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Distribution Behavior of L-Phenylalanine by Extraction
with Di(2-Ethylhexyl) Phosphoric Acid

YANG-SHENG LIU, YOU-YUAN DAI,* and JA-DING WANG
DEPARTMENT OF CHEMICAL ENGINEERING

TSINGHUA UNIVERSITY

BEIJING 100084, PEOPLE'S REPUBLIC OF CHINA

ABSTRACT

In the separation processes of amino acids, zwitterionic species are prevented from
being exchanged because of the spatial proximity of two opposite charges on the
molecule. There would be a high chemicals cost due to the need to change the solu-
tion pH. It is therefore desirable to develop a novel recovery technology for amino
acids in the middle pH range. A series of extraction equilibrium experiments for L-
phenylalanine (L-phe) with di(2-ethylhexyl) phosphoric acid (D2EHPA) dissolved in
n-octane was carried out. The effects of L-phe concentration, D2EHPA concentration,
and pH on the distribution ratio were discussed in detail. The infrared spectrogram of
the organic-phase-loaded solute illustrated that the pH condition had little effect on
the structure of the complex. There are proton-transfer and ion-exchange reactionsin
the extraction. One L-phe molecule is extracted by forming a complex with two
dimeric D2EHPA molecules. An expression of the equilibrium distribution was pro-
posed.

INTRODUCTION

Amino acids are valuable bioproducts. They find their principal commer-
cial applications in human foods, animal feed additives, and in the pharma-
ceutical field (intravenous solutions, medicine, cosmetics). They are also used
asintermediatesfor the synthesis of special chemicalslike hypocaloric sweet-
eners, chelating agents, and pharmaceutical peptides. Most of the amino acids
are produced in commercial quantities by microbial fermentation. The down-
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stream processing technologies for the separation and recovery of amino acids
arevery complicated. In the last decades there has been a continousinterest in
developing processes that will improve the selectivity and yield of down-
stream processing steps for the separation and recovery of amino acids (1-9).
Since the 1980s the application of di(2-ethylhexyl) phosphoric acid
(D2EHPA) in an emulsion liquid membrane (ELM) as a carrier has attracted
much attention from researchers and engineers. It has been reported that such
amino acids as lysine (10), tryptophan (15), and phenylalanine (9, 15) can be
separated and concentrated by ELM containing D2EHPA as a carrier.
D2EHPA can also separate amino acids as extractant dissolved in different
diluents. Liao et a. (11) studied the extraction mechanism of isolesine with
D2EHPA as the extractant and proposed an extraction equilibrium constant.
Teramoto et a. (12) studied the extraction of several amino acids and their re-
lated compounds with D2EHPA dissolved in benzene. The exponent min the
relation D o [(D2EHPA),]™ was in the 1.7 to 2.0 range for alanine, valine,
leucine, isoleucine, phenylalanine, and tryptophan. They suggested that one
amino acid molecule coordinatesto 1.7 to 2.0 dimeric D2EHPA. Q.-H. Shi et
al. (13) studied the distribution equilibrium of L-tryptophan by extraction with
D2EHPA dissolved in n-hexane. A general extraction formula and supposed
structure of L-Trp-D2EHPA were proposed. However, the extraction mecha
nism of amino acids by D2EHPA waslimited to a cation-exchange reaction in
all of the above works; the extraction equilibriawerein thepH < 3range. To
date, there is no published report on the extraction of amino acids in the mid-
dle pH range. Because amino acids change their charged state depending on
the pH, the extraction equilibrium mechanism for different species of amino
acids may be different from each other, and the structures of amino
acid—D2EHPA complexes may differ too. Therefore, it is very important to
determine the extraction equilibrium at various pH conditions.

In thiswork, using L-phenylalanine (L-phe) as amodel amino acid, the ex-
traction mechanism at various pH conditions was studied. The relation be-
tween pH and the structure of the L-phe-D2EHPA complex was determined.
The effects of amino acid and extractant concentrations on equilibrium are
discussed.

