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Effect of Adsorption by Cellulose Acetate Membrane on Reverse Osmosis
of Some Monoamino Monocarboxylic and Monoamino Dicarboxylic
Acids in Aqueous Solutions
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Taft’s polar and steric parameters, Yo *, JE;, and nonpolar parameter, 3$* governing the reverse osmosis
of nonionized polar aliphatic and alicyclic organic compounds using a cellulose acetate membrane were also ap-
plicable to aliphatic monoamino monocarboxylic acids having zwitter ion structure. These three parameters
were further extended so as to include the cases of sulfur-containing amino acids, hydroxy-substituted, and aro-
matic type amino acids. Reverse osmosis of monoamino monocarboxylic acids in binary aqueous solution systems
containing L-alanine was carried out. As a result, added amino acids were adsorbed by the membrane when
added in low concentration (<0.001 mol dm—2%), and the permeation of r-alanine was governed by the difference
of Taft’s polar parameter between L-alanine and the added amino acid. Reverse osmosis of monoamino dicar-
boxylic acids indicated that hydrogen ions were adsorbed by the membrane, and the adsorption isotherms of hy-
drogen ions were approximately represented by the Langmuir formula for each amino acid. The electrostatic
repulsion between R~ ionic species in monoamino dicarboxylic acid and the negatively dissociated groups of the
membrane was weakened by neutralization of the membrane by hydrogen ion adsorption, resulting in decreased
amino acid rejection. It was noted that the ultraviolet spectrum and the titration curve of permeate of amino
acids were different from those of the feed solution; relationship between this phenomenon and adsorption of hy-
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drogen ions was investigated.

Reverse osmosis and ultrafiltration methods have
been used for the concentration of protein solutions,
purification of enzymes, e¢/c. When enzymatic pro-
cesses are conducted in an ultrafiltration reactor how-
ever, pretreatment of the membrane with deposition
of inert proteinic gel onto the membrane surface is
necessary because the enzyme is inactivated when ad-
sorbed on the surface of a membrane.l=® 1t is further
reported that the adsorption of solutes at a membrane-
solution interface results in the formation of a gel layer;
this causes difficulty in washing the membrane.®
These studies indicate that adsorption of solutes by a
membrane is one of the major problems in reverse
osmosis and ultrafiltration processes.

It has been reported that a variety of substances
can be adsorbed on cellulosic materials, i.e., adsorp-
tion of m-aminobenzoic acid on cellulose acetate pow-
der,? cellulose-triacetate and cellulose—acetate—butyrate
on porous adsorbents (calcium silicate or aluminum
silicate),® sulfobromophthalein sodium on regenerated
cellulose membrane which immobilizes activated char-
coal.”) Literature further reports that surface flow of
p-chlorophenol® and cumene® is caused by their ad-
sorption on a cellulose acetate membrane. Little work
has been done so far to explain the mechanism of ionic
permeation through a membrane on which adsorption
layer is formed.

The purpose of this study is to explain, on the basis
of preferential sorption-capillary flow mechanism,?) the
effect of adsorption of ions at the membrane-solution
interface during permeation of amino acids through
a cellulose acetate membrane.

In the previous papers,’'=1%) a number of the follow-
ing facts were elucidated: (a) Factors governing the
reverse osmosis of monoamino monocarboxylic acids in
a single system; (b) effect of adsorption of an added
amino acid on reverse osmosis of monoamino mono-
carboxylic acids in binary aq. solutions systems con-

taining 1r-alanine and (c) the effect of adsorption of
hydrogen ions on reverse osmosis of monoamino
dicarboxylic acids in single system.

In this paper, the effects of adsorption of hydrogen
ions is explained by measuring the UV spectrum and
the titration curve of the permeate, are summarized
along with previous work.

