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Abstract

Surface active materials have many applications in medicine. Attapulgite clay used in medicine as antidiarrheal, and as additives in some pharmaceutical formulations. Metronidazole drug is widely used as antiprotozoal drug in the treatment of amoebic dysentery and amoebic liver abscess. Drug overdose may treated by adsorbents especially by activated charcoal suspension to prevent further absorption, but usually it is unacceptable to drink. Hence, in this work a study was carried out to estimate the ability of attapulgite clay as adsorbent for metronidazole overdose in vitro as a possible alternative for activated charcoal. 

The change in the concentration of metronidazole after incubation of known concentration of aqueous metronidazole solutions with attapulgite was measured as the adsorbed quantity. UV-Visible spectrophotometry technique was used to follow the quantity of the adsorbed drug. The adsorption also occurred in 0.1N HCl solution to simulate the acidity of the stomach. The adsorption experiments were repeated at (12, 25, 37.5, and 50ºC) to measure the thermodynamical parameters (ΔHº, ΔGº, ΔSº).           

Adsorption of metronidazole on attapulgite obeyed Freundlich adsorption isotherm of S2 type according to Giles classification of adsorption isotherm in solution. The maximum quantity adsorbed tends to be slightly increased in acidic medium (0.1N HCl) especially at low concentration of the drug. The thermodynamic parameters values were                                        (ΔHº=-19.86 KJ.mol-1, ΔGº=-17.994 KJ.mol-1, and ΔSº=6.25 J.mol-1ºK-1).
Metronidazole drug can be adsorbed by attapulgite clay surface at low concentration of the drug and the quantity of the adsorbed drug increased with increasing the initial concentration of the drug. The adsorption quantities were decreased with increasing temperature indicating an exothermic adsorption process which also reinforced by the values of thermodynamic parameters. Acidity has a slight effect on adsorption. 

Keywords:   Metronidazole, attapulgite, adsorption, drug overdose, ΔHº, ΔGº, ΔSº.

الخلاصة
توجد تطبيقات عديدة للمواد الفعالة سطحيا في المجالات الطبية. يستعمل طين الاتابلغايت كمضاد للاسهال وفي تركيب بعض المستحضرات الطبية. دواء الميترونيدازول كمضاد للاوليات في علاج الدزنتري الاميبي وخراج الكبد الاميبي. إن التسمم بفرط الجرعة الدوائية يعالج بمعلق الفحم المنشط الذي يمتز على سطحه الأدوية ويمنع امتصاصها لكن هذا المعلق غير مستساغ عادة من قبل المرضى. لذلك أجريت هذه الدراسة لتقدير قابلية طين الاتابلغايت للعمل كمادة مازة لدواء الميترونيدازول كبديل محتمل لمادة الفحم المنشط. 
ان الاختلاف بين تركيز الدواء بعد مزج تراكيز مختلفة منه مع التابلغايت قد تم قياسه باعتباره المادة الممتزة.  استخدمت تقنية المطيافية فوق البنفسجية لمتابعة الكميات الممتزة بعد مزج محلول الدواء مع طين البنتونايت. أعيدت التجربة عند أربعة درجات حرارية ( 12 و 25 و37.5 و50 درجة مئوية) وذلك لقياس الدوال الثرموداينمكية (ΔHº, ΔGº, ΔSº) لعملية الامتزاز.
إن عملية امتزاز الميترونيدازول على سطح البنتونايت تجري حسب معادلة فرندلش للامتزاز ومن نوع S2  حسب تصنيف جيلز لايزوثرمات المتزاز وهي عملية باعثة للحرارة مع قيم دوال ثرموديناميكية صغيرة. إن عملية الامتزاز تحفز بزيادة درجة الحرارة و زيادة حامضية المحلول. كانت القيم الثرموديناميكية كالاتي:
(ΔH=-19.86 KJ.mol-1, ΔGº=-17.994 KJ.mol-1, and ΔSº=6.25 J.mol-1ºK-1).

