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ABSTRACT

The protonation constant vilues of tryptopitan were studied at 25 °C. dufferent
dm”, ond various jonic media of NaCl(), and NalNO;, using
patentiometric techniyues. The general trend for the two

arler of NaCloy,

discussied.

innue strenptbs, 0.0 -1.0 mol
a combinatinn of spectrophotometric and

protonation canstant vaives of tryptaphan is in Lhe
> NaNG; in different ionic media. The dependence of protenalion constants on 1onte
strenplh and ionic media were taken intn accownts using a Debve-Huckei
concentrulion seale) and the $IT (specific inn mleractipn theory)
Differences in protonation constants in the vanous supporiing e

tvpe equatien {pmofar
approach {molal concentraten scaie),
lectroivles were also interpreled and
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INTRODUCTION

Amine acids dnybtlessiy play central roles both as
building blocks of proteins and as intcrmediates in
living metabolism of all animals So, studying of the
chemicail and physical properties of amine acids is
essential tn determine the biological aetivity of
proteins. Despiic their recognized importance, there are
only a few cxperimental cnntributinns on their acid-
base behaviour in different media A search n the
lierature showed only few studies on protomation
constants of tryplophan, one of the cight csseatiai
aruno acids found in heman [1-3].

The preseat work deals with the study  of
protonation  equulibrin - of tryplophan in  aqueous
selution at different ionie strengths, 0.0 0 10 mei de
! and wo different suppotiing electrolvies, WaCio,
and NaNO3J, using a combinntion of potentiomerric and
spectrophotometrie teebniques. The paramelers which
define this dependency were nnalyzed with aim of
Obtaming further information with repard 1o ther
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vailalion 8s a functiom of charges imvolved in the
protonalion reaction

As is well known. thermadynamic data aiways
refer to a selected standard state.

The definition given by TUPAC is weii adopted
and states that at the standard state the activity
coctficient of a selute in a solution should be unity
[4] However, this is a strict condition und usiliy
ot accessible fur many (vr maybe ali) reactions
and so any measurcments {or ail} can nol be made
accuraicly i (s state. Precise thermodynamic
information for these systems cam appatently he
ebtained i the presenee of an inert electrolne nf
sufficrently high conecttration, ensuring that the
activity factors are reasonably constant throughout
the measurements.




We have been several years involved in the
study of jonic strength dependence on formation
constants and therefore, in the use of different
equations for 1aking inte account the funcion y=
AN, where yand f arc the activity cocfficient and
the fonic strength, respectively. Severl models
have been copskiered, including Debye-Hiickel
type equations [5-13]. Considering both the
simplicity and the popularity of the SIT model,
we thought it would he inferesting to investigate
the possibility of refining it in vrder 10 make it
applicable over a hroader ipnic strength range as
well using different supporting electrolytes,

EXPERIMENTAL

Reagents

L—I]'y'P[U[JhﬂI]. CgHﬁ{NH}-CHg-C“{N-Hz} {COOH,
{Merck, analytical reagent grade) was recrystallized
from hot water, washed with ethanol, and dricd
over P50, and the concentration of its solution was
checked by tiration against standard afkah. The
NaOH solution was prepatcd from tinsol solution
{Merck). Perchlomic, nitric and hydrochlone acids
were supplied from Merek as analytical reapent
grade materials and were used without further
punfication, Sodium perchlorate and sodium mirase
ffrom Mercl) were kKopt & rodm temperature in
vacuw® at least 72 hours hefore use. Dilwe acid
solutions were standardized against standard NaOH
solution. All dilute solutions were prepared from
douhle-distilled water with specific conduciance
cqualso 1.3+ 0.0 (&L cin'

