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o£ the nature of the substituent (R). The band
clln be tentatively assigned to the ring-breathing mode.
Ai characteristic, strong or of medium intensity band
a••.....670 can be assigned to the ring deformation
mode rather than for some fundamental modes of the
other groups.

~The spectra of the compounds in aqueous media
s~ow regular changes with pH of the medium, especia-lthe CT band. The absorbance of the CT bandcreases with increases in pH, meanwhile a newnd develops at a shorter wavelength. Both the

"J:iandsoverlap to a large extent giving a very broada)bsorption band. AtpH< 8 the original band vanish
es and the new band only is observed. The spectra

show a clear isosbestic point indicating the existencedf an equilibrium between the non-charged mole-

~les and ionized species. These equilibria corres
ond to proton elimination from the enol form.
he plot of absorbance as a function of pH gives

1jypical dissociation or association curve. These

¢SuIts are utilized for the determination of pKa of1fuecompounds employing (i) the half-height method6,

!i)the modified limiting absorbance method1, and'ii) the colleter methods as modified for acid-base
quilibria4• The mean pKa values obtained are

given in Table 1.
! The position and extinction of the different absorp

tion bands of the investigated compounds, are in:ftuencedby the nature of substituents. The observed

tmax changes in a more or less regular manner

ith the electron donor-acceptor character of the
ubstituent (R). This fact finds support in the
pproximate linear correlation between Amax and

~ (the Hammett constant). Both Amax and Emax~f the absorption bands seem to be readily influenced
by the nature of the solvent used. The application

pf the Gati and Szalay9 equation reveals that the$hift in band position is not essentially due to changes
pf the dielectric constant of the medium. Also, the
p.ielectric functions given by SuppanlO 'are not valid

tABLE 1 - DISSOCIATIONCONSTANTSOF THE CoMPOUNDSIN
! AQUEOUS SOLUTIONS

[Amax in nm, Emax in litre mo!-l cm-1 X 10-3]

NonionicIonicpKa*
Compd. ~m6X

Emax AmaxEmax(i)(ii)(iii)Mean

1.

4257.33803.47.857.607.957.8
Ib

4408.23857.68.408.408.458.4
Ie

4566.53903.28.708.708.908.8
Id

430-390-5.405.305.505.4
Ie

4209.73708.46.506.206.206.3
I,

430-390-6.856.706.856.8
Ig

450-360-6.606.556.656.6
Ih

4367.63845.68.358.358.458.4
II

4522.13847.48.508.408.658.5
IJ

430-390-6.806.806.806.8
Ik

41510.23808.16.206.256.456.3
II

425-384-6.156.106.056.1

*(i) Half-height method"
(ij) Limiting absorbance method7•(iii) Colleter methodS.--
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supporting that the role played by the dielectric
constant of the medium is not the main factor respon
sible for the shift observed. The shift of the bands
would thus be due to combined effect of several
factors essentially the dielectric properties of the
solvent and the specific solute-solvent interaction.

It is observed that vC=O (cyclic) shifts to lower
frequency with increse in the value of Hammett's cr

constant of substituent (R). Also, the plot of
vNH versus a (Hammett constant) is more or less
linear. The relatively somewhat low values of the
vNH may arise from possible intramolecular asso
ciation through hydrogen bonding. Resonance
through the molecule influences the bond order of
C==Nand N = N groups, consequently the frequency
values of the two groups change in the same way.

The plot of pKa as function of a-constant is almost
a linear relation, indicating the dependence of pKa
on the nature of the substituent. The values increase
as the donor property of the substituent increases.
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A [1,1] PaM type variational function is sbown to be superior
to a linear variational function with tbe same number of para
meters for 'strong perturbation' in the ground state oCthe hydrogen
atom treated as a test system. Although considerably poorer than
tbe [2,2] function studied earlier, the [1,1] Cunction is nevertbeless
Cound to be sufficiently accurate to be useful-especially in view
of its comparative simplicity-for such applications where high
precision is not required.

