hotmail.com

http://dx.doi.org/10.13005/ojc/340312

(Received: April 03, 2018; Accepted: May 20, 2018)

Abstract

	 The effect  of Amberlite-IR 120 H+ resin to remove some organic compounds  
(N-alkyl pyridinium salts) from aqueous solutions at certain conditions was investigated. The effect 
of resin dosage, contact time, adsorbate concentration, ionic strength and solution temperature 
on the adsorption efficiency was examined. The experimental data collected generally proved that 
the adsorption efficiency decreased as the alkyl chain increased. The thermodynamic equilibrium 
parameters of the adsorption processes were evaluated and showed that the adsorption process is 
spontaneous, disordered and exothermic. Langmuir, Freundlich, Temkin and Dubinin–Radushkevich 
(D.R) isotherm models were applied based on the batch method. Freundlich, Temkin and D. R gave 
bilinear segments model based on the adsorbate initial concentrations except that for compound III 
where it gave straight of one segment for Temkin adsorption isotherm. Overall, Amberlite-IR 120 H+ 
resin is effective in removing some N-alkyl pyridinium salts from an aqueous solution.

Keywords: Adsorption, Ion exchange, Isotherms, Thermodynamics,  
Resin, Removal, Pyridinium salts.

Introduction

	 Adsorption can be employed in a variety of 
applications particularly in the area of environment. 
For example, it is used to purify water from solvents 
or vice versa. Organic resins are the most useful type 
of adsorbents that used to remove heavy metals, 
dyes, fluoride, nitrate, ammonia and contaminants 
due to their high adsorption capacities and low cost. 
They are classified based on functional groups and 

whether they include cationic, anionic or amphoteric. 
Further classification is based on the strength of an 
acid or base1,2. Specially, Amberlite IR-120.H+ is an 
excellent resin that can be used for a variety of water 
demineralization applications3. 

	 Ion exchange and adsorption have similar 
diffusion processes. In both of them a substance 
is captured by solid particles. However, there are 
some different characteristics between them. For 
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instance, Ion exchange processes require releasing 
an equivalent amount of removed ions into the 
solution while adsorption processes do not demand 
any replacement of the removed ions4. 

	 The adsorpt ion isotherm re l ieves 
essential information about the adsorbent surface 
characteristics, and it represents the distribution of 
adsorbate between a liquid phase and a solid phase 
at equilibrium state. Langmuir adsorption isotherm 
assumes that the surface is homogeneous and 
consists of many active sites in which each one can 
adsorb only one molecule of the adsorbate forming 
monolayer adsorption. The Langmuir equation has 
the linear form of5.

Ce/qe=(1/qmKL)+(Ce/qm)	 (1)

	 Where “qm” and “KL” are the Langmuir 
constants related to adsorption capacity and energy 
of adsorption. Freundlich model is used to represent 
the adsorption characteristics for heterogeneous 
surfaces. Freundlich states that the adsorbate 
molecules interact with each other in multilayer 
adsorption. The Freundlich equation has the linear 
form6.

Log qe= log KF+ 1/n log Ce	 (2)

	 The sorption capacity KF, which is the 
indication of the quantity of adsorbate onto 
adsorbent for a unit equilibrium concentration. 
Temkin model assumes that the heat of all molecules 
of a layer diminishes at a straight line with the 
coverage as a consequence of the interaction of  
adsorbent-adsorbate7.

qe = B lnKT + B lnCe	  (3)

	 KT is the equilibrium constant while B is 
related to the adsorption heat. D.R model estimates 
the mean free energy of the adsorption and 
determines whether the adsorption has the chemical or 
physical characteristic. The D.R equation has the form8.

ln qe  = ln Ks - be2	 (4)

	 Ks is the maximum adsorption capacity, b is 
a constant related to mean adsorption energy, and ε 
is the Polanyi adsorption potential, which is equal to.

e=RT ln[ 1+ 1/Ce ]		 (5)
	
	 The energy of adsorption is the free energy 
of the transfer of one mole of a solute from infinity  
(in solution) to the surface of the adsorbent. The 
mean value of adsorption energy E can be computed 
using the following relationship. 

