
Polymer Bulletin 1:3, 493-498 (4985> Polymer Bulletin 
�9 Springer-Verlag 1985 

Water-Polymer Interactions 

Primary Hydration of Poly(Acrylic Acid) Sodium Salts 
K. J. Buchanan, B. Hird, and T. M. Letcher 

Department of Chemistry, Rhodes University, Grahamstown, South Africa 

SUMMARY 

The equi l ibr ium water contents of l inear  po ly (acry l ic  acid) sodium 
salts with d i f f e ren t  degrees of neut ra l isat ion were found to be dependent 
on temperature and re la t i ve  humidity. An octahedral model fo r  the primary 
hydration of po ly (acry l i c  acid) sodium salts (HIRAOKA and YOKOYAMA 1980) 
was c r i t i c a l l y  evaluated in the l i gh t  of these f indings and an anomaly in 
the water uptake versus neut ra l isa t ion curve at approximately 33% 
neut ra l isa t ion was explained by the counterion condensation theory. 
(MANNING 1979). 

INTRODUCTION 

Crosslinked polyacrylates can absorb up to several hundred times 
t he i r  own mass of water to form gels. The structures of these gels and 
the forces involved in maintaining the i r  r ig id  structures have not been 
f u l l y  elucidated (WHISTLER 1977). In th is  study the hydration of l inear  
polyacrylates was investigated under contro l led condit ions in order to 
gain an insight  into the fundamental nature of the water-polymer 
interact ions responsible for  the macroscopic propert ies of swollen gels. 

EXPERIMENTAL 

Synthesis 

Poly(acry l ic  acid) (PAA) was prepared by the radical polymerisation 
of acry l ic  acid in benzene with 2,2' azo-b~s-(2-methylpropioni t r i le)  
(AIBN) i n i t i a t o r .  Thus 0,229 g (1,39 x 10 T M  mol) AIBN was dissolved in 
98,2 g (1,36 mol) acry l ic  acid and added dropwise over one hour to 1000 
ml dry d i s t i l l e d  benzene purged with nitrogen at 60 ~C with s t i r r i n g .  
Approximately 1,5 hours a f te r  the s tar t  of the polymerisation, PAA 
prec ip i ta ted to give a th ick s lur ry .  This was f i l t e r e d ,  washed with dry 
benzene and vacuum dried at 60 C. The y ie ld  of dry material was 
approximately 96 g (98%). Samples of th is  PAA were dissolved in water and 
neutral ised to 32, 50, 67 and 100 mole percent (v iz .  designated NaPAA 32, 
NaPAA 50, NaPAA 67 and NaPAA 100 respect ively)  by dropwise addit ion of 
the calculated amount of standard sodium hydroxide solut ion with 
s t i r r i n g .  
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Molecular Mass Determination 

The v iscos i ty  average molecular mass values, M , for  PAA and 
NaPAA 100 were determined using the i n t r i ns i c  re la t ion (NEWMAN et ai.1954) 

In]  e = K~ 

where K and a are constants for  a par t i cu la r  polymer/solvent system 
(NEWMAN et a l .  1954, NODA et a l .  1970) and[n]  e i s  the i n t r i ns i c  v iscos i ty  
of the system. The calculated molecular mass values for  the two polymers 
correspond to average degree of polymerisation values, Z, of 2700 and 
2800 which are well wi thin experimental er ror  l imi ts  of each other. (See 
Table I ) .  

Table I: y iscos i ty  data for  PAA and NaPAA 100 

Solvent 

K/IO -3 d l -  

e 

[n ]o /d l  - I  

M v / 10 5 

Z 

PAA 

1,4 Dioxane 

0,85 

0,50 

0,38 

2,0 + 0,2 

2800 

NaPAA 100 

0,5 M NaBr 

O, 506 

0,656 

1,77 

2,5 -+ O,2 

2700 

Rate of Water Uptake 

A sample of each of PAA, NaPAA 50 and NaPAA 100 of approximately 100 
mg ~as weighed into a flat-bottomed dish immediately after being dried at 
60 ~C for 24 hours in a vacuum oven. The dish was placed in a small cell 
through which air  at 75% relat ive humidity was passed at a rate of 
approximately 2 ml per second. The humidity of the air  was controlled by 
passing i t  through a saturated sodium ch]oride solution. The entire 
apparatus was immersed inoa water bath of which the temperature could be 
controlled to within 0,5 C. Relative humidity was assumed to be constant 
throughout the temperature range emp]oyed. (YOUNG 1967). 

The dish was removed from the ce l l  at appropriate in terva ls ,  rapidly 
weighed to wi th in 0,1 mg, and immediately returned to the ce l l .  From the 
mass increase, the molar water uptake per repeat uni t  of polymer could be 
determined for  each sample over a range of temperatures. (See f i g .  I ) .  
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Equil ibrium Water Uptake 

Dry samples of approximately 100 mg of each of the prepared polymers 
were weighed into shallow f lat-bottomed dishes which were then each 
suspended in a s ta t i c  atmosphere of contro l led re la t i ve  humidity. 
Atmospheres of contro l led re la t i ve  humidity in the range 10% to 90% were 
obtained by employing saturated solut ions of various sa1~s in ~1osed 
vessels in a temperature contro l led environment of 25,0 - 0,1 ~C. (YOUNG 
1967) 

The samples were allowed to equ i l i b ra te  fo r  several days un t i l  no 
increase in the mass of the sample could be detected over a period of 24 
hours. Each sample was then removed from the humidity chamber and rapid ly  
weighed to wi th in 0, I  mg. From the mass increase, the equi l ibr ium molar 
water uptake per repeat uni t  of polymer could be determined as a funct ion 
of re la t i ve  humidity. The resul ts are shown in Fig 2. 

