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CHAPTER 1
INTRODUCTION

1.1 Nature of Compounds of Aspartic Acid

M Acidity and

Natural amino acids are the essential agids for biological body
basicity constants of many essential amino acids have been reported in handbooks R
In order to get more understanding {:-F;"their biological behavior and to be used for
further study of their complexes with interesting metal cations, the determination of
acidity and basicity constants of many dipeptides was carried out “'". Furthermore,
proteins or peptides and' their cumplexésﬁwith transition metals have been widely
studied for their role in biological ._S}’Stﬁmg (U218 ‘Regently, novel amino acids which

mestly are synthetic campqnn::__lé have been never found in human body or biological

F d
LAY &
¢ i

body were investigated in aqueous and non-aqueous systems for their physico-

(7

chemical properties Généraliy, the Ienifngl nitrogen of the amino acids can be

easily protonated and their ac_j,{_i"_pmtan caﬁiglggbe loosen to form zwitter ions in
aqueous solution and usually, the aminn—nit}c;g;n of N-acétyl amino acids can not be
protonated in any solation. Aspartic acid is an essential amino acid that contains two
acid protons, one at the end and the other at the side chain. For dipeptide such as
aspartylaspartic acid which composes of three acid protons and one terminal amino-
nitregen, three-atidity and basicity Constants should-be Touiid:For polypeptides such
as Asp-Asp-Asp and longer chain of aspartic unit up to 6 units like Asp-Asp-Asp-
Asp-Asp-Asp, they should dissociate their ccarboxylic (protons and” be ‘protonated at

terminal.amino-nitrogen to form many ionic species.

Therefore, equilibrium constants of aspartylaspartic acid polyaspartic acids and
their ionic species which correspond to the protonation and deprotonation should be

investigated in order to reveal their behavior and properties in aqueous solution.



bd

The acidity and basicity of aspartic acid and N-acetylaspartic acid is very
important information to complete the research work of other compounds of aspartic
acid so that we can make conclusion on their common properties. The acidity and
basicity constants of the polyaspatic acids is also very useful information for study of
their complexation with metal cations for environmental purpose.  Therefore,
determination of the acidity and basicity constants of compounds of aspartic acids is

the objective of this research.
1.2 pH Dependent Strueture of Amino Acids

In aqueous soliition; amino acids can be protonated and deprotonated to form
stable species present.in the solution. ‘T'he pnpulaiiun of existing species of amino
acid depend upon the pH of aqueous solution. According to pH dependent of amino
acids’ structure in aqueous solution, the population of all related species of amino
acids should be also observed interms d,’f’;,.i,ﬁ;ﬁec-ies distribution. The existing species
of aspartic acid (denoted as LI} in aﬁ{;é;d;,us solution depending on pH can be

written as shown in Figure 1.1

N Nl

-H' -A* -H

LH;yY — “EH;, —~—> LH —~— LY

pH

Figure 1.1 pH dependent structure of aspartic acid (LH,)

In aqueous solution, the chemical equilibria of existing species of aspartic
acid expressed in terms of equilibrium constants can be written as following

equations



Ki : LHy = L, + H
K: : LH, = LH H
Ke : L*¥ + H e LH

Where K, and K; are acidity constants and K, is a basicity constant. The structure
of each related species of aspartic :g_.,\-‘s in aqueous solution are shown in Figure 1.2.

N

i WI |
[N by (9)
N r
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1.3 Structure of Compounds of Aspartic Acid

Compounds of aspartic acid being studied for this research are an aspartic
acid and polyaspartic acids. The molecules of these compounds and their structures
are listed and shown below.

1.3.1 N-acetyl As

1.3.2 Aspa

"""’ﬁﬂ"’fﬁﬁfmﬂu%ﬂ’]’i
ANRINTN 'n‘wmaﬂ



1.3.4 Asp-Asp-Asp




1.3.7 Asp-Asp-Asp-Asp-Asp-Asp

e resent in a solution at
equilibrium can be s ity ‘.!.u. he follow 19 steps :
(a) The nature rof the sp | ssentiin solution is identified by using
a mixture o SIIC Yifion and a number of physicochemical

techniques whicl rdete @ cither the stoichiomctric numbers
,../ \//,;// a=

S0 the initial reactants and final
products sucl as V constants are set up.

(¢) Equilibrium constants of possible model 0 solution are evaluated by

iaiilioliliiieTin A
SISy v i

e) The concentrations of all the species present in solution at equilibrium are

calculated.



1.5 Objective of the Research

This work is for determination of acidity and basicity constants of the N-acety!
aspartic acid, aspartic acid, aspartylaspartic acid, Asp-Asp-Asp, Asp-Asp-Asp-Asp,
Asp-Asp-Asp-Asp-Asp and Asp-Asp-Asp-Asp-Asp-Asp in aqueous solution of 0.1 M
potassium nitrate at standard tempe by potentiometric titration. Species
distribution over the varied pH of 1 \ ¢S J , ch compounds will be calculated
from their equilibrium -_:: nich &n the process of computer
refinement. The pl of these compounds of aspartic acid will be estimated from the
results. X

J‘l 4) d

';\ l“ .
J"‘l '

A\.IA oN
“..\'ﬂ\’.‘t':", p
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CHAPTER 11
THEORY
2.1 Equilibrium Constant

2.1.1 Equilibrium Coneentration Constant

An equilibrium constant is a quotient involying the concentrations or activities
of reacting species in solution at equilﬁ:nrium; Generally it is defined as the ratio of the
product of the activities a@-of the reaction products, raised to appropiizte power, to the
products of the activities of the reactants, raised to appropriate power, illustrated by
equation (2.1) where a, b, c'and d' are the stoichiometric coefficients of the solution

species A, B, C and D respectively.

v

‘ ! < gt
aA + bB =3 C - D, Koy - =% @.1)
A i

The determination of the actmtlﬂé—éf complex ionic species at both infinite
solution and in real solution” is 2 cnmph;até;i and time-consuming task. However
concentrations are related to activities by thE eiprassmn

ar——=—xo—(r (2.2)
where ay, [X] and py are activity, concentration and activity coefficient of X
respectively. Activity coefficients of reacting species are in general tedious and
difficult to measure.. They. also. depend very significantly on the nature and
concentrations) of other species présent 'in.solution’'so that itCis not possible to build
universal tables of activity coefficients. Theoretical attempts at calculating activity
coefficients, based on\the Debye-Huckel approachcand its extensions. are at best of

only limited accuracy. Substituting the activities from equation (2.2) in (2.1), ther the

equilibrium constant can be rewritten as follow.

