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ABSTRACT 
In lb is research, adsorption of some amino acids and their complenation with manganese (II) ion on carbon 
nanotube (MWCNT) by using of four relations Langmuir, Freundlich. Temkin and Harkins -Jura imitherms was 
investigated. From this relations. Freudlich and Temkin relations predict good equilibrium diagram in, isotherm 
condition. we could compute the theoretical constants by excel software. Hy considering these constants, it is 
clear that among amino acids used and also amino acids %yam formed complex. L-phenylalanme and LusaWine 
in comparison with other showed the most adsorption on carbon nanotube. 

Keynords: Adsorption. Isotherm, Amino acids: DeinpleXati0111 Carbon nanombe 

INTRODUCTION 
Basic nitrogen-containing compounds, amino acids, are 
formed in plant microbial, and animal cells under the 
action of microorganisms. These are biologically 
important compounds, and the formation of many of 
them nicer:des the synthesis of alkaloids and hormones, 
neuromediators. phospholipids and vitamin components, 
and initiators of numerous enzymatic reactions [1-5]. 
Here we would like to show that amino acids could be 
adsorbed on carbon nanotubes. The problem of 
evaluating the surface heterogeneity of adsorbents from 
the experimental overall isotherm has a long history in 
physical chemistry. 

It suffices to recall Langmuids work of 1918 [6], 
the two fundamental ankles by Sips [7] of 1948 and 
1950, and the recurrence method proposed by 
Adamson and Ling[8] in 1961. Of all the "classic 
isotherms" only some of them can be explained or 
have been proposed on statistical mechanical mounds, 
others on the contrary, can not be justified by simple 
models. This is the ease of the itnportant isothemas 

orrcrponang ruffian !nth& ad[ct[auiasa,ac. ir 

empirically proposed by Freundlich. Dubinin 
and Radushkevich.'remkin [9-10]. 

These isotherms are usually ascribed to the 
heterogeneity of the surface. It allows the 
computation of the adsorption-energy distribution 
associated with each type of experimental 
behaaior. 
The three classic overall isotherms are observed in 
adsorption on equilibrium surface [II. 12] The 
accounting of the solute or contaminant on die 
adsorbent are most often measured with batch 
equilibrium test. Varying solute concentrations are 
mixed with an adsorbent until equilibrium is 
achieved and the contaminant removed from the 
solution [14]. It is plotted as a function of the 
equilibrium contaminant concentration remaining 
in solution or as a fimetion of initial contaminant 
concentration. 
The initial concentration is useful for comparing 
contaminant uptake by different materials or 
uptake of a variety of contaminants on die same 
graph [15]. Note that when the equilibrium 
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concentration is used it is more difficult to 
compare different adsorbents or contaminants 
since the range of equilibrium concentrations. 
may not correspond. Evaluation of the 
parameters in the isotherm is accomplished by 
obtaining a linear form of the isotherm and the 
best fining  line tor the data is obtained by 
maximizing the coefficient of determination ra 
The 14  value ind catcs the goodness of fit 
between the data and the isotherm but other error 
equations have also been used to evaluate the 
performance of adsorption models [16]. In this 
paper, the experimental adsorption data were 
tested with the Langmuir. Freundlich, Temkin 
and Harkins-Jura equations. The maximum 
adsorption capacity and the maximum bonded 
energy were determined from the Freundlich and 
Temkin isotherms. 

of adsorption increases as a function of initial 
concentrations. 

RESULTS AND DISCUSSION 
Study of equilibrium 
We can compute experimental res Its from 
equilibrium experiences by several adsorption 
isotherm models that were the linear by means of 
Excel software. 

• 
Freundlich model 
We often use this model for heterogeneous 
adsorption that has acceptable harm ny with 
experimental data which expresses with n-order. 

