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ABSTRACT

In this research. adorphion nf some amine acids and their complexation with mangaoese (I1) ton on varbun
nanatube {MWONT) by using of four relations Langmuit, Freundlich. Temkin and Harkins =Jura iatherms was
investigated, Frum this relaugns, Freudlich and Trmkin relations predict puod equilinium diagram in isatherm
condition. We could compute the theoretical constants by eacel softwar:. By considering these canstants. it 1s
clear Lhat among amine acids used and alse amine acids were formed complex, L-phenylalanme and L-systeine
in comparison with ather showed the maosl adsorption om carbon nanofube,

Kevwords: Adsorptiun. Isotherm, Aming atids: Comnplexatan, Carben nanotube

INTRODUCTION

Basic nitrogen-containing compounds, amino acids, are
tormed in plant microbial, and animal ¢clls under the
action of microorganisms. These are biologically
important compounds, and the formation of many of
them precedes the synthesis of alkaioids and hormones,
neume mediators, phospholipids and vitamin componerts,
and inrtators of NUmerous enzymatic teactions [1-5],
Here we would like to show that amino acids could be
adsorbed on carbon nanombes. The problem of
evalualing the surface heterogeneity of adsorbents from
the experimental overall isotherm has a long history in
physical chemistry,

[t suffices 1o reeall Langmuir's work of 1918 [6],
the two fundamental articles by Sips [7] of 1945 and
1950, and the recurrcnee method  propnsed hy
Adamson and Ling[8] m 1961. Of all the “classic
tsotherms” only seme of them can be explaimed or
have been proposcd on statistical mechuantcal prounds,
vthers on the onotrary, can not be justilicd by simple
models. This is the vasc of the itnportant isotherms
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empiricatly propescd by Freundlich. Dubinin
and Radushkevich. Temkin [9-10].

These 1wotherms are usually ascrihed to the
heterugeneily of the surface. It allows the
compuatiun of (e adsorption-energy distribution
assoclated  with  cach  type of experimental
hehavior,

The three classic vverall 1sotherms are observed in
adsorpion on equilibrium surface [11, 12] The
accomting of the solute or contaminant on the
adsorbent are most often measured wiiht batch
equilibrium tesl. Varying solute concentrations are
mxed with an adsorbent until equilibriem 1w
achicved and the contaminant removed om the
sohunn [14]. It s plotted as a function of the
equilibrium contaminant conecntration remaining
i sclution or as a function of initial contaminant
CONCLTILIALLON,

The tninal concentration is usclul for comparing
contaminant uptake by different moterials or
uptake of 2 vanecty of comaminants on the same
graph [15]. Motc that when the equilibmum
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cotwentration s used 11 is more difficult to
compare different adsothents or comtaminants
since the range of equilibrium concentrations.
may not correspond.  Evaluation of  the
patameters in the isotherm is accomplished hy
obtaining a lincar form of the isotherm and the
best fiing line for the data is obtaned by
maximizing the coefficient of determipation &
The * value indicates the poodness of it
between the data and the isotherm but other error
equations have alse boen used to evaluair the
petformance of adsorption models [16]. In this
paper, the experimental adsorption data were
tested with the Langmuir. Freundlich, Temkin
and Harkins-lura equations. The maximum
adsorplion eapacity and the maximum bonded
energy were determined from the Freundlich and
Temkin isotherms.

EXPERIMENTAL

Apparatys

[n this process we used uitraviolet-visible
spectroscopy (UV/Vis) method to determine
the concentratioo of amino acid solution and
their complexativo with manganese (1) fun.
We used shaker-incubator apparatus infers
model for solution stitring processes dunng
equilibtium adsorption and at the end for 3
minutes then filtrated with filter paper and
could measured the solution concentration
with UV-Vis,

The effect of initial concentration

At first we prepared 0.01 M solution of amino
acid and its complexation was measurcd with
ultravioigt-visible spectroscopy. After
prepared 1x 107, 1x10%, 1%107%, [10™ and
5x10° of the above solutioo, their adsorption
were measured with UVevis, Then they added
to 0,01 g CNT and after 24 h agitation with
shaker-meubator they filtered hy filter paper,
Then, the adsorption of the filtcred solution
was  measured  with  spectrophotometer,
Finally, the amount of adsorbed complex on
100 g CNT was caleulated. The maximum
gram of adsorbed complex was found to be L-
cysieme and L-phenyialanine that the amount

%6

of adsorption increases as a functlun of nitial

conrentrations.

RESULTS AND D[SCUSSION

Study of equilibrium |
We can compute  cxpenmental results trom
cquilibrium  experiences by several adsorption
isotherm models that were the liocar by means of
Excel software, 3

Frevodlich mndel '
We often use this model for heterogenecus
adsorpiion that has acceptable harmomy with
experimental data which cxpresses with n-order,
For commutating  Freundlich | equation
comstants wc can design InQ), diasram based on
InC. the slope of this diagram is n and the
intercept 1s InKp. |
Distribution  coefficient Kr displays 1on
adsorption addiction and with increase m K,
amount adserptton amount will be increase and
Vice versa. |
This relation is expressed by equation 1[17-21].
Qf}(fm—KF“C n LIIQ, [..[IKF"I]LT](,,C “}
With attention to the cmrelatmn coefficicnt
from data that we could observe frnm Figures |
aid 2 that have acceptahle accummadauun
between data and models. RTE
Model parameters that obtained frém diagram
were shnwn o tables (1, 2) wh1ch EXPICSSCs

amioo ucids and their complexation. 't
1

Langmuir madel |
This model s obtained fmm assiimption of
similar energy ot adsorption sites of absorhent
surfacc, and expresses with below equalion that
has lincar form. In this equation with attent)nn to
the cqual amount of adsorption and repelling on
surlare, we can consider these volorities equal m
cach other and from this cquivalent we cap
obtain equation 2 [21,22]. !

