
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Separation Science and Technology
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713708471

Distribution Behavior of α-Amino Acids and Aminobenzoic Acid by
Extraction with Trioctylamine
Yang-Sheng Liua; You-Yuan Daib

a Department of Environmental Engineering, Peking University, The Key Laboratory of Water and
Sediment Sciences, Ministry of Education, Beijing, People's Republic of China b Department of
Chemical Engineering, Tsinghua University, Beijing, People's Republic of China

Online publication date: 27 February 2003

To cite this Article Liu, Yang-Sheng and Dai, You-Yuan(2003) 'Distribution Behavior of α-Amino Acids and Aminobenzoic
Acid by Extraction with Trioctylamine', Separation Science and Technology, 38: 5, 1217 — 1228
To link to this Article: DOI: 10.1081/SS-120018131
URL: http://dx.doi.org/10.1081/SS-120018131

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713708471
http://dx.doi.org/10.1081/SS-120018131
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Distribution Behavior of a-Amino Acids and
Aminobenzoic Acid by Extraction with

Trioctylamine

Yang-Sheng Liu1,* and You-Yuan Dai2

1Department of Environmental Engineering, Peking University,

The Key Laboratory of Water and Sediment Sciences,

Ministry of Education, Beijing, People’s Republic of China
2Department of Chemical Engineering, Tsinghua University,

Beijing, People’s Republic of China

ABSTRACT

The separation technique of extraction based on reversible chemical

complexation can be a high-capacity and high-selectivity technology

for separating polar organic solutes from dilute solution. The Lewis

acid, di(2-ethylhexyl)phosphoric acid (D2EHPA), is often chosen as

extractant to separate amino acids from aqueous solution because of
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its high capability in the reversible chemical complexation. In this

paper, trioctylamine (TOA) is used as extractant, and three a-amino

acids [L-phenylalanine (L-phe), L-tryptophane (L-trp), and L-isoleucine

(L-ile)] and aminobenzoic acid (ABC) are used as model amino acids.

We present a series of extraction equilibrium experiments for them

with TOA dissolved in n-octane and n-octanol. The effects of initial

extractant concentration, equilibrium pH value, and the polarity of

bulk solvent on the distribution ratio (D) of L-phe, L-trp, L-ile, and

ABC between the organic and aqueous phases were discussed.

Expressions for the distribution ratio are proposed, and the

experimental data are in good agreement with the proposed

expressions.

INTRODUCTION

The separation technique of extraction based on reversible chemical

complexation can be a high-capacity and high-selectivity technology for

separating polar organic solutes from dilute solution.[1] Amino acids are

valuable chemical products. They find their principal commercial

applications in human foods, in animal feed additives, and in the

pharmaceutical field (intravenous solutions, medicine, and cosmetics). In

the last decades there has been a continuous interest in developing

processes that will improve the selectivity and yield of downstream

processing steps for the separation and recovery of amino acids.[2 – 7] The

Lewis acid, di(2-ethylhexyl)phosphoric acid (D2EHPA), is often chosen as

the extractant because of its high capability in the reversible chemical

complexation.[2 – 6] Several years ago, the extraction of organic compounds

with an acid group and an alkaline group on the molecule attracted

much attention from researchers, and many interesting results were

presented.[8,9]

In this work, the Lewis base, trioctylamine (TOA), is used as the

extractant to investigate the distribution behavior of amino acids and

aminobenzoic acid (ABC) between the organic and aqueous phases. Three

a-amino acids [L-phenylalanine (L-phe), L-tryptophane (L-Trp), and

L-isoleucine (L-ile)] and two aminobenzoic acids (p-ABC and o-ABC)

are used as model amino acids. A series of extraction equilibrium

experiments with TOA dissolved in n-octane and n-octanol were

performed. The effects of extractant concentrations and pH value on

equilibrium are discussed.
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MATERIALS AND METHODS

Materials

TOA is of chemical grade (90%, wt). L-phe, L-trp, and L-ile are of

chromatographic grade. Other reagents, such as p-aminobenzoic acid (PABC),

o-aminobenzoic acid (OABC), n-octane, n-octanol, sulfuric acid (H2SO4),

sodium sulfate (Na2SO4), and sodium hydroxide (NaOH) are all of analytical

grade.

Extraction Experiments

All of the extraction experiments were carried out in a bath shaker at

298 ^ 0:5K; 200 ^ 2 rpm: TOA solutions, prepared by dissolving TOA in n-

octane or n-octanol, contained 0.232–0.464 mol/L TOA. The aqueous ionic

strength was fixed at 0.2 mol/L. The organic phase (10 mL) and the aqueous

phase (10 mL) were stirred in the bath shaker for 1 hour. After equilibration,

the phases were separated by centrifugation. Each experiment was carried out

three times in identical conditions, and the average value of the studied

parameter was used.