	 (6)

	 E, mean free energy, is used to determine 
the type of adsorption process. For example, E < 
8 kJ/mol is for physisorption, 8 < E < 16 kJ/mol 
is for ion-exchange and 20 < E < 40 kJ/mol is for 
chemisorption8, 9.

	 N-methyl pridynium salts with different 
substituents had been successfully removed from 
aqueous solutions using dowex 50WX4-5/H+ 10 where 
Freundlich and Dubinin-Radushkevich adsorption 
isotherm models fit well their adsorption data. The 
present work aimed to investigate the efficiency of 
Amberlite-IR 120 H+ resin for the removal of pridynium 
salts, having the same substituent but differ in the 
N-alkyl chain, from aqueous solution under different 
conditions. 

Experimental

Chemicals
	 N-alkyl Pyridinium salts have been 
prepared and proven elsewhere11. Their chemical 
structure formula and molecular weight are given 
in Table 1. These compounds are classified as 
1:1 electrolytes where the organic part has the 
electron-donor-acceptor properties12. Amberlite 
IR-120 resin (Functional group: -SO3H; Matrix: 
Styrene divinylbenzene), supplied by the Dow 
chemical company, was used. The physical form 
(beads) is represented in Fig. 1. Moreover, analytical 
grade reagents of hydrochloric acid 98% (BDH), 
Silver nitrate, AgNO3 (BDH) and sodium chloride,  

 (Sigma-Aldrich) were used.

Methods

Activation of Amberlite-IR 120 H+ resin
	 The resin was initially activated with HCl  
(1 M) for 24 h, then it was washed with deionized 
water several times until all chloride ions were 
removed. To ensure that the solution is chloride ions 
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Fig. 1. Physical form of Amberlite IR-120.

free, AgNO3 solution (0.1 M) test was used. After that, 
the resin was dried at 50 oC in an electric oven and 
stored at room temperature until use.

and solution temperature by varying respectively the 
contact time (5 to 80 min.), initial concentrations of 
the studied compounds, (2.5×10-4 to 1.5×10-3 M), 
NaCl concentration (0.05 to 1.0 M) and solution 
temperature (30-70 oC). All experiments were 
conducted at solution pH.

	 The amount of the cations adsorbed per unit 
mass, qe(mol.g-1) can be calculated as following. 

qe = ( Ci – Ce) × V/m 	 (9)

	 Where Ci is the initial concentration,  
(mol.L-1 or M), m is the mass of the adsorbent (g) and 
V is the volume of the solution (L). The distribution 
coefficient (Kd, L.g-1) estimates the ability of the ion 
exchanger to remove certain ionic species from 
liquid medium. It can be measured by the following 
formula.

	 (10) 

	 The adsorption percentage can be 
determined (Ads%) according to the equation 
below.

Ads% = 	 (11)

Results and Discussion

Effect of resin dosage
	 The removal efficiency of the studied 
compounds (1×10-3 M)  was investigated by 
varying the resin amount from 0.05 to 0.75 g at 
30 oC and 60 min. contact time (Fig. 2-a). It is 
clear that the qe decreased with increasing the 
resin dose. The interpretation, in this case, is that 
increasing the resin amount caused agglomeration 
of the resin particles leading to a reduction in  
inter-particle distances. So that, the intersecting of the 
adsorption sites as a result of the overcapacity of the 
resin particles led to decrease qe. They also might be 
performed a screen on the outer layer of the particles 
covering the active sites from the adsorbate15. As it 
is shown from Fig. 2-b, Kd increased dramatically as 
the adsorbent increased, to reach the highest value 
at 0.25 g of the resin, due to increasing the number 
of active adsorption sites and generating a greater 

The determination of the studied organic cations 
concentrations at equilibrium (Ce)
	 The absorbance of various dilutions 
(stock solutions, 5×10-4 M) of the studied organic 
compounds were determined by spectrophotometric 
technique  and was found to fit well Beer’s law 
equation (non-zero intercept)13.