RESULTS AND DISCUSSION 

The resul ts of the rate of water uptake studies on PAA, NaPAA 50 and 
NaPAA 100 are presented in f i g .  I .  

F i g .  1 : 

I NaPAA / 30~ 

g 

~ 2 
= I I I  30 Oc 
~_ ~ 4 0  uC 

~ 3 0  ur Oc 

, 

o s6o  6oo 15oo 

Time / min 

Rate of Water Uptake of Linear Polyacrylates at 75% 
Relat ive Humidity. 
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Both the i n i t i a l  rate of sorpt ion and the equ i l ib r ium water uptake values 
were found to increase with increasing degree of neu t ra l i sa t i on .  For any 
given degree of neu t ra l i sa t i on ,  the i n i t i a l  rate of water uptake was seen 
to increase with increasing temperature whereas the equ i l ib r ium molar 
water content decreased. 

The decreasing equ i l i b r ium water content of each sample with increasing 
temperature ind icates that  the sorpt ion process is m i l d l y  exothermic. 
This is to be expected i f  the sorpt ion process involves a decrease in 
entropy. 

From op t i ca l  microscopy and screening, p a r t i c l e  size appeared to increase 
with increasing neu t ra l i sa t i on .  Despite the fac t  that  NaPAA 100 had the 
la rgest  p a r t i c l e  s ize,  i t  showed the highest rate of water sorpt ion.  
Attempts were made to crush and screen a l l  samples to w i th in  s i m i l a r  
p a r t i c l e  s ize l i m i t s ,  but t h i s  was unsuccessful due to the sorpt ion of  
moisture from the atmosphere. 

Equ i l ib r ium molar water content at 25,0 ~ is shown to increase 
monotonical ly with r e l a t i v e  humidity in f i g .  2. 
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Fig.  2 : Equi l ib r ium Molar Water Content as a Function of Relat ive Humidity 
at 25 ~ A = NaPAA 100 ; D= NaPAA 67 and o=  PAA. 
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Equilibrium moiar water content of NaP#~A at 25 ~ and 73% relative 
humidity as a function of neutraiisation is shown in f ig. 3. The molar 
water content versus neutralisation curve obtained in this study is in 
excellent agreement with that obtained by other workers and shows a break 
at approximately 33% neutralisation. (HIRAOKA and YOKOYAMA 1980). 
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Fig. 3 : Equilibrium Mo!ar Water Contents of Po]y(acrylic acid) 
Sodium Salts with Different Degrees of Neutra!isation 
at 25 ~ and 73% Relative Humidity. 

In order to account for  the observed break in the curve at 33% 
neutral isat ion,  Hiraoka and Yokoyama proposed an octahedral co-ordination 
structure mode! for  the sodium ion with the co-ordination sites occupied 
by po!ymeric carboxyl oxygen atoms at degrees of neutral isat ion less than 
33%, and by oxygen atoms of water molecules above 33% neutral isat ion.  

The proposed octahedraI model does not account for the observed water 
uptake of the polymer system below 33% neutralisation and Hiraoka and 
Yokoyama made no attempt to explain how charge neutrality is preserved in 
the dehydrated system at 33% neutralisation. A]! of the sodium ions and 
carboxy! groups present in the system would have to be co-ordinated 
simultaneous!y in the manner described at 33% neutralisation for the 
model to successful!y predict the break in the water uptake versus 
neutralisation curve. This is clearly not the case, as such a system 
would be 100% crysta!line and could have no adsorbed water present. 
Furthermore, the octahedra! structure model is based on hydration studies 
at 73% re!ative humidity and 25 C which indicate an equilibrium mo!ar 
water content of four water molecules per repeat unit for ful ly 
neutralised poly(sodium acrylate) (NaPAA 100). From this a primary 
hydration number per repeat unit of four was inferred. However, the 
present study shows a marked dependence of the equilibrium molar water 
content on temperature (f ig. I) and relative humidity (f ig. 2). This 
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imp]ies that the primary hydration number of four was obtained 
fo r tu i t ous l y  due to the experimental condit ions. 

Par t ia l  molar volume studies ci ted in support of the octahedral structure 
mode! for  the Na T ion in polyacrylate systems (HIRAOKA et al .  1982) do 
not appear to be s u f f i c i e n t l y  precise to unambiguously predict  an 
absolute primary hydration number of four water molecules per repeat 
un i t .  

The break in the equi l ibr ium molar water content versus neutra | isat ion 
curve at 33% neutra l isat ion can be explained by the counterion 
condensation theory. (MANNING 1979). This theory proposes that as the 
degree of neut ra l isa t ion is increased above 33%, the c r i t i c a l  charge 
density for  PAA is exceeded, and hydrated conterions "condense" onto the 
macroion thus a f fec t ing the e lec t ros ta t i c  forces in the neighbourhood of 
the polyion chain. There is good evidence to suggest that a change in the 
e lec t ros ta t i c  force between adjacent segments of the f l e x i b l e  PAA 
molecule with neut ra l isat ion can bring about a local conformational 
change which a l ters  the distance between polymeric charges (KODA et a l .  
1982) thereby af fec t ing the a b i l i t y  of the po]yion to in teract  with the 
dipole of surrounding water molecules and enhance the st ructura l  
propert ies of the water. 
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