Transport Equations

Rejection, 7 is defined as follows:

GG,

1= )
where C, and C; refer to the concentration at the
membrane-solution interface and in the permeate, re-
spectively. Generally, C, differs from the concentra-
tion in the feed solution, C;. C, can be expressed as!®

Nw+Ns>
ak /)

where ¢; is the molar density of the feed solution, k£
is the mass transfer coefficient, and N, and N, refer
to the molar flux of water and solute, respectively.
k depends on the shape of the reverse osmosis cell and
the streaming state of solution in the cell. On the
cell used in this study, £ can be represented as fol-
lows:11)

k= 7.586(?)1230-42“801/3, 3)

C, = G, + (G,—Cy) exp ( @

where D is the diffusivity, [ is the inside diameter of
the cell, R, is the Reynolds number, and S, is the
Schmidt number. The solute transport parameter, D/
K$ is defined as'®

N, JCs 1
DIK$ = f = =j(——l), 4
f C,—G, C,—Gy Y )

where J is the volume flux of permeate.
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Experimental

Amino Acids and Membranes. Reagent grade amino
acids were used. DDS-600, 800, 870, and 880 cellulose
acetate membranes (Loeb type, De Danske Sukkerfabrikker,
Denmark) were used. Cellulose acetate (Eastman 398-3)
membranes were also prepared according to the method
developed by Manjikian.16)

Analysis and Procedures. The concentration of amino
acid in single aq solution was measured with ninhydrin
method using a Hitachi spectrophotometer, model 100-30.
Amino acids in binary aq solution were analyzed by paper
or thin-layer chromatography, using a DMU-33C densitom-
eter (Toyo Kagaku Sangyo, Inc.). The concn of sodium
chloride was measured with a MS conductivity bridge CD-
35MII. Hydrogen ion concn was determined by using a
Hitachi-Horiba F-7Lc pH meter. UV spectra were recorded
with a UV-300 spectrophotometer (Shimadzu Seisakusho,
Inc.). The titration curve was determined with a UCB-7
automatic titrator (Hiranuma Sangyo, Inc.). Experiments
were conducted in a batch using a stirred reverse osmosis
cell (Bio Engineering RO-3). The volume and effective
membrane area were 200 cm® and 32.2 cm?, respectively.
The stirrer was rotated at 300 min—! by magnetic force.
When constant permeation of the membrane was achieved,
a 2500 cm® volume reservoir was attached to the cell. The
cell was immersed in a water bath kept at 30°C. The
operating pressure was 1.96 MPa. Figure 1 shows the re-
lationship between 7 of 0.085 mol dm=2 of sodium chloride
aq solution and the pure water permeability, A obtained
by using a cellulose acetate membrane. Figure 1 shows that
the property of a DDS-membrane is the same as that of a
laboratory-made membrane. Before the experiments, mem-
branes were always tested with distilled water and 0.085
mol dm—® of sodium chloride aq solution, and the relation-
ship shown in Fig. 1 was confirmed.

Results and Discussion

Factors Governing Permeation of Monoamino Monocarboxylic
Acids in a Single System. A monoamino mono-
carboxylic acid existing as zwitter ion in aq solution
posesses zero net charge. Therefore, Eq. 5 proposed
by Matsuura et al.1? for the solute transport parameter,
D/K$ of nonionized polar aliphatic and alicyclic com-
pounds is employed to determine the factors governing

1.0,
l\ -
&  05F -\
ﬂ\u
" %\.\DA Ay
el
0.0 ! 'R B ST B B W | 8 A0 Ao iy
10° 10 107
A/mol cm—2 71 MPa—1
Fig. 1. Relation between 7 and A4 for 0.085 mol dm-3

of NaCl aq soln.
A: DDS-600, A: DDS-800, [J: DDS-870, H: DDS-
880, @: laboratory-made.
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the reverse osmosis of monoamino monocarboxylic acids

(0.001 mol dm~3):11,12)
In (D/K3) = InC* + p*Yo* + *SE, + o*I8%.  (5)