For 	cotnmutating 	Freundlich I equation 
constants we can design IM), diagram ased on 
Inc the slope of this diagram is n and the 
intercept is InKs 

Distribution coefficient Kr  displ ys ion 
adsorption addiction and with increa c in K r  
amount adsorption amount will be Inc ase and 
vice versa. 
This relation is expressed by eq mum I 17-213 
QugX/m4KffiCav LnQffiLnKrinlant, (I) 

With attention to the corm anon e efficient 
from data that we could °Men/ from igures I 

. 
and 2 that have acceptable acecimmodation 
between data and models  . 	i 

Model parameters that obtain d from diagram 
were shown on tables (I, 2) vhieli expresses 
amino acids and their complexat on.

lamgmu 

	; t 

' r model 
This model is obtained from assumption of 
similar energy of adsorption sites of absorbent 
surface, and expresses with below equation that 
has linear form. In this equation with attention to 
the equal amount of adsorption and repelling on 
surface, we can consider these velocities equal to 
each other and from this equivalent we can 
obtain equation 2 [21,22]. 
N=Qii9arKLC/I+KLCi  QialeicrQi4KaCiQi 
c.0:1-1(Q„KL+C)Q0 	 I (2) 
ki and Q. parameters that we brought 5t tables 
(1,2) were computed with design of diagram Cc 
based on CzMe, slope of this diagram is IMix 
and intercept is I /Kipiv which Q. is maximum 
adsorption based on( mg/kg) and K. constant 
depends on adsorption energy and is based on 
(U/mg) 

EXPERIMENTAL 
Apparatus 

In this process we used ultraviolet-visible 
spectroscopy (UV/Vis) method to determine 
the concentration of amino acid solution and 
their complexation with manganese Op 
We used shaker-incubator apparatus infers 
model for solution stirring processes during 
equilibrium adsorption and at the end for 3 
minutes then filtrated with filter paper and 
could measured the solution concentration 
with t)V-Vis. 

The effect of initial concentration 
At first we prepared 0.01 NI solution of amino 
acid and its complexation was measured with 
ultraviolet-visible 	spectroscopy. 	After 
prepared lx I (ffi, 1.104. 1.103. I x1041  and 
ix 1016  of the above solution, their adsorption 
were measured with UV-is. Then they added 
to 0.01 g CNT and after 24 h agitation with 
shaker-incubator they filtered by filter paper. 
Then, the adsorption of the filtered solution 
was measured with spectrophotometer. 
Finally, the amount of adsorbed complex on 
100 g CNT was calculated. The maximum 
gram of adsorbed complex was found to be la-
cysteine and L-phenylalaninc that the amount 
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Table I. Calculated Langmuff, Fretmdlich, Temkin and Harkuis-Jura Isotherm aratneters for amino acids 
roil A on CNT 

amino acids r . 	- 'Freundlich, 'Langmuir Temkin Harkins-Jura,  

. 	.„, 
Alanine 3- 	:' 

.T 112=u97%. 

2." n'I.56 	.. 
,-TKFr.:1;.12 .   : 

7 RI  
112-0.99 

Br'47'61 

123=.0.76 

, 

sparagine,... 

1.1,97 

: n=ks.; 	• 

.r.,W,0,75 

•1 Q.-17 

iCe.-mn'. 

• Tz2=0.m 

B!.45 

1<k=5,43 

R2,0.5.41 

Cystein 

c. rr Ki=0•58, 

- 	B3'1125. 
. 	11=096  

	

10.704,2  le. 	R2-13.91  

	

% ie =PO' : 	KT -1.69 
. 

• 6 	- •• 	' 	- 
B2 11911. 	12.2=um 

' 	• 	- 11.:=0.94' 

- 	• 
. 	,. 

Histidin 	- 	•-,. 

—: <2''' ' . 

E.  il.1 11.96 	+ 
k , 	n--1.5 ,..!,7.  

:- f(FlIth'Ii.  

