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Abstract- pH metric titration technique is by far the mosheenient for the determination of ionization constaf
2,5-diaminopentanoic acid (DL-ornithine).Their ipaiion constant have been evaluated in aqueousaqud-
organic media at different temperatures viz. 208QC and 40°C and varying ionic strengths p=0.]0062and
1.0M NaClQ by employing Henderson-Hasselbatch, Irving-Rosswitl Albert-Serjeant method. The decrease of
ionization constant with increase of temperaturg ianic strength has been proposed by Pitzer aray@eluckel
theory, respectively.

The effect of change of solvent on the ionizattmmstant are discussed and be explained according t
Bates and Coworkers and Braude by employing AlBerfeant method in same percentage (20%) of 1,2-
ethanediol, propane-2-ol, ethanol, DMF, acetoritidMSO and 20, 30, 40 and 50 percentage of DMSO.

1. INTRODUCTION method, keeping the total volume 25ml in each eexk
Perusal of literature reveals a few referen¢@® on for maintaining the ionic strength requisite amoofit
behavior, isolation, application and ionization stamt NaClO, were added to the solution mixture.

of 2,5-diaminopentanoic acid (DL-ornithine). The The ionization constant of ligand were
present work describe the pH metric determinatibn @valuated by employing Henderson-Hasselbdfth
ionization constants (pi pK.and pk) of 25- Irving-Rossotti®™ and Albert-Serjeant methd®®. In
diaminopentanoic acid (DL-ornithine) at differenteach pH metric titration, ligand concentration
temperatures viz. 20°C, 30°C and 40°C and varyingraintained 3.37mg/25ml for Henderson-Hasselbalch
ionic strengths p=0.1,0.2,0.5 and 1.0M Nag£lOhe method and 0.001M for Irving-Rossoti and Albert-
effect solvent and thermodynamic functions viz.efre Serjeant method by using 0.006M (Irving-Rossoti)l an
energy AG°®), enthalpy AH°) and entropyAS°®) of the 0.002M (Albert-Serjeant method) HCJOfor initial
ionization reaction have also been determined andwering of the pH.

explained. Albert*™ method is determined the all three pK
values pK, pKsand pks of DL-orinithine (0.001M Vs
2. EXPERIMENTAL 0.1M NaOH) at 20°C, 30°C and 40°C (u=0.1M) and at

2,5-diaminopentanoic  acid  (DL-ornithine)  werevarying of ionic strength 0.1,0.2,0.5 and 1.0M. The
supplied by “Sarabhai M. Chemical, Baroda” and othevarying ionic strength maintained by NaG{Demp.=
reagents of Anala R, BDH grade. pH measuremen®)°C) in aqueous media and V/V 20%, 30%, 40% and
were made on a Toshniwal digital pH mete50% of DMSO and in 20% aqua-organic solvents i.e
(accuracy+0.01pH) with combined glass electrod&,2-ethanediol, propane-2-ol, ethanol, DMF,
assembly in a nitrogen atmosphere. The instrumast wacetonitrile, DMSO at 30°C, u=0.1M NaCJO
standarised with standard buffers. A thermostatypé

U7° made in GDR having an accuracy of 0.1°C to

maintain the temperature of the Cell. 4. RESULT AND DISCUSSION
Values of milliequivalent of acid and alkali werl®fed
3. PROCEDURE against corresponding pH (Handerson-Hasselbalch

The experimental procedure involves a series of phiethod) and formation function 5 against pH (Irving-
titrations of water blank and ligand with 1M HCb(f Rossotti method) values to get the formation cumies
pK;) and 0.1M NaOH (for pK pKs) by Henderson- ionization reaction equilibrium. From these formati
Hasselbalch method, 0.1M NaOH (for pKpK,and curves, the values of ionization constants,p,and
pKz) by Irving-Rossoti method and 0.1M HCJQfor pKs; were calculated which is corresponding to
pKy), 0.1M NaOH (for pK, pKs) by Albert-Serjeant inflection (H.H. Method) and pH values at,=8.5,1.5
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and 0.5 respectively. The pKpKr,and pk; values were change in dielectric constant for 20% solvent-water
also determined at different temperatures viz. 20°Gnixture.
30°C and 40°C and at varying ionic strength 0.10032
and 1.0M in pH range 1.5-12.8 are summarized ilefabDMSO> DMF> Acetonitrile> Ethanol> Propane-2-ol>
(1), which is in agreement with Pitz8Pand Debye- 1,2-Ethanediol
Huckel Theory®®*®in order of ionization constant of
ligand. (The dielectric constant follow the order: 1,2-

However, it is indicated form the titration thatEthanediol> Propane-2-ol > Ethanol > Acetolatrt
two ionizing a-amino ands-amino groups are separatedDMF > DMSO)
by less than 2.7 limits of pKthe usual calculation can
only give results of poor precisidtt. Hence, accurate 6. EFFECT OF TEMPERATURE AND IONIC
results can be obtained from Noye’s modificafféh STRENGTH