« . @ a  _ (oD YE VD (23)
“ aj aj [4]° [B]° 5 ¥s



where[4] indicates molar concentrations. If now il is possible to ensure that the term

oo ¢ d
¥ r.r

D ; o ;
~—, Temains constant then the term — . K s also a constant. Therefore, the
il i L

S r.r

4B A'B

equilibrium constant expressed in terms of the reacting species, called equilibrium

concentration constant, K. can be written as indicated by equation (2.4).

aA + bB  ==——xaNSRAM d'ip’,./{,,.. K. = H {[‘f;]]

Equilibrium concentration. constant, K. is also known as the stoichiometric

(2.4)

equilibrium constant Wﬁlch dwrmmﬁ at constant ionic strength where as K,, is

indicated by equauz?‘r which is !Lnown as an equilibrium activity constant or

/
i

thermodynamic equi

£
¥
e D
The term
a
" ;
ATE
- //A‘ J:

a:ﬁnen bﬁckgrm‘.}nd electrolyte present and using only low

1

gﬂﬂmﬁl@ may be maintained effectively constant by

-

having a large excess

concentrations of the reaﬂffn Jﬂ.ﬂm specm&mﬂha* any change in their concentrations

as a result of their reaction together has an i insignificant change on the overall ionic
"'"H/,:' ’. \‘J\:\"ﬁl‘

strength of the medium. It is generally possible to mp[acé( about 5% of the ions in the

inert background &I?ctroly‘te without appmciabbr..a!tuﬁ'gaiIIE activity coefficients of
the minor species :;_*;i'esent, However, in recording @ stoichiometric equilibrium
constant it is essential to record not only the concentration of the inert background
electrolyte, butalso s natured since thieactivity ¢oeffiCients depend on the electrolyte.
Consequently, of course, in comparing stoichionietric equilibrium constants, only data
obtaired ander-yery, similan conditions slionld beyused unléss thie differences between

the equilibrium constants are large.
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2.1.2  Acidity and Basicity Constants

The acid-base equilibria of the ligands can be treated by protonation
and deprotonation constant. Protonation constant is the equilibrium constant for the
addition the n” proton to a charged or uncharged ligand. Protonation constant is
known as basicity constant. The reciprocal of protonation constant is called
deprotonation constant and defined as the equilibrium constant for the splitting off n”

proton from a charged or uncharged Iignﬂ-i Deprotonation constant is also known as

acidity constant. The following equations define these constants and show their

interrelation.

; [LHj

L + HeSIH : K = ] T (2.5)
y L 4 . LH,

L + HA&GF M s m (2.6)
LH

R 7. YN
N = [LH,]

LH,.; + H S/ 81H; JS,‘= m (2.8)
n=l

Another way of egpfﬁﬁi‘hg’ the equilibria relations ¢an be shown as follow:

[LH]

L + H/ = IH: B = O (2.9)
h Y LH,

L QS OOANTTTTNML18:1< ~L—;]—: (2.10)
(L] [H]
PR - LH

DAY DY T=%LHY 19,80 J——"J—, (2.11)
(L] [HI
.. [LH, |

L + H =—— LH, : = PG 2.12

The Ki's are called the stepwise protonation constants and the B,'s are called the

overall or cumulative protonation constants.



2.2 Method of Calculations
2.2.1 Linear Method, Errors and Statistics

Stability constants are not directly measurable but must be calculated from an
observed response function of a fixed, but experimentally adjustable, variable. Since
the response data are subject to random error and indeed may be subject to systematic
errors if we have not controlled the experimen? well, the stability constants will be
calculated with limited precision. Hnw.;ﬁ-::r, it 1s important to estimate the precision of
any calculated constants,as it will indicate the reliability of the value obtained and in
turn the efficiency of the experiment. .;ln addition we need to have a mathematical

44

model for describing thg,-dhta.

2.2.1.1 Model Building 8

id
F LAl 44
{

Experiments attempts to find snmé;:[unzutiqnal form for the way quantities in
nature are related. We try to build up ﬁ;fﬁta‘gheniatical model which may be an
assumed one, in which case we need tﬂ?ﬁég_syre of how good the model is in
describing our d‘:’iil.ﬂ.'.-’ or it may be derived from first principles and then tested
experimentally. The/model could be an approximated one, which initially may be
acceptable and then refined or modified in the Turther experimental observations. The
typical experiment consists of fixing one group of known values variables called
independent variables and thén hvikifig obsérvations ©of| anether dependent variables.
In stability constant work, the independent variables might be temperature, ionic
strengtlly Or thé caiicentration-0f oné 6r hiofe Conipohents and)deépendent variables
might be e.m.f. or pH or absorbance of the solution. We then calculate or estimate the
parameters of interest from the assumed function by relating the dependent to the

independent variables.

The parameters for our model are calculated by fitting them to the
experimental data. This may be done either graphically or by a mathematical

procedure, such as least-squares. The latter calculates the values of the parameters



which sum of the squares of the residuals is defined as the difference between the
observed and calculated data points at each fixed minimum value of the independent
variable. In addition the method of least-squares allows us to obtain the estimated
errors of the interested parameters and to estimate the ‘goodness of fit' of the

assumed model, that is, it allows us to test alternative hypotheses.
2.2.1.2 Random Errors

Random or observational errors are assumed to follow a Gaussian or normal

distribution , expressed mathematically as

3 | - |
Jrin) = Tl o 9 (2.13)

where ry is the residual of x or @bserved value - triie value .o is the variance of x and

@, is the standard deviation. ady &

7

)

da
The probability of observing the i'th residual, P, 'ihi]‘gy;egion ryi 10 ryj +dry; is:

1 _-rt e NNTS

d = T : dr {2.14}
i ﬁ . s

Now the probability for a given set of n observations, where P is the product of the

probabilities of i th measurements is

ar = [far’ < {1 [j_—r] o\ (2.15)

20

i=] 1=1 x

Based on the statistical principle of maximum likelihood this probability becomes a

maximum when the sum of the squares residuals is a minimum.
ir; = minimum (2.16)

Hence the origin of the term ‘least squares * is apparent.



The discussion so far has assumed that .he measurements of x have all come
from the same population distribution, that is, the variance of the residuals are equal.

If this is not so, equation (2.14) should be rewritten as :

P = 2ol gy 2.17)

and the equation (2.58) becomes

(2.18)

dP = ﬁa’p. = H [EI; ] e._i;z{%’f‘]

1= im]

and the least-squares principle gives:

imnf .2 J
EA[F—!J = minimum (2.19)
1

A quantity inversely proportional to the variance is termed the weight of an
dbservation. Hence:

W, = — (2.20)

where o, is known as\the variance of-an observation of unit weight, In practice o
will often have the value of unity. The quantity now to be minimized is the sum of the
weighted squares of the residuals,

fw,, rs = minimum (2.21)
=]

In practice we cannot know the true value of x , but the principle of least-

squares atlgmpts to adjust the estimate of x according to equation (2.21). Generally
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the experimental data are function of the parameter x so that ry, in equation (2.21) is
defined as:

re = [£(x) -£(5) (2.22)

and ¥ is the least-squares estimator

2.2.1.3 Systemati

Systematic err ions of the apparatus, or

experimentalist, and n ng in inaccurate parameters.

