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free metal ion, ligands and binary complex. The
higher activity shown by mixed ligand complexes may
probably be attributed either to the combined bio-
active effects of both the ligands present in the
chelate or due to their increased liposoluble nature
as a result of coordination to the metal ion. Besides
these factors the rapid diffusion of the metal complex
through the cell-membrane of fungi and bacteria may
be one of the important factors.

The authors express their gratitude to Prof. J. P.
Tandon, Rajasthan University, Jaipur and to Drs.
R. C. Sharma and K. D. Sharma of our College for
their valuable suggestions. The authors also thank
the CSIR, New Delhi for the award of a senior
research fellowship to one of them (S. K.).
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The lonlzatlon constants of 3-phenyl-l-(2'-hydroxyphenyl)-
(PHPO)-, 3-phenyl-l-(2' -hydroxy-S' -methylphenyl)-(PHMPO)-,
3-phenyl-l-(2' -hydroxy-S' -cWorophenyl)-(PHCPO)-, 3-phenyl-l-(2' -
hydroxy-S' -bromophenyl)-(PHBPO) -, 3-phenyl-l-(2-hydroxy-5' -
nitrophenyl)-(PHNPO)- and 3-(4" -methoxyphenyll-f-fz: -hy-
droxyphenyl)-(MPHPO)-2-propen-l-ones have been evaluated
potentiometrically at different temperatures, ionic strengths and
in solutions of varying dielectric constants. The order of ioniza-
tion constants is : PHMPO > MPHPO > PHPO > PHBPO>
PHCPO > PHNPO. The Hammett's and Born's equations are
found to be applicable. The isokinetic temperatures in the range
320-325 K (experimental temperature = 3080 K) in all the cases
indicate that the process of ionization is enthalpy-controlled.

IN continuation of our earlier work>", we report
in this note the ionization constants of 3-phenyl-

1-(2'-hydroxyphenyl)-(PHPO)-,3-phenyl-l-(2' -hydroxy-
5'-methylphenyl)-(PHMPO)-, 3-phenyl-I-(2' -hydroxy-
5'-chlorophenyl)- (PHCPO)-, 3-phenyl-I-(2' -hydroxy-
5'-bromophenyl)-(PHBPO)-, 3-phenyl-l-(2' -hydroxy-
5'-nitrophenyl)-(PHNPO)- and 3-(4"-methoxyphenyl)-
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1-(2'-hydroxyphenyl)-(MPHPO)- 2-propen-I-ones,
determined potentiometrically at different temperatures
and in media of varying dielectric constants and ionic
strengths.

R' R2
PHPO -H -+l

PHMPO -CH) -H
PHCPO -CI -H
PHBPO -e- -H
PH~J""O -N02 -H
j-:PtiPO -H -oc~

The compounds PHPO, PHMPO, PHCPO,
PHBPO, PHNPO and MPHPO were perpared by
the literature method+s, recrystallized from ethanol
and their purity checked by TLC and melting point
determinations. The solutions of these compounds
were prepared in required amounts of absolute etha-
nol. All other chemicals used were of AR grade.
The solutions of nitric acid and KN03 were pre-
pared in CO2-free doubly distilled water.

An ELICO digital pH-meter model LI-I20 with
glass and calomel electrodes (accuracy ± 0.01 unit)
was used for pH measurements and standardized
with buffers of pH 4.00 and 9.20. The pH values
in all aquo-organic mixtures were corrected using
the method of Van Uitert and Haas". Volume
correction was applied by the method suggested by
Rao and MathurlO.

The following solutions were titrated against
carbonate-free NaOH solution at three different
temperatures :

(i) (a) 10 ml of 1M KN03 + 70ml EtOH + 10 ml
of O.IM HNOa + 10 ml H20 and (b) 10 ml
of 1M KNOa + 60 ml EtOH + 10 ml of O.IM
HN03 + 10 ml of 0.01 M compound in 100%
EtOH + 10 ml H20 against 0.5 M NaOH and
(ii) 10 ml of 1M KN03 + 60 ml EtOH + 10ml
of O.OIM compound in 100% EtOH + 20 ml
H20 against O.lM NaOH. The effects of dielec-
tric constant and ionic strength were studied
by determining the pKa values in solutions of
varying concentrations of ethanol and KNOa
respectively.

The ionization constants were calculated using
Bjerrum-Calvin pH titration technique as adopted
by Irving and Rossetti", The ionization constants
obtained by solving formation function were found
to be in good agreement with the values calculated
from the Henderson's equation (Table 1). The
uncertainity in the pKa values is of the order of
±0.02. The pKa values of the phenols follow the
decreasing order: PHMPO > MPHPO> PHPO>
PHBPO > PHCPO > PHNPO.

