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Thermodynalni.c ACid Dissociation constants of. the Protonated 
Form of 2 2'-Bipyridine and l,lo~nenanthroline in AqUeous 
Bina~ Mi~ures of 2-Methoxyethanol and 1, 2-Dimethoxyethane 
at 25 c · 

1-4 
AS Part of our comprehensive studies on dissociation 

equilibria in different aqua-organic mixtures, we report in 

this chapter the results of our measurenents of the disscx::iation 

constants of protonated forms of 2,2'-bipyridine and l,lo

l?henanthroline in 2-aethoxyethanol (ME) + water and 1, 2-

dirrathoxyethane (DME) +water mixtures at 298K. Such studies 

give· important reflections reqardiil;;J the role of solvent on the 

dissociation equilibria and ion-solvent interactions and also 

on the acid base properties of th~se solvents as well as on their 

structural features. 

Both ME and :DME (monomethyl and dimethyl ethylene glycols) 
s-7 

are well known for their various industrial uses • ME is qUasi-

aprotic in nature and DME is a Wholly aprotic solvent. It will 

be very interesting to study the behaviour of these two closely 

related co-solvents in aqueous mixtures f~m dissociation equi-

libria and other thermodynamic parameters. With this en4 in view 

we have undertaken the present work and the results ar~ described 

in this chapter. 

Experimental 

2,2'-oipyridine (bipy) and 1,10-phenanthroline (phen) 

(G.R., E. Herak) were used as such. 2-methoxy ethanol (G.R., E. 
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0 

Merck) ~as distilled twice before use. The b.p. (124 C) and 
0 

density (o. 960QZ..<Jo/C•C• at 25 c) coapare well with literature 

8· 
values • 1, 2-dimethoxyethane (Fluka )~as shaken well with 

Feso
4 

(A.R•, BDH) for 1-2 hours, decanted and'distilled. The 

distillate was refluxed for·l2 hours and distilled over metallic 
' 0 

sodium (b.p. a 83.5 c, density a 0.8626 gay'c.c. ). 

Al.j otter reagents were of analytical grade. The solutions 

were prepared usi[XJ triply distilled water. 

The ME _ ~o and DME - H20 mixtu~es employed in the study 

were prepared by appropriate mixing of the sol vents by weight. 

T~ solubility of 2,2'-bipyridine and l,lO..phenanthroline 

in ME ~ H
2

o and DME + H2 0 mixtur~s at 296K were determined in 

g 10 
the way reported before ' • .saturated solutions of the ligands 

were allowed to eqUilibrate at 298K for 24 hours in Campbell 
11 

solubility apparatus and tr& solutions were filtered by inversion 

of the apparatus at the sane tenperature. concentrations in the 

saturated solutions were computed using the molar absotptivities 

determined on known concerr.rations of each of the corrpoundS in 

several solvent-water mixtures. The aol\i:>ility values hailf.been 

determined spectrophotometrically at 282 nm and 262 nm for 

2,2'-bipyridine and 1,10-phenanthroline respectively. 

The liK values of the ligands were determined pH - metrically 

and spectrophotometJ:'ically as described in our previous communi-
1-4 

cations · • i-iolar absorption measurements ~ere taken at 280, 295 

and 300 runs for 2,2'-bipyridine and at 260, 270 and 275 nms for 



l,lo-phenanthroline. The apsorption maxima varied only slightly 
' . 

with solvent composition indicating little solute-solvent inter-

action (Fig. 3). Shimadzu uv- 240 spectrophotoneter maintained 

at 298 K was used for speetrophotometr.ic neasurements. The pH 

was lft::asured ~ith a ECIL Pi met-er having an accuracy ·of : o.ol. 

The dielectric constant values· of ME - ~o mi~ures and 
12 

oME - H20 mixtur~s were taken from the works of .Sadek et al 
. 13 

and Just ice respectively. 

Calibration of Glass electrodea 

The determination of the dissociation constants of the 
+ 

acids requires accurate values af H ion concentration. The. 
I 

'glass-calonel electJ:Ode combination has been eaployed successfully 
+ for the determination of H ion concent.rat ions in different 

mixed and non-aqUeous solvents. Glass electrode is reported to 

function satisfactorily in differert; dipOlar ·aprotic solvents 

though the response is not· always foWld to be Nernstian PaJ:ti-
14 

cularly in pure. solvents • 

However, the glass electrode has been found to work 

reversibly in ME + H2 0 and llME + H2 0 mixt ums and the r.•produc.ible 

+ results of the H · ion concentrations have been obtained. 

The calibration of the glass electrode and •correction 

fa·c::tors• in the different percentages of the mixed' solvents have 
lS been determined in the way suggested by Van Uitert and Haas , 
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16 17 18-20 
Bates , Irving and Manhot , Lahiri, Aditya and co-tAorkers • 

The pH meter was first standarized With potassi~hydrQ;Jen-
-4 -3 

phthalate ( M ) buffer and then with lO mol dm Hclo4 acid 
20 . 

solution. The glass electrode was then kept immersed in the 

appropriate solvent medium for equilibration and the meter 
-4 -3 

readings of 10 mol dm HClo4 in the particular solvent medium 

was taken. The method gives reproducible results. The correction 

factors log uH in the particular medium were calculated by the 

relat.ionship -~ [H+] a B + log [ UHJ Where [ H+]is the Stoichio

metric hydrogen ion concentration assuming 100% dissociation 

of the acid in.the aqueous and in mixed solvents. 
/ 

The 'correction factors• have been found to depend slightly 

on the' nature of solvents, aging and asymnetx:y potential of tte 

glass elect rode. 

However, consistent and reproducible results are obtained 

if the •correction factors• are determined before each set of 

measurements. The correction factors, log uH, in different 

percentages of ME + H2 0 and DME + H
2

o mixtures are presented 

in Tables 1 and 2. 

