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A detuiled study of nickel-triethano~amine complexes 
has been made employing potentiometric and spectro- 
photometric methods. The potentiometric method has 
been used to investigate the conditions for the forma- 
tion of both mono- and polynuclear complexes. The 
formulae and the stability constants of the following 
complexes huve been determined Ni(TEA)‘-’ , Ni(TE- 
A):+, and Niz(TEA)14+. Absorption spectra of pure 
mononuclear complexes have been computed by the 
combination of potentiometric und spectrophotometric 
methods. The results are discussed OM the basis of 
ligand field theory. Comparison of the step constants 
of the r~ickei-etharzoianlines (mono-, di- and tri-) shows 
a slight chelate effect in these complexes due to co- 
ordinution through Iiydroxyl oxygen. In the case of 
polynuclear complexes it is likely thut bridging occurs 
through hydroxyl oxygen. 

Introduction 

Sklenskaya and Karapetyants’ have given the step- 
wise formation constants of nickel-triethanolamine 
complexes of formulae Ni(l’LA)’ ’ , Ni(l‘EA)z” , Ni(TE- 
A)3*’ _ Woodburn and Magcc’ haevc measured the 
absorption spectra of a nickel-triethanolaminc system 
containing a metal to ligand ratio I: 200 and have 
identified the following transitions. 

‘A&T,,(P); ‘A,-+‘T,,(F) 

They have also mentioned that a charge-transfer band 
occurs below 200 mp. However, there has been no 
detailed investigation of the nature of the absorption 
spectra of individual complexes nor conditions for 
the formation of polynuclear complexes. In the pre- 
sent paper a detailed potentiometric and spectrophoto- 
metric investigation of the nickel-triethanolamine 
system has been undertaken with a view to elucidating 
the nature of mono- and polynuclear complexes form- 
ed and the interpretation of the absorption spectra 
of mononuclear complexes on the basis of ligand 
field theory. 

Experimental Section 

1) Potentiometric Method. The experimental con- 
ditions of the work are summarized in Table I. 

For titrations under Bjerrum conditions3 experi- 
ments were done employing 0.1 M, 0.3 M, 0.5 M, and 
1 .O M triethanolammon’ium ion and various concen- 
trations of nickel ion ( I5 to 30 mM). Titration was 
carried out by adding triethanolamine to a mixture 
of triethanolammonium ion and nickel ion (nitrate). 
During the course of the titration the concentration 
of nickel ion and triethanolammonium ion was main- 
tained constant by the suitable addition of nickel 
and triethanolammonium ion as described by Sillen 
in hydrolytic studies. The total ionic strength was 
maintainccl at 1 M by adding sodium perchlorate, in 
0.1 M, 0.3 M, and 0.5 M TEA ion solutions (TEA 
- triethanolamine). 

For studying the polynuclear complex formation, in 
the higher concentration range of the metal ClO4- 
concentration was maintained constant at 3 M as used 
by Sillen’ in hydrolytic studies. As already mentioned 
the concentration of metal ion and TEA ion was 
maintained constant by the suitable addition of nickel 
and triethanolammonium ion. 

All pH measurements were made employing Radio- 
meter pli-mew (PHM 4C) with external glass electro- 
dc. The temperature was maintained 30”+ .l”C du- 
ring the titration. 

2) Spectroscopic Method. Absorption spectra were 
taken employing Hilger UVSPEK in ultra violet and 
visible regions, the temperature being 30+2’C. A 
UNICAM spectrophotometer type SP 700 A, was used 
to measure the spectra between 800 my and 1250 
my. 

Calculations 

The following equations are employed for calcula- 
ting ii and pA values in Bjerrum titrations. 

pA = -log A,+drop in pH due to complex for- 
mation 

n= AL-IA] 
c, 

(I) E.V. Sklcnskoya and M.Kh. Karupcloyants. Huss. /, Irtorg. Chem., 
1478 (1967). 

(2) S.I. Woodburn and 11.1. Magee, Ausl. I. Chem., 20, 439 (1967). 
(3) J. Bjerrum, n Metal amine formation in aqueous solution *. Pubi. 

P. Hasse and Son. 1957. 
14) K.A. Bvrkov. L.S. Lilic. and L.C. Sillen. AC/~ Chem. &and., 

19. ‘Ii (1965) 
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Table I. 

