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in aqueous solution, and many attempts have been 
made to interpret the corresponding enthalpies and 
entropies. However, all the theories proposed to 
explain the stepwise protonation enthalpies of 
polyamines [ 1, 21 account poorly for the successive 
protonation enthalpies in several cases [3]. 

The protonation reaction of an amine group in 
water can be formally divided in different processes 

R-NHz(,,, + H&j f R-NH;,,,, 

involving a solvation (or desolvation) enthalpy or a 
bond formation enthalpy. The desolvation of the pro- 
ton is not explicitly included since it is a constant for 
all the studied reactions. The bond formation 
enthalpy (EB) is connected with the formation of 
the N-H+ bond for the insulated amine and its 
value is proportional to the N and H charges [3] . As 
concerns the solvation enthlapy (ES) we use a conti- 
nuous model of the solvent and consider only the 
electrostatic contribution since the studied 
compounds are highly polar. In this model the solva- 
tion enthalpy reads: 

where Ri is the ‘effective’ radius of atom i, Qi its 
charge and Rij the distance between the atoms i and 
j [4]. Figure 1 presents a plot of AH>,, = EB t Es 
versus AH&, for several diamines. Despite the crude- 
ness of the computational method the correlation is 
very good. As a second step we performed a confor- 
mational analysis: the results indicate that first 
protonation leads to more folded conformations 
with respect to neutral molecules, while the second 
protonation leads to very rigid full extended 
conformations. 
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Fig. 1. Comparison between calculated and experimental- 
enthalpies of protonation of diamines (kcal mol-‘). A, 
first protonation; 0, second protonation. 
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In previous studies we have found that polymers 
having a poly(amidoamine) structure show interest- 
ing properties in aqueous solution as far as their 
protonation and complex formation are concerned 
[l-4]. We thought it interesting to study a second 
class of poly(amido-amines) with enitrely linear 
macromolecular chains. The structures of the 
polymers are reported in Fig. 1 together with the 
protonation and stability constants of the second 
class of poly(amidwamines). 

The new polymers have been synthesized by poly- 
addition of pyperazine and NN’dimethylethylene- 
diamine to NN’-diacriloyl NN’diethylethylene- 
diamine (polymers I and II) or divinylsulphone 
(polymer III). Also in the case of these new poly- 
mers on the contrary to most polyelectrolytes ‘sharp’ 
basicity constants have been obtained. The results 
for polymers I and II are very close to those of the 
corresponding polymers of the first class: this means 
that the presence of a ring structure in the main chain 
is irrelevant with respect to protonation. Also for 
polymer III ‘sharp’ constants have been obtained 
despite the short distance between basic nitrogens 
of different monomeric units; these constants are 
very low. A close similarity exists also between the 
stability constants of both classes of polymers. 

A Cu2+ complex may be formed in aqueous solu- 
tion also with polymer III. The stability constant of 
this complex, however, is much lower than that with 
polymer I. 
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L’utilisation d’un programmateur Clectromtkani- 
que pour reactions 1iquideJiquide [ 1 ] nous a permis 
de reprendre l’etude de l’hydrolyse de l’ion uranyle 
par les bases fortes: nous avons ainsi v&ifiC et com- 
plete les nombreux resultats, souvent divergents, 
rencontres dans la litterature. 

Nous avons effectue une serie de titrages potentio- 
metriques (15 s 1 plusieurs heures entre deux ajouts 
de reactif titrant) de solutions de nitrate d’uranyle 
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(0.00012 M A 0.1 M) par de l’hydroxide de sodium 
(1 M) en presence de NaN03 0.2 M comme se1 de 
fond. Sur le reseau obtenu, les courbes de concentra- 
tions superieures a 0.001 M se coupent au point iso- 
hydrique [2] situ6 au pH = 7.8 et correspondant au 
rapport molaire Na/U = 2.33. En ce point, l’espece 
isopolycondende, preponderante et la plus probable, 
est (U02)s(OH&, qui implique un rapport OH/U = 
2.33. Les autres especes formees en milieu acide et 
provenant de la precedente, sont: (U02)$H)6, 

(UOMOH)*,, (UOMOH)? et (UOMOH)2 . h 
mfkanisme rtactionnel 
suit. Le cation U02*aq 
dans l’eau des sels d’uranyle est un acide qui subit la 
dissociation au tours de l’alcalinisation: 

U02*aq2’ $ U02 OH*aq’ + H’. 

La polymerisation resultant de la formation probable 
de liaisons coordinatives par les groupements hydro- 
xyles est favorisee par l’alcalinisation. Ainsi I’ajout 
ulterieur d’ions OH entraine-t-iI la dimerisation du 
cation forme: 

2U020H*aq’ t (U02)2(OH)2*aq 2+ . 

Par association avec le cation libre non dissocie, le 
dimbre donne le trim&e: 

(U02)2(OH)2.aq2+ + U02*aq2+7t 