Results 

The ther1nodynarnic dissociation constants for the reaction 

... (1) 

(where L = 2, 2 • -bipyridine or 1, lO..phenanthroline) is written 

as 
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----- X ••• ( 2) 

In the determination of the dissociation catstants, the 

. 9 lO 21 
use of inert electrolytes, is avoided ' ' and tl'e concentrations 

of electrolytes are kePt very low so that their effects on the 

solvent structure are mini.rnurn, a condition essential for the 

determination of • nedium effects• of ions. 

The activity coefficients of fLH+ and fH+ have been 

as~umed to be the same in dilute solutions though a slight varia-

tion in f and f + values is expected in view of the difference 
H+ lH 

in the solvational characteristics and ion-size parameters af H+ 

will be 

fUl+. 
definitely small and will not exceed exper.iment:a1 error limits 

..;.4 
at low ionic stranvths (3 - 1 x 10 H) in pH-astria met}lod and. 

even less in spectrophotometnc method. Under this condition 

equation ( 2) can be represented as 

- ••• ( 3 > 
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ThUS 

.. + log ••. (4) -
+log . • . (5) 

+ lQg' ••. ( 6) 

(B • meter readinq of the solut.ion) 

Where dM , di and d are the optical densities of either 

2, 2 • -bipyr idine or 1, 10-phenanthroline at ~ • s corresponding 

to the molecular and ionic form and 1ni;lct ures of molecular and 

ionic ··forms respect 1 ve ly. 

Further 

[ Jl~Total • ["tree + [t.}l+] 
[ L~ • [LJ + [LH+] 

•.. (7) 

•.. (8) 

Thus, from the known concentrations of [L]T , [ HT]T ~~ _ 

[H+] (deter•nineo experimentally) val\,les, !il<T .can· b. calculated free 

uSiOJ (5.), whereas equation (6) can be utilized When ~' dx• d 

and [H+] are available. FeW representative calcUlations in free 

ME· - water and DME - Water have been given in Tables 3-lO • 
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The ~ v~lues have been ·calculated in the way described 
l-4, 9, lO 

in our previous communications • 

The free energy of transfer of the ligands from water 

to mixed solvents have been calculated using the relation 

-- 2·303 RT log • . . ( 9 > 

w\..J::ore c and c represent the raolar concentrations of L in 
I~ • 8 'W 

aquo-organic solvents and water respectively. 

The free energies of transfer for the ionisation of 

LH+ have· been calculated from equation (10) 

... (lo) 

Discussion 

The average values of ~ for 2,2'-bipyridine (bipy) 

and 1, 10-phenanthroline (phen· ) determined pH-metrically and 

spectrophotomstrically (recorded in Tables 1 and 2) give 

excellent consistency. 

The ~ values of the l.ig ands have been found to decrease 

with the addition of OJ:!Janic solvent in MJi; + H
2

o and DMli: + ~0 

mixtures. The minima are found at ,...,so wt% and 70 Wt% of ME and 

DME res p;;.;ct i ve ly (F 1g. l). Si mi.lar behaviour has been observed 

in oti1er solvents. 



-69-

The ~ values When plotted against mole-fraction of 

organic solvents. ShoW linearity at best upto 70 Wt% beyond which 
. ,. 

considerable deviations .occur (Fig. 2). 

The Tables 1 and 2 ·shoW that the solvent effects on the 

+ dissociation equilibrium of LH type acids (isoelectronic in 

nature) are oore · or less similar in aqueous ~ or llME solutions. 

0 
The 6. Gt (1) values in both solvent systems pass through mini1aa 

with addition of non-aqueous co~onent, the variation being more 

marked in DME than in ME. The appearance of such minima can be 

attributed toa 

1) increased solubility leading to greater di~sociation 
+ of Ul 

2) changed salvational properties of ligands and their 

conjugate acids 

3) E=lnhanced basicity of the solvent n~xtures upto 

70-80% of organic ·solvents ani subsequent decrease 

in basicity. 

No useful conclusion can be derived from the analysis 

of C 6G~(Ui+} - ~G:(L) ~ valUdS as it impli~s increasingly 
0 

positive values of A G ( 1 ) ( + , an inherent limitation 
t e IH )o . o o-

arisiilg from the assumPtion, 6Gt (LH+) =- tl.Gt (L) +6Gt (el)(LH+) • 

It is to be noted that the relative affin.ities of water 

or the non-aqueous corrponent towardS the base (L) or its conju;;Jated 
+ . 

acid (LH ) may be expected to arise f_rom the relative .bonding 
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capacities of solvent dipoles exerted largely through hydrogen 
0 

bond formation. However • t.heir contributions to ~ Gt {1) values 

cannot be calculated. 
0 

6. a values can be obtained from the solli>ility values 
t {L) 

of the ligands at 298 K {Tables l2 and· 13). The accuracy of the 

solubility values are within o.s - 1.~~. The solubility values 

increase with the ioorease in hydrophobic charact~r of the 

solvent rnixt ures. The solubill~y values of bipy and phen in 
-3 

water have been determined to be o. 0347 moles dm and o.Ol36 

-3 
moles dm at 2 98 K respectively. However, the solubility value 

9,10 
of bipy is agreemant with the values reported earlier . but 

~ lo 0 
some discrepancy is observ~d in case of pllen ' • 6Gt (L) 

values are found to be increasingly negative with increasing Wt% 

of t~ or or£ because of stabilization of large organic molecules 
' 

containing benzene rings, primarily through dispersion forces 
. 22 

as in the case of uncharged bases like nitroanilinea • 
' 

In order to understand the structural a:>nplexities, ion

solvent interactions and the basicities of the solvent mixtures, 
0 attempts have been made to determine 6Gt (H+) values iQ. aqua-

organic mixtures using the 111ethod suggested by Lahiri end 

9 10 ° -co-workers ' • 6Gt (H+) gives the quantitative measure of the 
+ tree energy of transfer or • u~dium effects' When H is transferred 

t o "'TY'I 'c 'X e d 
from Water/\solvents and is regarded to be the best measure of 

solvent basicit.y co~red to that of water. 
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ThUS we have the equation (12) for the reaction (1) 

.•• (11) 
0 0 

~Gt(l) • t:.Qt(L) 

0 
+D. at (H+ > 

or ~G~ (H+) sa ~G~(l) 
0 

+ AGt(el)(:LH+) 
... (12) 

0 

C since A Gt (LH+) 

In absence of any suitable and reliable equation in 

calculating C::l a: (el) unanbiguously, we are forced to use the 

23 aorn equation inspite of its limitations in calculating 

AG: (el) in going from \'tater of relative permitivity ~ to a 

solvent of relative permittivity e8 

0 
.6G 

t (e 1) (Born) 

2 2 
NZ e 

2r + 
LH 

l ) 
~-;-

o 9 1 lo . 