Analysis

The pH of the aqueous phase was measured with a digital pH meter

(model SA 520, USA). The concentrations of L-phe, L-trp, PABC, and OABC

in the aqueous solution were measured using an UV spectrophotometer

(model HP8452, USA) at wavelengths of 258, 280, 266, and 310 nm,

respectively. The concentrations of L-ile in the aqueous solution were

measured according to the literature.[10] The concentration of the model amino

acids in the organic phase was calculated according to the mass balance of

them. Experiments proved that the error is less than 2%.

RESULTS AND DISCUSSION

Behavior of Aqueous Solution of Aminobenzoic Acids

Aminobenzoic acid has one carboxylic group, one amino group, and a

benzene ring that connects with the carboxylic group and the amino group.
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Two dissociation equilibria exist in aqueous solutions

H þ
3 NC6H4COOH

Ka1

O H2NC6H4COOH þ Hþ ð1Þ

H2NC6H4COOH
Ka2

O H2NC6H4COO2 þ Hþ ð2Þ

The two dissociation constants for Eqs. (1) and (2) can be described as:

Ka1 ¼
½A�½H þ�

½Aþ�
ð3Þ

Ka2 ¼
½A2�½H þ�

½A�
ð4Þ

where Aþ, A2 are the cation and anion of aminobenzoic acid, respectively. A

is the neutral molecule of aminobenzoic acid. The pKa1 and pKa2 of PABC and

OABC in aqueous solutions are shown in Table 1.

Behavior of Aqueous Solution of a-Amino Acids

a-Amino acid has one carboxylic group, one amino group, and a side

chain. Two dissociation equilibria exist in aqueous solutions:

H þ
3 NZRZCOOH

Ka1

O H þ
3 NZRZCOO2 þ Hþ ð5Þ

H þ
3 NZRZCOO2

Ka2

O H2NZRZCOO2 þ Hþ ð6Þ

Table 1. Dissociation constants (pKa1, pKa2) of

PABC and OABC.

pKa1 pKa2

PABC 2.50 4.87

OABC 2.11 4.95

L-phe 1.83 9.13

L-trp 2.38 9.63

L-ile 2.36 9.62

Data from Ref.[11].

Liu and Dai1220

MARCEL DEKKER, INC. • 270 MADISON AVENUE • NEW YORK, NY 10016

©2003 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
2
2
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



The two dissociation constants for Eqs. (5) and (6) can be described as

Ka1 ¼
½A^�½H þ�

½Aþ�
ð7Þ

Ka2 ¼
½A2�½H þ�

½A^�
ð8Þ

where R is the respective side chain of L-phe, L-trp, and L-ile. Aþ, A^, A2 are

the cation, zwitterion, and anion of three a-amino acids, respectively. The

pKa1 and pKa2 of them in aqueous solutions are shown in Table 1.

Distribution Ratio Definition

The distribution ratio (D) of amino acids between the organic and the

aqueous is defined as

D ¼ ½A�ðoÞ=½A�ðwÞ ð9Þ

where [A ](o) is the concentration of amino acids in the organic phase and

[A ](w) is the total concentration of all species of amino acids in the aqueous

phase.

Physical Extraction Behavior of Amino Acid with n-Octanol

In most of the experiments, n-octanol is chosen as diluent, so its

extraction characteristic will play an important role in the extraction of amino

acid when TOA acts as the extractant.

The physical extraction behavior of aminobenzoic acid with n-octanol is

shown in Fig. 1. With an increase of pH value, the distribution ratio (D) of

OABC and PABC between the organic and the aqueous phases is represented

as a peak, and this peak is at the point of pHequiv ¼ ð pKa1 þ pKa2Þ=2:
The solid lines in Fig. 1 are as predicted by the following equation:

D ¼ Dmw ¼ Dmð1 þ 10pKa12pH þ 10pH2pKa2 Þ21 ð10Þ

where ð1 þ 10pKa12pH þ 10pH2pKa2 Þ21 is the molar fraction of neutral

molecule at a specific pH and Dm is the distribution ratio of aminobenzoic

acid between the organic and the aqueous phases when the molar fraction of

neutral molecule in the aqueous is 1.0. The values of Dm are 7.12 and 5.86 for

PABC and OABC, respectively.
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One can conclude from Fig. 1 and Eq. 10 that the neutral molecules of

aminobenzoic acid were extracted with n-octanol.