MATERIALS AND METHODS
Materials

D2EHPA isaproduct of Chemica Reagent Factory of Beijing, People’ s Re-
public of China. It is further purified by recrystallization with copper hydrox-
ide, as described by Patridge and Jensen (14). L-Phe is of chromatographic
grade. Other reagents, such as n-octane, sulfuric acid (H,SO,), sodium sulfate
(NaxSQ,), and sodium hydroxide (NaOH), are all of analytical grade.
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Extraction Experiments

All of the extraction experiments were carried out in abath shaker at 298 +
0.5K, 200 = 2 rpm. Organic solutions, prepared by dissolving D2EHPA in n-
octane, contained 0.745-1.787 mol-L~* D2EHPA. Aqueous solutions con-
tained 0.00606-0.02276 mmol-L ~* L-phe; the ionic strength was fixed at 0.2
mol-L ~L. The organic phase (10 mL) and the aqueous phase (10 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 centrifu-
gation.

Analysis

The pH of the agueous phase was measured with adigital pH meter (model
SA 520, USA). The concentration of L-phe was determined using an UV spec-
trophotometer (model Hp8452, USA) at a wavelength of 258 nm. According
to Beer’s law, the molar absorption coefficient, & is

£ = AILC (1)

where A is the absorbance, L isthe width of the cell (equal to 1 cm), and C is
the concentration of the sample. From the calibration curve of AvsC (Fig. 1),
the slope (£L) ! is found to be 880.25 ppm. The wavelength of peak and the
molar absorption coefficient do not vary with the pH. The concentration of L-
phe in the organic phase was calculated according to the mass balance of L-
phe. Experiments proved that the error isless than 3%. To examine the effect

0.8 —_———

C(ppm)

FIG.1 The calibration curve of absorbance vs concentration of L-phe aqueous solution.
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of pH on the structure of the complex in the organic phase, infrared spectra
(model FIR8200, Japan) of the organic-samples-loaded solute at different
equilibrium pH values of the agueous phase were analyzed.

RESULTS AND DISCUSSION
Behavior of Aqueous Solution of L-Phe

L-Phe has one carboxylic group, one amino group, and a side chain. Two
dissociation equilibria exit in agueous solutions:
Ka

PhCH(NH3)CHCOOH ——= PhCH,(NH3)CHCOO + H" (2

Ka

PhCH,(NH3)CHCOO™ ——= PhCH,(NH,)CHCOO + H" (3)
The two dissociation constants for Eqgs. (2) and (3) can be described as:

_ [AT]IHT]
_ [AT][HT]

whereA™, A=, A~ arethe cation, zwitterion, and anion of L-phe, respectively.
In agueous solutions, pK4 and pKg, of L-phe are 1.83 and 9.13, respectively.

Effects of Extractant Concentration and Equilibrium pH
on Distribution Ratio

If the extraction of L-phe with n-octane is negligible, the distribution ratio
of L-phe between the organic and the agueous is defined as

D = [Al/[Alw) 6)

where[A] o) isthe concentration of L-phein the organic phase, and [A] ., isthe
concentration of L-phein the aqueous phase. Asshown Fig. 2, at aconstant ex-
tractant concentration (Byp) the distribution ratio increases with an increase of
pH intherange 1 < pH < 3. However, the effect of pH on the distribution ra-
tio is not as obvious in the range 3 < pH < 5. An increase of the initial ex-
tractant concentration increases the distribution ratio; this is ascribed to en-
hancement of the extraction capacity of the organic phase.

At the same equilibrium pH of the agueous phase, the difference in the to-
tal concentration of L-phe (Cy) haslittle effect on the distribution ratio, as can
be seen in Fig. 3. Because different Cy values result in different equilibrium
concentrations in the agueous phase, the distribution ratio is obtained differ-
ently.
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FIG.2 Effect of concentrationsof D2EHPA on D. Cy (mmol-L ~%): (a) 6.06; (b) 8.10; (c) 17.76;
(d) 22.76.
(continued)

Determination of the Complex Structure

Many workers (13, 15) considered that the mechanism of the extraction of
amino acid with D2EHPA was a cation-exchange reaction in the low pH
range. Their investigations focused on the cation-exchange reaction in the pH
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FIG.2 Continued