Experimental conditions 
cone. of triethanolam- 

Nature of the complex cont. of metal ion. nionium ion. ionic strcnglli 

Mononuclear complex (a) 15 mM to 30 mM O.lM, 0.3M, OSM and l.OM. 1 A4 by the addition of perchlorate 
Polynuclear (b) IO mM to 40 mM 5 mM I M by the addition of pcrchlorate. 
Complex (c) 50 mM to 300 mM 10 mM CIOl concentration maintained constant at 3 M 

Where A, - total concentration of triethanolamine. 
Chl - total concentration of the metal ion. 

In the case of polynuclear complexes, the free li- 
gand concentration is determined employing the equa- 
tion3 

The pH range in these experiments is quite small 
(6.3 to 7) and the concentration of HA+ is regarded 
as practically constant even though its concentration 
is quite low (5 mM and 10 mM). After determining 
the value of [A], the value of ii is calculated using 
the expression given above. The total ionic strength 
was maintained at 1 M with perchlorate when the 
concentration range of the metal was 10 to 40 mM 
and the concentration of perchlorate ion was main- 
tained at 3 M in experiments in which the concentra- 
tion of the metal ion was 50 to 300 mM. The pK 
value under the conditions of the experiment was 
7.8920.01 in 0.005 M TEA-ClO, in solutions of 
1 M ionic strength and 8.25kO.02 in 0.01 M TEA- 
CIOl in 3 M C104-. 

Results 

(1) Poteutiometric Studies of Nickel-triethanolLlrnine 
Complexes. (i) ii-pA curves using Bjerrum’s Tech- 
nique. The ii-p(TEA) or %(pA) curves obtained at 
various metal ion concentrations employing 0.1 M, 
0.5 M, and 1 .O M triethanolammonium ion are given 
in Figure 1. Curves obtained with 0.3 M triethanol- 
ammonium ion are similar to those obtained in 0.1 
and 0.5 A4 solutions. In the curves presented the 
values of ii at different pA values, for various metal 
ion concentrations are given. All the points marked 
as “0” refer to one metal ion concentration (15 mM). 

L, IC 

* 

I 
t 

0 0 

P PA s-1 

Figure 1. ii-pA curves of nickel-triethanolaminc system at 
various concentrations of triethanolammonium ion under Bjcr- 
rum conditions. In 0.5 M and 0.1 M triethanolammonium 
ion solutions the branching of ii-pA curves occurs at fi, 
1.5 and 1.0 respectively. 
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Similarly x, o and A points refer to 20 mM, 25 mM 
and 30 mM respectively. Each set of points corre- 
sponding to a single metal ion concentration forms a 
curve. The curves obtained at various metal ion con- 
centrations are merging one upon the other within the 
limits of the experimental error. Hence a single 
curve is drawn. This coincidence is upto about 
ii = 1.5 in l.OM and 0.5M and ii = 1 in O.lM 
solutions. 

Figure 2. ii-pA curves of nickel-triethanolamine system in the 
case of polynuclear complex formation (lower metal ion con- 
centration range). 

(ii) ii-pA curves of titrations with metal to ligand 
ratio 32. 

(a) Lower metal ion concentration range (Table 
lb). Typical n-pA curves arc presented in Figure 2. 
These curves coincide up to ii = 0.7. Beyon ii = 
0.7, they branch out and rise rapidly. The values of 
ii are obtained till precipitation occurs. 

(b) Higher metal concentration range (Table Ic). 
Data obtained under ii (a) (Figure 2) indicate that 
mononuclear complexes arc produced until ii reaches 
a value of 0.7 and afterwards polynuclear complexes 
are produced. In order to produce only polynuclear 
complexes, experiments have been conducted using 
higher metal ion concentrations viz. 50 mM to 300 mM. 
The concentration of TEA ion is kept at 10 mM (as 
at lower concentrations of TEA-ion, precipitation 
occurs at low ii values). The fi-pA curves obtained 
are presented in Figure 3. 

(2) Absorptiort Spectra of Nickel-triethanolumirze 
Complexes. If a mononuclear system contains two 
complexes MA and MA?. the formation function 
takes the following form 

~+(fi-l,P,,[A]+(-,-2,B,![A]?= 0 



On rearranging one gets, 

ii (2-fi)P11 
(I--iT)[A] =-&ii) 

[A, +& 

Figure 3. ii-pA curves of nickel-tricthanolaminc system in 
lhe case OF polynuclcar complex r0mniion (hi&w lllf2till ion 

concenlration range). 