Abs(λmax) = b + aC	 (7)
	
	 Where Abs(λmax) measures the absorbance 
(no units), a is a slop, b is the intercept, and c is the 
concentration (M)14.  λmax was ranged from 306 
to 390 nm. In order to identify Ce, Eq (7) can be 
rearranged as follows.

Ce= (Abs(λmax) - b) / a	 (8)

Adsorption of the studied organic compounds 
on Amberlite IR 120 H+ resin
	 Batch method was conducted to study 
the effect of resin dosage as follows: a certain 
amount of each studied organic compound was 
dissolved in 100 mL measuring flask to obtain a 
final concentration of 1×10-3 M.  Then, every time a 
different amount of the resin (0.05, 0.1, 0.15, 0.25, 
0.5 or 0.75 g) was mixed with a solution of the studied 
compounds. After that, the solutions were stirred at 
a constant speed rate for 60 min. at 30 oC. Finally, 
the solutions were separated from the resin after 
equilibrium and analyzed by UV spectrophotometric 
technique. The steps were repeated using a certain 
amount of the resine (0.25 g) for studying the effect 
of contact time, initial concentrations, ionic strength 
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surface area for a fixed adsorbate concentration with 
increasing the resin amount16. Then, Kd declined with 
increase the adsorbent. The possible reason is that 
while the adsorbent concentration increased, some 
active sites still unsaturated during the adsorption 
process. As a result, more of free sites were formed17. 
By all means, increasing active sites with increasing 
adsorbent more than the concentration of the 
adsorbate itself. Therefore, a further increase of the 
adsorbent will discharge to decrease the adsorption. 
It might also be contributed to overlapping the 
active sites leading to a decrease of the surface 
area and accumulation of the exchanger particles18. 
Consequently, the selected amount of the resin for 
the remaining experiments was 0.25 g. 

Effect of the contact time between adsorbent 
and adsorbate
	 Figure 3 represents the effect of contact 
time (5-80 min.) between the adsorbent and the 
adsorbate for the adsorption of organic compounds 
(1×10-3) from aqueous solution on Amberlite  

IR-120 H+ resin (0.25 g) at 30 oC. It is evident that 
the adsorption efficiency increased dramatically with 
increase the contact time until 60 min. because all 
the active sites of the resin surface were vacant at 
initial and the adsorbent concentration gradient was 
significantly high. Hence, the functional groups of the 
resin surface need more time to bind entirely with the 
vacant active sites, since each active site of the resin 
surface adsorbs only one molecule of the adsorbate, 
and to achieve a sufficient equilibrium between the 
amount of the organic cations adsorbed by the resin 
and the amount of the cations remaining in the 
solution19. At 60 min., contact time, it was achieved an 
ideal time of the maximum organic cations removal 
and reached the equilibrium completely. As a result, 
the contact time used in our adsorption studies was 
60 min., However, after 60 min., the adsorption 
efficiency became almost constant. The reason is 
that with further increase of the contact time, most 
of the active sites of the resin were occupied with 
the cations that cover the adsorbent surface. So that, 
the adsorption did not indicate a significant change 

Fig. 2. Effect of amount of Amberlite-IR 120 H+ resin (0.05 – 0.75 g) on (a) qe and (b) Kd for a certain 
concentration of the studied organic compounds

Fig. 3. Effect of the contact time (5-80 min) for a certain concentration of the studied
 organic compounds on (a) Kd and (b) Ads% using Amberlite IR120 H+ resin
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in the limited active sites on the resin surface. The 
adsorption is illustrated to a fast process where 
approximately 80% of the adsorption efficiency took 
place at the beginning of 10 minutes. 