•.. {13) 

w~ has been taken to be 3.!l.?o A • :It is ex~ted that ,,_re rlH+ r-

0 
considerable uncertainties in .1.Gt(el) values will arise from 

.... 
Born equation in case of unsyi'IIIU3trical ions like Phen)i as 

+ + -even in case of spherical ions like tla 1 K , Cl etc, 'the results 

are· found to be defective. l•1ort=over, it is expected th~t the 

ions will lose their sphericity in solutions. Therefore, the use 
. ... 

of Born equation assuming spherical orientation of Pben~ with 

the solvent molecules can be taken to be in orcler. 
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0 
However, in calculating ~Gt(elJ' we consider the energy 

of interact ions. arising not only from Born charging (BC) but 

also energy of interactions like ion-dipole \i~d), ion-induced-
24-26 

dipole (i-1-d), ion-quadrupole (i-q) etc. The charg-e-

transfer and other weak. interactions are usually neglected. 

Thus, 

.. D.ao 
t (el)(BC) 

Due to lack of kn~ledge of the accurate values of 
. 0 

quadrupole moments. of the solvents, 6Gt (i-q} term is also 

neglected. 

The expressions for .ti-e enerqy terms are 

.. _ 

·and .. -

n.N.z 1eA 

(ri + r )2 . s 

n NQ(. <z1e) 
2 

:Z(ri + rs)4 

•.. (14) 

... (15) 

where n, ...U,o<:. and r 8 are solvation nufiDer, dipole moment, 

polarizability and radius of the .So1,vent respectiwly. 

The po1ar1zabillty c<. of ME and t>ME values have ~sen 

calculated·usinq the relation 

M • -d 
3 -4'7\ N . •.. ( 16 > . 
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27 
The llo values for ME and DME have been taken from the literature 

The radius of t·he solvent mi'<t,ures have been calculated from their 
0 0 and D. a in water, MJ:; and 

molar volurres. The AG (i-d) (i-i-d) 
oME have been calculated using the followirg parameters 

-18 -24 3 -a 
At • 1.86 X 10 esu, oCw • 1.47 X 10 em ' r, • 1. 38 X lO em 

w 
-24 3 -8 -18 

,.uME = 2.1a X 10 esu, o<. ~ sa 7. 62 X 10 em , 

-24 3 

r •3.14 xlo om 
HI:"; 

-a 
=-3· 45 X 10 em -18 

,..u
0

ME • 1. 71Xl0 esu, oCDMlk • 9.57Xl0 em , r 
DMJi: 

o !J..' 0 in aqua-organic 
The values ~Gt (i-d) and Gt (1-i-d) 

mixtures have been calcl.llated assuming the solute to be distri-

buted in the binary mixtures in the ratio of their mole-fractions 

Xi and ~· ThUS 

~ 6. 
0~-d (org. solv.) J -~ : 

0 
/:::,.a i..d (w ) etc. . .. (17) 

0 0 

The values of ~Gt (el > (BC >' flGt (el) ~o+i-d+i-i-d J 
assuming mono-solvation of the I.di+ ions have been recorded in 

columns I and I'I of Table 11. Tbe column III contains the 
0 28 

6Gt (el) values based on 'one-layer solvation modal• _. 

2 2 
Nz e --. -. 

2 
r-....L-lJ(l-
~ El ~--

Ui+ 

2 2 
l )+ ~ ( ! - 1)(1) 
b 2 ~0 o 

..• (18) 

• 
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of the 
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• r + 
Ul 

+ r
8

, r
8 

is the radius of tne solvent. molecules, 

and E • bulk dielectric constant. The mean molar mass 
0 

assorted sol vent is determined from the relation 

M a 100{ .1!_ 
""B . .M 

100 - w} 
. 18.02 

-1 
••. (19) 

where M • Molecular weight for ME or DME respectively. The 

density values have been experinantally determined. 

It -is seen that the contributions due to ion-dipole 

and ion-induced dipole interactions are high. It is ncted 
0 

. t::.a 0 and ~a differ 
_that t (el) Cac +j...d+i-i-d J t (el) (one-layer) 

considerably ln moat cases. The nature of uncertainties in 

0 
6.G · values from different equations can be ascertained from 

t (el) 

the results. 
0 6 at (H+) values .in ME + H2o and oHE + H2 o m.ixt urea usiDrJ 

bipyridine, phenanthroline and their average·s are recorded in 

Tables 12 and 13. The conversion factor to g_ et fl. a0 
va+ues 

t (H+)N 

(in mole-fract.ion scale) aro obtained from the r~lationship 

••• (20) 

0 
6Gt (H+). values using bipy and phen show excellent 

consistency both qu&.litati v;ely as well as quantitatively at low 

percentages but vary considerably at higher percentages. However, 
-1 

an error to the extent of o.s kJ mole can be asaumed due to errors 

in the detert~nation of ~values in mixed solvents and other 



~I 

-75-

extraneous factors. It is particularly assuring when we consider 
-1 

that an error to the e:xtent a£ 8 - 12 kJ gion is usually asso-
29 

ciated with single ion free energies • 

It is. apparent that the different equations give different 
0 . 

results and slight fluctuations in 6G ( + \ are e~pected in view 
' t H I 

of inherent limitations involved in any method of calculation 

of single ion values involving extra thermodynamic assumptions. 

The agreement between -Aa0 ,.,+ values ~<mole fraction scale) 
• <3 t Ul } 

deterrni.ned in the present work with those reported by Kundu 
30,31 

et al using TATB [16thod (Table below) are very good (excePt 

at 5O wt% Dt-1E) inapite of widely divergent methOds used. 