It is, therefore, clear that if the plot of 

& [A] 

(I-:)[ A] vs. 

is a straight line having a positive slope, 

one can conclude thaf the system contains two mono- 
nuclear complexes. In the present system the plot of 

._ 

(I-&A, Vs. 
is a straight line with a 

positive slope (Figure 4). On the basis of the poten- 
tiometric data it can therefore be concluded that nic- 
kel forms with triethanolamine only two mononuclear 
complexes, viz., Ni(TEA)*-’ and Ni(TEA)z?’ . The 
pure spectra of these complexes in the ultraviolet 
and in the visible regions is obtained by the graphical 
method employed by Mahapatra and Subrahmanya’ 
by combining potentiometric and spectrophotometric 
data. The method consists of determining the mole- 
cular extinctoin coefficients (Ebb) at various values of 
ii, calculating the fraction of the different species (i.e. 
a~, al, a2 referring to NY+, Ni(TEA)*‘- and Ni(TEA)j+ 
respectively) from the stability constants and plotting 
suitable linear equations from which individual mole- 
cular extinction coefficients could be read. 

Figure 4. Analysis of the ii-p/\ curves under Bjerrum con- 
ditions. 

(5) S. Mahapatrn and R.S. Subrnbmnnya. Proc-. /ml. Accrd. Sci., 
59A, 299 (1964). 

In the 
expected 
(TEA)?+ 
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region 0.3 <ii<O.8, the species that can be 
to be present are Ni*+, Ni(TEA)2+ and Ni- 
and when ii is less than 0.3 only Ni*+ and 

Ni(TEAI*+ can be present. The following equations 
hold for the two regions of ii, 

or 

E,n=u3EO+aIEI+aIE?(0.3<ii <0.8) 
or 

Em-ah 
OI' -=EI-++, 

(I.1 aI (2) 

ail It is clear that from the plots of (i) --& VS. - 
al 

and (ii) (E ,,,-cc&/a1 us. aJal, the values (;f EO, EI, and 
EZ can be cleterminecl. Typical plots corresponding 
to equation (2) are given in Figure 5 and the absorp- 
tion spectra in the ultraviolet and visible regions are 

Figure 5. Typical plots corresponding to equation ( 2). 

Figure 6. Absorption spectra of individual nickel-thiethanol. 
amine complexes. (‘Qualitative’ refers to only predominant 
species). 

given in Figure 6. Detailed analysis in the near in- 
frared region has not been done since the measure- 
ments on the recorded spectra could not bc carried 
out accurately. Hence in the inset on Figure 6 it is 
shown as ‘qualitative’ and refers to the predominant 
species. 
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Discussion 

1. Nature of the Complex Formation in Case of 
Bjerrum’s Titration Mefhod. When a system con- 
tains mononuclear complexes both pure and hydroxy 
(MA,, MAj(OH)i) and polynuclear complexes both 
pure and hydroxy (M,Aj; M,A,(OH)i the following 
equation gives the relationship between ii and pA> 

When both pure and mixed hydroxy mono- and 
polynuclear complexes are present ii = f {[A],[OHI, 
[MI{. It is found that when i?<l, ii-pA curves 
plotted for various metal concentrations at any par- 
ticular concentration of TEA and at various concen- 
trations of TEA ion for a single metal ion concentra- 
tion coincide indicating that only pure mononuclear 
complexes are formed. The values of pII and PI1 as 
obtained froni the intercept and, the slope of the plot 
of iV(l-ii)[A] vs. (2-@/(l-ii) [A] (Figure 4) are 
1 02.92 and 1 O’,“* respectively. 

ii 
(I--ii)[Al 

Vs.s[ A] 

The formation curves for ii > 1 in 0.1 M, 0.3 M 

and 0.5 M TEA ion solutions and ii> 1.5 in 1 .O M 
TEA ion solutions do not coincide not only in solu- 
tions containing different metal ion concentrations 
but also in solutions containing different TEA ion 
concentration at constant concentration of the metal 
ion. Further, the ii values increase rapidlv in this 
region. It has been pointed out previous13 that at 
constant value of pA, the value of n obtained depends 
upon the pH of the solution. If mixed hydroxy com- 
plexes are produced, a higher value of n is obtained 
if the pH is higher. Consequently, a steep rise in 
ii-pA curves can only be interpreted as due to the 
formation of mixed hydroxy complexes. Also the 
ii-pA curves at various metal ion concentrations do 
not coincide. Both these factors put together suggest 
that polynuclear mixed hydroxy complexes are form- 
ed. 