Measurements

All measurements were carded out at 25 £0.1°C,
The wnic strength was mainlained from 0 1 tel.D
mol dm” with sodium perchlorate or sndium
nitrate. A Jenway research pH-mcter, mnodel
3520 (with a precision of 0.001 units}), was uscd
for -log[H"] measurcments. To exclude carhon
divxide froin the system, a strcam of purified
nitrogen was passed through 4 sodium hydroxide
soiution and then bubbled siowly through the
redgction  soludon.  The  bydrogen  ion
concentration was teasurcd with a combined
electrode. The pH-micter was calibrated for the
relevant H® concentratinn with a solution of
1.00x107 mol dm” perchlnbc or nitnc acid
solutinns  containing 0.09 mol dm” sodium
pemhicrall. or sodium nitrate, for ad}ustmg the
ionic strength on 0.1 mol dm™. The same
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procedure was performed for the' ‘other ionic
strengths. For these standard solutions, we set —
log[H] = 2.00 [14]. The junction potential
earrections were caleulated from Eq. (1) -ir
']ngmﬂ = '1Ug[H']mm+ a+ b[l'l+]nmn'd (1}
where ¢ and  were deterruned by measuring the
hydrogen inn concentratinn for twn different
solutions of HCKD, [INO: or NaOH with
sufficient NaCl0y or NalNO, to adjust the innic
sirength,

Speetrophotometric . measurements  were
performed on 2 UV-Vis Shimadzu 2100
speetrophetometer with 2 Pentium 4 computer
amd using thermostated matehed 10 mm quartz
cells, The measurements cell was ol flow type. A
Masicrflex purnp  allnwed eireulation : of the
solution under study from the putentmmetnc cell
to the spectrophotometric cell, sn the ahsorhance
and -log[IT*] of the solutinn could he measured
simultaneously. ;

For each cxperiment, 50 e’ of an acidie
snlution of tryptophan (2.0-5. 0x10% mol dm™ )
was titrated with au alkali solution (0.t mol dm™
sodium hydroxide} hotll in the same jonic strength
and innic media. The —log[H'] and sbsorbance
were measured after the addition of a [ew drops
nf titrani, and this prncedure was continued 1p 10
the required pH. ln all cases, the procedure was
repeated at least threc times and the rcsulting
average values and cumesponding  standard
deviations are shown in the text and tahics.

RESULTS AND DISCUSSION

In agueous solutinn, tryplophan cxists in 1s
anionic [orm (L"), zwienome species (HL), and
catiome form (H:L). The profonation of the
amino acid refer to the reaction

L+ pH @ L™ {6)
and the p!’(}tﬂl‘ldliﬂn cunstant, Ko
= (M, L™ LHT I (T

where Tt Luuld be 1 or 2 in the casc of trj,rptuphan

The determimation of the protonation
constams of the amuno acid 5 based on the
relation A JpR) [29]. The ' measured
absorhance. A4 (290-300 nm in the interval of 0.1
nm), and - log[H'] from the specirophotometde
titration were conducted with the computer
program  Squad [30-31]. The' daa in  the
computer program were fitted for Eq. (6} by
mimmizing the  crror  sgquares  sum of
cxpenmental absorbances from the caleulated
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ones, Figure | is shown as a typical example of
the graphical ftting for the obscrved and
calculated absorbances that extracted from the
program Squad.

1.2
0.8
« {6 1 A
| B
034
M

- logH"

Fig. 1. A typical graphical fitting of tryptophan
system at 25 °C. 300 nm and ionic strenggh 3.1 mol
dm? NaCI0,, {A} experimental absorbance and {B)
calculated absorbance from the computer program

The progmm allows calkculanon of the
protonatinm constants with different
stoichrometries. The number of experi mental points
(absorbance versus ~log [H]) was more than 30
{maximum 40) for each titration run. During the
experiments, the solutions were stable and the
absorbance vaiues did not change with time.

The protonation constants of tryptophan (in
melar seale} arc determined as mentinned and
are listed m Table | at different 1onic strengths
and varipus wome media, topether with the values
reported in the literature, which are in good
agreement with those reported eariicr [1-3]

The speeies mole fractions of the mcasured
protonated species of tryplophan versus —log [H*)
are ploted as a typical exampie in Figure 2.