112=0.61A • Ttl=em 

-QAt2.07.. 	--,,  

'IlL-5.13! 	' KT41.64 

. w_o. 7  

' 	• 	3  
• • ... 

: 	."-• ::-. 

,r, B2=0.90 ...: 

Kr=120.  

r 9. R7=:0;69 - 

:- .144.0) :'.  

' k.=ein Il R•i_o  82  . 

.1 	" : ;1(Fikitim;'". i • Ki 	111  . -1(7-1°5  

R =094 

' 	' ? 	:• Threoninek 4 • l ..: 	:....4....1 r - . . 	' 	1111.13 - - 11=0  79  '• 	'.• •:,;..."':/. '.I

Ra 

r'--PKv4i.o4 ' -",:;Ki'..-o.t.... ri“..2.83 

' 

= 
• 

kletienin 
, 	.,. 	. 

9=-T 	I. . Kikem,  . : AC14,87  
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amino acids Freundlich Langmuir Temkin . 	IlarkinsiJurh 

3 ' line 

R2=0.90 
n-0.65 
KI-4.11 

R2=-0.52 
Qm=2.4 
K isco 

112-11.76 
B=2.111 
K1=1.26 

R2=0T7 • 
A4.01 
B=1.45 

A rginine 

122=0.68 
n=1.10 
Kr-ant 

143-0.04 
Q111= -5 
c K-am 

R2=0.86 
B=I.14 
ICT-sa 

122-0.96 
At0.03 
B=1.38 

A lanine 1=0.22 
KI-132 

W=0.98 R2=0.99 
R2=I 

Q 	= 0.81 m 
KL-0.20 B=7.us 

K2=4.151 

, 
W=0.96 	. ; 
A=0.34 
B=2.I7 

Asparagine 
R2-0.94 
n92.07 
K1.1.11111 

R2-0.42 
112=0.95 
B=1.43 
KT-2.96 

W=0.44 
A=1.43 
B=2.96 

551 

= Qm 	-0.14 
Kir .o.oi 

Cystein 
lit =0.98 
11-3.04 

KI:=1.401.411 

K1=0.43 
,. 
te
., 
m=  -0-09 
Ki.- AO 

K2=0.82 
B=0634 

KT=304.7 
8 

. 	14 
- 	i 	112-0.32 

A4.ogoi 

I 
I 
: 

Clyeine 
122-0.95 
n=IA 2 
Kr-om 

R2--11.48 
Qm-- -3.21 
10.-9661 

R2=0.99 
B=11.57 

K1-1335 

R2-0.86 	I 
A60.06 	l 
B=I .32 	C  

Histidin 
112=0.91 
n=0.99 
K15•4/.10 

122=0.1108 

Q' 	4,72 
KIAI,11111 

RA-0.98 
13=ias 
KT-6.25 

i 
R(1.61 	I 
A2-0.10 
8=1.65 

PhenvIalani 
11c 

W-0.93 
11 -1.47 
Kr=11.41 

W=0.47 R2=0.77 
0=0.38 

KT=I55.8 
5 

I124.50 
A=0.02 
B1 49 

Qm= -104 
IC7-461 

Proline W-0.86 
n-0.89 
KF-0.04 

111=0.05 
Qm=6 .97 

ICk-0.11115 

111-41.90 
B=2.12 
Kci /5 

R2=0.50 	.1 
A=0.01 
B=1.4 	A , 	. 

list-canine W=0.99 
n=1.75 
KII0.115 

WA1.97 
112=0.97 

13=2.25 
K2-1.78 

W=0.90 	; 

13=1.56 

Qm=2.5 
KI.30.41 
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Table .Complexalion of :Calculated _I arigm ir„arcundlich, Temktn and HarLtins Jura isotherm parametem for 
amino acids with laba (11) 

Complex ion of 
Manganese (11) 

with amino Licili.S 
Freundlich I ,angn'u ir kin fin rkins-Ju flTern 

V aline 

10-41.90 
n=0.65 

KF=0.11. 