Wt" of 
ME . . - DHE • JI • 

ME or IJME -
Kundu30 Present 'WOIX Present Kundu 
et al WOJ:k et al 

lo 1.3(1.2) 0.2 1.9(1.6) 2.0 

30 3.0(2.3) 2.3 4.0(3.0) 5.9 

50 4.2(2.6) 4.4 s .a (3.8) 10.5 

70 5~0(2.1) 5.3 

0 
C Values in parenthes.is are based on D.Gt.(elHTC?talU 

0 
A at (H-t~ value becomes .increasingly negative in going 

jrom water to ME + H
2

0 rcl1xtures or DME + H
2

o mixtures indicatinq 

that the binary mixtures are· aore basic than Water. The ba~.ticity 

becoin~s maximum at ao wt~ of ME (Mii: a ·H2 0 ~l• 1) and at 70 wt% 

DME (oME ' H2o ~1&2 ), thereafter basicity decreases and ultimately 
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should make ME + ~o less acidic than water. 'l'his explains the 

increase in basicity and consequent decrease in P<-values With 

increase in ME content. The dipolar aprotic Dt-12 having no acidic 

hydra;1en atom is highly hydroPhilic and naore basic than ~ due 

to the presence of two flexible electron rich etheral-a..atoms. 
. I 

The chan;res in basicity are reflected in the free energy of 
+ transfer of H ion • 

0 0 

L ~Gt (H+ )ME )AGt (H+ )DME Jand pK-values of tl'Jt ligands 

(pl<ME + ~0 > pKDME + H20 ). 

The addition of organ.ic solvent to water usually enhances 

the 3D-structure of water mole.cules. However, due to the presence 

of -ocH3 groups, the addition of ME or I)Mll; induces t~ initial 
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break down of 3D-structure of water followed by possible structure 

promoting effe.ot of H-bonded ME + ~o and D~. + ~o complexation 

Which goes upto so wt% ME and 70 wt% DME. However, the basicity 

of ME is considerably reduced due to intramolecular hydrogen 

bonding (CH
2 

-OMe 
I .----7 
CH2-oH 

In case: of DME, a transition takes place in the region 70-82 wt% 

Where oME, 2H 2o is converted to oME, ~o coroplex. Possible inter

molecular hydrogen bondingmay take place in this region leadi.DJ 

to the decrease in basicity. 

CH3 
I 

- 0----H 

-· 
"'0 

0----H/ 

\ 
CHl 

The cha IYJeS in f'K-values and the decrease in basicity 

at higher compositions can be attr.ibuted to structure breaki~ 

of the solvent complexes and consequent fonnation. of pure solvent 

structure. Pure ME and OM£ appear to be less basic than Water 
I . 

contrary to the facts based on their str&.etures. It is to be 
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noted that the basicity of a solvent in t~ gaseous state is a 

microscopic property being deter•l\ined by the intrinsic properties 

of individual molecules related to their structures. But the 

basicity of the solvent, in the liquid state is a macroscopic 

property b~!BJ "determined by hydrogen bonding, molecular associa

tions, polarisibility, dipole moment and a host of other factors. 

Thus for solvents in the liquid state the acidity and basic pro

perties belong to the entire phase 
34 

and haw less localised 

neaning. 

Therefore, the order in the basicity in. the gaseous 

34 
state ButOH )EtOH) MeOH) H2 o can be explained with the increase 

in the electron density on the o-at om due to inductive effect of 

alky !'group. The order rever~es in the liquid State due to 

structural complexities though Me~ + H2o, EtOH + H20 mixtures 

are more basic than H20 resulti.ng fro1n the structural breakdown 

of water anolec ules. 

Thus, ME and oME may be more basi.c than lllater in the 

gaseous phase but the order of basicity probably changes in liquid 

state. It is to be noted thlt the basicity of the solvent molecules 

usually arises from the attachment of H+ ions to the o~gen or 

nitrogen atoms (with lone pair of electrons) of these solvent 

molecules. 

The basicity, being a macroacopic property, shollld charge 

from solvent to sol vent as there are I"J'55 .s moles of water, ,....,31 

moles of CH 3oH, ""'22 moles of c2H5 0'n:, ..-16 moles of ethylene 
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glycol (EG), .-....,/ 13 moles in ME, ""'11 moles of DME: in 1000 gms of 

solve!'lts. The nurtber of 0-atoms (Which is responsible for cation

o-centre interact in:J capacities) and other bulk properties change 

drastically in the liquid state. Thus, Water is more basic than 

ME and Dt-1E .in liquid state 
1 

but diprotio DME W1th t'Wo electron 

rich o-atoil\ Sl1ould be nure basic than ME molecules. ThJ.s is 

corroborated from the trends in /).G: (H+) values in ME + H20 

and DME + H2o determined by us. 

v~e now examine tl1ii values of D. a~(l) of equation (10). 
. + 

Tbe values together with the corxespondiD;J values· of K ion, 

A Go are shown in Table 12 and 13· Despite the uncertainities 
u t (H+) 

in the free energy values for the individual ions, it iS note-
o . 0( 

worthy that, like ~G ( . .:,. values for all the cations, h.G 1) 
· t M ) . t 

values are also found to be negative. The relative affinities of 

water or the non-a,~ueous corrponent tOIIards the base (L) or its 

cc:mju;rate acid (I.H+) may be expected to arise from the relative 

bonding capacities of solvent dipoles exerted largely through 

hydrogen bond £ormation. The strength of hydrogen bonding should 

be largely guided by t hi:~ relative charge dens it. ies on the oxygen 

and hydrogen charg~ centres of tre isolated dipoles. OWing to the 

inductive efiect of the methyl group in ME or DMt;, the negative 

charge density on tl13 oxygen atom is presumably somewhat cJreater 

than the correspondirg .. _quantity in Water, so that the protonic 

character of the hydra;,en atom of the hydro~yl group in ME is 

weaker than in -water. The 'electrostat ic• contribution to 
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0 should obviously be positiv~ because ~ater has a higher 6 Gt (LH+) 

dielectric 

values of 

than ·any of the mi.xed solvents, but the overall negative 
0 + 

!1G (1) indicate tna primary solvation oft~ LH 
t 

ions arising from ion-dipole interact-ions, outweigh the electro-
. 22,32,35. 