The cationic species of tryptophan, HzL*. 15 the
predominant species at lower pH vanes, pH = 2.
The  zwiterionic HL. becomes
predominant at ph range 4-8 (around 99 %)
Howcyer, the anionic specics beging 1o form at

spectes,

pH = 8§ in lower percentages and finaily reaches
© a maximuwn of |00 % at higher pH, pH > 10,

99

From a cursory examination of the protonation
constanl values, Table 1, it 15 clear the constants
generally show the trend: NaCiQ; > NaNQ,. The
trend is in the order of that shown by the
molecular weight of the background electrolytes
and is in agreement with our previous results for
other amine acids [32].

Ionic Strength Dependence of Protonation
Constants

The dependence on ionic strength of formatinn
constant was taken nto account by using the SiT
model. For the protenation reaction, Bq. {6). the
apparcnt  protonation  constant, Eq. (7), is
calculated from the molar concentrations of the
reacting species. The values are then converled
to the molality scale according to the conversion
faciors delermined by Baes and Mesmer [34].
Finaily, the thermodynamic protocation constant,
K. s determined from the experimental
constant, K., using a weighled lincar
cxirapoletion o the zero innic strength, The
logarithm of the thermodynamic prownation
constant may be writien as;

log A7 =log £+ log sy 10k - log 3t- - nlog jip (%)

Subsrituting the activity coefficients of cach species
frim Eq. () into Cq. (8) and rearranging gives

log K% =1ogK"™, + Z*D - Agii,, {9a)
log K*; =log K™; + 2*D - Az, {9b)
where Z* = Z[{charges)..um. — (chargesY o,
K" is the apparent protonation constant in molal
scale. Tabie 2. and Ag represents the summation
of the specific ion interaction trms as Ag = &L,
Na") + 24H", supporting glectrolyte aninn) -
&H:L", supporting eleetrolytc anion) and As =
dL’, Na') + aH, supporting clectrolyte anon)
for various supporting clectrolyies.

Considering Eq. {%a), the valucs of Ag and
log & arc obmaincd using a werghted linear
regression of the log K™ + Z*D as a function of
tht 1onic strength (in molal seale), Figure 3.
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Tahle 1. Average values of protonation constants of tryptophan at 25 °C, different tonic strengths and various

iomc media, the values in literature are also reported ] I
! log K log K, log K; log K, ref -
mol dm™ NaCi0s NaC10, NaNO, NaNO; ! E
1 232£002 9 3240303 230402 9304104 this work
03 22TH0.02 g9 26HL04 221 H 9. 224003 "
0.3 2254103 9254002 2. 20003 0 2110.05 "
.7 227001 274005 2.1830 02 9.2140.04 "
1.0 2311003 911+0.03 2. 15001 Q22+0.04 i
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Fig. 2. Equilibrium distnbution of the species in tryplophan system as a foncting ot
~log[H] at 25 °C and ionic streogth 0.1 mol dm™ NaClO,

Toble 2. The pratonation constant values of tryptophan in molal scale at 25 o

! /mol kg'J fog Ky log K, {/mo! kg" bog Ky log K;
MaClOy WaCl(y, NuCl10, NﬂND} NaMN{; NaMN{;
0.101 2.32 032 0.1031 2.30 9.30
{.305 2.26 025 0.303 221 9.22
0.513 2.24 924 0,500 2.19 9.20
0.725 2.26 9.26 0717 217 5.20
1.051 2.29 9.29 1.034 2.17 921

100
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Fig. 3. Plnts af log &, + 20 and log £, + 2D versus
wnic strength (in molal scale) far reaction (B)et 23°C

The procedure has been applicd for the
determination of log K% and As, using Eq. {9h).
The obtained values of Ag and log K are listed in
Table 3 and Table 4, respeetively.