D is the diffusivity, ¢ is the eflective thickness of the
membrane, K is the reciprocal of the distribution co-
efficient, and In C* is constant, depending on the po-
rous structure of the membrane surface, the chemical
nature of the membrane material, and the nature of
the functional group in the solute molecule; p*Xa*,
0*¥*3E, and «*XS* refer to polar, steric, and non-
polar effects, respectively; Y¢*, Taft’s polar parameter;
YE,, Taft’s steric parameter; 2$*, nonpolar param-
eter (modified Small’s number); and p*, 6*, and o*
are the characteristic proportionality constants asso-
ciated with 2o*, YE, and 3S*, respectively. p*
and ©* do not depend on the porous structure of the
membrane surface, whereas 6* depends on the porosity
of the membrane. 3¢* and YE, for a variety of
substituents are tabulated in Taft’s table,'® however,
the number of substituents listed is not enough, on
the other hand, 38* is applicable to substituents com-
posed of hydrocarbons only.?? Therefore, in order to
apply Eq. 5 to sulfur-containing, hydroxy-substituted,
and aromatic type amino acids, it is necessary to cor-
relate the characteristic parameters (Zeo*, 3E_, and
28*) with other physical quantities. The proportion
of the ionic bond in an optional substituent can be
calculated by measuring the polarity between diverse
atoms.19) Xo* was a correlation on the basis of the
ionic bond proportion. Steric effects depend on the
size and shape of the solute molecule. Hence, 2E,
was correlated on the basis of the molecular weight
of the substituent. On the other hand, a nonpolar
effect would depend on a hydrophobic interaction en-
ergy between the membrane and solute, called an in-
teraction energy of London-van der Waals dispersion
force. 2S* was a correlationship of interaction en-
ergy. The values of the parameters obtained are tab-
ulated in Table 1. The nonpolar effect is considered
negligible if the molecular structure of the solute con-
tains a straight chain involving no more than three
carbon atoms not associated with a polar functional

group.'”? For glycine and r-alanine, Eq. 5 can be
reduced to
In (D/KS) = In G* + p*Ia* + o*3E;. 6)

As Yo* and JE, in L-alanine are zero, In C* can
be expressed as

InC*=1In (D/K(s)L-alanine- (7)

From Egs. 6 and 7, we have
_ In (D/Ka)glyclne_ln (D/Ké)L-alanlne’_P*(SU*)glycine
(ZEs)glyclna !

®

where the reaction constant in the hydrolysis reaction

of the ester (=1.465)1® was employed as a numerical

value of p*. From Eq. 5, w* can be expressed as

follows:

5%

In (D/KS)—In C* — p*Sg* —5*3E,
5% ) ©

w* is correlated with the number of carbon atoms in

w* =



3362 Osami Tozawa and Danji Nomura [Vol. 55, No. 11
TABLE 1. SUMMARY OF PHYSICOCHEMICAL PROPERTIES OF SOME AMINO ACIDS
. . 5% kX 10
Number Amino acid 2E; dg* o5 cmi s mol-1 p——)
1 Glycine 1.24 0.490 184 78
2 L-Alanine 0.00 0.000 438 70
3 L-Valine —0.47 —0.190 933 61
4 L-Leucine —0.93 —0.125 1205 57
5 L-Isoleucine —1.13 —0.210 1205 57
6 pL-Norvaline —0.36 —0.115 982 61
7 pr-Norleucine —0.39 —0.130 1254 57
8 D-Phenylglycine ~2.55 0.600 685 57
9 L-Phenylalanine —0.38 0.215 957 55
10 pL-2-Aminobutyric acid —0.07 —0.100 710 65
11 L-Serine —0.18 0.555 415 67
12 L-Threonine —0.30 0.530 696 62
13 L-Homoserine —0.30 0.530 696 62
14 L-Tyrosine —0.38 0.800 980 53
15 Dopa —0.46 0.600 1066 52
16 L-Cysteine —0.32 —0.400 661 64
17 L-Methionine —0.46 —0.290 1236 57
18 pr-Homocysteine —0.40 —0.360 939 59
19 pr-Ethionine —0.50 —0.250 1530 54
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Fig. 2. Relation between w* and N.,.
Number is solute number of amino acid, membrane:
DDS (A=8.16x 10~% mol cm~2 s~ MPa-1).

a substituent, N, as shown in Fig. 2. w* of aliphatic
amino acids having straight chain and hydroxy-sub-
stituted amino acids varies as the number of carbon
atoms, but w* of aliphatic amino acids having branched
chain, sulfur-containing amino acids and aromatic
amino acids varies inversely with the number of carbon
atoms. These relations are approximated by a first-
order equation as follows:

for the former,

w* = —2.66x 102 + (1.05x 10-3)(N,), (10)
for the latter,
w* = 1.19% 10-8 — (2.54x 10-4)(N,). 11

By using Eqgs. 4, 5, 7, 8, 10, and 11, rejection values
of each amino acid are calculated, and compared with
the real values, as is shown in Fig. 3. The calculated
values are in fair agreement with the real values, which
shows that polar, steric, and nonpolar effects all play

Fig. 3. Calculation of rejection of amino acid.
Number is solute number of amino acid, membrane:
DDS (4=8.16x 10~% mol cm~—2 s~ MPa~?).

some role in the reverse osmosis of monoamino mono-
carboxylic acids. It is further noted that the order
of rejection of amino acids is nearly consistent with
Matsuura and Sourirajan’s data?®) (Laboratory-made
Batch 316 (10/30)-type cellulose acetate membrane).