static or 11 secondary solvation" effect ·• 

Both phenanthrolinium and bipyridinium ions are likely 

to be solvated in ME ani DME through their paatially protonated 

hydrogen atoms attached to the nitrogen atoms and the negatively 

charged o.xygen cerE. re of the solvent dipoles. Since the negative 

charge density on o.xygen atom in ME or DME is greater than that 

in \tJater, the (Table·l2 & 13) values should be 

increasingly negative, as l1as been observed in both the sol vent 
0 

systecm. However, the ~ Gt (LH+) values for bipyridinium ions 

in both solvents are found to be lesa negative than those of tee 

phenanthrolinium ions. The benze ring bei~ hydrophoDic, 1, 10-

phenanthroline snould have a greater affinity toward the oxganic 

solvents. This presumably suggest that the hydrophobism of the 

benzene ring as well as its solvophilism toward either of tte 

organic conponents in mixed wedia exerts a stronger influence on 

the 6,G~ (LH+) values for Phenanthroliniucn ion, leadillCJ to the 

larger negative values. 

In conclusion it may be sa.i.d that the overall dissociation 

of 2, 2' -bipyridine and 11 10-phenanthroline in these two solvent 

systems is dictated by Sfl'dcific solute-solvent interactions 

besides t~1e effect of relative solvent basicities. 
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Table 1 ' The Ii( values of 2,2'-Bipyridine and 1,10-phenanthro1ine in tre ME -water 
mi:xt ures (Te rrp = 2 98K) 

-+ 

\'It% Mole 1 X 102 
correc- l7l<.r of Bipy ridine 

~ of·Phenanthro1ine -of fraction e tion 
ME of ME factor PH-metric Spectra- AWrage pH-metric spectra- Average 

photometric of a & b photomet- of a &b 
a b a ric 

b 

00 00 1.27 + o.oo 4-49:0.01 ---- 4.47±0. 01 4.48 s.o7:o.o1 5.05j:0.01 5.06 

10 0.0255 1.34 + 0.11 4. 32:t0.01 4.i8j:O.Ol 4. 30 4.83+0.01 - 4.8~:t0.02 4.82 

20.' 0.0558 1.43 + 0.15 4.14:<>.01 4.13:0.01 4.14 4.66z0.01 4.61:t0.01 4.64 

30 o. 0921 1.56 + 0.19 3.99±0.01 3. 94;!:0. 01 3. 97 4.~5~.01 4. 52:t0.02 4.54 

40 o. 1363 1.74 + 0.27 3. 92+0. 01 3.88±0. 01 3.90 4.49:t().01 4. 46:tO.o1 4.48 -
so o. 1914 1.99 + 0.31 3.69:t;0.02 3.66~0-02 3.68 . 4. 34:tQ. 01 4. 33j<>.02 4. 34 

-~ .. -

60 0.2620 2. 37 + 0.35 3.5 9:0.01 3.58:t0.02 3.59 4.21:!:0. 02 4.19z0.01 4.20 
' 70 o. 3559 2. 92 + 0.38 3. 41:to. o 1 3. 37;±0.01 3. 39 4. 02:t0. 01 4.03±0.02 4-9':3 

80 0.4864 3. 77 + 0.48 3·23%0.01 3.19t0.01. 3 .• 21 3.89:<>.01 3. 9l:t0• 02 3.90 

90 0.6806 5.26 + 1.07 3.371:,0.01 3.33:tO.Ol 3.35 4.16&().01 4.2()%0.02 -4.18 
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Table 2 a The pK ·values of 2, 2' -Bi:pyridine and 1, lo-Phenanthroline in DME - "Water mi:xtures (Temp-298K) 

2 P'.r of Bipyridine ~ of Phenanthroline Wt" Mole Correc- l, X 10-
Of fraction tion·' E 

pH-aetric . BJ:ctro- Aver~e pH-net ric Spectro- Average DME ofDME factor 
p ot:.onetric of a photo net rJ.c of a & b. 

a b a b 

10 o. 0217 - 0.04 1.40 4.18z0.01 4.171;0.02 4.18 4.69±().01 4.68:t().02 4.69 

20 o. 0475 - 0.03 1.56. 3.92±0·02 3.9o~.o1 3. 91 4.5.~.01 4.S3;to. 01 4.54 

30 0.0788 - 0.02 1.75 3. 73~0. Ol 3. 71;tO.Ol 3.72 4.37:t0.02 4. 35±().01 4.36 

40 0.1175 - o.ol 2.01 3.SO;tO. 02 3.47:ta.o1 3~48 4.19:t().01 4.16:te.02 4.18 

so 0.1666 ± o.oo 2·35 3.29:t(>. Ol 3.2S,:t<>.02 3.27 4.oa:ta.ol 4. Ol:tQ. Ol. 4.01 

60 9-2308 + 0.02 2-79 3.lS;t0.01 3. 12:t<>- 01 . 3.14 3.82;ta.Ol 3.1S:O.ol 3.80 

70 o. 3182 + 0.11 3·58 3.0J:t0·02 3.01:!;0.01 3.02 3.S6:tQ.02 3.54:0.01 3.55 

80 0.44'45 ... 0.52 4.79 3.14±().02 3.lo,to.01 3.12 3.6]to.ol 3.59j:0.02 3. 61 

90 
I 

... 1.48 1.42 ·0.6428 3.3S.0.02 3.~0.01 3.36 4.06j0.02 4.0J:t().Ol 4.05 
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Table - 3, 

pissociation c~nstants of 2, 2 '-bipyridine at 2~ by Wt% of ME 

(pH- rcet ric) 

Fraction of the 
ligand ne ut ralls ed 
( lo-3 mol. d.nr3) 

l.S 

2.a 

2.5 

3.0 

3 -3 
cone. • 5 :x 10- mole dm 

Meter pH-after pi< 
Reading correction 

4. 34 

4.16 

3. 99 

3.64 

·3.64 3.79 

4.13 

4.14 

4.14 

4.16 

4.15 

Average 
pK 

4.14;t0·0l 

(SpectroPhotometrical1Y) · 

Analytical wave length • 300 nm cell leDiJth m 1 em 

Optical density of the molecular form (~) • o.o8o 

Optic a 1 density of the ionic form Cdr> 1:11 o.716 

Obs. o. d. d1-d d-dM log d-dM Meter pH-after ~ 
(d) ~d Reading correction 

·274 ·442 .194 -o.JS 4. 33 4. 48 4.13 
. . ~·· .. 