يستطيع طين الاتابلغايت امتزاز دواء الميترونيدازول عند التراكيز الواطئة وتزداد الكمية الممتزة بزيادة التراكيز الابتدائية للدواء. تقل كمية الامتزاز بزيادة درجة الحرارة مما يدل على أن التفاعل باعث للحرارة والتي تم تاكيدها من القيم الثرموديناميكية. كما وجد أن لتغيير الحامضية تأثير قليل على عملية الامتزاز.
 مفاتيح الكلمات: الميترونيدازول - طين البنتونايت - التسمم – الامتزاز-ΔHº- ΔGº - ΔSº.
Introduction



The term adsorption refers to the accumulation of atoms, ions or molecules (adsorbate) on a surface of a solid substance (adsorbent) (1). There are a number of factors can influence the process of adsorption, the concentration of drug molecule, surface area of the clay, temperature, PH, ionic strength, solubility,  chemical state of both adsorbent and adsorbate molecules and the kinetic effect. Details of these factors are available in textbooks and references (2-4).

Metronidazole drug has the following structural formula:
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It has antiprotozoal and antibacterial actions. It is used in the treatment of amoebic dysentery and amoebic liver abscess as well as for the eradication of E.histolytica from patients passing cysts (3). It is still a standard anti protozoal in the estimation of the activity of new antiprotozoal (5). The poisoning by metronidazole may occur deliberately or accidentally and the treatment is needed to prevent further absorption by using different active surface substances.
Solids have the property of holding molecules at their surfaces either from the gas phase or from solution; this property is quite marked in the case of porous and finely divided materials (2). The medical significance of some active surface materials arises from their high adsorption capability. One of the uses of these active substances is in the utilization of it as a drug carrier (6). 
The most important application of these materials in medicine is their use as physical antidotes in the treatment of acute poisoning by toxic substances and drug over dosages (7-8). Activated charcoal was the most widely used solid surface as an antidote and to prevent further absorption of the drug, but it is unacceptable by patients because its color and taste (9-10). Some clay materials were studied and found to possess similar characters to that of charcoal in the treatment of drug poisoning.  Examples are kaolin (11-12), bentonite (13-14), and attapulgite (15). Clays also used to prevent absorption of aflatoxin toxin in animals by inclusion of clays to the animal diet (16).
 Attapulgite used in medicine as pharmaceutical excipients (17) and as antidiarrheal drug in the treatment of different types of diarrhea (18-19).
A modified preparation based on attapulgite clay were synthesized and found to be active adsorbent for drugs (phenothiazines) and in hemoperfusion columns as adsorbent materials for toxic substances like urea and poisons (20-21).
The term adsorption isotherm refers to the relation between the extent of adsorption (Qe) or (X/M) with the equilibrium concentration of the adsorbate in solution (Ce) at constant temperature. (X) is the amount of drug adsorbed in milligrams by (M) grams of the adsorbent (22). Two main theories have been adopted to describe adsorption isotherms. The first, Langmuir adsorption isotherms which represented by the equation:
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Where (a) represents a practical limiting adsorption capacity when the surface is fully covered with a monolayer of adsorbate, and allows the comparison of the adsorption performance, particularly in the cases where the adsorbent did not reach its full saturation. The constant b is the equilibrium adsorption constant which related to the affinity of the binding sites is constants (23).

 
The applicability of these equations on the adsorbent-adsorbate  (solute) system assume the formation of one layer of adsorbate molecules on the surface while the Freundlich adsorption isotherm (equation) consider heterogeneity of the surface and the formation of more than one layer is probable. The linear form of Freundlich isotherm is: 
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where k and n are Freundlich constants characteristics of the system, including the adsorption capacity and the adsorption intensity, respectively (24). 

      The process of adsorption from solution is more complicated than the corresponding process of gas adsorption on solid surface. The solvent effect and the complicated interaction between solvent molecules and drug molecules to be adsorbed have to be taken into account. 

This work is concerned with the study of locally available attapulgite clay as adsorbent for the metronidazole drug from solution in vitro as a possible mean for the treatment of metronidazole poisoning.