Interaction between Two Monoamino Monocarboxylic Acids
on a Membrane-solution Interface. The reverse osmo-
sis of fourteen kinds of solution consisting of rL-alanine
(0.001 mol dm~—3) and added amino acids (0.00025—
0.004 mol dm~—3) of aliphatic, hydroxy-substituted, sul-
fur-containing, and aromatic types has been reported
in a previous paper.!® The results show that the re-
jection of r-alanine is almost constant in the concen-
tration range (0.001—0.004 mol dm~2) in all the sys-
tems, except when the concentration of the acids is
decreased to 0.00025 mol dm—3, the rejection of r-ala-
nine increases considerably. Rejection of the added
amino acids is almost constant through out the con-



November, 1982]

o~
=
<3
(S
(B)

o =
A N T
|\n b e 2= | .
Ve !

Le” ; nl :\\71
;I\TI ) : k
19 : 1
! [ 1

- X

025 10 1.5 4.0

C' % 103/mol dm-3

Fig. 4. Schematic diagram of reverse osmosis.
(A): rL-Alanine, (B): added amino acid, solid line:
binary system, broken line: single system.

centration range of 0.00025—0.004 mol dm—23 in most
of the systems. On the other hand, in a single system,
rejection of amino acids is almost constant in the con-
centration range of 0.001 to 0.004 mol dm=3, but de-
creases when the concentration of the amino acid de-
creases below 0.001 mol dm—3. Figure 4 shows the
schematic diagram of the reverse osmosis systems men-
tioned above. The four equations shown below re-
present the change in the rejection pattern of these
amino acids:

A7y =7 — T, (12)
A9y = (e +7a)/2 — 7., (13)
Any =7; — 7g, (14)
A= (m+m)/2 ~ (95+74)/2, (15)

where 7,, 7,,--7;, and 7, are shown in Fig. 4. Ay,
An,, A7n,, and A7, are used in order to summarize
experimental data of rejection in many systems. Az,
Any, An,, and Az, in each system are tabulated in
Table 2. A glance at Table 2 shows that Any, An,,
A7n,, and Ay, are positive in most of the systems.
Theretore, the rejection of both r-alanine and the add-
ed amino acids is higher in a binary system than in
a single system. On the other hand, A7, is greater
in systems consisting of L-alanine and aliphatic amino
acid than in the other systems. Awn, is correlated by
Yg* of each added amino acid, as shown in Fig. 5.
When 2o* of the added amino acid and that of L-
alanine are close to each other, rejection of L-alanine
increases considerably, but when they are further apart,
rejection of L-alanine is not much effected. In the
single systems shown in Fig. 6, rejection of some amino
acids, (especially aliphatic amino acids) shifts from posi-
tive to negative as the concn. of feed solution decreases
from 0.001 to 0.00025 mol dm~3. It has been reported
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TABLE 2. DIFFERENCE BETWEEN AMINO ACID REJECTION
IN BINARY AND SINGLE SYSTEMS®)

Added amino acid Ay An, A9, A7

L-Serine 0.02 0.10 0.15 0.15
L-Threonine 0.08 0.11 0.09 -0.09
p-2-Aminobutyric g 91 .11 0.89  0.05
acid

pr-Norleucine 0.52 0.23 0.46 0.00
pr-Norvaline 0.26 0.03 -—-0.17 0.15
L-Leucine 0.30 0.23 0.44 0.03
L-Valine 0.34 0.11 0.90 0.21
L-Isoleucine 0.16 0.06 0.08 —0.11
L-Methionine 0.03 0.21 0.35 0.02
pr-Ethionine 0.06 0.27 0.48 0.28
pL-Homocysteine 0.04 0.35 — —

L-Phenylalanine 0.09 0.09 0.12 0.14
D-Phenylglycine 0.02 0.10 0.14 -—-0.12
L-Tyrosine 0.14 0.00 0.13 0.24

a) The membrane is DDS membrane (4=8.16x10-%
mol cm~—2 571 MPa—1).
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Fig. 5. Effect of Taft’s polar parameter on Az;.