< 3.0range. In the pH < 5.0 region the predominant speciesare A" and A~.
The presence of A~ can be ignored. In the 3.0 < pH < 5.0 range the molar
fraction of A= isover 94%, but that of A™ islessthan 6%. It can be concluded
from Fig. 2 that the distribution ratio for the extraction of A~ is higher. The
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FIG. 3 Effect of Cyon D at the same aqueous pH. 1. pH 3.80; 2: pH 3.01; 3: pH 2.15. Solid
lines: modél fit.

extraction of A~ should attract more attention. The mechanism of the extrac-
tion of A= by D2EHPA should be different from that of A™. It is evident that
the zwitterionic molecule (A ™) results from proton transfer from —COOH to
—NH, in the amino acid molecule. Lewis acid—D2EHPA in the organic phase
is likely to transfer its proton to A= to form an ion-pair complex. This is
demonstrated in the infrared spectrogram of an organic-phase-loaded solute
(ISOPLS) (Fig. 4).

The results show that pH has little effect on the structure of the complex
(shown in Fig. 4). Asillustrated in Fig. 5, in ISOPLS the stretching peaks of
—COO™ at 1560.3 and 1409.9 cm™* are not present, but the absorption peak
of —COOH appears at wavenumber 1735.8 cm™ 1. The characteristic peak of
—NH3 at 1494.7 cm™ ! moved to a higher wavenumber, 1498.6 cm™ . When
—NH3 combines with —(C3H,70),P(O)O, its stretching is affected by
—(C3H170),P(O)O™, and the absorption peak of the group shiftsto the higher
wavenumber.

According to the above analysis, there are two extraction equilibria:

PhCH, o PhCH, o
CH c// (HP) “ CH c// (n — 1)(HP)
— + n — . n —
. N ? L N 2 (7)
NH o) HP-P-NH OH
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FIG. 4 Infrared spectrograms of loaded organic phase. The equilibrium pHs of the agueous
phase are (1) 1.39; (2) 2.25; (3) 3.39; (4) 3.85.
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FIG. 5 Infrared spectrograms of L-phenylalanine, blank organic phase, and organic phase
loaded with solute. The equilibrium pH of the aqueous phasesiis 3.85. (1) L-phenylaanine; (2)

blank organic phase; (3) loaded organic phase. ﬂ
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PhCH, o PhCH, 0
// K2 // + 8
CH—C~  +n(HP), CH—C (- 1HP,+H (8)
. N L N
NH OH HP-P"-NH} OH

There are two reactive mechanisms in the extraction—cation-exchange reac-
tion and a proton-transfer reaction. In the proton-transfer reaction, D2EHPA
reactswith A=: OneH™ of D2EHPA transfersto -COO™ of A™.

The extraction equilibrium constants (K, K5) can be expressed as

- i[PA] : ©
[AT]I(HP)Z]
[PAIIHT] _ KK (10)

ST CLER

where the organic-phase species are marked with an overbar. PA is the com-
plex. (HP),isdimeric D2EHPA. Equation (6) can be rewritten as

[ PA]

PTATHIAT

(11)
By rewriting Eq. (11) and taking the logarithm of both sides, the following
eguation is obtained:

log D = log K; + nlog[(HP),] — log(1 + 10PKa—PH)

. (12)
= log K1 + nlog[(HP),] — log(Ka + [HT)] + logKa

Plots of log D vslog[(HP),] are shown in Fig. 6. Linearly least-square fit-
tings give the slopes at different pH condition, i.e., the values of nin Eq. (12).
They are nearly equal to 2.0. The relationship of log[D (1 + 10P<«~PH)] and
log[(HP)2] isshownin Fig. 7. Linearly least-square fitting gives the slope and
intercept, i.e., the values of n and K; in Eq. (12). They are 2.02 and
12.77L.%-mol ~2, respectively. The value of nisnearly equal to 2.0, which sug-
gests the stoichiometry of the extraction can be expressed as:

PhCH, o PhCH, o
7 K g
CH—C +2HP), — CH—C  -(HP), (13)
. N 4 N
NH}, o HP-P NH, OH
PhCH, o PhCH, o
7 Ke 7 . 14
CH—C +2HP), CH—C  (HP), +H (14)
. N Y N
NH3 OH HP-P -NHj OH
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FIG.6 Plotsof log D vslog[(HP),]. Co(mmol-L~%): (A) 6.06; (O) 8.10; (1) 9.10.