Experimental
            (a) Clay Treatment:

The attapulgite clay consists mainly of palygorskite mineral was obtained from geological survey enterprise clay was washed with excessive amounts of distilled water to remove any soluble materials, filtered and dried at 160˚ C for three hours and kept in an airtight container. The clay was grinded and sieved to a particle size of 75µm and then used in all adsorption experiments.

         (b) Estimation of λmax and Calibration Curve:

 The wavelength at which maximum absorbance occur (λ max) was recorded for the aqueous solution of drug and found to be 320 nm using (Cintra-5) UV-Visible spectrophotometer and 1cm quartz cell (Figure 1). This value was utilized for quantitative estimation through the course of this research. Solutions of different concentrations of the drug were prepared by serial dilution. Calibration curve of the absorbance versus concentration of drug solutions was plotted.

(c) Estimation of Equilibrium Time:

The time required for full saturation of attapulgite surface at 37.5ºC by metronidazole was determined by shaking 10ml of 100mg/L of drug solution with 0.5g of attapulgite. The concentration of drug solution was determined spectrophotometrically at different intervals of time till no further uptake of adsorbate by the adsorbent. The results showed that the time needed to attain equilibrium was 2 hours and this time was fixed for the following experiments.
(d) Systematic procedure:

          A volume of 10ml of eight different concentrations of metronidazole drug (5, 10, 20, 30, 40, 50, 80, and 100 mg/L) was shaken with 0.5 g of attapulgite   adsorbent at a certain temperature in a thermostated shaker bath at shaking speed 60cycles/minute. After the equilibrium time is elapsed, the mixtures were allowed to settle and the clear liquids were centrifuged at a speed of 3000rpm for 20 minutes. Absorbance was measured at the 320nm after making suitable dilution in order to fit Beer–Lambert's limitation and then converted into absolute concentration readings through the calibration curve. These experiments were also repeated using 0.1NHCl as a solvent for drug at 37.5ºC to simulate the acidity of stomach. 


(e) Calculations:

 The adsorption experiments were performed at different temperatures (12, 25, 37.5, and 50ºC) to determine the thermodynamic parameters (ΔH, ΔG, and ΔS). 

These experiments were also repeated using 0.1NHCl as a solvent of drug at 37.5ºC to simulate the acidity of stomach and human temperature. 

The equilibrium constant (K) for the adsorption process at each temperature is calculated from division of the drug adsorbed on the attapulgite surface on the quantity of drug present in solution:- 
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Where Qe is the amount adsorbed in (mg) per one gram of adsorbent, sometimes called (x/m) where (x) is the quantity in milligrams adsorbed by (m) grams of adsorbent. Ce is equilibrium concentration of the adsorbate expressed in mg/L. (0.5g) represent the weight of the clay that has been used and (0.01) represents the volume of the drug solution used in the adsorption process. 
          The change in free energy (∆G) could be determined form the equation:-


[image: image5.wmf]K

RT

G

ln

-

=

°

D

………….(4)
Where R is the gas constant (8.314 J.mole-1.ºK-1) and T is the absolute temperature. 

  The heat of adsorption   (∆ H) may be obtained from the equation:-
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Where Xm is the maximum uptake of adsorption at a certain value of equilibrium concentration (Ce) that was fixed all temperatures. Plotting (InXm ) versus (1/T) should produce a straight line with 

 a slope = (-∆Hº/R) as shown in Figure (4).

         The change in entropy (∆Sْ) was calculated from Gibbs equation: 
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Results and Discussion
         The results showed the applicability of Freundlich adsorption isotherm for the adsorption process of metronidazole on attapulgite clay surface as indicated by plotting the linear form of Freundlich equation (equation 2) as shown in Figure (2).     

The correlation coefficient (r) of the linear form of Freundlich isotherm is 0.949; hence the Freundlich equation is the applied equation for the adsorption of the drug on attapulgite surface.
Adsorption isotherm of metronidazole on attapulgite surface was of S2 type according to Giles classification of adsorption in solution (25). This type of adsorption isotherm found in the adsorption of the various antibiotics on the different antacids and other adsorbents in most cases obeyed the Freundlich adsorption isotherm (26).
 In recent paper carried out to study the mechanism of adsorption of some drugs on clays, involves sorption interactions of some antibiotics with montmorillonite clay. Sorption mechanism was best described with a model that included cation exchange plus surface complexation of zwitterion forms of these compounds.  These results indicated that soil and sediment sorption models for tetracyclines, and other pharmaceuticals with similar chemistry, must account for solution speciation and the presence of other competitor ions in clay pore waters (27).

