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ABSTRACT 

The Polarographie character i s t i c s of the NKI I) ion in presence of the 

four aminoalcohols monoethanolamine, N-methylethanolamine, 

N-ethylethanolamine and N,N-dimethylethanolamine are reported. In 

general, ha l f -wave potent ia ls for the complexes are more pos i t ive 

than for the aquo-ion, and sh i f t towards more negative values as the 

concentration of ligand increases. Transfer coef f i c ient s , <*c , 

electrode reactions rates and act ivat ion energies were determined 

for the reduction of the complexes. Differences between the 

reduction mechanism of the various NKI I)- aminoalcohol complexes 

are pointed out. 

INTRODUCTION 

The unusual e lectrochemical behaviour exhibited at the dropping 

mercury electrode by complexes of NKI I) w i t h nitrogen bearing 

ligands, which has long been known, has recently been the subject of 

a number of a r t i c l e s (1-4). As far as we know, however, there has 

been only one study (5) of the e lectrochemical behaviour of 

NKID-alcoholamine complexes, and only a qual i tat ive descr ipt ion 

was given. The present a r t i c l e reports quantitat ive e lectrochemica l 
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data for complexes of Ni( l l ) w i th monoethanolamine (MEA), 

N-methyletanolamine (NMEA), N-ethylethanolamine (EMEA) and 

N,N-dimethylethanolamine (NNMEA). 

EXPERIMENTAL 

A l l reagents were Merck pa. products. Alcoholamines were pur i f ied 

by standard procedures before use and their concentrations checked 

by t i t r a t i on against acid. Ni( l l ) solutions were prepared from 

N i ( N 0 3 ) 2 and their concentrations determined by t i t r a t i on against 

EDTA. 

A l l polarographic studies were carr ied out using 1,33.10 T l Ni( l l ) 

solutions. The concentrations of alcoholamine were varied over the 

ranges l i s ted in Table 1. Ionic strengths were held at 0,1M by 

adition of suitable quantit ies of KNO3. 

Polarograms were obtained using a Methrom E506 polarograph w i th 

an E505 stand. A three-electrode ce l l was used, and the drop t ime 

was control led automatical ly (t= 3s) except when invest igat ing the 

step control l ing l im i t i ng current. A l l experiments were performed 

in d.c. mode. Solutions were thermostatted at 298,0, 303,0 and 

308,0±0,1K, and pure nitrogen was bubbled trough them for at least 

ten minutes before the experiments commenced. In no case was 

maximum suppresor neccesary. 

Potent iometr ic measurements were performed in a 250 ml ce l l 

thermostatted at 298,0+0,IK by a Haake D3 thermostat. Emf was 

measured using a CRI50N Digilab 517 pH-meter accurate ±0,1mV 

equipped w i th an Ingold electrode and cal ibrated as according 

Wi l l i ams method (6) 

The coef f i c ient s and rate constants af the electrode reactions (the 

later obtained at formal potential of the pair N i (H 2 0 ) x

2 + /N i (Hg ) (7)) 

were calculated by the methods of Gell ings (8), Hale and Parsons 

(9), Br idcka (10) and Oldham and Parry (11), using an Epson HX-20 

microcomputer. 
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RESULTS AND DISCUSSION 

The reduction of Ni( l l ) -a lcoholamine complexes studied produced a 

single, i r revers ib le two-e lect ron wave, whose ha l f -wave potent ia ls 

depended on the identity of the alcoholamine and i t s concentration 

(Table 1). Except in the case of the NNMEA, the e lectrochemical 

reduction of Ni( l l ) under the influence of the alcoholamine took 

place al smal le r overpotentia) than the aquo-ion, The observed 

relat ionship l « h 1 / 2 , and the temperature coef f i c ient s of l im i t i ng 

currents of the four complexes (al l about 2% ° C _ 1 ) show that the 

l im i t i ng currents of the polarograms obtained were d i f fus ion 

controlled. 

Table 1.- Electrochemical characteristics of Ni( II )-alcoholamine systems 9 

ligand [cone] (M) E 1 / 2 ( V ) c * k( I 0 " 9 c m s _ 1 ) b ' c E g i K J m o r 1 ) 

MEA 0.022 - 1.11 -0.81 -0.99 0.76 0.17 78 
NMEA 0 . 048 - 1.72 -0.91 -1.06 0.62 0.36 99 
EMEA 0.098 - 1.91 -0 .88 -1 .05 0.50 7.34 1 1 1 
NNMEA 0.310 - 1.87 -1 .18 -1 .22 0.40 0.12 107 

a) For the reduction of the N i ( H 2 0 ) x : E]/2= -1.16Y;*= 0.40; Ea= 200 

b) [MEA]= 0.19; [NMEA]= 0.23; [EMEA]= 0.25; [NNMEA] = 0.30 
c) Determined at E'= -0.62V, the formal potential of N i (H 2 0) x /Ni (Hg) (7) 

The d i f fus ion coef f i c ient s of the complexes, calculated from the 

observed l im i t i ng currents using l lkov lc ' s equation, were only 

s l i ght ly af fected by the concentration of the ligand. The mean 
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di f fus ion coef f i c ient increased s l i ght ly w i t h ligand concentration at 

low values, reached a maximum at about 0,5M, and f e l l gradually at 

higher concentrations of ligand. This f inding agrees w i t h the 

observed behaviour of Ni( l l ) complexes w i th other ligands of s im i l a r 

nature (2,4). 