Number is solute number of amino acid, O: aliphatic
type, @: sulfur-containing type, []1: hydroxy-substi-
tuted type, ll: aromatic type, membrane : DDS (A=
8.16 X 10-% mol cm~2 s~ MPa-?).

in the literature that the molar surface tension incre-
ment of aliphatic amino acids decreases as the length
of the hydrocarbon side chain increases. For example,
the molar increment of surface tension is positive for
glycine and alanine, but negative for 2-aminobutyric
acid, valine, and 2-aminohexanoic acid, showing that
2-aminobutyric acid, valine, and 2-aminohexanoic acid
are positively adsorbed at the liquid surface in ac-
cordance with Gibbs’ theorem.?1,2? These facts re-
flect that the typical behavior of amino acids is at-
tributed to the surface flow of amino acids caused by
the formation of an adsorption layer of amino acids
on a surface of the membrane near 0.00025 mol dm-3.
On the basis of the assumption mentioned above, the
relation between Az, and 2¢* of added amino acids
shown in Fig. 5 is explained below. In the first place,
for systems consisting of r-alanine and aliphatic amino
acids, r-alanine interacts with the adsorption layer of
the aliphatic amino acid. But, r-alanine does not have
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Fig. 6. Effect of concentration on rejection for single
system,
Number is solute number of amino acid, membrane :
DDS-600.

a strong affinity for the adsorption layer because the
Taft’s polar parameter of the aliphatic amino acid and
that of r-alanine are close to each other, i.e., the acidity
of the aliphatic amino acid is approximately equal to
that of v-alanine. Therefore, rejection of 1r-alanine in-
creases at the concn of the added amino acids (0.00025
mol dm=3). In the case of systems consisting of L~
alanine and added amino acids of hydroxy-substituted,
sulfur-containing, and aromatic types, the adsorption
layer is formed, but, r-alanine has a strong affinity
for the adsorption layer according to Taft’s polar pa-
rameter, hence, rejection of rL-alanine is uneffected.
Hpydrogen Ion Adsorption during Permeation of Monoamino
Dicarboxylic Acids. The results of the reverse osmo-
sis of monoamino dicarboxylic acids in aq solution
have been reported in a previous paper in order to
study the adsorption of hydrogen ions on the mem-
brane.'®) Figure 7 shows the result of reverse osmosis
of r-glutamic acid. The high pH of the r-glutamic
acid permeate solution (16 cm3 of initial permeate) as
compared to that of feed solution is prominent in the
low concentration range. This can be explained on
the basis that a cellulose acetate membrane is slightly
negatively charged,?® therefore, hydrogen ions become
adsorbed on its surface. In the case of the initial per-
meate, rejection increases as the concentration of the
feed solution decreases. This behavior is considered to
be due to the higher electrostatic repulsion force be-
tween the membrane and the R~ ion of r-glutamic
acid. An electrostatic repulsion force is also reported
in case of lower organic acids,??) however, these au-
thors considered the cellulose acetate membrane to be
a non charged membrane, and they used a dielectric
exclusion force to explain the above phenomenon. To
confirm this fact that a cellulose acetate membrane
has a weak ion-exchange character, an experiment on
the adsorption of Methylene Blue and erioglaucine A
on the membrane was carried out. As a result, posi-
tively charged oxidation type ions were more abun-
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Fig. 7. pH change in reverse osmosis of L-glutamic
acid in aq soln.
O: Rejection of L-glutamic acid, A: pH of feed soln,
A: pH of permeate (16 cm?® of initial product), mem-
brane : DDS-600.
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Fig. 8. Adsorption model of hydrogen ion.
Subscript 1: feed soln, 3: permeate, a: adsorption,
d: dissociation, [__]: membrane.