It is evident from the detail of all three methoddt is observed from the Table (1) that the ionizati
that the normal titration set does not yield pHtlhe constant generally decreases with rise of temperaii
extent form where all the pK values be evaluated kg showing that lower temperature favors the icigze
Albert-Serjeant method as refined by Noye’'s andonstant of ligand which is in agreement with
Irving-Rossotti method. the titration set requireselationship proposed by PitzétY. The Table (1)
adjustment keeping in view the known values of pid a reveals that the ionization constant (pK,and pkg)
therefore the values of ionization constants ofnowkn values also decreases with increase in ionic stneng
sample can not be evaluated from th@se method from 0.1 to 1.0M which is in accordance with Debye-
whereas there is no such limitations in case dfiuckel theory®®.
Handerson-Hasselbalch method.

7. THERMODYNAMIC FUNCTIONS

5. EFFECT OF SOLVENT Th d ic functi h f o
The behavior of ligand in agua-organic solvent & b ermodynamic functions such as free eneryg,

explained according to Bates and Coworkers an?ﬁt.halpy QHO()J' and. er(;tropy36(§(;’) acr:]corl?palr]]y;ng f
Braude ®®'% as indicated in Table (2). Here it is'O“'Zﬁt'%(Qo)'Sh_ ehtgrmlne at di ng the help o
observed that pK pK,and pks values were increases equatio which is summarized in Table (3).

with the increase in organic solvent content of the . o i1
mixture, but increase has not been found to be Negative value ofAG® indicates that under

appreciable due to difference in solubility andization standard_ conditions,  the ionization reaction  is
of DL-ornithine in varying solvent-water mixture. exothermic and tends to p.roc'eed spon.taneously. The
decrease of pK's values with increase in tempeeatur

But for the same v/v composition pK values . o " -
have the following sequence which is in regard t upport the negative values oH°. Positive change in
the entropy AS°) strongly favours the ionization

process.

PLOTS OF pX AGAINST 1/T DL-ornithine
' Figure — 1
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Figure - 2
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Table - 1

p*1, P, and p“; values of DL-orinithine in aquas medis at variougemperature and ionic strength

Henderson-Hasselbatch Method

pX1, p¥2 and p“; values of DL-orinithine in 20% (v/v) aqua-organicmedia at 36°C (u = 0.1M)

Temp. 2°C p=0.1M
PK 1 0.1M | 0.2M | 0.5M | 1.0M | 28C | 3¢°C | 40°C
p“, | 2.05 | 2.01| 1.94| 1.86 2.0% 2.01 1.96
p“, | 891 | 8.85| 8.74| 863 891 8.8p 8.1
p“s | 10.87| 10.84| 10.78 10.6P 10.87 10.84 10|79
Irving-Rossotti Method
Temp. 3°C H=0.1M
PK 1 0.0sM | 0.1M | 0.2M | 0.5M| 28cC | 36°C | 40°C
p“y | 2.45 | 2.40 | 2.34| 2.30 2.46 2.4D0 2.37
p“, | 9.46 | 9.38 | 9.34] 9.05 9.39 9.38 9.22
p“s | 10.94 | 10.82| 10.72 10.6R 10.84 10.82 10|78
Albert-Serjeant Method
Temp. 20°C H=0.1M
PK | 0.am | 0.2M | 0.5M | 1.0M | 28C | 30°C | 4c°C
p“, | 1.804 | 1.77 | 1.68 1.06| 1.804 1.790 1.71
p“, | 854 | 863 | 881| 894 9.00 8.54 8.5(
p“; | 10.75 | 10.79| 10.78) 10.80 10.90 10.75 10.70
Table — 2

Solvent 1& Py p s p s
1,2-Ethanediol 0.06258 2.04 8.61 10.45
Propane-2-ol 0.05464 2.13 8.84 11.12
Ethanol 0.04073 2.14 8.74 10.87
DMF 0.02724 2.43 7.93 10.50
Acetonitrile 0.02666 2.11 8.64 10.86
DMSO 0.02146 2.20 8.95 11.12
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p¥1, P2 and p*; values of DL-orinithine in varying percentage aquaorganic media at 30°C (u =

0.1M)
organic content in aqua-organic pX, pX, pXs
media
20% DMSO 2.20 8.95 11.12
30% DMSO 2.43 9.04 11.56
40% DMSO 2.56 9.21 11.94
50% DMSO 2.70 9.31 12.44
Table - 3

Values of thermodynamic functions for DL-orinithine at 36°C in aqueous media jg=0.1M)

lonization constants | -AG° (KCal/mole) -AH° (KCal/mole) AS°  (Cal/Deg/mole)
log K*%=1.71 2.37 0.57 5.94
log K*~° = 8.46 11.73 5.86 19.37
log Ks*~%= 10.66 14.78 7.12 25.28

Calculated log Kc*~° = 20.83

Experimental log k*~% = 20.81
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