Thus it is possiblet high precision with poor accuracy, as indicated

frequency of

ocourrence

ANSANAI LN

q 'c" value ol observation

meadsuremeni

'
Figure 2.1  Diagrammatic representation types of experimental error : (a)
high precision, high accuracy ; (b) low precision, high accuracy  (due to

large random errors); (c) high precision, poor accuracy (due to systematic errors).
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2.2.2 Non-Linear Parameter Estima.ion

2.2.2.1 Least -squares-extension case

To extend least-squares theory to the non-linear case, that is the
situation where the dependent variables are non-linear functions of the independent
variables, we take equation and express the dependent variables (observables) as a

function of the unknowns by a Taylor series expansion. Thus if the initial estimates of

the parameter values are {x:’ .o, ) then'ihcebservables are expressed about this

point in parameter spac

o, = f (xt...x° (x. = (223)
that is

o, = f (x... (2.24)

where terms higher fore the change in the

observables Ao, on making

|
- e A NN !
ANAALAIOIVTINENAY

Ancther quantity which has been used in non-linear estimation situations is the

Halmilton R-factor. In this procedure the R-factor defined by :

=2
[
LF}
—r
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= 5 ;
i\-l“ (alﬂk & a?h]_
1=1

R - (2.26)
2w (o)
1=1
is compared with R y;,, calculated from :
!'

(2.27)
where e, is the residual in tic 1 caleu " ad fr the estiimated errors in all
the experimental quant g _propag rules, 07" and o"™are the
calculated and the observ ues esponse variable respectively, w; are the

apprepriate weighting factors

2.3 Calculation of Equilibrium
Ja‘/

(A
The acidity ank@j:_

SUPERQUAD program ' whicli | IV used 16@1culale the equilibrium

ting the pH data to the

constants of many ligands in &)utmn The i"mmalmn constants are determined by

minimization of m potentials. The
SUPERQUAD program dlS’D per(lI:F mement o an}r rej:j concentration or
standard W 'Iﬁ ﬁ which
can be uﬂ or mod '&ﬁecnomgumﬁm Matmn of formation

constants by SUPERQUAD could be described as follows.

Assumptions : There are number of assumptions underlying the whole

treatment, and each needs to be considered explicitly.



I. For each chemical species A,By... in the soiution equilibria, there is a
chemical constant, the formation constant, which is expressed as a concentration

quetient in equation (2.28).

(A,B,..]

B [A]'[B]"...

(2.28)

A, B... are the reactants (SUPERQUAD allows up to four of them) and [A], [B] are
the concentrations of free reactant; electrical charges may be attached to any species,
but they are omitted for sake of simplicity m this discussion. Since the thermodynamic
definition of a formation constantis as an activity quotient, it is to be assumed that the
quetient of the activity coefficienis is constant, an assumption usually justified by

performing the experiments with'a medium of high ionic strength .

2. Each electrode present exhibits a ﬁscudn—Nemstian behavior, equation

(2.29), where [A] is the cunceﬁtratlion of the electra-zctive ion,
E = E° + S_logi[A] (2.29)

E is the measured potential, and "E° is the standard electrode potential. The ideal
value of the slope S, is of course RT4F, but we assume only that it is a constant for a
given electrode. The valig of E®and S, are usually obtained in a separate calibration

experiment. Further there is a modified Nernst equation.

E =UE*" +! 8§08 TH 1"+ AHYY +5 """ (2.30)

This equation was first suggested as means of taking inte accotnt junétion potentials

in strongly acidic and strongly basic condition.

3. Systematic errors must be minimized by careful experimental work.
Seurces of systematic error include electrode calibration, sample weightings and
dilutions, standardization of reagents (use of carbonate-free alkali in particular),
temperature variation and water quality. The last-named factor is more significant

teday than it was in the past, as water may be contaminated by titrable species which



can pass through distillaticn columns by surface action. All statistical tests are based

en the assumption that systematic errors are absent from the data.

4. The independent variable is not subject to error. Errors in the dependeni
variable are assumed to have a normal distribution. If these assumptions are true, use
of the principle of least squares will yield a maximum likelihood result, and computed

residuals should not show systematic trends.

5. There exits a model of the equilibrium system, which adequately accounts
for the experimental observations. The :‘Jnmde! is.specified by a set of coefficients
a, b, ..., one for each species fornied. All least-squares refineinents are performed in
terins of an assumed model. Examinat Ean}mf a sequence of models should yield a best
mede! which is not sigm'.ﬁi':.zu.if'I;.r diffeicnt from the true model. Choice of the best

model is known as specCies selection. \ 4

2.4 Inert Background Elﬂtrpﬁytc

S

e

"
|

<

s
-

(%

To study acid-base chaljat:léﬁsﬁcs dﬁi]f%ff‘i_and their complexation properties
teward metal, ionic strength is controlled by inert background electrolyte present at a
cencentration far in excess that of the reaéﬁhg jonic spﬂﬁés Llnder investigation. Inert
background electroivie is sometime ealled inert Lackground solution or supporting
electrolyte which is defined as electrolyte which does not react with any of reaciing
species such aszmetal, iongligand or metal-ligand speciss inalie equilibrium being
studied. The main function of the inért background electrolyte is to keep the overall
ienic strength’ and—activity- coefficiento constant:, Properties | of, the chosen inert
background electrolyte must meet the following requiréments

1. astrong and non reacting (inert) electrolyte,

2. no part of electrolyte involved in equilibrium under investigation,

3. 1is cation must not associate with the ligand and with the complex species,

4. its anion must not associate with the central metal ion and with the complex

species,
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5. redox reaction must not occur between the constituents of the inert electrolyte and
the central ion or ligand,
6. its solubility has to be large enough,

7. its contribution to the measured physical or chemical property must be negligible.

Inert background electrolytes that are commonly used in aqueous solvent are

sodium salts such as the perchlorate itrate e.g. sodium perchlorate (NaClOy),

more suitable than any other ions.

used @ckgmund electrolyte, but its use

ause chloride ions often form

Sodium chloride (NaC
is less cormmon th

complexes with
(KNO;) and

n salts such as potassium nitrate
been used occasionally, but

potassium perchlo its low solubility in water.