dantly adsorbed than non charged reduction type ions.
The adsorption model is shown in Fig. 8 in order to
describe quantitatively the adsorption of hydrogen
ions under the reverse somosis. Hydrogen ions pro-
duced from a monoamino dicarboxylic acid and hy-
droxide ions enter the membrane, whereas, only hy-
drogen ions are adsorbed, resulting in the dissociation
of a part of the water within the membrane. We as-
sume the dissociation of water to explain this phe-
nomenon because the ionic product of water represent-

ed by Eq. 16 has to be applied to the permeate:
Ky = [H*][OH]. (16)

Applying a material balance of hydrogen and hydroxide
ions to a unit volume of solution which permeate
through the membrane, we obtain

[H*]s = [H*]; — [H*]a + [H*],, (17)
[OH"]; = [OH"]; + [OH]q, (18)

where subscripts 1, 3, a, and d refer to the feed solu-
tion, permeate, adsorption, and dissociation, respec-
tively. [H*], is essentially the hydrogen ion concen-
tration in the amino acid solution not permeated
through the membrane whose amino acid concentra-
tion is the same as that of the permeate. However,
in this study we consider it as the hydrogen ion con-
centration in the feed solution because the rejection
is low; in other words, (; is approximately equal to
C,. Assuming that the hydrogen ion and hydroxide
ion concentrations in the pores of membrane are iden-
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tical with those in the permeate, the electrical neu-
trality condition can be expressed as follows:

[H*]s 4 [R*] = [R7] + 2[R*"] + [OH7]; + [X7], (19)
where [R+], [R~], and [R2-] are the concentrations
of each ionic species in the monoamino dicarboxylic
acid, and [X-] is the concentration of the negativély
dissociated group not adsorbed by hydrogen ions. In-
serting Eqs. 17 and 18 in Eq. 19, we have

[H*]y — [H*]e + [H*]q + [R*]
= [R-] + 2[R2-] + [OH-], + [OH ] + [X-]. (20)
Here, we have
[H*]q = [OH]q. 21
From Egs. 20 and 21, the electrical neutrality con-
dition in the pores can be represented also as follows:
[H*]s = [H*], — [OH"]; + [R*] — [R7]
— 2[R*] — [X-]. (22)

Using Eqgs. 16, 17, 18, and 21, amount of adsorbed
hydrogen ion, M can be derived as follows:

v
M:/ [H+].dV
]

Y M G N Wi S ]

ﬁ [Kw( [H*], fHJr]1>+[H LD AV, (29)
where V is permeate volume. When the permeation
proceeds to the permeate volume where [Ht], is zero,
e, [H*], is equal to [H+],, the adsorption of hydrogen
ions stop. Then [H*]; is in equilibrium with an
equilibrium amount of adsorbed hydrogen ions, M.
Figure 9 shows the adsorption isotherm of hydrogen
ions of each amino acid. The adsorption isotherm
may be represented by the Langmuir formula given by

5.0
A
~
A
25—~ 4
A
A =4 A=
A
B o | ] 1
i 0.0
2 50
X
./
25’— .’
[ o —
oo,/
- o
| | ]
0% 2 4 6 8

[H*], % 104/mol dm~3

Fig. 9. Adsorption isotherm of the hydrogen ion.
O: r-Glutamic acid, A: r-aspartic acid, A: DL-2-
aminoadipic acid, @: pL-2-aminopimelic acid, mem-
brane : DDS-600.
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M, — _a_b[ﬂL (24)

where ¢ and & are constants. Figure 9 shows some
variation because the data were taken from the per-
meate solution, whereas, in the case of the sorption
method, the adsorption of hydrogen ions could hardly
be noted. The amount required to saturate the unit
volume of the membrane is about 0.03 mol dm—2 for
L-glutamic acid and r-aspartic acid. This value is in
fair agreement with the fixed-charge concentration,
0.010 mol dm~—2 reported by Igawa et al.?9 The effect
of the adsorption of hydrogen ions in the case of mono-
amino dicarboxylic acids permeation is shown in Fig.
10. In the case when the membrane approaches equi-
librium quickly, an electrostatic repulsion force be-
tween the ionic species R~ and the dissociated groups
of the membrane is weakened by the neutralization of
the membrane with hydrogen ions, resulting in a de-
crease of the rejection and approaches a constant value
as permeation proceeds. On the other hand, when
the amount of adsorbed approaches equilibrium slowly,
rejection is almost constant because the charge density
of the membrane is not changed so much with adsorp-
tion of hydrogen ions.

