
~ Pergamon 
PII : S0277-5387(97)00232-5 

Polyhedron Vol. 16, No. 24, pp. 42294232, 1997 
© 1997 Elsevier Science Ltd 

All rights reserved. Printed in Great Britain 
0277 5387/97 $17.00+0.00 

Studies on kinetics of complexation of lanthanide 
• -hydroxycarboxylates with l,lO- 

phenanthroline 

Ren Yanping, a* Zhang Li, a Wang Liufang b* and Liu Yu b 

a Department of Applied Chemistry, Taiyuan University of Technology, Taiyuan 030024, P.R. China 

h Department of Chemistry, Lanzhou University, Lanzhou 730000, P.R. China 

(Received 27 December 1996; accepted 3 June 1997) 

Abstract--Kinetics of the coordination reaction of lanthanide (LaHI, Eu m) ct-hydroxycarboxylates 
[LnL3(H:O)2] with 1,10-phenanthroline (phen) in methanol-water (v/v, 3:2) were studied at 25°C by calo- 
rimetric titration. A one-step reaction process in accordance with the rate law has been suggested. The reaction 
is found to be first order for both lanthanide ~-hydroxycarboxylates and phen. We have evaluated rate 
constants of the reactions. It is found that a linear free energy relationship exists between the stability constants 
of the lanthanide-~-hydroxycarboxylate-phen ternary complex and the rate constants. It is also found that a 
linear free energy relationship exists between the rate constants of La-hydroxycarboxylate with phen and the 
acid strength of ~-hydroxy-acid as primary ligand, but the linear free energy relationship does not exist in the 
Eu-~-hydroxycarboxylate-phen ternary complex. The influence of other factors upon the reaction rate con- 
stants was also discussed. © 1997 Elsevier Science Ltd 
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~-Hydroxy-acids and their lanthanide complexes have 
been extensively investigated [1,2]. In our previous 
work [3,4] we have reported the thermodynamic 
properties of the complexation of La m, Eu l" glycolate, 
La m, Eu ~H lactate, La m, E u  nl mandelate and La Ill, 
Eu jl~ atrolactate with phen in methanol-water 
(v/v, 3:2) at 25'~C determined by calorimetric 
titration. We also studied the effect of substituent 
groups on the thermodynamic function of coor- 
dination of lanthanide ~-hydroxycarboxylates with 
phen. In this paper, we discuss the chemical reaction 
kinetics of the reactions mentioned above. 

EXPERIMENTAL 

Reagents and apparatus 

The reagents and the apparatus employed were the 
same as reported earlier [3,4]. 

* Authors to whom correspondence should be addressed. 

Experimental procedure and calculation methods 

The experimental procedure and the procedure used 
for calculating the concentration of species present in 
reaction vessel were similar to those described pre- 
viously [3,4,5]. 

In continuous titration calorimetry, for the reaction 

A + B  = AB 

where A represents titrant phen; B represents titrate 
LnL3(H20)2 [1]; AB represents the resultant 
LnL3phen [3] (omitting resultant H20). Eleven data 
points at 11 rain intervals are used in the calculation. 
In this experiment the total concentration of A ([Av]) 
and the total concentration of B ([Br]) in the reaction 
vessel are known, only the concentration of [AB]p is 
necessary to complete the calculation. The con- 
centration of [AB]p was printed by using TP-801 com- 
puter (see Table 1). 

At the experiment, the concentrations of phen (A) 
and LnL3(H20)2 (B) are almost the same, so we 
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Table 1. The concentration of La(C~HsCHOHCOO)3 phen ([AB]p, given in mol dm 3) present in 
reaction vessel of a 0.004793 mol dm -3 ([At]) phen solution with a 0.002743 mol dm 3 ([BT]) 

La(C6HsCHOHCOO)3(H20)2 solution at 25°C in methanol-water (v/v, 3 : 2) 

Time (min) [ABlp [AT] [ABlp [By] - [ABIR . [BT] [AT] -- [AB],, 
Log [A~T] [BT] -- [AB]p 