THE summation1 of the infinite order Brillouin-Wigner perturbation series subject of the "local
energy gap" approximation has suggested the
use of Pade type functions as trial functions for
solving the Schrodinger equation by the variational
method. Such functions have been employed so far
with remarkable success on the hydrogen-like atoms
treated 2 as a test system and on the ground state of
the helium atom 3• In the earlier study of the ground
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... (4)1 + aIr e-Zr
'Ytrial = 1 + b1r

The pre-exponential factor in Eq. (4) can be recogni
zed as a [1,1] pade type function in the variabler.
For reasons discussed earlier2, the exponent·Z is not
treated as a variational parameter. The accuracy of
Eq. (4) is judged by comparing it with the exact
ground state function of Eq. (1) as well as with the
linear variational function with different number of
parameters. The method of evaluation of the
integrals <'I' I H I '1'> and <'I' I '1'> forthe non
linear and the linear trial functions is the same as
described earlier2•

Table I lists the results obtained for energy and the
moments «r"» for Z-I to 3 for the exact, the
[I,l] Pade type, and the linear variational wave
functions. The Z= 1 case - the case involving the
strongest perturbation -,- is in many ways the most
interesting. The calculated value for the two-para
meter Pade type function in this case differs from tlie
exact value by 0.005 a.u., i.e. by only 0.25 %. Accu
racy of a similar order is achieved by a linear variatio
nal function with four paramters. The agreement
for <r> and <r2> is within 5% but it progressively
worsens for the higher moments. The firstfew linear

(3)

(I)

(2)

and v= __ 1_
r

Approximation to the ground state wavefunction of
Eq. (1) can be obtained by employing for the trial
function, 'Ytrial the following form,

NOTES

state of the hydrogen atom 2, a [2,2] Pade type trial
function containing four variational parameters was
shown to be almost as good as the exact function.
However, there can arise situations where such a
high precision is not required. Forsuch cases, the
less accurate [I,I] form may be adequate. The chief
a.dvantage of the [1,1] form is that since it contains
only one nonlinear parameter, integrations and energy
optimization involving it are less cumbersome than
for the [2,2] form which has two non-linear para
meters .. · The aim of the present investigation is to
assess the utility of the [I,I] Pade type variational
function for the ground state of the hydrogen atom4•

The Hamiltonian H of a hydrogenic atom with
nuclear charge Z+ 1 is written in atomic units as

TABLE1- CoMPARISONOFENERGYANDMOMENTSFOR THE EXACT, THE NON-LINEARAND THE LINEAR WAVE FUNCTIONSFOR
Z=1 to 3

[All numbers are in atomic units (m = e = 'Ii = 1)]Wave function

No. ofEnergy<r><r2><r3><r4><r5><r8>
parameters For the case Z = 1

Exact

0-2.000 0.7500.7500.9371.4062.4614.921
Non-linear

2-1.995 0.7680.7941.0551.8634.83419.005
Linear

1-1.833 1.0001.5003.75015.00078.750472.50
Do

2-1.957 0.8141.0022.47812.41085.268653.31
Do

3-1.991 0.7600.8201.5777.17655.508509.28
Do

4-1.998 0.7500.7671.1393.55225.762267.05
Do

5-2.000 0.7500.7540.9902.04410.489109.55
Do

6-2.000 0.7500.7510.9491.5704.80939.754
Do

7-'-02.0000.7500.7500.9401.4443.07115.075

For the case Z = 2Exact

0-4.500 0.5000.3330.2770.2770.3240.432
Non-linear

2-4.499 0.5010.3340.2760.2710.3080.399
Linear

1-4.430 0.5270.3660.3320.4240.8132.169
Do

2-4.494 0.5000.3340.2920.3480.6161.605
Do

3-4.500 0.5000.3330.2800.2910.3800.691
Do

4-4.500 0.5000.3330.2780.2790.3320.475
Do

5-4.500 0.5000.3330.2780.2780.3250.438
Do

6-4.500 0.5000.3330.2780.2780.3240.433
Do

7-4.500 0.5000.3330.2780.2780.3240.432

For the case Z = 3Exact

0-8.000 0.3750.1870.1170.0880.0770.077
Non-linear

2-7.999 0.3750.1870.1160.0860.074O.Q72
Linear

1-7.964 0.3780.1850.1120.0810.0730.089
Do

2-7.998 0.3740.1870.1180.0910.0870.104
Do

3-8.000 0.3750.1870.1170.0880.0770.078
Do

4-8.000 0.3750.1870.1170.0880.0770.077
Do

5-8.000 0.3750.1870.1170.0880.0770.077
Do

6-8.000 0.3750.1870.1170.0880.0770.077
Do

7-8.000 0.3750.1870.1170.0880.0770.077
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TABLE1 - pH OF SALTSOLUTIONSMEASUREDAT 0° AND 30°C

pH

.. (1)