2. Analysis of ff-pA Curves from Tifrafions with 
Me fal-ligand Ratio > 2. 

(a) Lower metal ion concentration range (Table lb). 
Examination of the ii-pA curves presented in Figure 
2, indicates the formation of only mononuclear com- 
plex till about ii = 0.7. There after the I+pA cur- 
ves do not coincide indicating the formation of poly- 
nuclear complexes. Since mononuclear complexes 
are giving place to polynuclear ones, it can be conclu- 
ded that mono- and polynuclear complexes will be 
present together in the polynuclear region. The ana- 
lysis of the polynuclear portion therefore becomes 
extremeiy complicated. Hence no attempt has been 
made to identify the nature of the complexes nor ob- 
tain their stability constants. 

(6) S. M8hapitlr.l sntl 11,s. Subrahmanye, ibid., %‘A. 161 (1963). 

(b) Higher metal ion concentration range (Table 
Ic). The results have been analyzed on the basis of 
the formation of one predominant complex,4 M, A,,. 
Since the ii values are low the final expression is sim- 
plified by approximating [M] = CW. The expression 
for the formation function on rearrangement can be 
written thus: 

log (iiC,;)=p log[A]+log p+lo&,,+q lo&, 

The slope of the plots of log(fiCyi) VS. log[A J gives 

the value of “p”. The values of (log p+log &i-q 
log CNi) for various values of CN; are computed at a 
suitable fixed value of (fiC,i). The values of log pqlJ 
are calculated for different assumed values of “q”. 
From the constancy of the values of log Ijqp, the for- 
mula and the stability constant of the complex are 
obtained. 

PA 

Figure 7. Analysis of I%pA curves of polynuclear complexes 
formed under ” self-medium” conditions. 

The plot of log (iiC%i) vs. pA (Figure 7) in the 
concentration range 50 to 300 mM indicates that its 
slope increases with an increase in the metal ion con- 
centration. From 100 mM and above, the slope is 
2 indicating that the value of “p“ is 2. The values 
of p For different values of “q” are given in Table II. 
It is clear that the value of “q” is 2. The formula 
of the complex in this region is Ni2(TEA)2J+ and the 
stability constant is 107.4’o.‘. In solutions containing 
less than 100 mM of the metal ion both mono- and 
dinuclear complexes are present in different propor- 
tions. 

Table II. Values of log p for various assumed values of q. 

q=l q=2 q=3 
CN,(Molar) logP+ logh log P,, 

0.100 6.379 7.380 8.380 
0.150 6.727 7.450 8.125 
0.200 6.692 7.390 8.090 
0.300 6.997 7.520 8.040 

Average log /I&? = 7.45~0.1 

3. Absorption Spectra of Pure Mononuclear Nickel- 
Triethanolamine Complexes. In the spectra of these 
complexes three transitions, as expected for a d8 
system have been observed. 

Znorganica Chimica Acta 1 6: 3 1 September, 1972 
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‘Al,-+‘Tzp (near infrared region): 
‘A?,-->‘T,,(F) visible region): 

1100 rnp - 

‘A&T,,(P) (ultraviolet region). 
635 rnp 600 rnp 
387 my 370 Iq_L 

These transitions are Laporte forbidden transitions 
and are due to vibronic coupling. Gaussian analysis 
for Ni(TEA)‘+ indicates the presence of two transi- 
tions in the middle band. On the curve the second 
peak has taken the form of a shoulder. The appear- 
ance of double peaks in the middle band is indicated 
by the Gaussian analysis, in Ni(TEA)‘+ complex ap- 
pears to be due to the nearness7 of the ‘E, state com- 
ing from ‘D state and “E,, (F) state coming from the 
3F state resulting in the spin orbit interaction and 
consequent division of the intensity between the two 
states giving rise to two peaks. 

4. General Nature of the Nickel Complexes of 
Mono-, Di- and Triethanolamines. In order to obtain 
the nature of bonding in nickel-triethanolamine com- 
plex on the. basis of successive formation constants 
it would be necessary to compare the stepwise con- 
stants of triethanolamine with those of mono- and 
diethanolamines, since there is gradation from mono- 
to-triethanolamine. The nature of bonding in mono- 
ethanolamine complex can be obtained by the compa- 
rison of the stepwise constants of monoethanolamine 
with those of ammonia. 