FONUUMUSNNS )
RN ITUIMENAY



CHAPTER I1I

EXPERIMENTAL

3.1 Chemicals and Equipment

3.1.1 Chemicals

a Potassiumn nitrate Analar grade, Fluka, Switzerland

a Sodium hydroxide 1.0 M Volumetric grade, Merck, Germany
s Hydrochloric acid 1.0M Volumetric grade, Merck, Germany
m N-acetylaspartic acid Analar grade, Sigma , U.S.A.

m Aspartic acid Analar grade, Sigma , U.S.A.

m Aspartylaspartie acid Analar grade, Sigma , U.S.A.

m Asp-Asp-Asp Analar grade, Sigma , U.S.A.

m Asp-Asp-Asp-Asp ‘Analar grade, Sigma , U.S.A.

m Asp-Asp-Asp-Asp-Asp Analar grade, Sigma , U.S.A.

m Asp-Asp-Asp-Asp-Asp-Asp Analar grade, Sigma , U.S.A.

a Potassium hyvdrogenphthalate Analar grade, Carlo Erba, Italy

m Argon gas Ultra high purity grade, TGI, Thailand

3.1.2 Equipment

= Automatic titrator, Mettler, Model DL 25,. Switzerland

s Thermostat bath, Model DT-2; Dénmark

m Combined pH electrode, Mettler, Model DG 111-SC, Switzerland
m Personal Computer, 486/DX2, RAM 16 MB
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3.2 Preparation of selution

Inert background electrolyte. used in the research, was 0.1 M KNO; which
obtained by dissolution of dried KNO;, AR grade from FLUKA in double
distillation water. Stock solutions of the ligands of N-acetyl aspartic acid, aspartic
acid and aspartylaspartic acid used in the titrations were 0.01 M in 0.1 M KNO;.
For the titrations of the Asp-Asp-Asp, Asp-Asp-Asp-Asp. Asp-Asp-Asp-Asp-Asp and
Asp-Asp-Asp-Asp-Asp-Asp, their solid pnwdbr were directly added into the titration
beaker which contained 10 cm’ of ﬂ.l‘/“ M KNO;. The solutions of 0.05 M NaOH |
and 0.05 M HClin 0.1 M KNO,, used to adjust pH of the working solution, were
prepared by adding a weighed .quantil;ﬂaf dried KNOj; in the dilution process of
standard solution of 1 M/HCI. /The solutions of 0.05 M NaOH and 0.05 M HCl in
0.1 M KNO; were dilﬁley from standzu.';& s;l?lulion of 1.0 M NaOH and 1.0 M HCI
respectively and standardized by the éimu:l-;{xjd solution of 0.05 M KHP.

// w“

o
3.3 The Calibration of Electrode Z247

I =
An automatic titrator, Mettler D];ig‘i;tiéiuding gombined pH electrode of
Mettler DG113-SC ‘was used in the titration. The pH ﬁ[qctrade was calibrated by
standard pH buffers of pl1 4.00 and 7.00 at 25 + 0.1 °C. Accuracy of the pH
measurement was indicated by the Nernstian slope value of exceeding 99% based on
the isopotential-point, of, pi1;7:00 =048 mV; the Nemstian-slope is a ratio of the pH
and potential m unit of ‘millivolt. " The-calibration 'of pH electrode and all

potentiometrig titrations, were eartied out af 25,+-0.1-"C,
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3.4 Potentiometric Titration

Titration of the N-acetyl aspartic acid, aspartic acid and aspartylaspartic acid
were carried out by adding 1 to 3 cm’ of 0.01 M of the ligand in 0.1 M KNOj; into
the titrating beaker containing 10 ecm® of 0.1 M KNO;. For the titration of the Asp-
Asp-Asp, Asp-Asp-Asp-Asp, Asp-Asp-Asp-Asp-Asp and Asp-Asp-Asp-Asp-Asp-
Asp, their solid powder were added directly intothe titration beaker which contained
10 cm® of 0.1 M KNO;. The 0.05 M NaOH in-0:1 M KNO; was used as the titrant
and 0.05 M HCl in 0.1 M KNO; was used}m adjust pH of the working solution.

The titrations we:'q‘;per'fm‘med undér ultrapure argon gas, saturated by 0.1 M
potassium nitrate vapour, [lﬂ‘bughtb: titration beaker. The titration beaker was kept
constantiy at 25 °C with deviation of & ﬂl; ln'C_: by the external circulation control of
thermostat bath. Each titration, at least 50 t&raling data were recorded and at icast 3

+

titrations were performed for each ligand .
3.5 Experimental Data T

The titrating dafa for determination of acidity and basicity constants of aspartic
acid compounds were evaluated by the ecomputer refinement program. The
calculations were performed on the microcomputer PC 486/DX4. The titrating data
obtained from the“measuremeiits were, useddn the) evaluation and the optimization
process by the SUPERQUAD program (18). The range of  titrating data for the
titration of, the‘N=acetyl aspartic-acid, aspartic acid, aspartylaspartic.acid; Asp-Asp-
Asp, Asp-Asp-Asp-Asp, Asp-Asp-Asp-Asp-Asp and Asp-Asp-Asp-Asp-Asp-Asp are
shown in Table 3.1, 3.2, 3.3, 3.4, 3.5 and 3.6 respectively.
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Table 3.1 Titration data range of N-acetyl aspartic acid in 0.1 M KNO; at 25 °C.

Titration Initial Concentration (mM) pH range Data point
Ligand Proton
1 2.27 2.95-11.09 51
2 2.44-10.27 50
3 ‘2.15 - 8.51 50
Table 3.2 Titration og 0 ;:-': -ln a !- in M KNO; at 25 °C.
Titration Initial C ¢%ﬁ . ,” | pH range Data point
’:\‘;'{"“P b
1 116 AT 3 - 11.24 50
2 S 7- 1091 50
3 "Jl' -10.43 50

FONUUMIUSNNS )
RN ITUIMENAY




Table 3.3 Titration data range of Asp-Asp in 0.1 M KNO; at 25°C.

24

Titration Initial Concentration (mM) pH range Data point
Ligand Proton
1 1.82 4.50 2.82-10.72 59
2 1.67 - 349-11.34 72
3 1.61 I,QS 2.89-11.30 66
& 2.01 - 3.47 - 10.88 63
:

v,
Table 3.4 Titration data pange of Asp-Asp-As

/

p in 0.1 MKNO; at 25°C.

Titration Initial Concentrﬁti{:iﬁ {mME’ pH range Data point
Ligand Pmtnn:*'/'*\ =
| 0,854 - 33151153 66
2 0.854 - 3‘33'- 11.72 75
3 0.854 8.17 2.17-11.93 66




Table 3.5 Titration data range of Asp-Asp-Asp-Asp in 0.1 M KNO; at 25 °C.

Titration Initial Concentration (mM) pH range Data point
Ligand Proion
! 0.806 - 3.32-11.49 72
2 0.806 - 3.19-11.83 72
3 0.652 ?;’69 2.14-11.48 68
4 0.671 8.30 2.13-11.35 65
-— 3

)’ Y
Table 3.6 Titration data range of Asp-Asp-Asp-Asp-Aspin 0.1 M KNO; at 25 °C.