N=0,/Q.,=KLCJ/1+KLC, Q.K C~0Q.+K,C.0Q,

Q=1 QuK L+HC/Qm ! [ {2

ki and Q.. paramcters that we brought at tables
(1.2} were computed with desiym nf diagram Ce
based nn CJQq, slope of this diagram 15 1/0Q,
and intcrecpt s 1/K Q.. which Q. is maximum
adsorptinn based on{ mg/kg) and K, econstant
depends on adsorption energy and is based on
{Limg)
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Tabke 1. Calculated Lang muir, Freandlich, Temkin amcd Hurkins-tura 1sotherm parameters for amino acids
adsorplion on CNT
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Tabie 1, {connnuad)

|
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B
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Table 2. Complexation of :Catcutated Langmuir, Freundlich, Tembkin and Harkins-Jura isothenm parameters for
arning aeids wath Mn (1)
Complexion of
dManganese (17) Freundlich Langmuir . Harkins-Jura
. . Temkin
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This model hasn't a good comesponding with
attention to the correlation coefficient that was
mentioned in figures (I, 2), but commutating the
parameters has a good application for expressing
several adsorption [23).

Temkin mpdel

The lincar form nf this medcl is shown i Fig, 3.
This model was obtained with consideration of
adsprption interaction and adsorption substances
which was attained with designing diayram LaC,
based on Q.. We could measbre K and B
parameters that were shown in table | and 2 [24-
26). With considering the corrclation cocfficient
in Figures {1, 2), we ohserve that there 15 an
accessihle competition between this model and
Freundlich modzl.

Fig, L. The correlation coefficients of amino acids,

100

) HI
Fig. 2, The cotrelation coefﬁcients!uf rrnrlnplexatmn ol
amino acids with M (11), 1 !

Harkins-Jurz mode! |
We dhscuss this mode! with equilibrium 3:
tQ = [B/AF[I/A]logC, l (1)

with designing diagram lpgC, based .on 1/Q>
with considering A parameter slope and with
atention to intercept we  can  compute B
parameter that we could observe the data at
tahles (1, 2) [27]. :

By considerng Figures (1, 2), it was ohserved
that correlation coefficient in this model has not a
good comelaion with cxperimental “dats, We
ignored studying of Flenderson and’ Bet models
because of multilayer adsorption and sigmodial
Langmuir model which is diagram 1/Q based on
1/C" and this is becanse of nenlincar figures [28]
With attention to expand of desipning adsorpuon
otherm for amino acid and ther mm]:lcxatiun
with manganese {1} 1om, we jusf presented
models for L-cystein and L-phenvialanine amino
acids Figures (3.4) and their complexation with
mangangse (11 100 Fuueres (5,6) I |
CoL

| Al
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Fig. 3. Adsorption 1sotherms of L-cvsteine with models a) Langmuir b) Temkin ¢} Freundlich d) Harking-Jura,
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Fip. 4. Adsorpiion isothenns of L-phenylalanine with models a) Lanpmuir b) Temkin ¢} Freundlich d} Harkins-

Jura,
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Fig. 5. Adsorption 1sotherms of vormplexation of Lvysteine with Mo (I with models i) Lang,;ﬂuir 0T
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d) Harkins-Jura.
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Q. Langmuir constant is related to maximum
adsorption capacity:

Qm amounts that were obtained from Langmuir
model were necessary amune acid amounts for
single layer canstituent at amino acid adsorption.
This amount was higher than Q. amount at their
¢nmplexation adsorption to amino acids and
among amino acids adsorption capacity
L-cysteine and L-phenylalanine adsorption
was higher than the nthers, which table |
shows this.

K¢ or b Langmuir equilibrium constant. Our
reason from computing b is nhtaining Ry that is
cquilibrium parameter and we can Cxpress
following cquatiin tar it and we can use it o
indicate ismtherm kings. If Ry=0. isotherm is
irrevensible , if =R, <1 . isgtherm ts desirahle, 1f
R, =1 isotherm 15 linear and if By =1 isotherm is
undesirable [29,30].

R.=1/1+bc (4)

I'n and K; are Frundlich constants theary
which is introduced 1ntension nf adsnrption
amount and adsorption capacity. At Frundiich
isotherm when K¢ increases adsorption energy
wil] increase too and that causcs to merease L-
aysteine and L-phenyialanine. The amount ot n
between I-10 displays acccptable adsorption
processes. if n=1 heterogen of the surface is less
sigmiicent and 1f n=10 it ts more significant, We
can see that in table 1 [11, 31-35]

B and K, are Temkin cquation parameters and
respectively  adeguate with  adsnrption
condescended and bnundary constant adequate
with maximum of boundary crergy Amount of
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