According to Eq. (12), the ope of the plot of log D vslog(K, + [H*]) is
negative unity. Thestraight linein Fig. 8isthe expression of Eq. (12). Itsslope
is —1.05, nearly equal to —1.

Expression of Distribution Ratio

When the ratio of the volume of organic phase to the volume of agueous
phaseisunity, the distribution ratio of L-phe between the organic and the aque-
ous phases (D) can be calculated by using the following equations:

Co = (1 + D)[AZ](L + 10PKa—PH) (15)

=
— DY
-

log[D(1+10P% Py ]
fam) ) L] Lo

Y = O oo
T

0 L |
0.5 04 0.3 0.2 01 0

logh (HP) ;]
FIG.7 Plotsof log[D(1 + 10P<«~PH)] vslog[(HP),]. O: Experimental data.
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FIG.8 Effectsof pH onD.
[(HP),] = By, — 2D[A™](1 + 10PKa—PH) (16)
__ Kiy[(HP),)?
1+ 10PKa~PH (17)

where Co is the initial agueous concentration of L-phe, and By is the original
concentration of D2EHPA in the organic phase. The solid linesin Fig. 2 are
as predicted by the model.

CONCLUSIONS

In this paper the extraction equilibrium of L-phelylalanine with D2EHPA
dissolved in n-octane was studied in detail. Inthe 1.0 < pH < 3.0 range, of D
isvery low because of Le Chatelier’ s effect and increases with an increase of
pH, but it changes little in the 3 < pH < 5 range. An increase of the extrac-
tant concentration increases D; the initial aqueous concentration of L-phe has
adight effect on D.

A proton transfer reaction wasfirst proposed in the extraction of L-phe with
D2EHPA. The pH condition has little effect on the structure of the complex.
Inthe 1 < pH < 3 range, the cation-exchange reaction and the proton-trans-
fer reaction coexist. Inthe 3 < pH < 5 range, the extraction reaction ismainly
in the form of the proton transfer reaction; D ishigher and slightly affected by
pH. One L-phe is extracted by forming a complex with four monomeric
D2EHPAS; the pH condition has little effect on the structure of the complex.
An expression for the equilibrium distribution is proposed. The experimental
data present good agreement to Eqg. (12).
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NOMENCLATURE
A" L-phenylalanine cation
A~ L-phenylalanine anion
A~ L-phenylalanine zwitterion
[Al (o) concentration of L-phe in organic phase (L-mol %)
[A]w) concentration of L-phe in agueous phase (L-mol 1)
Co initial aqueous concentration of L-phe (mol-L 1)
D distribution ratio (dimensionless)
K, equilibrium constant of proton transfer reaction (L2-mol ~2)
Ko equilibrium constant of cation exchange reaction (L-mol %)
Ka, Ke  dissociation constant of L-phe (L-mol %)
(HP), dimeric of D2EHPA
PA complex of L-phenylalanine combined with D2EHPA
ACKNOWLEDGMENTS

Valuable advice from and discussions with Prof. Lilian Xu and Prof.
Weizhi Li, Analytical Center of the Chemical Engineering Department, are
greatly appreciated.

REFERENCES

W. R. Bowen and E. B. Moran, Biotech. Bioeng., 48, 559-572 (1995).

P. Deblay, M. Minier, and H. Renon, Ibid., 35, 123-131 (1990).

L. K. Mohler and A. W. Czarnik, J. Am. Chem. Soc., 115, 7037—7038 (1993).

S. S. Wang and C. C. Chan, Sep. ci. Technal., 27(10), 1229-1244 (1992).

S. N. Zheng, T. Hanai, T. Yonemoto, and T. Tadaki, J. Chem. Eng. Jpn., 25, 686—691

(1992).