12.'=0.52 
Qm-2.4 lit-c0.76 

R=2.I8 
10-0.77 

r,zinine 13-1 

Rt--11.04 Rt4}.86 Ra=0.46 
A-0.03 

38 

11'.4.98 
n=0.12 

KF=0.32 
Qtal 	as] 
KI.=0.20 

Itt=t0.09 
B7.O5 

K1=11.80 

Ftc0.96 
A il.3.1 

W-=0.90 

IkFc-11.0111 

R'41.42 

KL= -0.02 

- 1VA1.95 
14-1.41. 

KT=2.96 

itt-0.44 

3=2.96 

Cyslein n3,04 
KF =0.0001 

R0.43P2=0.98 

KL--0.03 

Itli.82 
13=0.34 

KT-.304.78 

W=0.32 
A=0.0001 
B-1.38 

Glyeine 
El i. 1.9-5. 
n=1.42 

KF -0.03 

11'41.48 

KL = -0.021 

Ra 0.9.9 
BO,57 

IV-0.86 
A=0.06 
13=1.32 

Hislidin 
Rc -0.911. 

KF=0.03 

W=0.0118 
lhir34.71. Rt41.90 

KT -6.25 
A-0.10 
13=1.65 

Phenylalanin IttA).93 

Klt=0.0 I 

R.1.47 
Q
Mt= - 

m= 
0.01 

W41.77 
1341.38 A=0.02 

11-1.49 

Proline 

KF=0.04. 
n-4.89 2 

littA1.115 
QM4i.97 
kl..=0.005 

Ri11.911 

HT=1.75 

le=0.50 
A=0 01 
.13-1,42 

I hreonine R').99 

KF=0.06 

IttA1.97 

l<11.0.01 

Ill=0.97 

K1=1.78 

R'=.0.90 
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By considering Figures 0,2), it vi 
l 

as observed 

on roeflicien 

This model hasn't a good corresponding with 

attention to the correlation coefficient that was 

mentioned in figures (I, 2), but coirunutating the 

parameters has a good application for expressing 

several adsorption [231. 

Temkin model 

The linear form of this model is shown in Fig. 3. 

This model was obtained with consideration of 	
it/ / 1'  • 

adsorption interaction and adsorption substances 

which was attained with designing diagram ToCe  
The correlation coefficients ofera; examen of 

based on Q. We could measure K r  and B 
parameters that were shown in table 1 and 2 [24- 	

amino acids with mg (11).11 

26]. With considering the correlation coefficient Harkins-Jura model 

in Figures (I, 2). we observe that there is an We discuss this model with equlibrium 3: 
accessible competition between this model and 	VW -0 [B/AIMI /A] loge, 	 (3) 
Freundlich model. 	 with designing diagram logC, has don I[QA 

with considering A parameter slope and with 

attention to intercept we can oMpute B 

parameter that we could observe the data at 
tables (1.2) [27]. 

that correlation coefficient in thiS model has not a 

good correlation with cxperinecotal :data. We 
ignored studying of ienderson •  and BM models 

because of multilayer adsorption and sigmodial 

Langmuir model which is diagram I/Q based on 

I/C and this is because of nonlinear fig-Pres [28] 
With attention to expand of designing adsorption 

ismhemi for amino acid and their complexation 

with manganese (II) ion, we just presented 

models for L-cystein and L-phenylalanhe amino 

acids Figures (3.4) and their complexation with 
or amino acids. 	

manganese (II) ion Figures (5,6). 	1 I 

a 

100 



3 

a 
rf =00006 

"ses•••—•  

R2 =0 9164- 

9885n - 0.5302 
0.8589 

-0 8012x + 0.8 

	 _ 

Hi.h.eatvi  

a 	 Y =0.  0965x 0.92 
R2 

 
D 6977 

a 

Ce 

0.3577x +0 226 
R1  81,10 

a 

InCe 

I gC 
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Fig. .3 Adsorption isotherms of L cysteine with mo 	angmuir b) Temkin c) Freundlich d)flarkins-lura. 