 The process of adsorption from solution is more complicated than the corresponding process of gas adsorption on solid surface. The solvent effect and the complicated between solvent molecules and drug molecules to be adsorbed has to be taken into account. Generally, adsorption is a natural process and usually accompanied by a decrease in free energy change and entropy of the system (24). The study of adsorption process on attapulgite requires taking the nature of the surface into consideration. Clay surface in general consists of small patches of various kinds of active sites which are different in physical and chemical nature or in the steric orientation of molecules towards the surface (28). According to the Giles interpretation for the adsorption isotherm shapes (25), the metronidazole molecules could be oriented in the direction parallel to the surface and the area of connection will be great, leading to a high attraction between metronidazole molecules and the attapulgite surface.
The clay structure, the nature of the exchangeable cation, and the presence of nonclay components are important factors affecting the drug-clay interaction. In general, clay structures with a high surface charge lead to a greater interaction with the drug. In addition to the presence of multivalent, exchangeable   cations on the clay surface diminish interaction with the protonated form of drugs like tetracycline. Nonclay components such as calcite and dolomite increase the interactions of the zwitterionic and anionic forms of tetracycline with the clay (29).
Metronidazole molecules might replace the water molecules on the attapulgite surface active sites. Although the attapulgite is able to remove heavy metals from aqueous (30), even there is no decisive reason to suppose that the ionic exchange is taking place with sodium or magnesium ions because these ions are natural components of attapulgite.
In the context of the potential usefulness of clays in retarding the rate of release of adsorbed drugs, dissolution dialysis studies of the release of metronidazole from other clay montmorillonite adsorbates have been conducted. The goal was to develop a means for improving local gastrointestinal therapy of amoebiasis while concurrently maintaining efficacy in treating hepatic amoebiasis. 

 The data related to the effect of pH on adsorption isotherms of metronidazole is shown in Figure (3) where a pH = 1 was chosen to simulate the pH of stomach fluid. The maximum quantity adsorbed tends to increase slightly in acidic medium (0.1NHCl) especially at low concentration of drug. The equilibrium concentrations (Ce) of the drug in solution are reduced as shown in the Figure (3) and one can explain this fact according to the change in the drug solubility at low pH value. The change in pH affects the solubility of adsorbate molecules which, in turn, affects its affinity towards the surface (24). 
 Figure (4) showed adsorption isotherms of metronidazole at four different temperatures. From this figure it can be concluded graphically the maximum quantities (Xm) adsorbed for each temperature at certain equilibrium concentration (say Ce=2mg/L). The natural logarithms of these Xm values were plotted versus the reciprocal of temperature to obtain the graphic representation of vant Hoff's equation (Figure (5)). From these two figures the thermodynamic parameters values were: 
 (ΔHº=-19.86 KJ.mol-1, ΔGº=-17.994 KJ.mol-1, and ΔSº=6.25 J.mol-1ºK-1).
These values indicate that the adsorption process is spontaneous with very small heat of adsorption process indicating a physical adsorption as a main mechanism for the adsorption of metronidazole on attapulgite. At very low concentration of drug the quantities adsorbed were decreased as the temperature increases. This fact may be due to desorption process which occurred as temperature increased. The binding between drug molecules and the attapulgite surface active sites was very weak and easy to dissociate as temperature increased.
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Figure (1): Maximum wave length estimation of the metronidazole solution (10mg/L) at 25°C.
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 Figure (2): Linear form of Freundlich equation of adsorption of metronidazole on attapulgite clay surface.
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Figure (3): Adsorption isotherm of metronidazole on attapulgite at pH=1 and 7 at 25 ºC.
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Figure (4): Adsorption isotherms of metronidazole on attapulgite at different temperatures (12, 25, 37.5, and 50ºC).
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 Figure (5): Correlation of maximum quantities of metronidazole drug adsorbed on attapulgite at equilibrium concentration (Ce=2mg/L) and different temperatures (12, 25, 37.5, and 50ºC) according to the modified vant Hoff's equation.
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		8		0.4692				40		4.3799392097		35.6200607903		3.562006079		0.2882		0.8132546842		0.6414680829		0.5516946563						40		0.9544072948		39.0455927052		4.2950151976		0.0628				40		2.2127659574		37.7872340426		4.0810212766		0.1456				40		2.2993920973		37.7006079027		3.3930547112		0.1513				40		1.0668693009		38.9331306991		3.1146504559		0.0702
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		Wv Lgth=320						80		4.4726443769		75.5273556231		7.5527355623		0.2943		1.6886510364		0.6505643685		0.8781042794						80		0.7750759878		79.2249240122		8.7147416413		0.051				80		2.6671732523		77.3328267477		8.3519452888		0.1755				80		2.8282674772		77.1717325228		6.9454559271		0.1861				80		1.7431610942		78.2568389058		6.2605471125		0.1147
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																												Xm		ln Xm		T		K		1/T		1/T*1000		K=855		lnk=		6.7511014689