.351 • 365' ·271 -o.12 4.10 4.25 4.13 

·400 • 316 • 320 +0.01 3. 96 4.11 4.12 

.449 ·267 ·369 +0.14 3.as 4.00 4.14 

.478 ·238 • 398 +0·22 3.76 3. 91 4.13 

.502 ·214 ·422 +0-29 3. 69 3.84 4.13 

Average pK value from o.d.'s at 300nm 
1:11 4.13 % o.ol 
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Iable - 4 

Dissociation co~stants of 2, 2'-bipyridine at 70~ by Wt% of· ME 

(~-metric) -3 -3 
Terrp• 2981< Cone. • 5 X 10 mole dm 

Fraction of the ~31iig pH-after pK Average pK 
ligand neutralised cor met ion 
(lo-3 mole dm- 3 > 

1.5 3.37 3. 75' 3.41· 

·2·0 3.lg. 3.57 3.40 

2.5 3. 03 3.43 3.43 3. 41 +o. ol -
3.0 2. 85 3.23 3.40 

~-5 2.69 3.07 3.43 

(Spectrophotometric) 

cell length • 1 em 
Analytical wave 1e~th • 300 nm 

Optical density of the molecular form <<Stt> • 0.134 

Optical density of the ionic form (c1I) • o. 052 

Obs.o.d. 
(d) 

0.175 

0.185 

0.199 

0.219 

0.238 
0.246 

c1 -d 
J: 

.477 

.467 

.453 

·433 

.414 

.406 

·041 

.os1 

.065 

·085 

·104 
·112 

-1.07 

-o.96 

-o.84 

-0.70 

-0.59 
-o.ss 

Metar PH-after 
Reading <:or:rect ion 

4.05 

395 

3.81 

3.69 

3.59 
3.54 

4.43 

4.33 

4.19 

AV~rage pK from o.d.•s at 300 nm • 3.37 t o.ol 

3. 36 

3.37 

3.35 

3. 37 

3. 38 
3.37 
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Table - S 

Dissociation constants of l,lO-PhenanthrolinB at SO% by ~t% of ME 
(f>H- ""lT\et'l"i.C:.~ LL.Y) -3 -3 

Temp a 2 981< · Cone. S:x 10 mol. elm 

Fraction of tte Meter- pH aftexo pi< Average pK 

ligand neutra!ised rea diD;; correction I 

., lo-3 iDOl. dra- ) 

1.5 4.37 4.68 4. 32 

2·0 4.19 4.50 4.33 

2·5 4.02 4.33 4.33 4.34 :o.ol 

3.0 3.86 4.17 4.34 

3·5 3.69 4.00 4.36 

cell length a l em 
Ana 1yt ica1 wave 
OPtical density 
Opt ica 1 <.lens ity 

( spect rophot onBt r .i.Ca1 ~~. · 

.lergth • 275 nm 
of the molecular form (dM) • o. 372 
of the ionic form (d:z:) • o. 681 

Ob(d~·d· di-d d-dM loq d-dM Meter-
di-d readilliJ 

0.45 7 ·224 • 085 -0 .. 42 4.42 

0.507 ·174 ·135 -0~11 . 4.10 

0.542 -139 -170 o.o8 3. g6 

0.562 ·119 ·190 0.20 3.81 

0.578 ·103 ·206 0.30 3.'72 

0.5~3 .oaa ·221 0.39 3.64 

Average PK value from o.d.•s at 275 nm 

• 4.33 ~ o.o2. 

pH after 
correction 

4.73 

4.41 

4.27 

4.12 

4.03 

3. 95 

P< 

4.31 

4.30 

4. 35 

4.32 

4~33 

4e34 
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t,able - 6 

l)issociation constants of l, lO-Phe.nanthro11ne at 80% by Wt% of ME 

~- (PI-metricallY) ./ -3 ' -3 
Tenu 2 98I<. cona. Sxlo mol.dm 

Fraction of Meter- pH after Average pK 
the Uland readirg correction 
neutra ised 
( lo-3mol. dm•3 ) 

1.s 3.75 4.23 3.87 

2.0 3.57 4. C6 3.88 

2.5 3.41 3.89 3.89 3.89 +0.02 -
- 3.0 3-21? 3.74 3.91 

3.5 3.08 .3.56 3.92 

(spectrophotometricallY) Cell leB;Jth • 1 em 
~ Analytical wave leD;;Jth • 275 nm 

Optical density· of the molecular forD\ (dtt) • o. 355 
Optical density of the ionic form (di) • 0.618 

Obs._ord dt-d d-dM log d-dM Met~- pH after P< -
(d) <ix-d rea ng aorrection 

0.395 ·223 ·040 -0 .. 75 4.18 4.66 3.91 

0.431 ·187 .076 -0.39 3.79 4. 27 3.88 

0.440 .178 .o8s -0.32 3.73 4.21 3.89 

o. 471 ·147 .116 -o.lo 3-54 •·02 3.92 

o.4aa -130 ·133 0.009 3.45 3.93 3.93 

0.507 ·111 ·l52 0.13 3.32 3.80 3.93 

Average pK value from o.d. •s at 275 nm 

• 3. 91 :1: 0.02 
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T.ab.le -7 

Dissociation constants of 2,2'-bipyridJ.ne at 30% by Wt% of DI-m 

(pH-Iltitric) -3 
5 X 10 (M) Tellp' 298K cone. 