We performed many experiments and demonstrated that the distribution

ratios of L-phe, L-trp, and L-ile between the organic phase (n-octanol) and the

aqueous phase are nearly equal to zero. In these experiments, the initial

concentrations of L-phe, L-trp, and L-ile in the aqueous solutions are 6.06,

4.90, and 7.63 mmol/L, respectively.

Effect of TOA Concentration and Equilibrium pH on

Distribution Ratio

The distribution behavior of PABC and OABC is illustrated in Fig. 2.

At a constant extractant concentration (B0) the distribution ratio presents a

peak with the increased pH. An increase of the initial extractant

concentration (B0) corresponds to an increase in the distribution ratio.

The initial feed concentration of PABC has little effect on its distribution

ratio in the whole pH range. The extraction phenomena are similar to those

in the extraction of PABC and OABC with D2EHPA,[12] but the peak shifts

toward the higher pH value, because the basicity of TOA is higher than that

of D2EHPA.

From the similarity between Fig. 1 and Fig. 2, one can infer that the

neutral molecules of aminobenzoic acid were extracted with TOA.

Figure 1. Physical extraction behavior of aminobenzoic acid with n-octanol (a)

Initial concentrations of PABC and OABC are 7.29 mmol l21.
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Additionally, the peak of D should be at the point of pH where the molar

fraction of neutral molecules of aminobenzoic acid is maximum. This pH

value is marked as pHmax. However, the value of pHmax would be affected by

the apparent acidity or basicity. If the extractant is neutral (e.g., n-octanol), the

pHmax value is nearly equal to pHequiv, as illustrated in Fig. 1. In the extraction

of PABC and OABC with D2EHPA,[12] the pHmax value is lower than pHequiv.

In the extraction with TOA, the pHmax value is higher than pHequiv.

As shown in Fig. 3, the initial extractant concentration, equilibrium pH

value, and the polarity of bulk solvent have little effect on D of L-phe, L-trp,

and L-ile between the organic and aqueous phases. Additionally, almost all of

D is less than 0.1, which indicates the complexation capability of TOA with

these a-amino acids is rather weak.

From the comparison between the extraction of L-phe (2), L-trp (3), and

L-ile (4) with D2EHPA and that with TOA (shown in Fig. 3), one can conclude

that the complexation capability of D2EHPA with these a-amino acids is

much stronger than that of TOA with them.

As shown in Eqs. 5 and 6, in the pH , pHequiv range, the main dissociated

species of a-amino acid is the cation H þ
3 N–R–COOH: TOA does not

combine with the cation because it is very easy to combine with Hþ.

The equilibrium constant of the combination of TOA with Hþ is

16906 L mol21.[13] In the pH . pHequiv range, the main dissociated species

of a-amino acid is the anion H2NZRZCOO2. TOA does not react with it to

form complex. Consequently, the extraction capacity of TOA with a-amino

acid is very poor. However, TOA can react with aminobenzoic acid

Figure 2. (a) Effect of the initial concentration of TOA (B0) and PABC (C0) and pH

value on distribution ratio. C0(mmol l21): W, A: 7.29; X, B: 13.19. (b) Effect of the

initial concentration of TOA (B0) and pH value on distribution ratio. Initial

concentration of OABC is 7.29 mmol l21.
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effectively to form a complex because of the presence of neutral molecular

H2NC6H4COOH. The infrared spectrogram of an organic-phase-loaded

solute demonstrated that TOA combines with the ZCOOH group of

H2NC6H4COOH and the group ZNHþ forms.[13]

Determination of the Extraction Model for PABC and OABC

The extraction equilibria with TOA can be described as

R3N þ Hþ
K1

O R3NHþ ð11Þ

R3N þ NH2PhCOOH
K2

O ðR3NHþÞCOO2PhNH2 ð12Þ

Figure 3. (a) Effect of the initial concentration of TOA (B0) and pH value on

distribution ratio L-phe, c0 ¼ 6:06 mmol=L: (b) Effect of the initial concentration of

TOA (B0) and pH value on distribution ratio L-trp, c0 ¼ 4.90 mmol/L. (c) Effect of the

initial concentration of TOA (B0) and pH value on distribution ratio L-ile, c0 ¼

7:63 mmol=L:
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where R3N is TOA. Aside from the two equilibria, two dissociation equilibria

of aminobenzoic acid, Eqs. 1 and 2, and a physical extraction equilibrium can

be determined.