1.00 0.0001908 0.0046022 0.0025522 0.014 
2.00 0.0003641 0.0044289 0.0023789 0.028 
3.00 0.0005209 0.0042721 0.0022221 0.042 
4.00 0.0006624 0.0041306 0.0020806 0.055 
5.00 0.0007898 0.0040032 0.0019532 0.069 
6.00 0.0009044 0.0038886 0.0018386 0.083 
7.00 0.0010073 0.0037857 0.0017357 0.096 
8.00 0.0010998 0.0036932 0.0016432 0.109 
9.00 0.0011828 0.0036102 0.0015602 0.122 

10.00 0.0012575 0.0035355 0.0014855 0.134 
11.00 0.0013246 0.0034684 0.0014184 0.146 

assumed the rate equa t ion  of  the react ions ment ioned  
above can be expressed as 

r = k[phen]X[LnL3(H20)2] ~ 

where k is the rate cons tan t  of  the reactions,  L rep- 
resents C H 2 O H C O O - ,  C H 3 C H O H C O O - ,  C6H5 
C H O H C O O - ,  and  C6H s CH 3C O H CO O - ,  respec- 
t ively; Ln represents  La u~ or  Eu ul. Assuming  
x = y =  1 , p l o t s o f  

L [BT] [Av]--  [AB]p 
°g[Av] [ B y ] -  [AB]p 

against  t ime (T) is a line and  favour  the assuming 
x = y = 1. In other  words,  the assumpt ion  is reason- 
able. It  is proved tha t  the react ion is found  to be first 
order  for b o t h  l an than ide  ~t-hydroxycarboxylate and  
phen,  and  fur ther  proved tha t  the rate equa t ion  of  the 
react ion is r = k[phen][LnL3(H20)2].  The observed 
rate cons tants  can be calculated f rom the slopes of  the 

lines. The values of  the observed rate cons tants  of  the 
reactions ment ioned  above  are summarized  in Table  
2. 

R E S U L T S  AND D I S C U S S I O N  

As seen in Table  2, the values of  the observed rate 
cons tan ts  of  the reactions are small, this is because 
the in termolecular  hydrogen  b o n d  of  LnL3(H20)2 
with the solvent H20  molecules is no t  favourable  for 
the coord ina t ion  of  n i t rogen a toms  of  phen.  In the 
meant ime,  the space h indrance  of  phen  due to its rigid 
s t ructure  is also not  favourable  for the coord ina t ion  
of  phen.  

As seen f rom Table  2, the order  of  the rate constants  
of  the react ion with change in pr imary  ligand is atro- 
lactate > mandela te  > lactate > glycolate for Eu "~ 
or a t rolacta te  > mandela te  > glycolate > lactate for 
La ul. Log k values of  the react ions appear  to increase 

Table 2. Observed rate constants and equilibrium constants [3] for complexation of several lan- 
thanide ~-hydroxycarboxylates with phen in methano~water (v/v, 3 : 2) at 25°C 

k 
Complex (mol ~ dm 3 min -~) Log k Log K 

La(CH2OHCOO)3phen 
La(CH3CHOHCOO)3phen 
La(C6HsCHOHCOO)3phen 
La(C6HsCH3COHCOO) 3phen 
Eu(CH2OHCOO)3phen 
Eu(CH3CHOHCOO)3phen 
Eu(C6HsCHOHCOO)3phen 
Eu(C6HsCH3COHCOO)3phen 

11.01 _+0.02 1.04 2.18 
10.80+0.02 1.03 2.17 
15.51 +0.01 1.19 2.44 
31.54_+0.02 1.50 2.78 

8.08 ___ 0.03 0.91 2.04 
16.60+0.01 1.22 2.41 
20.65_+0.03 1.32 2.51 
59.40 + 0.04 1.77 2.99 

Data are average values of three runs. The uncertainties are expressed as the standard deviation 
from the mean. 