The order of the ionization constants of the acids
can be explained based on the strength of the hydrogen



TABLE 1 - IONIZATION CoNSTANTS OF SUBSTITUTeD PHPOs
AT DIFFERENT TEMPERATURES

[Solvent : Aq. EtOH (70% v/v); f.L = O.IM (KN03»)

pK. at
Compound

35° 45° 55°

PH PO (10.63) 10.65 10.55 10.46
PHMPO (11.10) 11.10 10.80 10.48
PHCPO (10.20) 10.10 9.83 9.68
PHBPO (10.55) 10.50 10.27 10.08
PHNPO ( 9.32) 9.25 9.03 8.84
MPHPO (10.88) 10.80 10.72 10.65

Values in parenthesis obtained from Henderson's equation.

TABLE 2 - VALUES OF THE CONSTANTSA, BAND C AND THE
THERMODYNAMTCPARAMETERS

+AG +AH -AS
Compound A B C kcal/ kcal/ e.u. at

mol mol 35°

PHPO 1636.7 3.20 0.007 15.01 4.58 33.85
PHMPO -3273.3 41.25 -0.006 15.64 12.54 10.08
PHCPO 3273.3 - 4.04 0.012 14.23 10.03 13.64
PHBPO 6546.6 -24.24 0.044 14.80 10.95 12.49
PHNPO 4909.9 -15.34 0.028 13.04 10.27 &.97
MPHPO 1636.7 2.81 0.009 15.22 3.71 37.36

bond formed between the phenolic hydrogen
and the carbonyl oxygen. The electron withdrawing
group in the para-position as in the case PHNPO,
PHCPO, and PHBPO weaken the hydrogen bond,
thereby facilitating the easy liberation of phenolic
proton in solution, as a result the pKa is less than that
of PHPO (unsubstituted).

The electron releasing group in para- position (as
in PHMPO) strengthen the hydrogen bond thereby
rendering the ionization less facile and consequently
its p K; is greater than PHPO. The substitution of
the methoxy group (e. g. in MPHPO) in the second
ring has very little effect on the ionization, hence
the change in pKa is less.

The linear relation between pKa and a (a being
taken from literature-s) indicates that ionization
proceeds by a similar mechanism in all the acids.
The pKa values decrease with increase in temperature
indicating that the process of ionization is endo-
thermic. p'K« value is related to the absolute tem-
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perature by the relations : pKa = A/T + B + CT,
where, A, Band C are constants. The values of
A, Band C have been evaluated for different ligands
(Table 2). The thermodynamic parameters I::,.G,
I::,.H and I::,.S were evaluated from the above cons-
tants using the following relationships- I::,.H =. 2.303R
(A-CP) I::,.G = 2.303R (A + BT + CP); and [:'S
= 2.303 R (-B-2CT) and the values so evaluated
are given in Table 2. The uncertainity in the values of
I::,.H and I::,. G is found to be of the order of ± 0.5 kcal/
mol, and in I::,.S it is J: 2 e.u.

The negative entropy values of the ionization of
phenolic OH can be explained by considering the
equilibrium

HA + SH ~-= SH; + A-
The change in entropy is given by Eq. (1).
I::,.S =(SSHt +Sr)-(SHA +SSH) +I::,.S,O)v·_.o)v. Inter.

=(SSHt -SSH) i-(SA-SMA)+ L':c..S'olv.-.o)y. Inter.
= X + y + I::,.S.olv·-.olv. Inter. ...(1)

In Eq. (1) the first two terms should be negative,
since ions carrying a charge must be highly solvated
resulting in the decrease of entropy with respect to
neutral molecules. I::,.S.olY._801y.Inter. depends on the
fraction of the organic component and its ability to
stabilize or destabilize the water structure13,1-I.

The isokinetic temperatures (~) of the ionization
of phenols calculated by plotting I::,.H against I::,.S
come out to be in the range of 320-325 K. These
are above the experimental temperature of 3080 K,
indicating that the process of ionization is enthalpy-
controlled.

The pKa values of the compounds in solutions of
varying dielectric constants are given in Table 3.
The plots of p'K; vs n (the mole fraction of ethanol)
for different ligands are linear with almost identical
slopes (1.6 to 1.7) indicating that the ionization of
all the compounds proceeds by the same mechanism.
Born's equation is found to be applicable, as is evident
from the linear plot of -log K; versus liD.

The ionization constants of all the compounds
decrease with increase in ionic strength (Table 3).
This may be explained as follows : The equilibrium
constant (Ka) for the above ionization process can
be written as -

[H+] [A-]
[HA]

TABLE 3 - IONIZATIONCoNSTANTSOF SUBSTITUTEDPHPOs AT DIFFERENTIONIC STRENGTHSAND DIELECTRICCo~STAc"TS AT 35°

pKa at different

Ionic strengths Dielectric constants ----
0.00 0.05 0.10 0.15 0.20 48.20 44.00 39.60 37.80

10.82 10.72 10.65 10.52 10.42 10.40 10.65 10.78 10.90
11.32 11.21 11.10 10.96 10.82 11.00 11.10 11.46 11.60
10.42 10.27 10.10 9.95 9.82 9.80 10.10 10.35 10.48
10.88 10.66 10.50 10.36 10.19 10.26 10.50 10.72 10.85
9.58 9.42 9.25 9.10 8.92 9.06 9.25 9.44 9.57