4
Titration Initial Comteni_;'i_iﬁﬂn (1@&‘ pH range Data point
Ligandgi 422 protoit S b v
1 0805 : 323-/11.48 76
2 0.691 8.49 212 11.01 71
3 0.691 8.49 2.16-8.22 52
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Table 3.7 Titration data range of Asp-Asp-Asp-Asp-Asp-Asp in 0.1 M KNO; at 25 °C,

Titration Initial Concentration (mM) pH range Data point
Ligand Proton
| 1 0.575 : B.334 2.11-11.33 76
2 0.575 ' §\\\ ,l / 2.42-10.96 76

3 0. —m 13-11.16 100 |

FONUUMUSNNS )
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CHAPTER 1V

RESULTS AND DISCUSSION

4.1 Equilibrium Constant of N-Acetylaspartic Acid

K; and K, are aeidity constan X 10 Aich i alues are shown in
Table 4.1. The titration curves of ' ' laspa "- 0.1 M KNOj; are shown
in Figure 4.1, The log K, anddog K, t \.' : PArti acki are acidity constants that
correspond to the terminal aci ide acid proton respectively. The
acidity constants of the N-acetylas

protons are shown in Fig

AOUUINBUINT )
RN INEAE
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12

"] 3
Figure 4.1 Potentiometri itration 2 \ of etyl aspartic acid in 0.1 M KNO; at
25 °C, based on 7,....‘.—,.-...,.....—....— ......... atio of the lizand to proton of (a) 1.92 mM

e

\ 7 X
: 7.62 mM (b) 2.08 1”"'1 0 ﬂl‘ VM ; equivalent is defined as

. A
the ratio of (n gp. - Micid) tO N jigang.

FONUUMUSNNS

ﬂW’]ﬂW@L nwnyleae

Figure 4.2 Acidity of constants of N-acetylaspartic acid and the sites of their

corresponding protons.
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4.2 Equilibrium Constant of Aspartic Acid

The chemical equilibria of the aspartic acid (symbolized as LH:) in aqueous

solution (0.1 M KNO;) are written as following equations

N

s basic ity constant. Their logarithm
the aspartic acid in 0.1 M
acid are acidity constants that

values are shown in
KNOj; are shown in Fig -
correspond to the terminal acid proton : ] e side acid proton respectively. The
acidity and basicity consta 1 ¢ sites of their corresponding

protons are shown in Figure 4.4. ;T,;'q
AN

‘L\'.\.‘(-i:-"!‘ 2

f"

amﬁuﬁwﬂu%mi )
RN ITNINENAY
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(c)

Figure 4.3 Potentiometric titralion cur

based on the init {‘ei-fi'.“.'t':'..ff_‘_ff-r::’f-‘_-:'f_-? “theligandto-proton of (a) 1.16 mM : 0 mM
(b) 222 mM : 0 “ : T ent is defined as the ratio of

(N OH- - N acid) 10 1 figand-
SOUUINLUINTT )
INIRIAIAUIINENAY

OH=— Ki
]

OH=<=—K2

Figure 4.4 Acidity and basicity constants of aspartic acid and the sites of their

corresponding protons.
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4.3 Equilibrium Constant of Aspartylaspartic Acid

The chemical equilibria of the aspartic acid (symbolized as LH3) in aqueous

solution (0.1 M KNO;) are written as following equations

Ei 3 L __ + H
e o« LH: AT, . H'
K; LH; - + H*

Ki, K; and K; acid pstants and Ky is basicity constant. Their
logarithm values are shown i ‘ R es of the aspartic acid in
0.1 M KNOj are shown in F K1, Kian \ of aspartylaspartic acid are
acidity constants that cotrespon e term ' al .- \ \ n and the side acid protons
respectively. The acidity and basi stants \\--. spartic acid and the sites of

o |
their corresponding protons are shown in Fig

FONUUMUSNNS )
RN ITNINENAY
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(¢)

pH

Figure 4.5 Potentiom etric fitratio aspartvlaspartic acid in 0.1 M KNO;
at 25 °C, base 1‘c(::mmzﬁr-----------:.‘-r---mmr-'-a' d igand to proton of (a) 2.01
mM ;0 mM (616 M0 mM and (d) 1.82 mM : 4.50

defined as the ratic of (n ou. -

. |
mM; equivalent 1 acid) 10 N jigand-

RONUUINRUINNG
ANIRNT AANINLIRL

NH; OH=—— Ki
T (9] 0
Kb OH=— Ks

Figure 4.6 Acidity and basicity constants of aspartylaspartic acid and the sites of their

corresponding protons.
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Talle 4.1 Logarithm of acidity and basicity constants of N-acetylaspartic acid,

aspartic acid and aspartylaspartic acid in 0.1 M KNO; at 25 °C.

Amino acid log K, log K log K; log K;

N-acetylaspartic acid - -3.41£0.09 |-5.13+£0.04 -

aspartic acid -3.80 £ 0.01 -

| \W/ |

aspartylaspartic acid -347+0.17 |-5.38+0.11

It N "
OVer 3 ‘ﬁ’i;ﬁLH' exists within pH range
e R s / | L esiof N-acetylaspartic acid, L* can be found at

S s W@f ' acid and aspartic acid, were
» T
identified by foll e

;::- R !
. K; correspond j iqum : ‘proton at the right position of

{5:

the aspartyiaspart't‘ cid’s siructure (see 1gure 4.6). M

[l

. K: corresponds to disspeiation-of the secondly strong acid proton at the lefl

position nfa strdeudrd sed Fieute 85 | 1 117717

3. K5 corresponds to dissociation of.the weakest.acid proton atgthe bottom right

Pﬂwﬁi REHITEREVIIVIE TN E
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100
LH;

80

oL
40

2 ' 4 L

e
¥

Figure 4.7 Species distribution curves Gf‘N acctylaspartm acid in 0.1 M KNO; at

25 °C, with initial concentration of 2.08 x lﬂ'i

la

g 7
o J
"“4-';4‘,'

It has been known that thﬁ Iermmﬂ im;lmu nitrogen of aspartic acid and
aspartylaspartic acid ¢an be easily pmtnnated in aqueous solution to form zwitter ion.
Basicity constants of aspartic acid and aspartylaspartic acid, expressed as log K, are
9.80 and 8.79 respectively. The acidity and basicity canstants of aspartic acid and
aspartylaspartic acid at the corresponding acid protons are labeled as shown in Figure
4.4 and 4.6 respéctively:

Species distribution of aspartic acid in 0.1 M KNO; at _25 °C, plotted
according, to, the) abserved data ©btained from the) fitrations and \the | evaluated
equilibrium constants is shown in Figure 4.8. Species domination of aspartic acid
depends on the pH of the solution in which the species LH;" exists in the solution at

the pH below 4.0 and LH> presents at the pH below 6.0.
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J
g
BIJ*"" LHg
“r | \

