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I o n i c s t r e n g t h and temperature p l a y an impor tant r o l e i n 

complexat ion p rocesses , s p e c i a l l y when the l i g a n d c o n t a i n s a l a r g e 

number of complexat ion s i t e s , l i k e f o r i n s t a n c e i n f u l v i c a c i d s 

( r l FA ) . A l though the complexat ion of f u l v i c a c i d s w i t h meta l s has 

deserved much a t t e n t i o n , as f a r as we know no s y s t ema t i c s tudy of 

the i n f l u e n c e of those two v a r i a b l e s on the complexat ion parameters 

of t h i s type of systems has been d e s c r i b e d . As an e x t e n s i o n of 

p r e v i o u s work i n the f i e l d 1 " 3 , we developed such a s tudy f o r the 

C u C I I J - r l / A system, whose r e s u l t s a r e r epor t ed here . Va lues of the 

the mean equ i va l en t weight (EV) of the l i g a n d and of the 

s t o i c h e i o m e t r i c s t a b i l i t y c ons tan t s of i t s 1:1 complexes w i t h 

Cu ( I I ) a t i o n i c s t r eng ths i n the range 0 . 0 1 - O . i M and temperatures 

between 288 and 303 K, as w e l l as thermodynamic parameters , a r e 

presen ted . 

EXPERIMENTAL 
A sample of ILFA was isolated by the procedure recommended by the IHSS"4 

from a Portuguese forest s o i l collected at Ermesinde (near Oporto). 
Deionised water with res i s t i v i ty > 4 MO cm was used. A l l reagents were 

p a . or of similar grade arid were used without further puri f ication. Cu(II) 
solutions were prepared from a Cu(HQ3)2 standard solution (Radiometer S-3546). 
NaClÚ4 was used to adjust the ionic strength. 

A Radiometer Selectrode F-3012 activated 5 with a mixture of Ag^S and CuS 
and a Phil ips GAM 10 glass electrode were used. An Orion 90-02-00 
double-junction reference electrode (outer solution HflD3 0.1 M) and an Orion 
811 pHmeter (± 0.1 mV) with an Orion 605 manual electrode switch were used to 
complete the potentiometric assembly. 

Electrodes were calibrated (potential rs. concentration) before each 
experiment by t i t rat ions of background electrolyte solution (Cu(II) electrode: 
20.0 mL of solution with a 5 x 10~3 H Cu(II) solution, pCu range 4.6 to 3.6; 
glass electrode: 50.0 mL of solution with a HC1 standard solution, pH range 
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pH and pCu potentiometric t i trat ions of 20 .0 mL of a 100.0 mg/L ILFA 
solution with Cu(II) i n the range 10~ 5 - 1.2 x 10" 4 H at temperatures and 
ionic strengths indicated i n Table 1, were made under niytrogen as before 
The pH varied less than 1.3 units i n the range 5 .5 to 7 . 3 . 

CALCULATIONS 
For a 1:1 complexa t i on r e a c t i o n 

l i F A + C u 2 + <=> [(B n_ iFA)Cult*- x>+ + x H* ( 1 ) 

the f o l l o w i n g e x p r e s s i o n (where t and f stand f o r t o t a l and f r ee 

and {H h FA) t i s expressed i n g/L) can be obta ined* 

{ V A > t / ( | C u % H C u * * | £ ) = E¥ + (E¥/pj) |H*|V | C u 2 + | £ ( 2 ) 

At constant pH and f o r meta l to l i g a n d r a t i o s such as 1:1 

complexat ion predominates , a p l o t of {IL,FA}t/( | C u 2 + | t - \Of+\£) vs. 

l/\Cv?*\f i s l i n e a r . E¥ can be obta ined from the i n t e r s e p t and the 

c o n d i t i o n a l s t a b i l i t y cons tan t pj '= py iH+1 1 from the s l ope and the 

determined E¥ v a l u e . I f exper iments a re repeated a t s e v e r a l 

cons tant pH v a l u e s , the s t o i c h e i o m e t r i c parameter x ( eq .1 ) , and pj 

can be ob ta ined 6 from a p l o t of l o g py vs. pH. 

l o g p j '= l o g pj + x pH ( 3 ) 

A l t e r n a t i v e l y , we have r e c e n t l y shown2 t ha t E¥ and pj can be 

obta ined by an i t e r a t i v e c a l c u l a t i o n from exper iments w i thou t 

f i x i n g the pH to cons tan t v a l u e s , which can be performed more 

e a s i l y . For t h i s purpose , from the p l o t of { r IFA} t /(|Cu 2 + | t -|Cu 2 + | £ ) 

vs. IH+IVICu 2 *^ w i t h a v a l u e f o r x near the expected, a new va lue 

f o r x i s obta ined from the p l o t of 

log { [ ( l /n ) - l ] |Cu 2 + | £ } = - l o g p, - x pH ( 4 ) 

where 

n = (\C^+\t-\C^\t)/ (H nFA} t ( 5 ) 
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Table 1 - Complexation Parameters  
I(M) x 103 Ef (q/mol) (Jj 

VT(K) 288 293 298 303 288 293 298 303 288 293 298 303 

0 00* 
0.79 

689 56 1 A 95 1 38 
0 01 0.79 0.91 1 05 1 13 1.82 1 46 1 48 1 40 103 10 7 2 14 0 62 
0 02 0.79 0.93 i 06 1 12 1.70 1 3*? 1 25 i 20 79 10 0 1 G4 0 53 
0 04 0.79 0.93 1 0? 1 12 1.65 1 34 1 27 1 14 18 4 6 0 96 0 39 
0 06 0.82 0.92 1 06 1 12 1.49 1 16 1 19 1 10 10 3 0 0 52 0 25 
0 10 m 0.96. 1 06 I 12 KD 1 09 1 14 l 0? Mi 0 6 0 25 0 14 

*) Extrapolated values (see text) 
MD) Mot determined (stabi l ization time was > 2 h). 