																						K=5.46/.00638						10.481		2.3495640942		12		285		0.0035087719		3.5087719298		H=-11.745		KJ/mol
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																												8.683		2.1613670911		37.5		310.5		0.0032206119		3.2206119163		S=95.541		J.mol-1.K-1

																												7.795		2.0534825025		50		323		0.0030959752		3.0959752322





		






_1193418835.xls
تخطيط1

		





تخطيط1

		0

		1

		2

		4

		8



0

0.1181

0.2053

0.3268

0.4692



تخطيط2

		0		0

		0.1428571429		0

		0.5455927052		0.0577507599

		1.0334346505		0.4498480243

		1.2446808511		0.4787234043

		1.5151975684		0.6626139818

		1.7097264438		0.6930091185

		2.2082066869		0.7066869301

		2.7279635258		1.3282674772



pH=7

pH=1

Ce (mg/L)

Qe (mg/g)

Adsorption isotherm of metronidazole on attapulgite at pH1 and 7

0

0

0.3885714286

0.4

0.7563525836

0.7953799392

1.517325228

1.5640121581

2.3004255319

2.3617021277

3.0787841945

3.1469908815

4.6632218845

4.7445592705

6.223343465

6.3434650456

7.7817629179

7.8937386018



تخطيط3

		0		0		0		0

		0.1428571429		0.5486322188		0.7127659574		0.670212766

		0.5455927052		1.0699088146		1.1626139818		1.0927051672

		1.0334346505		1.9498480243		1.7249240122		2.55

		1.2446808511		2.3419452888		2.2887537994		2.3191489362

		1.5151975684		2.8054711246		2.7218844985		2.5927051672

		1.7097264438		2.8176291793		3.188449848		3.1474164134

		2.2082066869		2.9		3.4559270517		3.2203647416

		2.7279635258		2.31		4.3237082067		4.1838905775



25C

12 C

37.5 C

50 C

Ce (mg/L)

Qe (mg/g)

0

0

0

0

0.3885714286

0.3561094225

0.3429787234

0.3463829787

0.7563525836

0.7144072948

0.7069908815

0.7125835866

1.517325228

1.4440121581

1.462006079

1.396

2.3004255319

2.2126443769

2.216899696

2.2144680851

3.0787841945

2.97556231

2.9822492401

2.9925835866

4.6632218845

4.5745896657

4.5449240122

4.5482066869

6.223343465

6.168

6.1235258359

6.1423708207

7.7817629179

7.8152

7.6541033435

7.6652887538



تخطيط11

		

		-0.263131445				-0.263131445

		0.0142830191				0.0142830191

		0.144				0.144

		0.1804692647				0.1804692647

		0.2329266288				0.2329266288

		0.3440397207				0.3440397207

		0.4358385593				0.4358385593



Log Ce

Log Qe

Figure(1): Linear form of Freundlisch equation of adsorption of metronidazole on attapulgite clay surface