Effect of the adsorbate initial concentration
	 The effect of the initial concentrations of the 
organic compounds solutions, in the range of 1×10-4 
to 1.5×10-3 M at 30 oC for 60 min., for their adsorption 
on Amberlite IR-120 H+ resin was described at 
Fig. 4. The Figure shows a gradual increase of the 
adsorption efficiency with increasing the adsorbate 
amount as a result of increasing the adsorbate 
cations around the active sites of the resin20. 
Consequently, the removal efficiency increased 
with increasing the adsorbate amount (Fig. 4-a). 
For certain, at low initial adsorbate concentrations, 
the ratio of an initial amount of organic cations to 
active sites of the resin was low. Hence, the removal 
efficiency of the cations was higher. On the other 
hand, at higher concentrations, the ratio of the 
cations and active sites was high. So that, the excess 
of the cations remained in the solution leading to a 
decline of the removal efficiency21. By all means, 
at low concentration of adsorbate, the number of 
organic cations was insufficient for covering the 
adsorbent surface and forming a layer in contrast to 
the high concentration of adsorbate with an adequate 
amount of cations that formed a single layer on the 
resin surface22.

Effect of ionic strength
	 The effect of ionic strength on the adsorption 
of organic cations on 0.25 g of Amberlite-IR 120 H+ 
resin from aqueous solution was examined by using 

a variety of NaCl concentrations in the range from  
0.05 to 1.0 M at 30 oC for 60 minutes. The 
experimental results (Fig. 5) exhibit that, the 
adsorption decreased as NaCl concentrations 
increased. A possible implication is that there was a 
competition between Na+ and organic cations to be 
adsorbed on the resin surface. For example, at lower 
NaCl concentrations, the effect of Na+ cation was 
slight due to more functional groups were available 
for organic cations and Na+ uptake. However, at 
higher NaCl concentrations, the competition between 
Na+ and organic cations for the available sites 
became more significant leading to a low organic 
cations removal. That might be attributed to the 
greater selectivity of anionic sulfate groups of the 
resin for Na+ cations than that for organic cations23 
since Na+ ions are smaller in size in comparison 
to organic cations and hence the mobility of Na+ 
is higher than organic cations24. Similar results 
represented by Wang25. For more explanation, the 
electrostatic interaction plays an essential role in the 
ion exchange technique. Na+ cations coordinated 
with R–SO3 anions that hindered the electrostatic 
attraction between the organic cations and the anion 
parts of the resin. Furthermore, with increasing the 
ionic strength, the electrical double layer thickness 
surrounding the molecules decreased26 leading to 
reduce the electrostatic force between adsorbent 

surface and adsorbate. 

Effect of temperature
	 The effect of the solution temperature on the 
adsorption of organic cations on Amberlite-IR 120 H+ 
resin from aqueous solution was studied by varying 
the temperatures (30, 50 and 70oC) at the constant 
initial concentration (1×10-3 M) and contact time 

Fig. 4. Effect of the initial concentrations of the studied organic compounds (2.5×10-4

to 1.5×10-3 M)) on (a) Kd and (b) Ads% using Amberlite IR-120 H+ resin
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(60 minutes). The experimental results proved that 
there was a slight decrease in the adsorption with 
increasing the temperature (Fig. 6). The decrease in 
the adsorption indicates to an exothermic adsorption 
process which is favorable at lower temperatures. 
Therefore, the physical adsorption is predominated 
in this case. The reason behind the decrease in 
the adsorption of the organic compounds is the 
weakness of the adsorptive forces between the 

adsorbent surface and the organic cations and also 
between the adjacent ions of the adsorbed cations 
and the adsorbent surface. At higher temperatures, 
some active sites on the adsorbent surface 
destructed due to bond rupture and hence the 
surface might be reformatted27. Generally speaking, 
the temperature has a small effect on the adsorption 
which decreased as temperature increased.