In a l l cases, logar i thmic analys is of the polarograms (Fig 1), y ielded 

straight l ines whose slopes depended on the identity of the 

alcoholamine but not on i t s concentration or temperature. For each 

of the alcoholamines studied, the value of <* , and hence the 

e lectrochemical step of the electrode reaction, is therefore the 

same throughout the ranges of concentration and temperature 

investigated. The mean values of « , calculated as described in 

Experimental Section, are l i s ted in Table I. 

Fig. 1- Polarographic curves for the reduction of nickel-alcoholamine complexes: a) 

MEA; b) NMEA; c) EMEA; d) NNMEA 

I T T T i J _ c 

1,6 1,4 1.2 1.0 0,8 0,6 1 
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For a given concentration of alcoholamine, the rate constants of the 

electrode reactions of the complexes studied fo l low the order 

NNMEA < MEA < NMEA < EMEA (Table 1). In general, the rate constant 

increases w i t h decreasing concentration of alcoholamine and w i th 

r i s ing temperature, a phenomenon related to the e f fec t of these two 

var iables on the ha l f -wave potential. 

Fig. 2- Plot of E |/2 K?log [ ] of complexating agents: a) MEA; b) NMEA, c) EMEA; d) 

NNMEA. 

- V . 6 - -o\s o T o l e j [L] 

The var iat ion of ha l f -wave potent ia ls w i t h temperature a l l ows the 

act ivat ion energies, Ea, to be calculated using the equation: 

<xnf(E 1 / 2 -E ' )/2,303RT = log A * - (Eg- 1/2 Q d ) /2,303RT 
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where Q d Is the act ivat ion energy of d i f fus ion (which is obtained 

from the temperature dependence of the l im i t ing currents), E' is the 

potential for which act ivat ion energies are ca lcu lates and A * 

comprises a l l terms that are independent of temperature. The mean 

act ivat ion energies, calculated at the same potent ia ls as the rate 

constants, are l i s ted in Table I. They show that the influence of the 

temperature on the rate of the e lectro-reduct ion increases as 

s t ab i l i t y of the complexes decrease (13), a phenomenon which has 

already been reported for s im i l a r systems (3). 

For a l l the systems studied, increasing the concentration of 

alcoholamine caused the hal f -wave potential to sh i f t to more 

negative values, showing that in the range of the concentrations 

investigated the increase in concentration of reduct ible complexes 

was outweighed by the greater degree of complexation in the 

solution. This dependence of the ha l f -wave potential on 

concentration may be used to determine which species are d i rec t l y 

involved in the electrode reaction. The relat ionship between 

ha l f -wave potential, the concentration of ligand, the transfer 

co f f i c i en t and the s to ich iometr ic indexes of the predominat species 

in solution (N) and the species actual ly reduced at the electrode (k) 

is given by the equation (14,15) 

d(E, / 2 /d(log[L]) = -(N-k) 2,303RT/«nf 

P lott ing E | / 2 against log[L] for the Ni( l l ) -alcoholamine systems 

studied y ie lds a graph cons ist ing of a single straight l ine in the 
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case of NNMEA and two stra ights segments in the cases of MEA, 

NMEA and EMEA (Fig 2). The values of the slopes of these l ines, 

together w i th the s to ich iometr ic indexes of the prédominants 

complexes in solut ion (determined by Potent iometr ie t i t r a t i on s in 

the same conditions of the Polarographie experiences using Bjerrum 

and Refn method (12)), imply that the d i rect ly reducible species is 

N i ( H 2 0 ) x _ 2 L 2 in the case of MEA, N i (H 2 0 ) x _ , L for NMEA and EMEA 

and N i ( H 2 0 ) x for NNMEA (Table 2). The lat ter conclusion fu l l y agrees 

w i t h that suggested by comparison of the ha l f -wave potent ia ls and 

the values of©c obtained for Ni (H 2 0) x _|NMEA and those obtained for 

Ni( l l ) in media containing no complexating agent (7). 

Table 2 - Dependence of N and k values on concentration of 

complexating agents. 

Ligand Cone (M) N-k N k 

MEA 1.11 - 0 .089 2.7 4 9 2 
0.067- 0.022 1.8 3.7 2 

NMEA 1.72 - 0 .16 2.6 3.9 1 
0.13 - 0 .048 1.7 2.8 1 

EMEA 1.91 - 0 . 6 4 2.6 3.6 1 
0.45 - 0.098 1.9 3.0 1 

NNMEA 1.87 -0.31 1.0 1.0 0 
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The above resu l t s suggest that the mechanism of the Polarographie 

reduction of Ni( l l ) in aqueous alcoholamine solution is 

. . ^ N i ( H 2 0 ) x _ n + 1 - L n _ 1 ^ N i ( H 2 0 ) x _ n - L n - ^ N i ( H 2 0 ) L x _ n _ , - L n + 1 ! L . . 

- H 2 0 - H 2 o | - H 2 0 - H 2 0 

Ni(Hg) 

for L= MEA (n=2) and L= NMEA or EMEA (n= 1), and 

N1(H 2 0) X i L N i ( H 2 0 ) x _ , - L ^L. N 1 ( H 2 0 ) X _ 2 - L 2 iL  

- H 2 0 - H 2 0 - H 2 0 

Ni(Hg) 

for L= NNMEA 
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