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It has been well established1•2 that 
poly(methacrylic acid) (PMA) forms com
plexes with divalent metal ions in aqueous 
solution. Spectrophotometric, potentiometric, 
titration, and equilibrium dialysis methods 
have been used to study the complexes. 
Complex formation in aqueous solution can be 
evaluated from the amount of free metal ions 
not bound to the polymer. However, this 
amount is not easy to be estimated, and sev
eral methods have been proposed. In this 
paper, electron spin resonance (ESR) was 
applied to estimate the amount of free Mn
(11) ions in aqueous PMA containing Mn(II). 

The PMA used was prepared by polymeri
zation of methacrylic acid in aqueous solution 
using hydrogen peroxide as an initiator. 
Sodium polymethacrylate was used to ensure 
good solubility. For pH measurement, aque
ous solutions of acid form PMA were used. 
PH of the solution was changed by adding 
NaOH, and measured by a Hitachi-Horiba M-
7 pH meter. All the solutions contained 0.1 M 
NaCl. The concentrated aqueous solution of 
MnC12 was added to a PMA solution to pro
duce the complex. 

ESR spectra of Mn(II) ions in aqueous 
solution were taken on a JEOL JEX-X/K at a 
frequency of 9.2 GHz at room temperature. 
The solution was placed in a 0. 75 mm i.d. 
quartz capillary tube. The peak-heights of the 

six-line spectra of Mn(II) in derivative mode 
were averaged and expressed in units of the 
spectral intensity of diphenylpicrylhydrazyl 
(DPPH) as the external reference. 

Figure 1 shows the ESR spectra of aqueous 
Mn(II) solutions at pH 6.0 without and with 
added PMA. The upper spectrum is for a 
lOmM aqueous solution, and the lower spec
trum for the same solution containing PMA at 
a concentration of 100 mM. The central peak 

a) 

b) 

Figure 1. ESR spectra for 10mM Mn(II) aqueous 
solution containing 0.1 M NaCJ at pH 6.0, a) without 
PMA and b) with lOOmM PMA at the same receiver 
gain. 
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Figure 2. Plots of [PMA]/[Mn]b vs. 1/[Mn], at a 
PMA concentration of 100mM and at pH 6.0. 

is due to concentrated DPPH in tetrahydro
furan as the reference. The addition of PMA 
clearly reduced the intensity of the ESR signal 
for Mn(II). The reduction in intensity of the 
ESR signal can be interpreted in terms of the 
binding of Mn(II) to PMA, because Mn(II) 
bound to a macromolecule gives no ESR 
signaP By using this reduction in intensity the 
amount of free Mn(II) ions in the solution can 
be estimated. 

The parameters for Mn(II) binding to PMA 
were determined by the graphic method of 
Hughes and Klots.4 •5 The dissociation con
stant for the Mn(II)-PMA complex is defined 
by 

[MnJrn[PMAJr 
[Mn]b 

Kd (1) 

where [Mn]r and [Mn]b are the molar con
centrations of free and bound manganese ions, 
respectively, [PMA]r, the free residual molar 
concentration of PMA, and n, the number of 
binding sites per residue. Equation 1 can be 
rewritten as 

Kd 1 1 [PMA] 
---+-=-

n [Mn]r n [Mn]b 
(2) 

where [PMA] is the total PMA concentration. 
[Mn]r was estimated from the ESR data ob-
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Figure 3. Fraction of free manganese ions [Mn],/[Mn] 
vs. pH at a PMA concentration of 100 mM and at 
various Mn(II) concentrations: 0, 5 mM; x, 10mM; 
6,, 15mM; e, 20mM; D, 25mM. 

tained above, and [Mn]b = [Mn]- [Mn]r, where 
[Mn] is the total Mn(II) concentration. Figure 
2 shows a plot of [PMA ]/[Mn ]b against 1 /[Mn lr 
at a PMA concentration of 100 mM and pH 
6.0. The slope and intercept give n=0.2 and 
Kd=4 x 10- 3 M. These values indicate that 
there is one Mn(II) binding site per five 
methacrylic residues, and that the binding of 
Mn(II) to PMA is fairly strong. 

Figure 3 shows the fraction [Mn]r/[Mn] of 
free manganese ions as a function of pH at a 
PMA concentration of 100 mM and at various 
Mn(II) concentrations. It can be seen that the 
fraction of free Mn(II) was found to increase 
with decreasing pH. We conclude that no 
binding of Mn(II) to PMA occurs below pH 4 
and an almost complete binding occurs above 
pH 7. Thus, the PMA-Mn(II) complex for
mation is largely determined by electrostatic 
interaction. 
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