Fig. 5. Effect of NaCl (0.05 to 1.0 M) for a certain concentration of the studied organic
 compounds on (a) Kd and (b) Ads% using Amberlite IR 120 H+ resin

Fig. 6. Effect of the solution temperature (30, 50 and 70 oC) for a certain concentration of 
the studied organic compounds on (a) Kd and (b) Ads% using Amberlit IR 120 H+ resin.

	 Thermodynamic evaluation for the 
adsorption of the studied organic compounds 
on Amberlite IR 120 H+ resin
	 Thermodynamic parameters such as 
change in free energy (∆G˚) enthalpy change (∆H˚) 
and entropy change (∆S˚) for the adsorption of the 
studied organic compounds from aqueous solution 
on Amberlite IR 120 H+ resin were investigated at 
30, 50 and 70 oC. The following equation determines 
the Gibbs free energy of adsorption (ΔGo) based on 
the Kd value.

∆G°= -RT .  ln Kd		  (12)

	 ∆S˚ and ∆H˚ values calculate from the 
slopes and intercepts of the straight lines of Fig. 7 
respectively based on Van’t Hoff equation that given 
below28. 

ln Kd  = ΔS˚/R - ∆H˚/RT	 (13)

	 The  t he r modynamic  pa rame te rs 
represented in Table 2. The negative values of ΔG° 
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Fig. 7. Van’t Hoff plot of the effect of temperature  
(30, 50 and 70 oC) on the adsorption of the studied 

organic compounds on Amberlite-IR 120 H+ 

represent the feasibility and spontaneous nature of 
the adsorption process. As it is shown in the Table, 
∆G˚ values did not indicate a significant change with 
increasing the temperature.  Generally speaking, the 
adsorption was physisorption since ΔG° were less 
than 20 Kj/ mol-1. However, the positive values of ΔS° 
suggest high affinity of the adsorbent to the adsorbate 
and prove that the randomness increased at the 
solid–liquid interface during adsorption process1, 29. 
This positive entropy as a result of the release of 
water molecules structures that were surrounded 
the organic cations upon their association. The 

reason behind the small positive values of entropy 
is that when the organic cations were adsorbed on 
the adsorbent surface, they became less free to 
move around than that in the solution30. The entropy 
increased slightly with increasing the chain length. 
To an illustration, the aggregations of the organic 
molecules became tighter with increasing the 
alkyl chain length leading to more release of water 
molecules and higher entropy31. In addition to that, 
∆H˚ are negatively illustrating that the adsorption 
was exothermic processes. The negative value of 
∆H˚ might be contributed to the direct ionic bond 
formation between the organic cations and the ionic 
sites of the adsorbent surface. Also, the reaction 
did not involve activation energy30. One possible 
reason for the increase of the enthalpy negativity 
with decreasing the chain length is that as the 
electrostatic interactions increased, stronger bonds 
formed resulting in more energy released and hence 
more exothermic, large negative value and greater 
adsorption capacity.

	 Overall, the adsorption is physical since 
the ∆H˚ values are less than 40 Kj mol-1. In general, 
the thermodynamic data proved that the adsorption 
decreased as the alkyl chain length increased as 
follows.

I>II >III

Table 1: Names, Abbreviations, molecular weights and chemical structures  
of the studied organic compounds

  Organic	 Molecular	 Chemical structure	 Name
compound	 weight (g)

       I	 353.1982		  1-methyl-4[4’-(OMe) styryl]
			   pyridinium Iodide

       II	 367.2247		  1-ethyl-4[4’-(OMe) styryl]
			   pyridinium Iodide

       III	 381.2513		  1-propyl-4[4’-(OMe) styryl]
			   pyridinium Iodide	
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Table 2: Thermodynamic parameters of the adsorption of the studied 
organic compounds on Amberlite-IR 120 H+ resin at (30, 50 and 70 oC)