Ultraviolet Spectrum and Titration Curve of Permeate of
Amino Acids. UV spectra of the permeate of each
monoamino dicarboxylic acid are shown in Fig. I1.
The initial permeates exhibit their absorption maxima
at a wavelength of 255 nm, however, the absorption
maxima disappear as the permeation proceeds. When
the concentration of the feed solution is high, the above
maxima are smaller. The permeate volume of each
amino acid where the absorption maxima vanish, is
roughly the same as that in which [H*], is zero, as
mentioned earlier. As a general rule, the absorption
of the carboxyl group is obscured by the amino auxo-
chrome whose absorption is very strong, therefore, the
absorption maxima do not appear in « type of amino
acids. But as mentioned above, the absorption maxima
appear in amino acid solutions permeated through the
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C,: 0.00025 mol dm~3, equilibrium amount
adsorbed, M,, (A): r-glutamic acid, (B): rL-aspartic
acid, (C): pr-2-aminoadipic acid, (D): prL-2-amino-
pimelic acid, membrane : DDS-600.
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Fig.11. UV spectra of permeate of amino acids.
(A): ir-Glutamic acid (C;=0.001 mol dm=3, pH,=
3.72), (B): L-aspartic acid (C;=0.001 mol dm~3, pH,=
3.53), (C): L-glutamic acid (€;==0.01 mol dm~?%, pH,=
3.37), membrane : laboratory-made.
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Fig.12. UV spectra of permeate of amino acids.
(A): L-Glutamic acid (G;==0.001 mol dm~3, pH,;=7.0
by NaOH), (B): rL-glutamic acid (G;=0.01 mol dm-3,
pH,=3.37), membrane; (A): laboratory-made, (B):
DDS-990 (4=4.2 X 10~% mol cm~2% s~* MPat, nsc1=
0.89).

membrane. This happens because the absorption
strength of the amino auxochrome is weakened with
the decrease of the hydrogen ion concentration in
solution by adsorption of hydrogen ions. When the
pH of a monoamino dicarboxylic acid aq solution is
adjusted to 7 with sodium hydroxide, the hydrogen
ions in the solution disappear; as a result, the adsorp-
tion does not occur. Therefore, the absorption max-
ima do not appear in the permeate, as shown in
Fig. 12-A. Monoamino dicarboxylic acid permeates,
through high-rejection membrane exhibit their absorp-
tion maxima in wavelength 212 nm and 255 nm, as
shown in Fig. 12-B. Also, the maxima are not in-
clined to disappear as the permeation proceeds. This
is because 1000 cm? of the permeate volume is not
high enough to attain equilibrium. On the other hand,
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Fig.13. UV spectra of permeate of amino acids.
(A): Glycine (C;=0.001 mol dm=3, pH,=5.85), (B):
L-alanine (C;=0.001 mol dm~—3, pH,=5.71), (C): r-
alanine (C;=0.001 mol dm-3, pH,=3.80 by HCI),
membrane : laboratory-made.
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Fig.14. Titration curve of amino acids.
(A): L-Glutamic acid (€=0.00075 mol dm=3), (B): r-
glutamic acid (C=0.00044 mol dm-3), (C): L-aspartic
acid (C=0.00061 mol dm=-3), ——: permeate, ----:
standard soln, membrane; (A): DDS-600, (B),(C):
laboratory-made.

the UV spectra of the permeate of some monoamino
monocarboxylic acids are shown in Fig. 13. Glycine
exhibits an absorption maximum at 211 nm and 260
nm, and r-alanine at 260 nm, but acquires the UV
spectrum of the feed solution as the permeation pro-
ceeds. In the case of a monoamino monocarboxylic
acid, hydrogen ions in zwitter form are adsorbed; as
a result, the above maximum appears. When the L-
alanine aq solution is acidified with hydrochloric acid,
the permeate exhibits its strong absorption maximum
at 211 nm and 260 nm. Figure 14 shows the titra-
tion curve of monoamino dicarboxylic acids. Here,
the amino acid concentration of the permeate is the
same as that of a standard solution. The titration
curve of the permeate is located below that of the
standard solution because the hydrogen ion concen-
tration of the permeate is lower than that of the stand-
ard solution. From Fig. 14, it can be seen that the
dissociation constants of the amino acids in the per-
meate is the same as that in the standard solution.
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