20; - ' é

-
| T S

2 I///E l\f\\\\\\\ T |

Figure 4.8 Species distib n0.1 M KNO; at 25 °C, with

initial concentration of 2.22 %: €,
.ﬂ.\A J/d ‘{
The LH is a duminant
g L
Over 80 % of LH XISt
species, L*, can survive only in il E ‘" e 8.0. The acidity and
basicity constants of g:ﬂrty coms@nu to the carboxylic acid

protons and terminal amino-nitrogen, respectively, are shown in the Figure 4.6.
o a

NOTUUINLUINID N
QW’]@Q NAIEBNIVIEINE

1g-in the wide pH range of 3.5 to 10.5.

e complete deprotonated
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LH;

Sy i

° . ////l\\\\\ -

10 12
./x

.':\\‘ ' . \
Figure 4.9 Species dis ' ot Clirve ‘aspartylaspartic acid in 0.1 M KNG; at

R/ \ A%
25 °C, with initial concefitr rgl_?_i‘_ ‘ \

Nl 3
Aun/' R r

Species distribution’ /o ylaspartic acid (LH;) in 0.1 M KNO; at 25°C,
' ésLH,', LH;, LHy, LH* and L. At the

inant species. The maximum

\

shown in Figure 4 9 compos
high acidic solutien,
population of LH --‘4\ e maximum population of
LH- and LH™ lo

species that exists within the widest pH range;.aver 50 % exist within the pH range

155 ot AU IS
FRIRINTULRIINYIRE

‘ll

ated at pH 4.4 and 7.5, respectivel w over 80 %. The LH” isa
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4.4 Equilibrium Constant of Asp-Asp-Asp

The chemical equilibria of the asp-asp-asp (symbolized as LH;) in aqueous

solution (0.1 M KNO;) are written as following equations

Ki : LHS _— LH,  + H’
K: : LH; = LHy  + H
Ki : LHy _— LH”  + H
Ke : LHY —— LH*  + H
Ko : L' g p# — LH”

K, K3, K;and K4 are acidlr_v ;eu_ns‘tanls-'aﬁ'::i Ky is basicity constant. Their logarithm
values are shown in Table 4.2.. The Iilratiﬂn curves of the asp-asp-asp in 0.1 M
KNOj; are shown in Figure 4.10. Atiditﬁ%ﬁ_ﬂnd basicity constants of asp-asp-asp and

the proposed sites of their corresponding ?Eqafuxrs are shown in Figure 4.11.

N

A
~

Table 4.2 Logarithi of acidity and basicity constantsof dsp-asp-asp in 0.1 M KNO;

at 25 °C.

Equilibrium constant | Log K
K_I 3.0 + 0.2
K; -3.37 "+ 0.11
Ks | -3.86 + 0.08
K, -5.09 + 0.05
Kp 8.34 + 0.02
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Figure 4.10 Potentiometric tirakon cun €50 asp-asp-asp in 0.1 M KNOj; at 25 °C,

_,,../. /Ju/
nof (a) 0.85 mM : 8.17

;’ t is defined as the ratio of

based on the initial con
mM (b) 0.85 n ‘y‘— VRN N T ¥ S

(oo~ nid) ton“% m
AONUUINHTA9T

AR 1R

Figure 4.11 Acidity and basicity constants of asp-asp-asp and the proposed sites

of their corresponding protons.
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The proposed sites of acid protons corresponding to the acidity constants of
asp-asp-asp as shown in Figure 4.11 were derived from the acidity constants of
aspartylaspartic acid as following principals :

1. K, corresponds to dissociation of the strongest acid proton at the right position of

the asp-asp-asp’s structure (see Figure 4.11).

secondly strong acid proton at the first

position from the left of its structure & 4.11).
3. K: corresponds to dissociation ' ng acid proton at the second

position from the le

2. K; corresponds to dissociatio

4. K, corresponds to id proton at the bottom right

position of its stru

4-
100 - -
- e L
“ = =
e I
Lt /“V ‘7
60 | ( i i g ¢ ;: .
%L =
40 . 't -
| \'
LH, /<
2 ! .
.f"llr =N [ =%
u b J = B
iﬂ °> 4

QWWN\‘Iﬂ’imﬁJW]'J‘VI F_HNEI

Figure 4 12 Species distribution curves of asp-asp-asp in 0.1 M KNO; at 25 °C;

with initial concentration of 8.54 x 107 M.
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Species distribution of asp-asp-asp (LH4) in 0.1 M KNO; at 25°C, Figure
4.12 shows that species LHy, LH; ", LH; 2 exist within the pH range of 2 - 4.5, 22 -
5.2 and 2.8 - 7.2, respectively. The maximum population of LHs, LH; ", LH, *
located at 3.0, 3.5 and 4.5 are about 40 %, 45 % and 65 %, respectively. The over 30
% of LH; species presents at pH below 3. The neutral solution ( pH = 7), the LH *
species is predominant and exists within the widest pH range (pH 4 to 10). At pH

FONUUINLUINNS )
RN ITNINENAY
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4.5 Equilibrium Constant of Asp-Asp-Asp-Asp

The chemical equilibria of the asp-asp-asp-asp (symbolized as LHs) in aqueous

solution (0.1 M KNO;) are written as following equations

Ki : LH¢ LH;s + H'
K: : LH;s LHy + H
K; LH, + H”
K, LH + H
Ks LH + H'

Ky, Ki Ki; K; an

logarithm values are

1s basicity constant. Their

urves of the asp-asp-asp-asp

in 0.1 M KNO; are shown'in gur‘?f;ll/&\{’ sp-asp’s acid protons of their
corresponding acidity con 5 derived by the principle applying on the asp-
asp-asp were proposed as sho

A
Table 4.3 Logarithm/of acidity and p-asp-asp-asp in 0.1 M

KNO; at 25 °C. D

RETRATTIU TS i

q 2 -3.12 + 0.16
K; -3.89 + 0.11
K4 -4.42 + 0.08
Ks -5.37 £ 0.05
Ky 8.50 + 0.02
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=15 <10

Figure 4.13 Potentiometric t asp-asp-asp-asp in 0.1 M KNO;
at 25 °C, based on the initiak con

_ e ligand to proton of (a) 0.806
mM : 0 mM (b)0.806 mM : 0 mM (c) 0.65 mM - 7.69/mM and (d) 0.671 mM :

X

8.30 mM ; equival ]-f't i |d 10 N jigand-

!