-0.1212757053

-0.1212757053

0.1810786787

0.1810786787

0.44

0.44

0.4883792484

0.4883792484

0.6686860805

0.6686860805

0.55

0.55

0.8910779953

0.8910779953



تخطيط9

		0		0		0		0

		0.1428571429		0.5486322188		0.7127659574		0.670212766

		0.5455927052		1.0699088146		1.1626139818		1.0927051672

		1.0334346505		1.9498480243		1.7249240122		2.55

		1.2446808511		2.3419452888		2.2887537994		2.3191489362

		1.5151975684		2.8054711246		2.7218844985		2.5927051672

		1.7097264438		2.8176291793		3.188449848		3.1474164134

		2.2082066869		2.9		3.4559270517		3.2203647416

		2.7279635258		2.31		4.3237082067		4.1838905775



25C

12C

37.5C

50C

Ce (mg/L)

Qe (mg/g)

0

0

0

0

0.3885714286

0.3561094225

0.3429787234

0.3463829787

0.7563525836

0.7144072948

0.7069908815

0.7125835866

1.517325228

1.4440121581

1.462006079

1.396

2.3004255319

2.2126443769

2.216899696

2.2144680851

3.0787841945

2.97556231

2.9822492401

2.9925835866

4.6632218845

4.5745896657

4.5449240122

4.5482066869

6.223343465

6.168

6.1235258359

6.1423708207

7.7817629179

7.8152

7.6541033435

7.6652887538



Sheet1

		Attabulgite

		Calibration						Attabulgit		25C						ph=7										Attabulgit		25C						ph=1				Attabulgit		12C						ph=7				Attabulgit		37.5C						ph=7				Attabulgit		50C						ph=7

		Conc(mg/L)		Abs.				Conc.		Ce		C-Ce		c-ce*.08		Abs.		LogCe		LogQe		Qe/Ce				Conc.		Ce		C-Ce		c-ce*.08		Abs.				Conc.		Ce		C-Ce		c-ce*.08		Abs.				Conc.		Ce		C-Ce		c-ce*.08		Abs.				Conc.		Ce		C-Ce		c-ce*.08		Abs.

								0		0		0		0		0		0		0		0				0		0		0		0		0				0		0		0		0		0				0		0		0		0		0				0		0		0		0		0

		0		0				5		0.1428571429		4.8571428571		0.3885714286		0.0094						2.72				5		0		5		0.4		0				5		0.5486322188		4.4513677812		0.3561094225		0.0361				5		0.7127659574		4.2872340426		0.3429787234		0.0469				5		0.670212766		4.329787234		0.3463829787		0.0441

		1		0.1181				10		0.5455927052		9.4544072948		0.7563525836		0.0359		-0.263131445		-0.1212757053		1.3862952646				10		0.0577507599		9.9422492401		0.7953799392		0.0038				10		1.0699088146		8.9300911854		0.7144072948		0.0704				10		1.1626139818		8.8373860182		0.7069908815		0.0765				10		1.0927051672		8.9072948328		0.7125835866		0.0719

		2		0.2053				20		1.0334346505		18.9665653495		1.517325228		0.068		0.0142830191		0.1810786787		1.4682352941				20		0.4498480243		19.5501519757		1.5640121581		0.0296				20		1.9498480243		18.0501519757		1.4440121581		0.1283				20		1.7249240122		18.2750759878		1.462006079		0.1135				20		2.55		17.45		1.396		0.454

		4		0.3268				30		1.2446808511		28.7553191489		2.3004255319		0.0819		0.144		0.44		1.8482051282				30		0.4787234043		29.5212765957		2.3617021277		0.0315				30		2.3419452888		27.6580547112		2.2126443769		0.1541				30		2.2887537994		27.7112462006		2.216899696		0.1506				30		2.3191489362		27.6808510638		2.2144680851		0.1526