Fig. 4. AdM,rptioIi 1501 
	

ofL-phenylalan no Eh models a) 
	

Lir b) Temkin c)Freun lich d) Harkins- 
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ig. 	Adsorption isothvrins o complexation of Ittcysteine with 	 odek a) Lang; nit 5) 'ink in el 
Fre id tch Harkins-Jura  

               

   

y = -0 488Sx + 29.427 r, 
R.? = 0 4795 

   

   

y = 0.3884x + 1.9611 

    

= 0 7785 
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• • 	I • Z.._  

 

             

             

               

            

            

  

= 0.9357 

      

FP =0 505 

 

        

           

           

           

           

           

           

           

           

           

           

           

           

           

            

            

            

            

I 	, 
Fi 	&Adsorption isotherms of complexation IL- phenylalanine with Mn ( I) with model a) Langmuir It) 

Temkin a) F eundlich d) Harkins-turn. 
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Q„, Langmuir constant is related to maximum 
adsorption capacity: 
Q„, amounts that were obtained from Langmuir 
model were necessary amino acid amounts for 
single layer constituent at amino acid adsorption. 
This amount was higher than (0, amount at their 
complexation adsorption to amino acids and 
among amino acids adsorption capacity 
L-eysicine and L-phenylalanine adsorption 
was higher than the others, which table 1 
shows this. 
Kf  or b: Langmuir equilibrium constant. Our 
reason from computing b is obtaining Rs  that is 
equilibrium parameter and we can express 
following equation for it and we can use it to 
indicate isotherm kinds. If lit  40. isotherm is 
irreversible , if Mliv<1 . isotherm is desirable, if 
Rt=1 isotherm is linear and if RI_ >I isothemi is 
undesirable [29,30]. 
Rs=1/14-be 	 (4) 

En and KE. are Frundlich constants theory 
which is introduced intension of adsorption 
amount and adsorption capacity. At Frundlich 
isotherm when KE  increases adsorption energy 
will increase too and that causes to increase L-
systeine and L-phenylalanine. The amount of n 
between 1-10 displays acceptable adsorption 
processes. If rol hetemgen of the surface is less 
significant and if nwl0 it is more significant. We 
can see that in table 1 [II. 31-35]. 

B and Kt  are Temkin equation parameters and 
respectively 	adequate 	with 	adsorption 
condescended and boundary constant adequate 
with maximum of boundary energy Amount of 

B is RT/b and b is based on Temkin isotherm 
constant [25, 26]. By observing table 2 we can 
see the maximum amount adsorption of K1  for 
two complexes allude to L-systeinc and L-
phenylalanme amino acids. 

CONCLUSION 
The study that was accomplished on liquid-solid 
system adsorption affected separating amino 
acids and dissolved dependant complexity from 
dilution on carbon nanotube surface till dissolved 
residue in dilution on solid surface is arranued in 
dynamic equilibrium. At equilibrium state there 
is a limitation on dissolved distribution between 
liquid and solid phases and by means of 
isotherms we described adsorption capacity of 
them for analysis and designing adsorption 
system. With attention to the correlation 
coefficient R Frundlich and Tonkin isotherms 
displayed a good accommodation with 
experimental data that was used respectively for 
computation thermodynamic and kinetic 
parameters but altogether we could consider 
Frundlich model as the best model tor amino 
acids and their complex with manganese (II) ion. 
Although in this study with attention to tlw 
adsorption capacity of L-cystein and L-
phenylalanine that was greater on carbon 
nanotube adsorption, their complexation 
adsorption was done with greater power that was 
dependant to the maximum bonded energy 
between complexity with their adsorption. 
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