The equilibrium constants in Eqs. 11 and 12 can be expressed as

K1 ¼
½R3NH þ�

½H þ�·½R3N�
ð13Þ

K2 ¼
½ðR3NH þÞCOO2PhNH2�

½R3N�·½NH2PhCOOH�
ð14Þ

B0 ¼ ½R3N� þ ½R3NH þ� þ ½ðR3NH þÞCOO2PhNH2� ð15Þ

According to the mass balance of extractant and solute, the following

equations can be obtained

C0 ¼ ð1 þ DÞ½A�ð1 þ 10pKa12pH þ 10pH2pKa2 Þ ð16Þ

After a series of mathematical calculations for an equation group that

consists of Eqs. 3, 4, 13, 14, 15, and 16, the expression for D can be obtained:

D ¼
fDmxþ K2B0 2 K2C0 2 x

2x
þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
a2 þ 4b

p

2x
ð17Þ

where

a ¼ K2C0 2 K2B0 þ x2 fDmx ð18Þ

b ¼ ðK2B0 þ K2fDmC0 þ fDmxÞx ð19Þ

x ¼ ð1 þ K1102pHÞð1 þ 10pKa12pH þ 10pH2pKa2 Þ ð20Þ

By using the computer programming to optimize the following object

function, we kept EðK1;K2Þ at a minimum

EðK1;K2Þ ¼
Xi¼n

i¼1

ðDexp;i 2 Dcal;iÞ
2 ð21Þ

where Dexp,i is the experimental value and Dcal,i is the value calculated from

Eq. 17. K1 and K2 can be found to be 17,000 L/mol and 81.0 L/mol for PABC,

and 17,000 L/mol and 154.0 L/mol for OABC, respectively.

When the volume ratio of the organic phase to aqueous phase is unity,

the distribution ratio (D) of aminobenzoic acid between the organic phase
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and the aqueous phase can be calculated by using the following equations and

Eq. 16:

B0 ¼ ½R3N� þ K1·102pH ·½R3N� þ K2½R3N�·½A� ð22Þ

D ¼
fDmxþ K2B0 2 K2C0 2 x

2x
þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
a2 þ 4b

p

2x
ð23Þ

where the expressions of a, b, and x are shown in Eqs. 18, 19, and 20. The

solid lines in Fig. 2 are as predicted by the model.

Discussion

D2EHPA and TOA can react with aminobenzoic acid and form the

respective complex. However, their extraction mechanisms are different. TOA

combines with the ZCOOH group of H2NC6H4COOH and the complex is

(R3NHþ)COO2PhNH2. In the Ref.[12], the conclusion is that D2EHPA reacts

with the ZNH2 group of H2NC6H4COOH, and one aminobenzoic acid

molecule is extracted by forming a complex with two dimeric D2EHPA

molecules. So the complex is ðHPÞ2·ðHP2
2 ·NHþ

3 ÞPhCOOH; where HP is

D2EHPA and (HP)2 is the dimeric D2EHPA.

CONCLUSIONS

In this paper, the extraction equilibria of L-phe, L-trp, L-ile, PABC, and

OABC with TOA dissolved in n-octane and n-octanol were presented in detail.

The initial extractant concentration, equilibrium pH value, and polarity of bulk

solvent have little effect on D of L-phe, L-trp, and L-ile between the organic

and aqueous phases. The complexation capability of TOA with these a-amino

acids is rather weak. At a constant extractant concentration (B0), the

distribution ratio of PABC and OABC between the organic and aqueous

phases presents a peak with an increased pH value. An increase of B0 is

associated with an increase in D. Expressions for the equilibrium distribution

ratio of PABC and OABC between the organic and aqueous phases were

proposed. The experimental data present good agreement to the obtained

models, as can be seen from Fig. 2.
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NOMENCLATURE

Aþ cation of L-phe, L-trp, L-ile, PABC, and OABC

A2 anion of L-phe, L-trp, L-ile, PABC, and OABC

A neutral molecule of aminobenzoic acid

A^ zwitterion of L-phe, L-trp, L-ile

[A](o) concentration of L-phe, L-trp, L-ile, PABC, and OABC in

the organic phase (L/mol)

[A](w) concentration of L-phe, L-trp, L-ile, PABC, and OABC in

the aqueous phase (L/mol)

B0 initial extractant (TOA) concentration in the organic

C0 initial aqueous concentration of L-phe, L-trp, L-ile, PABC,

and OABC (mol/L)

D distribution ratio (dimensionless)

K1 equilibrium constant in Eq. 11 (L/mol)

K2 equilibrium constant in Eq. 12 (L/mol)

Ka1, Ka2 dissociation constant of L-phe, L-trp, L-ile, PABC, and

OABC (L/mol)

f volume fraction of n-octanol in bulk solvent

w molar fraction of neutral molecule in Eq. 10

a,b,x symbols equivalent to the right-hand terms of Eqs. 18–20
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