					     ∆G˚(Kjmol-1)
Organic	 ∆H˚(Kjmol-1)	 ΔS˚(Jmol-1K-1) 	 	30˚C	 50˚C	 70˚C
compound

       I	 -4.896	 21.9		 -11.488	 -12.120	 -12.355
      II	 -3.059	 23.0		 -10.031	 -10.613	 -10.953
      III	 - 2.269	 24.4		 -9.641	 -10.229	 -10.609

Adsorption isotherm models for the studied 
organic compounds on Amberlite IR-120 H+ resin
	 Langmuir Freundlich, Temkin and D.R 
isotherm models were applied to the adsorption of 
the studied organic compounds, at a different initial 
concentration (2.5×10-4 to 1.5×10-3 M), from aqueous 
solution on Amberlite-IR 120 H+ resin at 30 oC. 
However, modeling of Langmuir for the adsorption 
system was unacceptable since it gave negative 
values for qm.

Freundlich isotherm model
	 Figure 8 illustrates that log qe against log 
Ce plots gave bilinear segments model based on the 

adsorbate initial concentrations. As it is shown at 
Table 3,  the first part is following the experimental 
data since it gave the same order for the adsorption 
capacities of the studied organic compounds as 
following: I> II> III. However, an opposite order was 
obtained at the second part. The interpretation of 
that will be discussed in more detail later. Overall, 
the mean value of the adsorption capacity fits the 
experimental data and follows the same order,  
I> II>III. According to Table 3, n values for the studied 
organic compounds are less than one which refers to 
that the surface of the adsorbent is heterogeneous 
and is considered as S-type isotherm32, 33. 

Fig. 8. Freundlich isotherm model for the adsorption of (a; I), (b; II) and (c; III) on Amberlite-IR 120 H+ resin
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Temkin Isotherm model
	 Temkin model was applied by plotting qe 
versus ln Ce as shown in Fig 9. As it is seen, Temkin 
model for I and II represents two straight lines for 
the adsorption process indicating two different 
adsorption energies34 while Temkin model for III 
appears in one straight line. The reason behind that 
also will be interpreted later. According to Table 4,  
B mean values decreased significantly with increasing 
the chain length of the organic compounds indicating 
a weakness of the interaction as the chain length 
increased. Both lines have the same trend in which 

the adsorption capacity decreased with increasing 
the chain length of the studied organic compounds. 
According to KT mean values, the organic compound 
I relieves the highest binding energy and thus 
highest adsorption capacity than others. That is 
to say, the adsorption capacity follows the order 
of I >II >III confirming the experimental data. Also, 
the correlation coefficients of Temkin model were 
maximum for all the studied compounds. Hence, 
the adsorption processes followed Temkin model 
satisfactorily.

Table 3: Freundlich isotherm parameters for the adsorption of the studied organic  
compounds on Amberlite-IR 120 H+ resin

   
							       Mean value

Organic	 n1	 logKF1	 r2
1	 n2	 logKF2	 r2

2	 n	 logKF	 r2

compound								        (kF, mol.g-1)	
									       
       I	 0.027	 192.183	 0.89	 0.723	 3.995	 0.91	 0.375	 98.089	 0.9
       II	 0.037	 133.65	 0.98	 0.381	 9.997	 0.87	 0.209	 71.824	 0.93
      III	 0.081	 59.595	 0.99	 0.214	 20.262	 0.99	 0.116	 39.929	 0.99

Fig. 9. Temkin isotherm model for adsorption of (a; I), (b; II) and (c; III) on Amberlit- IR 120 H+ resin.
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Table 4: Temkin isotherm parameters for the adsorption of the studied organic 
 compounds on Amberlite-IR 120 H+ resin

							       Mean value

Organic	 B1	 kT1	 r2
1	 B2	 kT2	 r2

2	 B	 kT	 r2

compound							       (B, Kj.mol-1)	 (KT, mol.g-1)	
								      