		8		0.4692				40		1.5151975684		38.4848024316		3.0787841945		0.0997		0.1804692647		0.4883792484		2.0319358074				40		0.6626139818		39.3373860182		3.1469908815		0.0436				40		2.8054711246		37.1945288754		2.97556231		0.1846				40		2.7218844985		37.2781155015		2.9822492401		0.1791				40		2.5927051672		37.4072948328		2.9925835866		0.1706

		X=Y/0.0658						60		1.7097264438		58.2902735562		4.6632218845		0.1125		0.2329266288		0.6686860805		2.7274666667				60		0.6930091185		59.3069908815		4.7445592705		0.0456				60		2.8176291793		57.1823708207		4.5745896657		0.1854				60		3.188449848		56.811550152		4.5449240122		0.2098				60		3.1474164134		56.8525835866		4.5482066869		0.2071

		Wv Lgth=320						80		2.2082066869		77.7917933131		6.223343465		0.1453		0.3440397207		0.55		2.8182794219				80		0.7066869301		79.2933130699		6.3434650456		0.0465				80		2.9		77.1		6.168		0.257				80		3.4559270517		76.5440729483		6.1235258359		0.2274				80		3.2203647416		76.7796352584		6.1423708207		0.2119

								100		2.7279635258		97.2720364742		7.7817629179		0.1795		0.4358385593		0.8910779953		2.8525905292				100		1.3282674772		98.6717325228		7.8937386018		0.0874				100		2.31		97.69		7.8152		0.0874				100		4.3237082067		95.6762917933		7.6541033435		0.2845				100		4.1838905775		95.8161094225		7.6652887538		0.2753

										0		0

										0.1428571429		0.3885714286

										0.5455927052		0.7563525836						Xm		ln Xm		T		K		1/T		1/T*1000		K=1426.3		lnk=		7.2628389575

										1.0334346505		1.517325228						7.894		2.0661029772		12		285		0.0035087719		3.5087719298		H=-96.035		KJ/mol

										1.2446808511		2.3004255319						7.782		2.0518133746		25		298		0.0033557047		3.355704698		G=-17.994		KJ/mol

										1.5151975684		3.0787841945						7.654		2.035228387		37.5		310.5		0.0032206119		3.2206119163		S=262		J.mol-1.K-1

										1.7097264438		4.6632218845						7.665		2.0366645123		50		323		0.0030959752		3.0959752322

										2.2082066869		6.223343465

										2.7279635258		7.7817629179
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		Bentonite																																						Bentonite

		Calibration						Bentonite		25C						ph=7												Bentonite		25C						ph=1				Bentonite		12C						ph=7				Bentonite		37.5C						ph=7				Bentonite		50C						ph=7

		Conc(mg/L)		Abs.				Conc.		Ce		C-Ce		Q c-ce*.1		Abs.		Q/Ce		Log Ce		Log Qe						Conc.		Ce		C-Ce		c-ce*.11		Abs.				Conc.		Ce		C-Ce		c-ce*.108		Abs.				Conc.		Ce		C-Ce		c-ce*.08		Abs.				Conc.		Ce		C-Ce		c-ce*.08		Abs.

								0		0		0		0		0		0		0		0						0		0		0		0		0				0		0		0		0		0				0		0		0		0		0				0		0		0		0		0

		0		0				5		0		5		0.5		0		0		0		-0.3010299957						5		0		5		0.55		0				5		0.0729483283		4.9270516717		0.5321215805		0.0048				5		0.3009118541		4.6990881459		0.4229179331		0.0198				5		0.0364741641		4.9635258359		0.3970820669		0.0024

		1		0.1181				10		0.5729483283		9.4270516717		0.9427051672		0.0377		1.6453580902		-0.2418845434		-0.0256241124						10		0		10		1.1		0				10		0.3617021277		9.6382978723		1.0409361702		0.0238				10		0.4361702128		9.5638297872		0.8607446809		0.0287				10		0.1367781155		9.8632218845		0.7890577508		0.009

		2		0.2053				20		1.3130699088		18.6869300912		1.8686930091		0.0864		1.4231481481		0.1182878489		0.2715379609						20		0.0075987842		19.9924012158		2.1991641337		0.0005				20		1.452887538		18.547112462		2.0030881459		0.0956				20		1.4376899696		18.5623100304		1.6706079027		0.0946				20		0.8419452888		19.1580547112		1.5326443769		0.0554