Table 3, SIT mterzctian coeMeients

species supparting SIT
electrolyte  coefficient
gH", C1g,) MNaClo, O.t4*
", NOsT) MaMi fLo7*
L7 Na™) NaCily 004
&L, Nah) NaND, (04
HL". CIOy) NaCld, 0.t5
SHLL™ NOyT MNaNOy 0.1
dg MalCHo, 0.17
ﬁE.'; NENO} 0oy
Agy NaCl3, 0.1%
Ag Nai(, i

* {5 obtained from reference 34

‘Falrle 4. Protonaisn censtant vajues af tryptephan ut
25 2 and rero jsnic strength 8f NaCH), and MeN(l,

species salsio, NaMi,
By K%  251+£000 2350+007
J”E K", 951 £001 950+000

In this work, we need 0 know several
mteraction cocfficients, g for different SPecIes In
Eq. (6) The values of s(H", supporting electrolyie
aon) s taken from the literature [34], however,

the other interactions coefficicnts were caleutated
from As, and Ag and arc listed in Table 3 fior the
different electrolytes used.

The dependence of the prownation constants of
tryptophan on ionic sirength detetmined m two
beckground electrolytes. Figure 4, shows g regular
trend and is in & good agresment with other
protonaton constants meporled before as well as
with some complex species of varivus amine acids
with transition metal ions [28-29, 35-37].

a9g
58]
¥ 94 . - NaCK
E 32: M0
a8 .
-
88 02 B84 08 94 10 12 14
1= (mol dtﬂ'ljl =
248
2.6 4
2.4
2 1 e o
g 22] PP
20
19
60 Q0 84 g8 84 18 1.2 14
i {1l dm }U!

Fig. 4 Plots of lsg log X, aud log &3 (in molar scale)
of iryptophan versus square rést 16nic strength of the
supporting electrolytes at 2550

Figurc 4 shows 8 pood convergence of log &,
and iog K; 10 nearly a single value as the ionic
strength of differcnt media deereasing to lower
values. Our previsus results on lonic strength
dependence  of formation  and
protonation constants and this work reveal the
log X values arc nearly always at their minimum
al an ionic strength range 0 3-0.7 mel dm™, that
is a characterishc of log K = 4N, Agtording
the clectroivie snlutions (29, 38] ai low ionie
strength  the  dependence  accounrs  for  (he
Coulomb 1nteraction between the wons that are
screencd by the ion atmasphere, while at higher
congentrations the dependenec accounts for the
disturbances 1n ion-solvent interactions. At low
ionic strength {less than 0.1 mol dm™} the
Coulomb interactivas are nf pnmary imporance.

complex
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However, as the iomo strength increascs, the
jonic atmospherc becomes more compressed and
sereens the ignic charees more effectvely, so the
intermolecular  imteractinns  {dipole-dipole  or
even  muitipole-multipoie)  heenme
:mportant. These forces at higher mnic strength

more

possibly hasc a primary role between the ions.

The supporiing electroiytc used {0 keep
constant the ionic strength may influcnces the
protonaton constant values wn diffcrent ways.
Indeed, the variation of the naturc and the
“concenmation of such electrolytes change the
activity coefficient values and henec  the
protonation constants. So, the effcet of the ianie
stiength and ome medium on the valucs of
profonation constants can be classified inw two
groups: {a) the cffcet of changes on the activity
coeflicients, and (h) specific interactions. The
protonation constant values obtamed n this work
in ali media have heen adjusted to have the same
ionic strength range, so the specific intcractions
should apparently be responsible for the ohserved
differences in the sludicd systems, ‘Table 3.

'The SIT mode! describes the fong range
clectrostatic interactions with a slightly dilfcremt
Debye-iitickei term. and a sum of the terms
describing the short range. non-glectrostatic
hinary interactwns hetween ions of opposite
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