	
       I	 6.719	 1.0124	 0.97	 6.006	 3.668	 0.93	 6.363	 2.34	 0.95
      II	 4.582	 1.0118	 0.92	 1.567	 1.0121	 0.99	 3.075	 1.012	 0.96
      III	 2.104	 1.011	 0.99	 -	 -	 -	 -	 -	 -	

D.R isotherm model
	 D.R isotherm model was applied as 
exhibited at Fig. 10. Plotting lnCe versus ε2, it was 
obtained two linear segments. As it is shown in  
Table 5, the maximum adsorption capacity has the 
order of I> II >III for the first line while the order is 
reversed for the second line. In general, the mean 
maximum adsorption capacity order corresponded 
well to the experimental data. It is clear that E2 > E1 
for II and III and that means the required energy to 
remove one molecule from the bulk of the solution 

to the top of the adsorbent surface increased with 
increasing the adsorbate initial concentration. In 
addition to that the shortest alkyl chain length (I) has 
the lowest value of E and that might be contributed 
to the weakness of the hydrophobic effect for the 
studied compound I. The data illustrate that the E 
values were less than 8 indicating that physical 
adsorption played a crucial part in the adsorption 
process35. Since the adsorption process is physical, it 
should be exothermic, and that is in agreement with 
the enthalpy values as represented at Table (2).

Fig. 10. Dubinin–Radushkevich isotherm model for adsorption of (a; I), (b; II) and (c; III) on Amberlite- IR 120 H+ resin
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Table 5: Dubinin–Radushkevich isotherm parameters for the adsorption of the studied organic 
compounds on Amberlite-IR 120 H+ resin

							                            Mean value		

Organic	 lnKs1	 E1	 r2
1	 lnKs2	 E2 	 r2

2	 lnKs	 E	 r2

compound							       (Ks, mol.g-1)	 (E, Kj.mol-1)	
								         
	
      I	 341.999	 1.844	 0.89	 5.511	 0.296	 0.91	 173.755	 1.07	 0.9
     II	 241.98	 6.652	 0.98	 16.706	 6.742	 0.87	 129.343	 6.697	 0.93
     III	 107.108	 3.1	 0.99	 35.584	 5.025	 0.98	 71.346	 4.063	 0.99

Interpretation of the adsorption characteristics for 
the studied organic compounds on Amberlite-IR 
120 H+ resin on the light of chain length effect
	 The evidences gathered from the isotherm 
models for the adsorption of some N-alkyl pyridinium 
salts from aqueous solution on Amberlite IR  
120 H+ resin show that the models had two parts 
according to the initial adsorbate concentrations. At 
low concentrations, the organic cations were free 
to move around the adsorption interface where the 
active adsorption sites were more available. Hence, 
the adsorption was dominated by ion exchange 
reaction. In this case, van der walls attractive 
forces are considered as the driving force for the 
ion exchange in addition to the electrostatic forces 
between the organic cations and the oppositely 
charged of the adsorbent surface36. Furthermore, the 
alkyl chain tails of the organic compounds adsorbed 
parallel to the surface at the interface. Besides, this 
orientation of the alkyl chains might be contributed 
to inhibit the interactions between the chains of the 
organic compounds and reduce the hydrophobic 
interactions at this region37, 38. From the experimental 
data it can be observed that, the adsorptive amounts 
of the studied organic cations onto Amberlite IR 
120 H+ resin decreased with increasing the alkyl 
chain length at low adsorbate concentrations due 
to the diminution of the electrostatic attractive 
forces between the studied organic cations and the 
adsorbent surface. That occurred as a result of the 
steric hindrance which associated with the binding 
of a large molecule on the active sites of the resin 
surface blocking the access to unoccupied active 
sites39. However, at high equilibrium concentrations, 
the active adsorption sites became less available 
since the majority of the sites were occupied by the 
organic cations in order to neutralize the surface 
charge; so that, the electrostatic interaction became 
less. For this reason any further adsorption in this 
stage was a result of the hydrophobic interaction that 
was controlled by van der Waals forces. Certainly, 