11.10 10.95 10.80 10.65 10.51 10.62 10.80 11.03 11.20

209

Compound

PHPO
PHMPO
PHCPO
PHBPO
PHNPO
MPHPO
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free metal ion, ligands and binary complex. The
higher activity shown by mixed ligand complexes may
probably be attributed either to the combined bio-
active effects of both the ligands present in the

~ 4_ .•1_.~_ ~_ •.. ...1. c 1__ L1 ~_

1-(2'-hydroxyphenyl)-(MPHPO)- 2-propen-I-ones,
determined potentiometrically at different temperatures
and in media of varying dielectric constants and ionic
strengths.
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In the secondary salt effect, the added salt not only
influences the activity coefficients but also the concen-
trations of H+, A- and HA. The activity coefficient
of a neutral molecule (fDA) is only slightly influenced
by the ionic strength, but fH+ and fA- are both
decreased by increasing the ionic strength-s, The
net result is therefore, an increase in the degree
of dissociation or decrease in pKa.

The authors thank Prof. E. V. Sundaram, for his
encouragement.
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2-ThiopyrogalJol-A New Sensitive & Selective Pboto-
metric Reagent for Determination of Tungsten
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2-Thiopyrogallol is reported as a new reagent for extractive
photometric determination or trace amounts of tungsten. It Is
sensitive and selective photometric reagent and produces a violet
complex with tungsten solution in the acidic pH range. 1be
violet complex, extracted in the optimum pH range (0.8-2.0)
using iso-amyl alcohol, absorbs at 500 DID. The system obeys
Beer's law in the range 2-22 ppm with an optimum range 6-22
ppm metal. The molar absorptivity and SandeD's sensitivity
values are 4.4 x 103 litre mol-1 cm-1 and 0.042(,'g em-I W(VI)
at 500 DID. 25-Fold excess of Fe(III) and Cr(lII) and many other
Ions does not cause interference. The stepwise and overall
stability constants of the 1:2 complex have been evaluated by
photometric method.
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TUNGSTEN is an important constituent in many
of the geochemical materials', alloyst-. and bio-

materials. Toluene-Lc-dithiol+w has been used
very often for analysis of such complex mixtures in
chemical and geochemical prospecting. However,
the previously reported method is not very satisfac-
tory from the view points of suitable pH range, sensi-
tivity, narrow optimum range of determination apart
from the solubility and stability of reagent in aqueous
solution. A new thiol reagent, 2-thiopyrogallol (I),
has been developed as a photometric reagent for the
determination of trace amounts of tungsten (VI).
The reagent gives a violet coloured complex in the
acidic medium.

A Hilger-Uvispek spectrophotometer with I em
glass cells was used. A systronics pH-meter (324,
India) was used for all pH measurements. A known
amount of sodium tungstate (E. Merck) was dissolved
in doubly distilled water and the solution standar-
dised by the oxine method". Solutions of diverse
ions were prepared using AR grade salts and standar-
dised by conventional methods.

Preparation of reagent solution - The reagent 2-
thiopyrogallol was synthesised by the method of
Pantlitschke and Benger-", Resorcinol, copper sul-
phate and ammonium thiocyanate were mixed and the
filtrate was neutralised with alkali; the precipitated
benzoxathiole was hydrolysed with 4 M HCI to get
4-hydroxy-], 3(2H)-benzoxathiole-2-one. It was
dissolved in 0.1 M NaOH under N2 at 60°C, warmed
for 10 min and cooled, neutralised with acid. Thus,
the aqueous solution of 2-thiopyrogallol was ob-
tained in situ (Scheme 1). It was found to be stable
for six hr. A 0.5 % freshly prepared solution was
always used for spectrophtometric investigations.

OH

~'c=NH2-"M HC~
~o/ eOIL

2 -IMINO-" -HYDROXY-I,3(2HI-
BENZOXATHIOlE

OH

@(;C=O

12M NAOH/HOAC

i-SH
lSJ-.OH

2-THIOPVR06AllOL
(II

Scheme I

Procedure - An appropriate amount of tungsten
solution was taken in a 50 ml separatory funnel. A
0.5% aqueous solution of reagent (4 ml) was added
followed by the addition of requisite amount of
1M hydrochloric acid to maintain pH at 1.5 of the
15 ml aqueous phase. The contents were mixed
thoroughly. The red-violet tungsten complex was
extracted for 5 min with one 10 ml and two 5 ml
portions of iso-amyl alcohol. The combined extract
was dried over anhydrous sodium sulphate and the
solution transferred to a 25 ml volumetric flask.
Volume was made up by adding pure iso-amyl alco-
hol. The absorbance of the violet complex was
measured at 500 nm against solvent blank. A calibra-
tion curve was constructed for determining unknown
metal strength.