T h i s new v a l u e of x i s used i n another p l o t of the f i r s t type and 

so on u n t i l the d i f f e r e n c e between s u c c e s s i v e x v a l u e s i s l e s s than 

0 .01 . From the l a s t x v a l u e , p } i s c a l c u l a t e d by s tandard 

p rocedures 6 . 

RESULTS AMD DISCUSSION 

R e s u l t s f o r the complexat ion parameters (x, EW and p x ) a r e 

presented i n Tab le 1. Ya lues of pV, f o r 1 = 0 were ob ta ined by 

e x t r a p o l a t i n g l o g p } rs. **I. 

Ya lues i n Tab le i show t h a t the s t o i c h e i o m e t r i c parameter x i s 

p r a c t i c a l l y not i n f l u e n c e d by i o n i c s t r e n g t h but i n c r e a s e s markedly 

w i t h temperature. As pj decreases w i t h temperature , t h i s suggests 

t h a t the a c i d - b a s e constant ( i o n i z a t i o n cons tant ) of the l i g a n d 

i n c r e a s e s w i t h the temperature , a p o i n t s t i l l to be s t u d i e d . 

The mean e q u i v a l e n t we ight , EW, decreases bo th w i t h temperature 

and i o n i c s t r e n g t h . T h i s suggests s t r u c t u r a l m o d i f i c a t i o n s i n the 

l i g a n d induced by coun t e r i ons and temperature , as a l r e a d y shown i n 

p r e v i o u s work 1 w i t h r espec t to i o n i c s t r e n g t h . As EW depends on the 

meta l i o n which c oo rd ina t e s the f u l v i c a c i d , another p o i n t to be 

i n v e s t i g a t e d i s how the na tu re of the meta l i o n a f f e c t s the 

temperature and i o n i c s t r e n g t h dependence of the e q u i v a l e n t weight 
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Table 2 - Thermodynamic Parameters 
1(H) AH (kJ/mol) AS (J/mol K) 

0.01 -246 -819 
0.02 -251 -839 
0.04 -189 -634 
0.06 -187 -629 
0.10 -105 -363 

of the l i g a n d . 

The s t a b i l i t y cons tant p 2 f o l l o w s the same p a t t e r n as EW, but the 

r e l a t i v e ranges of v a r i a t i o n a re much l a r g e r . The decrease of p1 

w i t h i n c r e a s i n g i o n i c s t r e n g t h f o l l o w s rough ly a l i n e a r l o g p } rs. 

VI r e l a t i o n s h i p . 

Va lues of the thermodynamic parameters AH and AS were obta ined 

from the va lues of pj a t d i f f e r e n t temperatures fo r each va lue of 

i o n i c s t r e n g t h (Table 2 ) . The l a r g e nega t i v e v a l u e s f o r AS suggest 

t h a t complexat ion i s accompanied by an o rde r ing arrangement of the 

f u l v i c a c i d mo lecu le . B e s i d e s bo th |AH| and |AS| decrease markedly 

w i t h i n c r e a s i n g i o n i c s t r e n g t h , showing tha t a t h i g h i o n i c s t r e n g t h 

C u ( I I ) - h^FÀ i n t e r a c t i o n s a re much weaker than i n c o n d i t i o n s found 

i n n a t u r a l waters . The r e s u l t s a l s o show tha t the ex tent of such 

i n t e r a c t i o n s depends v e r y much on the water temperature i n the 

env i ronmenta l temperature range. 
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S u m m a r y 

In this article conductivity results obtained with a new member of the* class of polymer 

e lec tro ly tes are presented. The e lec t ro ly te , prepared f r o m e u r o p i u m (III) 

trifluoromethanesulphonate and a poly(ethylene oxide) host polymer, shows ionic conductivity 

levels comparable with divalent and trivalent systems previously reported. 

I n t r o d u c t i o n 

During the last decade a remarkable number of papers have been published describing the 

preparation and properties of polymer electrolytes based on monovalent cations with several 

different anions in a variety of host polymers [1]. The most obvious application o f these 

materials, and until recently the principle motivation for the continuing research effort in this 

f ield, is in electrochemical power sources. A l ready several laboratories have produced 

prototype cells [2-5] and reported very encouraging results. 

More recently attention has turned to the investigation of the properties of divalent [6-8] 

and trivalent [9-12] salts which form complexes with the donor ether oxygen atoms present in 

the extended macromolecular chains of poly(ethylene oxide), P E O . Preliminary results from 

studies of these materials suggest that the range of applications may be significantly greater 

than that o f monovalent electrolytes. Devices which have been proposed as possible 
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