Figure 4.14 Acidity and basicity constants of asp-asp-asp-asp and the proposed

sites of their corresponding protons.
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o - i L s
LH,
B =
LH,’
50 LH.,
—
2 |
w =
t N
; 4 . L 1'n . 1Lz
Figure 4.15 Species distribution clr - 1Sp-2 asp-asp in 0.1 M KNO; at 25 °C,
with initial concentration of 6.5 2
Species distribution of “asp-asp-asp-asp- in 0.1 M KNC; at 25°C, Figure
4.15 shows that specic of LHs, LH, ", LH; > and LH _‘ nt within the pH range of
Y O A )
2-45,22-5.1, 2535% - I population of LHs,

LHs", LH; * and LHs * located at 2.9, 3.4, 4.2 and 4 8k about 35 %, 50 %, 45 %
and 58 %, respectively. The over-30 % of LHg species presents at pH below 3. The

neutral snluta (aH £} the LI ¥/ dpecies i predlomitiant and exists within the

widest pH range (pH 4 to 10). At pHeabove 10.5, only L™ exists inthé solution.

ANWTANTI NIV NG
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4.6 Equilibrium Constant of Asp-Asp-Asp-Asp-Asp

The chemical equilibria of the asp-asp-asp-asp-asp (symbolized as LHg) in

aqueous solution (0.1 M KNO;) are written as following equations

+

K; : LHs q_é LHs + H*
Ki : LHs —— LHS o+ H*
Ke @ LHZ — LH  + W

: 3 | - ‘
Ks . LH 3“' ?\é LH - + H”
Ky : L% & e LH™

Ki, Kz, K3 Ky Ks and Kg are acidity cof}stﬁhts and Ky is basicity constant. Their
logarithm values are shown in Table 4.4. "ﬁlfe titration curves of the asp-asp-asp-asp
in 0.1 M KNO; are shown in Figure 4.16. iﬁg asp-asp-asp-asp-asp’s acid protons of
their corresponding acidity constants derive&@ﬁn same priciple applying on the asp-

asp-asp weve proposed as shown in Figure 4, 14'1.,‘«_

Table 4.4 Logarithnref acidity and basicity constants of asp-asp-asp-asp-asp in 0.1 M
KNO; at 25 °C.

Equilibrium constant Log K
Ki 3.0 + 02
Kz 5.0+ 0.2
Ks -3.54 + 0.29
K4 -4.66 + 0.20
Ks -4.68 + 0.10
Ks -6.06 + 0.15
Kp 8.56 + 0.06
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pH

Figure 4.16 Potenti p-asp-asp in 0.1 M KNO;
at 25 °C, based on'tl eligand to proton of (a) 0.805
mM : 8.49 mM (Eﬂ.ﬂﬂ mM 8. Aand (c) ﬂ.ﬁﬁ mM : 0 mM ; equivalent is

defined as the ratio of {[59' E} 10 1 jgand-

FOUUIMNEUINT

%@q@ ﬁiaﬂ

Figure 4.17 Acidity and basicity constants of asp-asp-asp-asp-asp and the proposed
sites of their corresponding protons.
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1o - &
LH; k
0+
m =
%
A -
m I~
al. : /
! /A//A\\m .
2 10 12
Figure 4.18 Species distdbut rus: asp-asp-asp-asp-asp in 0.1 M KNO; at
25 °C, with initial concentr:
Species distribution of ‘agy p in 0.1 M KNO; at 25°C, Figure
4.18 shows that specles of LJ;ig,‘W l» present within the pH range of
2-4.1,20-5.0, 6. maximum population of

|- 4.6 are about 30 %, 42 %,

LHg, LHs ", LHy * ,
ely. The over 80 % of LH;" species presents at pH below 2.

61 % and 32 %, respecti
The LH; * is dominant spécies that-exists within“the iﬂl;l range of 3.5 to 8.1 and

s ove 604 AL 1 A0} b b e i

of pH 4.5 to 10.5 and its maximum population is located at 6.4. At-pH above 6.7,

only QW&@N@ PN IVIEINE
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4.7 Equilibrium Constant of Asp-Asp-Asp-Asp-Asp-Asp
The chemical equilibria of the asp-asp-asp-asp-asp-asp (symbolized as LH;) in

aqueous solution (0.1 M KNO:) are written as following equations

K, : LHg — LH- + H'
Ky : LH; —_— LHg + H'
K;y : LHg e LHs" 4+ H'
Ke : LHs 34%, LHS o+ W
Ks : LH/ J#’/ o LH:Y o+ H
Ke : LH o > LH,”  + H

+ H’

. . 5- 7 B
K, : LHSw" BN LH
Kh . LT- [ - LH &
£ £ R s , . .
K. Ks, K3 Ky Ks Kg : aj‘e Eéiéllyscﬁnstants and K, is basicity constant. Their

logarithm values are sl | Tablc 4? ~ The titration curves of the asp-asp-asp-

re hh{)ml_ﬁr, Figure 4.19.  The asp-asp-asp-asp-asp-
//7’ 4

asp-asp-asp in 0.1

asp’s acid protons of orrﬂspunmx{g; *muhty constants derived by the same

principle applying on the a p-asg};@p u,uﬂer_,grpmscd as shown in Figure 4.20.

Table 4.5 Lugamhm of acwdﬂy/ﬁﬂd basmuﬁ:-c.onstams of asp-asp-asp-asp-asp-asp in

0.1 M KNO; at 15;@ 1[{
— )
Equiﬁprium constant i Log K

K, . 3.0 + 02

K3 3.0 £ 0.2

K; 230+ 02

K 3.0 + 02

Ks -3.87 + 0.24

Kg -4.52 + 0.24

Ks -5.98 + 0.14

K 8.99 + 0.06




48

Figure 4.19 Pote@b ration curves of p-aspéasp-asp-asp-asp in 0.1 M
KNO; at 25 °C, based on the init of the ligand to proton of (a)
0.575 mM : 3.334@ (b) 0.5 - mMaan} 0.575 mM : 8.334 mM ;
equivalent is defined as thnbgun ogn OH- = M acid) tunn ligaids

NOUUINLUINIT

OH<+—K2 H<—Ks ~ OH=—Ko/
¥ NH NH
NH M NH NH OH=<— Ki
T O (0] O 0 O 0
Ks OH=<—K3 OH<—Ks  OH=—-Kj

Figure 4.20 Acidity and basicity constants of asp-asp-asp-asp-asp-asp and the
proposed sites of their corresponding protons.
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at 25 °C, with initial concentration nfl 5 '?’.5-&5! l'ﬂ" M.
AA‘J A ‘A -/j.‘

P 7
,,,,,

Species  distribution -ﬁLasp a@ﬂf—asp asp-asp in 0.1 M KNO; at

25°C, Figure 4.21 shows tlm—s/pedélea of'ﬁh‘ﬁt‘ﬂ-lﬁ and Lis * present within the
narrow pH range qu ' The. s.of LI A5 and LH,™ distribute within
the pH range of 2.0 -:'arl 5,2.5-6.52and 3.5-8.0, m&pbctwely The maximum peaks of
species LH,>, LH:"hd LH,* located at 3.5, 4.5 and ¥ are about 55 %, 53 % anid

73 %, respectively. The L'.'H_ﬁ. species presenits in“the solution at pH below 3.4. The