The stepwise formation constants (Table III) of the 
mononuclear ethanolamine (mono-, di- and tri-) com- 
plexes obtained’,” by this investigation along with 
those of ammonia complexes given by Bjerrum-’ are 
given below. Comparison of the nickel-ammonia 
complexes with those of nickel-monoethanolamine 
complexes indicates that the stepwise formation con- 
stants for Ni(MEA)*+, Ni(MEA),‘+, Ni(MEA)?+ and 
Ni(MEA),2+ are greater than the corresponding values 
of nickel-ammonia complexes while the constant for 
Ni(MEA)sZ )- is smaller than that of Ni(NHj)j’+. 

These values are indicative of the fact that in com- 
plexes, Ni(MEA)‘+ to Ni(MEA)a*+, there is a slight 
chelate effect. The lower value of the constant for 
Ni(MEA)5)2+ as compared with Ni(NH&‘+, indicates 

Table III. Log of stepwisc constants for nickel-ammonia, 
Ni(MEA),‘+, Ni(DEA),‘+ and Ni(TEA),“, complexes. 

Type of 
complex Ni(NH& Ni(MEA), Ni( DEA), Ni(TEA), 

NiA 2.73 3.18 2.79 2.915 
NiAl 2.18 2.86 1.63 1.821 
NiA, 1.67 1.72 I.18 - 
NiAI 1.13 I .47 - - 

NiAs 0.69 0.47 - - 
NiAs 0.03 0.33 - - 

(MEA - mcsnoethanolamine; DEA - diethanolamine; TEA 
triethanolamine) 

(7) C.K. Jorgensen, Acfu Chem. Stand., 9, 1362 (1955). 

that the monoethanolamine behaves as a monodentate 
ligand and being a primary amine, the formation con- 
stant is lower than that of the corresponding am- 
monia complex. It may be pointed out that it would 
have been more appropriate to compare constants 
of nickel-ethylamine complexes instead of nickel-am- 
monia complexes with those of nickel-monoethanol- 
amine complexes. Unfortunately the constants of 
nickel ethylamine complexes are not available. How- 
ever, one could expect nickel-ethylamine constants to 
be lower than those of nickel-ammonia complexes. 
Hence the conclusion arrived at is quite valid. 

The formation constants of nickel-diethanolamine 
and triethanolamine complexes are also included in 
the same table. Since Ni(DEA)?+ and Ni(TEA)zZ+ 
are the highest complexes produced, it is reasonable 
to conclude that slight chelate effect will be present 
in these complexes. However, it is not possible to 
draw conclusions on the basis of step constants, since 
the step constants of nickel-diethylamine and triethyl- 
amine are not available in literature. It is also likely, 
particularly in triethanolamine, the steric effects might 
be responsible for the non-formation of higher com- 
plexes. 

It is expected that with an increase in the number 
af ethanol groups in the amine, the successive form- 
ation constants of all complexes (1: 1, 1: 2, 1: 3) 
should decrease. In the present study this is true in 
the case of the nickel-mono- and diethanolamine com- 
plexes. In the case of the nickel-triethanolamine 
system the constants are slightly higher than those 
of the Ni,-DEA system. This is probably due to the 
stronger chelate effect in the case of nickel-triethanol- 
amine system. 

In the nickel-ethanolamine system quite a few poly- 
nuclear complexes have been identified:“s9 

Ni*(MEA)>‘, Ni,(MEA),“‘, Ni,(DEA)‘+, Ni,(DEA),O+, 
and Ni,(TEA)2’ i. 

Although there is no direct experimental evidence 
on the basis of the results presented in this paper, it 
can be presumed that bridging is perhaps occurring 
via the cthanolic hydroxyl group as is evident from 
the fact that the ethanolic hydroxyl group is capable 
of forming bond through the oxygen of the hydroxyl 
as indicated by the &elate effect described above. 

There is a gradation in the tendency to form poly- 
nuclear complexes even under Bjerrum conditions as 
one proceeds from mono- to di- and to triethanol- 
amine at pH values close to their pK values. It was 
found that nickel-monoethanolamine system’ does not 
produce any polynuclear complexes, whereas poly- 
nuclear complexes are produced in the case of dieth- 
anolamine at R = 2.2. In the case of triethanolamine, 
however, polynuclear complexes are produced at ii = 
1.0. 

(8) G.A. Ilbat and R.S. Subrabmanya, /. irtorg. rrucl. Clwn., 33, 
5487 (1971). 

(9) GA. Bhnl snd R.S. Subrahmanya - To be published. 
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