as the adsorbate amount increased in solutions, the 
adsorbent surface became hydrophobic due to the 
orientation of the alkyl chains perpendicular towards 
the bulk solution37, 38. The increase of hydrophobicity 
on the surface made the system unstable due to 
increase the system energy. In order to obtain a 
stable system, hydrophobic interactions took place 
between the tails of the organic compounds at the 
adsorbent surface, between the tails that existed in 
solution, and also between the tails and the adsorbent 
surface when adsorption carried out on hydrophobic 
sites. Further increased in the concentration 
generated aggregations of the organic cations 
on the adsorbent surface through van der walls 
forces or hydrophobic binding. Consequently, the 
organic cations appeared to adsorb as multilayers40. 
Based on the Freundlich and D.R isotherm models 
increasing alkyl chain length increased the maximum 
amount adsorbed at saturation fundamentally due 
to increase the hydrophobic interaction. For more 
explanation, as the chains length increased, the 
hydrophobic interaction between alkyl groups 
became stronger and thus the organic compounds 
tend to gather away from aqueous medium to adsorb 
on the surface of the adsorbent36. That because 
the organic cations with increasing alkyl chain 
length have a much greater driving force for the 
aggregation. In the regard to Temkin isotherm model 
that represents two straight lines for the adsorption 
process of I and II indicating two different adsorption 
energies. The first part (low initial concentration) 
involves high interaction energy in which the 
high electrostatic attractions were dominated. 
However, the second part (high initial concentration) 
includes lower interaction energy in which the weak  
van-der Waals forces were dominated. As a result, 
the adsorption energy broke down into two parts41. 
According to III compound, the steric hindrance 
weaken the electrostatic interaction in the first part 
in addition to the weak van-der Waals forces at the 
second one; so that the adsorption energy for III 
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appeared in one line since there was no difference 
in the adsorption energy between the two parts. In 
short, the alkyl chain length affect the adsorption 
isotherm leading to the appearance of bilinear 
adsorption models.

Scanning Electron Microscope (SEM) analysis 
of the resin
	 SEM images of Amberlite IR-120 H+ resin 
before and after its adsorption of the studied organic 
compounds, (1×10-3) from aqueous solution at  

30 oC for 60 min. are shown in Fig. 11. As could be 
observed, there is an obvious change of the resin 
surface morphology proven the adsorption of the 
studied compounds onto the adsorbent.  It is clearly 
seen that the resin surface before contact was 
rough; however, the surface became smoother with 
increasing the chain length. The possible implication, 
for this case, is that physical sorption took more 
place with longer alkyl chain forming multilayers on 
the surface and making the surface smoother while 
it took less place with shorter alkyl chain where the 
ion exchange was dominated. 

(a)

(b) (I)

(II)

(III)

Fig. 11. SEM of Amberlite IR 120 H+ resin(a) before and (b) after adsorption the studied organic compounds
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Conclusion

	 The study proved the high capability of 
Amberlite-IR 120 H+ resin to remove some of the 
N-alkyl pyridinium salts from the aqueous medium 
under certain conditions. The results represent 
that the adsorption increased significantly with 
increasing the resin dosage, contact time, adsorbate 
concentration. However, adding NaCl to the organic 
solution or increasing the temperature of the solution 
decreased the adsorption. The thermodynamic 
data show that the adsorption is spontaneous, 
disordered and exothermic. Temkin model described 

the adsorption systems appropriately. The isotherm 
models break down the adsorption into two regions 
according to the adsorbate initial concentrations. 
The experimental data in overall indicate that the 
adsorption efficiency decreased with increasing the 
alkyl chain length at the low concentration where the 
adsorption was dominated by ion exchange reaction.
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