		4		0.3268				30		2.4103343465		27.5896656535		2.7589665653		0.1586		1.1446406053		0.3820772894		0.4407464375						30		0.2142857143		29.7857142857		3.2764285714		0.0141				30		1.8039513678		28.1960486322		3.0451732523		0.1187				30		1.7477203647		28.2522796353		2.5427051672		0.115				30		0.9392097264		29.0607902736		2.3248632219		0.0618

		8		0.4692				40		4.3799392097		35.6200607903		3.562006079		0.2882		0.8132546842		0.6414680829		0.5516946563						40		0.9544072948		39.0455927052		4.2950151976		0.0628				40		2.2127659574		37.7872340426		4.0810212766		0.1456				40		2.2993920973		37.7006079027		3.3930547112		0.1513				40		1.0668693009		38.9331306991		3.1146504559		0.0702

		X=Y/0.0658						60		3.9012158055		56.0987841945		5.6098784195		0.2567		1.4379820802		0.5911999751		0.7489534491						60		1.047112462		58.952887538		6.4848176292		0.0689				60		2.2553191489		57.7446808511		6.2364255319		0.1484				60		2.5668693009		57.4331306991		5.1689817629		0.1689				60		1.2568389058		58.7431610942		4.6994528875		0.0827

		Wv Lgth=320						80		4.4726443769		75.5273556231		7.5527355623		0.2943		1.6886510364		0.6505643685		0.8781042794						80		0.7750759878		79.2249240122		8.7147416413		0.051				80		2.6671732523		77.3328267477		8.3519452888		0.1755				80		2.8282674772		77.1717325228		6.9454559271		0.1861				80		1.7431610942		78.2568389058		6.2605471125		0.1147

								100		5.811550152		94.188449848		9.4188449848		0.3824		1.6207112971		0.76429199		0.9739976493						100		0.6382978723		99.3617021277		10.929787234		0.042				100		2.9559270517		97.0440729483		10.4807598784		0.1945				100		3.5273556231		96.4726443769		8.6825379939		0.2321				100		2.5607902736		97.4392097264		7.7951367781		0.1685

																												Xm		ln Xm		T		K		1/T		1/T*1000		K=855		lnk=		6.7511014689

																						K=5.46/.00638						10.481		2.3495640942		12		285		0.0035087719		3.5087719298		H=-11.745		KJ/mol

																						K=855						9.419		2.2427289258		25		298		0.0033557047		3.355704698		G=-16.726		KJ/mol

																												8.683		2.1613670911		37.5		310.5		0.0032206119		3.2206119163		S=95.541		J.mol-1.K-1

																												7.795		2.0534825025		50		323		0.0030959752		3.0959752322
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		Attabulgite

		Calibration						Attabulgit		25C						ph=7										Attabulgit		25C						ph=1				Attabulgit		12C						ph=7				Attabulgit		37.5C						ph=7				Attabulgit		50C						ph=7

		Conc(mg/L)		Abs.				Conc.		Ce		C-Ce		c-ce*.08		Abs.		LogCe		LogQe		Qe/Ce				Conc.		Ce		C-Ce		c-ce*.08		Abs.				Conc.		Ce		C-Ce		c-ce*.08		Abs.				Conc.		Ce		C-Ce		c-ce*.08		Abs.				Conc.		Ce		C-Ce		c-ce*.08		Abs.

								0		0		0		0		0		0		0		0				0		0		0		0		0				0		0		0		0		0				0		0		0		0		0				0		0		0		0		0

		0		0				5		0.1428571429		4.8571428571		0.3885714286		0.0094						2.72				5		0		5		0.4		0				5		0.456		4.544		0.36352		0.0361				5		0.7127659574		4.2872340426		0.3429787234		0.0469				5		0.670212766		4.329787234		0.3463829787		0.0441
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																												8.683		2.1613670911		37.5		310.5		0.0032206119		3.2206119163		S=95.541		J.mol-1.K-1
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