Fraction of the Meter pH. after 
liga~d neutraljsed Reading, correction 
< lo- mole dm- ) 

1.5 4.11 4.09 

2.0 3.91 3.89 

2·5 3.76 3.74 

3.0 3. 60 3.58 

~.s 3.39 3. 37 

(Spectrophot ometricall;:t.;) 
! .•• ~-

Analytical wave length • 300 nm 

3. 73 

3.72 

Average pK 

3.74 3.73 t o.ol 

3.75 

3.73 

Cell length • 1 em 

Optical density of tte molecular form (dM) = 0.112 
Opt .ica 1 dens.:t y of the ionic form (dr) • o. 701 

Ob~d~·d· di-d d-dM 1o;;r d-~ Meter PH after ~ - readiDJ di-d correctiQn 

·228 .473 .116 -o.61 4. 34 4. 32 3. 71 

• 243 ·458 ·131 -0.54 4.27 4.25 3.71 
·270 ·431 ·lS8 -0.43 4.15 4.13 3. 70 

.293 .408 ·181 -o. 35 4.08 ~-06 3.71 

• 330 • 371 ·218 -o.23 3. 96 3. 94 3.71 

• 397 • 304 ·285 -o.02 3. 77 3. 75 3. 73 

AVerage pK • 3.71 % 0.01 

·I 
l 
I 
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Table -a 

Dissociation ~onstants of 2,2'-oipyridine at 60% by Wt% of DME 

(};t-I-met ric) . -3 
cone. 5 lC 10 (M) Tenpa 2981< 

Fraction of the Meter pH-after pK Average 
ligand neutralred 
( 10-3 mole drn- ) 

Reading corxection pK 

1.5 3.48 3.50 3.14 

2.0 3. 30 3. 32 3.15 

2.5 3.12 3.14 3.14 3.lS ± o.ol 

3. 0 2.96 2.98 J.lS 

3.5 2.78 ;;).80 3.16 

l 

{spectrophotonetrically.) 
cell leBJth • l c m 

J\nalyt ical \II ave lerl;lth • 300 nm 
OPtical density of the molecular form . (ciM) • 0.139 
Optical density of tre ionic foDU (di) • o. 691 

Obs. o. d. di-d d-~ log d-~ Meter · :ta. att.~r -(d) dx...;d Reading corxeotion 

.188 .503 ·049 -1.01 4.11 4.13 

.203 .488 .o64 -o.aa 3. 99 4.01 

·224 ·467 .oas -o.74 3.84 3.86. 

.234 .457 .095 -o.GS 3. 78· 3.80 

.245 • 446 ·106 -0.62 3.72 3. 74 

• 254 .437 .115 -0·58 3. 68 3.70 

Average pK • 3.12 : o.Ol 

·pi< 

3.12 

3.13 

3.12 

3.12 

3.12 

3.12 

l 
. I 
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Table - 9 

Dissociation constants of 1,10-Phenanthroline at 40~ by Wt% of oME. 

Temp • 298K 

Fraction of 
the ligand 
neutralised 
(l0-3mole o.m-3 ) 

1.5 

2.0 

2.S 

3.0 

3.5 

Analytical 'Wave 
Optical density 
Optical density 

Obt;;. o. d. 
(d) 

di-d 

---
• 374 -052 

• 382 .044 

• 391 .035 

• 395 ·031 

• 399 ·027 

.408 .018 

(pH-metrically ) -3 
COOC• 5 X lO (M) 

Meter .R-1 after Average 
Reading correction pK 

4. 65 4.64 4.28 

4. 47 4.46 4.29 

4. 30 4.29 4.29 4.29 :t o.ol 

4.14 4.13 4. 30 

3. 94 3.93 4. 29 

( Spect roPhot orh:.ltrically) 
cell 1engt h • 1 ern 

larqt h .. 2 75 l'Ul\ 

of the molecular form (dM) m o. 325 
of the ionic form (di) = 0.426 

d-dt-t . d-~ log Meter pH after P< 
d -a reading correct. ion . I 

.049 -0·03 4.33 4. 32 4.29 

·057 +0.11 4.18 4.17 4.28 

.oo6 0.28 3.99 3.98 ~-26 

.o7o o. 35 3.~1 3.90 4.25 

.074 0.44 3.81 J.ao 4.24 

.OSJ 0.66 3. 61 3.60 4.26 

Average pK • 4.26 :1: 0.02 

I . 
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I.able - 10 
I 

Dissociation constants of l, 10-l?henanthroline at 90C'" by wt% of DMEj 

Temp = 2 98K 

Fraction of the 
ligand neutralised 
( lo-3 mole dm-3) 

1.5 

2.0 

2.5 

3. 0 

3.5 

(PH-metrically~ -3 -3 
cone. S~lO mole dm 

l·~ter 

Reading 

2. 92 

2. 75 

2.5 9 

2.41 

2.25 

pH after 
correction 

4.40 

4.23 

4.07 

J. 89 

3.13 

4.04 

4.06 

4. (Y1 

4.06 

4.09 

Average 
~ 

4.06 .:t 0.02 

(spectrophotorn~trically) 
l em cell len.;Jth ' Analytical wave len;Jth :z 275 nms 

Optical density of the :nolecular form (dt-1) :a 0.227 

OPtical density of the ionic form (di) = 0.393 

Cbs. o. d d.z-d d-dM log d-dM Meter PH after :ti< 
(d) --di-d readiD;;J correction 

--------· 
.~60 ·133 ·033 -0.51 3.17 4. 65 4.C4 

.279 .114 ·052 -o. 34 2.88 4.36 4.02 

.287 .106 • 060 -0.25 2.80 4.28 4o.03 

• :~ 99 • 094 • 0'72 -0.16 2.71 4.19 4.03 

• 308 .oas .oa1 -o.02 2.58 4.06 4.04 

• J2 2 • 0'71 .095 +0.13 2.40 3.88 4.01 

--~~·--

.t'•verage fK ,.. 4.03 .t 0.01 

I 
I 
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Tabl'9 11 'Values o£6Gt(el)(Born), L\Gt(el)L'Beti-d+l-i-dJ, 
f:lG (one layer model), 6.Gt (el) rom 

t (el) 

H2o to ME + H 2 0 and oi-1E + H2 o mixtures at 298K.. 