.. (2)

possibly via

30°

2.50
4.90
2.30

(colourless
solution)

the colour persists for a long time, whereas at room'
temperature (30 to 35°C) it vanishes almost in
stantaneously, as soon as it is formed on mixing the
reagents. If a mixture of FeClaand K2S20l; is made
in stoichiometric proportion at O°C under nitrogen
atmosphere, then the solution is capable of initiat
ing vinyl polymerization as long as the orange red
colour persists. The colourless solution does not
initiate vinyl polymerization. No polymerization
however occurs in the presence of free radical
scavengers, viz. hydroquinone. The pH of the salt
solutions at two temperatures (0° & 30°C) have been
measured (Table 1), and it is found that the pH
of the media decreases when FeCla reacts with bisul
phite or mctabisulphite. It is known that K2S205
when added to water, gives bisulphite3, (HSO;),
and the orange red colour appears to be due to the
formation of a complex between Fe3+ ions and
HSO~ or S20~- ions, (Eqs. I & 2)

Fe3+ + S20~- ~ (Fe - S205)+

Fe3+ + HSO; ~ (Fe - HSOa)2+
The complexes generate free radicals
reactions (3-5).

(Fe - S205)+ + H20...,. FeH + H+ + HSO; + SO;
.. (3)

(Fe - HS03)2+ _ Fe2+ -+- H+ + SO; .. (4)

SO; +- Hp ~ HSO; + OH .. (5)

Reactions (3) and (4) will account for the
decrease in pH of the media, while (3), (4) and (5)
will account for the initiation of vinyl polymeri
zation and for the nonhydrolysable sulphonate and
also hydroxyl end groups of the polymers4,5. The
initiating free radicals are therefore SO; and OH,
but not HS03, S03H (in the absence of added H+
ions), or SO;, as postulated by ot hers2,5,6. Fitch
et a[5. suggested that the redox reaction could be
represented by equation (6)

Fe3+ + HSO; _ Fe2+ + S03H .. (6)

However, these authors did not elaborate the nature
of the free radical. HSO; ion is known to have

Solution (aqueous)

0.05% FeCI3
0.05 % K2S20.

0.05 % FeCI. + }0.05 % K2SZO.

2.70
5.45
2.70

(orange red
colour

solution)
&

2.50
(colourless
solution)

Note : The pH meter (Mis Systronics Ltd, Calcutta) was cali
brated with a series of buffer solutions at two tempera
tures (0° & 30°C) as given by Willard et aU
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I~itiating Free Radical in the Aqueous & Emul
sJon Polymerization of Vinyl Monomers, Initiated
tiy the FerricjBisulphite or FerricjMetabisulphite

Redox Systems

IT is well known that ferric' bisulphite ions act• as potential redox initiators1,2 of vinyl monomers
in aqueous or emulsion polymerization. However,
"ery little is known about the redox reaction itself.
~n this note, we report some observations made
i!n the Fe3+ - S20~- reaction.
, It has been observed that when potassium meta
pisulphite (K2S205) is added to a ferric chloride solu
tion, an orange red colour is produced, the stability
~f which is a function of temperature. At O°C,

f4nctions are, however, even worse in this respect
ap.d it takes about seven variational parameters

b~fore the linear function becomes comparable tot~e Pade function.
i The superiority of the non-linear form over the

lipear form decreases rapidly as Z is increased

(table 1). This feature has been observed for the[~,2] function also. It is understandable because
a~ the 'perturbation' becomes weaker, the distinction
~tween the [1,1] form (which represents an infinite

stries) and a polynomial expansion progressively<Usappears.
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Potassium metabisulphite (K2S20.) when added to a ferric
c~loride solution, gives an orange red colour which persists for
a! long time at O°C, but vanishes almost immediately at room
t,mperature (30 to 35°C). The orange red solution in
i$ates vinyl polymerisation under nitrogen atmosphere almost
i'-stantaneously, but the colour less solution fails to do so. It
i$ proposed that the orange red colour is due to the formation
at a complex, (Fe-HSOo)2+ or (Fe-S20.)+, which produces

~O -; ion radicals by the redox reaction, and these initiate
v.nyl polymerization in aqueous media. It is observed that
t~e pH of the FeCI. solution decreases when K2S20. is added to
i•. Initiation of polymerization of methyl methacrylate, methyl
~rylate, acrylonitrile, acrylamide, etc. by the Fe3+-S20~
system is almost instantaneous under nitrogen atmosphere,
"hereas initiation by S20~- alone is a very slow process under
i.entical experimental conditions if the monomer is methyl meth
aicrylate or ethyl methacrylate.
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