LH * is domin@it $pecics that fexists withini the pH fahge of 4:5 to 11.0 and presents
over 90 % at pH ? 5. At pH aboveT.0, only Rk exists |n the solution. The relation
betwed. lfm log lﬁh of. the cu’m}mmds nf /agpartic acjcf ﬁnd tlin: xlumhr:r of their
aspartic unit(s) is plotted in Figure 4.22. The log K, of asp-asp-asp (n =3 ) is the
smallest magnitude.  Basicity constants, expressed as log K of aspartic acid (asp)
and polyaspartic acids (asp), , when n=2 to 6, are 9.80 and 8.79, 8.34, 8.50, 8.56 and
3.99 respectively. The number of acidity constant of polyaspartic acids (asp), can be
calculated by n+1 that is equivalent to the number of carboxylic acid in the molecule.
The pl (defined as -log[H"] at the isoelectric point) of aspartic acid, aspartylaspartic

acid , asp-asp-asp, asp-asp-asp-asp, asp-asp-asp-asp-asp and asp-asp-asp-asp-asp-asp
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in aqueous solution of 0.1 M potassium nitrate at 25 °C, estimated from the
mvolving species of corresponding curves of species distribution, are tabulated in
table 4.6 and plot of the n (number of aspartic unit) against the pl is shown in Figure
4,23,

According to the species distribution curves of all aspartic acid compounds.
Most of their protonated species present in the acidic range (at pH below 7). The
aspartic acid compounds of the high n,un1b:£r.-.jé_’j'-—ﬁ_§partic unit, at least three protonated
species of which acid protons are Si!l":'llftﬂ]leﬁ.us-l-;‘ dissociated in the high acidic
solution. As the possibility of tﬁmglexa{inn of many amino acids (12-16) depending
on their binding atums!“uhiﬁ'.g@sf,mn]@m‘ ar structure and also number of protonated
species, the high numl;{gpm"f‘i,aspaﬂip unnk is, therefore, expected to form complexes
with various cations. The spamé ﬁhfﬂcoinfiounds of high aspartic unit which have a
high possibility of CDlﬁpIEﬁ!ﬁﬁl‘l are ah]‘*sn ,%pqcmd to form the high stable complexes
and cation selectivity. "I‘quflfngt. the :tﬂlnﬁrjgxatinn study of aspartic acid compounds

7 i i
,}J/ +

is a very interesting rescarch for dé&rmillﬁ}?n of their stability constants and their

Add

selectivity for various cations.; One of the mest important application for cation

selectivity of aspartic acid compounds @g seperation of toxic cations for
== SRR

-
f

environmental improyvement. L |
o

o S

Basicity oftlgéniyaspanic acids depends on the nuﬁiﬂer of aspartic unit as the
function of log K; = _&'ﬁl}, indicated by the basicity curng as shown in Figure 4.22.
Figure 4.22 shows that the basicity of terminal nitrogen of asp-asp-asp is the weakest
one,

The pl of the methanolic solution of aspartic acid compounds in 0.1 M

potassivifi nitrate at-25 °C g becaltulatéd from the fitted Gqiiation a8 wiitten below.
pl. = 375 - 0225n (4.1)
The equation (4.1) represents the pl of the polyaspartic acid, (asp), where 1< n <7.

Deviation between the calculated pl according to the equation (4.1) and the observed

values is approximately ~ 0.08.
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1

Figlll.‘e 4 22 P’lﬂ VFW‘ Pl L EW LT TR T YA BTN e \‘

aspartic unit, (asp)p.” 1 m

cid against the number of

nclude tha t the“aspartic unit's fumber of %lyaspamc acid affects

e umber Db bbb LA IS W 3 Fhe
‘“‘“““W ANNIUUANINENRE

ion and the basicity of
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Table 4.6 The pl of the compounds of aspartic acids existing in 0.1 M KNOj; at 25 °C.

compounds n of (asp), pl
asp 1 3.1
asp-asp 3.3

W/ 2

z._

asp-asp-asp \
asp-asp-as

asp—asp—aa

2.7

24

AUWAIneUnTg
N ﬁnmummmaa\

I . I . I R 1 . | ; L
1 2 3 4 5 6

n of (asp),

Figure 4.23 Plot of pl against the number of aspartic unit, (asp); .



CHAPTER V

CONCLUSION

Acidity and basicity constants of N-acetylaspartic acid (NA) , aspartic acid
(A1), aspartylaspartic acid (A2), asp-asp-asp (A3), asp-asp-asp-asp (Ad), asp-asp-asp-
asp-asp (AS5) and asp-asp-asp-asp-asp-asp (A6) in 0.1 M potassium nitrate at 25" C,

expressed as log K are tabulated in table below.

Amino Acid | log Ky | Tog Ky | log K; | log K3 | log Ky | log Ks | log K¢ | log K;
NA - 34 /] -5.3 N Y . ]
hl——r_?.&;) -2.38 T—3.3{'l _ B . - - .

A2 879 | -3.23 | -347 -5.38_ - - - -
A3 834 | (3.0} 3370 386 | 500 | - N
Ad 8.50 -3.0 A =312 | -3.80 | 442 | 537 - -

A5 8.56 -3.0 =30 | -3.54 | -466 | -4.68 | -6.06 -

A6 8.99 -3.0 -3.0 -3.0 -73.ﬂ -3.87 | -4.52 | -598

The number of acidityw constant of polvaspatic acids (asp), can be calculated by
n+1 whiclhis equivalent to the number of carboxylic acid in molecule of aspartic
acids. The pl of aspartic acid, aspartylaspartic_acid , asp-asp-asp, asp-asp-asp-asp,
asp-asp-asp-asp-asp and asp-asp-asp-asp-asp-asp in 0.1 M~ potassium nitrate at
25%C are 3.1, 3.3, 3.1, 2.8, 2.7 and 2 4 respectively.

We can conclude that the numbcer of the existing species of aspartic acid
compounds is n+3 and the corresponding species is (are) LH [, wherei= 1,2, 10

(n+3). Existing order of dominant species of (asp), as increasing of pH is LH .,

LH LH ,... L*™",

fust)
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Suggestiun For the Future Work

In order to confirm the proposed sites of corresponding protons for each
polyaspartic acid, electron densities of neighboring atoms of their acidic protons
should be computed by quantum cihemical calculations.  The structures of those

compounds of aspartic acids should also optimized in order to obtain the most

stable form of each compound energies for their acid protons of the

compounds of aspartic acids can be ev quantum chemical method.

Thermodynanic tesr AG and AS). spanding to the protonation of

these compounds of as etermnined by  Differential Scanning

Calorimeter and b calculations, Comparison
of the results betwe i the important information to

understand and reveald mpounds of aspartic acids.

AONUUIMNYUSNNS )
ANRINITUINENAY
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