R. Haensel, W. Halwachs, and K. Schugerl, Chem. Eng. Sci., 41, 1811-1815 (1996).

S. R. Dye, J. P. DeCarli, and G. Carta, Ind. Eng. Chem. Res., 29, 849-857 (1990).

A.Galan, D. Anderu, A. M. Echaverren, et a., J. Am. Chem. Soc., 114, 15111512 (1992).

H. Itoh, M. P. Thien, T. A. Hatton, and D. |I. C. Wang, Biotech. Bioengin., 35, 853-860

(1990).

10. G.A.Yagodin, E. V. Yurtov, and A. S. Golubkov, Proc. ISEC’ 86, 11, 677—681 (1986).

11. S.S. Liao, Z.Lin,and G. H. Jiang, Solv. Extr. lon Exch., 11, 849-859 (1993).

12. M. Teramoto, Y. Miyake, H. Matsuyama, and H. Nara, Proc. ISEC’'90, |1, 1803-1808
(1990).

13. Q. H. Shi, Y. Sun,L.Liu, and S. Bai, Sep. ci. Technol., 32, 2051-2067 (1997).

14. J A.Partridge and R. C. Jensen. J. Inorg. Nucl. Chem., 31, 2587 (1969).

15. M. Teramoto, T. Yamashiro, A. Inoue, A. Yamamoto, et a., J. Membr. i, 58, 11-32

(1992).

g whpE

© NS

Received by editor May 7, 1998
First revision received August 1998
Second revision received October 1998

Copyright © Marcel Dekker, Inc. All rights reserved.

MAaRrcEeL DEkkER, INc. ﬂ
270 Madison Avenue, New York, New York 10016 o



Downl oaded At: 11:07 25 January 2011

Request Permission or Order Reprints|nstantly!

Interested in copying and sharing this article? In most cases, U.S. Copyright
Law requires that you get permission from the article’ s rightsholder before
using copyrighted content.

All information and materials found in this article, including but not limited
to text, trademarks, patents, logos, graphics and images (the "Materials"), are
the copyrighted works and other forms of intellectual property of Marcel
Dekker, Inc., or itslicensors. All rights not expressly granted are reserved.

Get permission to lawfully reproduce and distribute the Materials or order
reprints quickly and painlessly. Simply click on the "Request
Permission/Reprints Here" link below and follow the instructions. Visit the
U.S. Copyright Office for information on Fair Use limitations of U.S,
copyright law. Please refer to The Association of American Publishers
(AAP) website for guidelines on Fair Use in the Classroom.

The Materials are for your personal use only and cannot be reformatted,
reposted, resold or distributed by electronic means or otherwise without
permission from Marcel Dekker, Inc. Marcel Dekker, Inc. grants you the
limited right to display the Materials only on your personal computer or
personal wireless device, and to copy and download single copies of such
Materials provided that any copyright, trademark or other notice appearing
on such Materialsis also retained by, displayed, copied or downloaded as
part of the Materials and is not removed or obscured, and provided you do
not edit, modify, alter or enhance the Materials. Please refer to our Website

User Agreement for more details.

Order now!

Reprints of this article can also be ordered at

http://www.dekker.com/servlet/product/DOI/101081SS100100763


http://www.copyright.gov/fls/fl102.html
http://www.publishers.org/conference/copyguide.cfm
http://www.dekker.com/misc/useragreement.jsp
http://www.dekker.com/misc/useragreement.jsp
http://s100.copyright.com/AppDispatchServlet?authorPreorderIndicator=N&pdfSource=Dekker&publication=SS&title=Distribution+Behavior+of+L-Phenylalanine+by+Extraction+with+Di%282-Ethylhexyl%29+Phosphoric+Acid&offerIDValue=18&volumeNum=34&startPage=2165&isn=0149-6395&chapterNum=&publicationDate=07%2F29%2F1999&endPage=2176&contentID=10.1081%2FSS-100100763&issueNum=11&colorPagesNum=0&pdfStampDate=07%2F28%2F2003+11%3A31%3A57&publisherName=dekker&orderBeanReset=true&author=YANG-SHENG+LIU%2C+YOU-YUAN+DAI%2C+WANG+JIA-DING&mac=i2W$8GBsUZIrWfhae1RLUg--