Lanthanide complexes 

as the substituent groups of the ~-hydroxy-acid 
increase and become large. This is because the inter- 
molecular hydrogen bond of lanthanide 7-hydroxy- 
carboxylates Ln(CHzOHCOO)3(H20)2, Ln(CH3 
CHOHCOO)3(H20)2, Ln(C6HsCHOHCOO)3(H:O): 
and Ln(C6HsCH3COHCOO)3(H20)2 with the solvent 
H20 molecules appears to decrease as the substituent 
groups of ~-hydroxy-acid increase and become large 
and is favourable for the coordination of phen. The 
enhancement of the rate constants of the reaction 
in the order mentioned above was also explained by 
possible aromatic ring stacking (benzene ring of ~- 
hydroxy-acid and phen ring). This definitely proves 
that the substituent effect does not play a predominant 
role amongst the factors that govern the coordination 
behaviour of the phen ligand. 

On the basis of the above discussion, the reactions 
mentioned above are all one-step processes. The reac- 
tion process can be expressed as 

k LnL3 (H:O)2 q'- phen--* LnL3 phen + 2H:O 

The rate law in accordance with one-step reaction 
process is 

d[LnL3phen] 
dt - k[LnL3 (H20)2] [phen] 

which is in agreement with the previous assumption. 
For  a given e-hydroxycarboxylate and phen ligands 

the order ofk is Lam < Eu m (except glycolate reaction 
systems). This is because the difference between the 
Lam and Eu m character, which results from the solv- 
ation between EuL3(H20)2 and solvents being greater 
than that of LaL3(H20)2 and solvents and which give 
rise to the different k values. 

For  a given lanthanide and four different c~-hyd- 
roxy-acid, it is found that a linear free energy relation- 
ship exists between the reaction rate constants (Log 
k) of LnL3(HzO)z with phen and the stability con- 
stants (Log K) of LnL3phen (see Figs 1 and 2). The 
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Fig. 1. Log k values of the reactions of the La-hydroxy- 
carboxylate with phen plotted against the log K values of the 

Lam ternary complex. 
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Fig. 2. Log k values of the reactions of the Eu-hydroxy- 
carboxylate with phen plotted against the log K values of the 

Eu ~H ternary complex. 

linear relationship between Log k and Log K indicate 
that the bigger K of LnL3phen the bigger k of the 
reaction of forming LnL3phen [6]. 

The order of acid dissociation constants was 
reported as mandelic acid (pK,, 3.41)> atrolactic 
acid > glycollic acid (pka 3.83) > lactic acid (pK, 
3.86). It is further observed that a linear free energy 
relationship exists between the rate constants of the 
reaction [LaL3(H20)2 + phen = LaL3phen + 2H20] 
and the acid strengths of c~-hydroxy-acid as primary 
ligand [7]. However the linear free energy relationship 
does not exist between the rate constants of the reac- 
tion [EuL3(HzO)2+phen = EuL3phen+2H20] and 
the acid strength (pK,) of ~-hydroxy-acid. This is 
probably because of the difference between the Lam 
and Eu Iu character. 

In addition, as seen from Figs 1 and 2, the reaction 
of Ln(C6HsCH3COHCOO)3(H20)2 with phen is not in 
agreement with the linear free energy relationship. 
This is due to the configuration of solvation of 
Ln(C6HsCH3COHCOO)3(H20)2 differs from the 
other lanthanide ~-hydroxycarboxylates [3]. The 
C6HsCH3COHCOO- of Ln(C6HsCH3COHCOO)3 
(H20)2 having the most volumetrical effect that could 
shield lanthanide ions from combining with solvent 
molecules. Thus, the degree of solvation of Ln(C6H~ 
CH3COHCOO)3(H20)2 is lower than that of Ln(CH2 
OHCOO)3(H20)2, Ln(CH3CHOHCOO)3(H20)2 and 
Ln(C6HsCHOHCOO)3(H20)2 (Ln = La "~, Eum), the 
number of molecules of solvation is small and is 
favourable for the coordination of two nitrogen atoms 
of phen. 
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