------- 6G ·!:la0 
0 0 0 0 Wt% of L\G: (el) fiG~ (el) 

Wt" LlGt (el) L\Gt(el) b_Gt (el) 6.Gt (el) 
t (Total) t (one 

of DME (seti-d+i-i-d) layer) 
ME (Born> (~-ti-d+ i-i-d) <total) (one layer 

model) · -----........--
10 0.13 (o. 19+o.o2) 0.34 7.o8 10 0.24 (0.24+0.01) 0.49 7.15 

20 0.29 ,0.40+0. 05) o. 74 7.71 20 0.54 (0.52+0. OS) 1.11 7. 97. 

30 ·. 0.54 (o. 65+0. oa > 1.27 8.58 30 0.91 (0.~0+0.08) 1.89 a. 9·1 

40 0.88 (1.0+0. 12) 2.00 9.48 40 1.38 ( 1. 10+0.12 ) 2.60 . 1o.oo 

50 1. 35 (1.4+0.17) 2. 92 10.63 so 2.02 (1.80+0.17) 3. 99 11.33 

60 2.07 (1. 9+0. 2 3) 4.20 12.00 60 2.85 (2.50+0.23) 5.58 12.83 

70 3. 09 (2 .5 3+0. 32) 5. 94 13.76 70 4.33 (3.50+0. 32) 8.15 14.91 

80 4.69 (3.5+0. 43) 8.62 16.02 80 6.60 ( 4. ~0+-0. 45 ) -11. gs 17.:59 

90 7.48 (4.8+0. 61) 12.89 19.29 90 11.53 ( 7. 00+0. 65) 19.18 22-11 
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-1 
Table 12 ' Free energies of transfer of C H+J and related ions (in k Joules mole } in 

ME + H2 o mixture at 298K 

-
0 0 based on..jJ Converion factor Solubil!-)Y 0 

Tt'ft% -b..Gt (1) -6Gt (H+) (-ve) to ue added mole dm -t.Gt 
of ) c to get (from eq. 11) 

biPy phen . -ME bipy phen A"Verage t.a0 
( + 'mole 

t H >N fraction) bipy phen .·bipy:H+ Phen'"'H+ 
'"" 

10 1.03 1. 37 0.90 1.24 1.07 0.19 o. 0812 o. 04 31 2.15 2.56 
(0.69) (1. 03) (0 .. 86) (1. 94) (2. 35) 

20 1. 94. 2-40 ti~of i-ll 1.8~ c • 66) ( 1. 4 ) 
0.40 

·-
30 2.91 2. 97 2. 37 2.43 2.40 0.60 0.2163 0.1478' 4.02 5. 34 

(1. 64) (1.70) (1.67) {3. 29) (4.61) 
40 3. 31 3.31 2-43 2.43 2-43 o.88 

(1. 31) ( 1. 31 ) ( 1. 31 ) . 

50 4.56 4.11 3-21 2.76 2. 99 1.11 o. 7326 o. 255 9 5. 99 6.13 
(1. 64} ( 1. 19) '1. 42 ) (4. 42) (4.56) 

60 s.os 4.91 3.01 2.84 2.93 l..so 
(0.88) (0.71) (0.80) 

70 6. 22 5.88 3.13 . 2-79 2. :il6 2.00 l. 0~8 u. 8124 5. 30 7. 21 
(0.28) (-0. 06)' (O.ll) (2.45) (4. 36) 

80 7.2S · 6. 62 2.56 l. 93 2.25 2. 34 
(-1. 37) (-2· 00) (-1. 69) 

90 6.45 5.02 -1.03 -2.46 -1.75 2.94 
(-6.44) (-7~ 87) (-7.16) 

C• Values in parenthesis are based on D,G: (el) (Total) J 
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Table 13 1 Free energies of transfer of L-H+_7 and related ions (in k Joule mole } in 

OME + H2 o mixtures at 29BK 

----- ·----------
0 

- 6G~(l) - ~ Gq ( + based.on -t Conversion ~olubil.it~ -D,G 
Wt" t 
of t H >c factor(-Ve) to be (mole dm > (from eq. 11) 
DME . bipy phen bipy phen ;.verage added to get 

~G~(H+)N b~ phen "bipyH+ PhenH.+ 
-- - -- -

10 1. 71 2· 11 1.47 1.87 1.61 0.21 0.1017 0.0629 1.17 3. 36 
( 1. 2 2) (1. 62) ( 1. 42) 2.52) (3. 11 > 

'20 3··25 2-97 2.71 
(2. 14) 

2.43 
(1.86) 

2.57 
(2. 00) 

0.45 

30 4. 34 3. 99 ,3.43 3.08 3. 26 o. 71 o. 3499 0.2206 4.65 6.ol7 (2. 45 ) (2.10) {2 -28) (3. 67) (5 .19) 

40 5.71 5.02 4. 33 3.64 3. 99 1.01 
( 3. 11) (2. 42) (2. 77) 

50 6.90 5.99 4.88 3.97 4.43 1.34 o. 9256 . 0.3255 5.67 6. 31 . 
(2.91) (2. 00) (2.46: (3. 48 > (4~ 12) 

60 7. 65 7.19 4.80 4.34 4.~7 1. 73 
(2. 07 > (1.61) (1. 84) 

70 8.33 8.62 4.00 4.29 4.15 2.20 l. 45.3~ 0.9028 s.oa 5.93 
(0.18) (0.47) {0. 33) (1.26) (2 .11 > 

80 . 7. 76 8-27 1.16 1.67 1.42 2.76 
(-4.19) (-3.68) (-3.94) 

90 6.39 5.76 -5.14 -5.77 -5.46 3.44 
C-12. 79) '-13. 42 H-13.11) 

-
~~ Values .in Parenthesis are based on .6 °t (el) (total) J 
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