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Ternary Coordination Complexes of Chromium{III) with 
Glycine and Some Dicarboxylic Acids-Potentiometric, 

Spectral and Ion-Exchange Studies 
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Reliable stability constants {or the CrAH, CrA, CrA •• CrA1 , Cr(OH) aad Cr1 A0 • 

(OH). have been obtained at 50± 0.1• and I - 0.1 mol dm-• In the Cr(IIJ)·glycine syatem 
by the computer based analysis of the potentiometric data. Ternary complexation of 
Cr(JII) with glycine as the primary ligand (A) and malonic, maleic, or succinic acids as 
the secondary ligand (B) gives rise to CrAB, CrAB1 and CrA.B (only in the systems witll 
B- malonic or maleic acid) types of ternary complexes. The results suggest the marked 
stabilities of these ternary complexes over the corresponding binary analogues which may 
probably be accounted for by considering the charge neutralization and interllgand Inter­
actions in the ternary systems. The results indicate the preferred formation of Cr(IIJ) 
ternary chelates containing five and six membered rings rather than those with five and 
seven membered rings. The enhanced stability of the unsaturated mixed complexes, CrAB, 
over the saturated complexes of the type CrA1 B or CrAB1 is evident from the results. 
Ion exchange and spectroscopic evidence have been obtained to support the existence of 
CrAB, CrA1 B and CrAB1 ternary species in the Cr(III)·glyclae(A)·malonic acid(B) 
system. 

IT is wen established that the ternary complexes 
play a decisive role in the activation of enzymes 
and also in the storage and transport of active 

substances through biological membranes1 ' 1 , Thus, 
considerable attention has been paid in recent years 
on the study of binary and ternary complexes of 
transition metal ions with particular reference to 
their syntheses, kinetic behaviours, isomerism, and 
factors governing their formation and stability1 -•. 

Much of the synthetic and characterization studies 
have been carried out on Cr(III) complexes towards 
a better understanding of their biological and 
technological importance"' 10• Kida 11 predicted that 
ternary Cr(III) compleKes must be more stable than 
their corresponding binary complexes and subse­
quently many equilibrium studies on the binary 
Cr(III) complexes alone have been reported 111 • 

A careful analysis of these data indicates that the 
kinetic inertness and polymerziation behaviour 
of Cr(III) have not been taken into consideration 
and inadequate equilibrium conditions have 
been employed. Furthermore, various protonated, 
hydroxy- and polynuclear-complexes have not been 
accounted during the computation of the equilibrium 
constants. 

Considering the above points, we have been 
investigatingu-u the multiple equilibria present 
in some Cr(lll) binary and ternary complex systems. 
The present paper deals with the detailed study of 
the formation equilibria of Cr(III)-glycine(A) binary 

system and also some Cr(III)-glycine(A)-dioar­
boxylic acid(B) mixed systems at adequate equili­
brium conditions in aqueous perchlorate media by 
the simulated type of potentiometric technique. 
Ion-exchange and spectral evidences have beeo 
obtained to support the existence of the ternary 
complex species detected by the computer based 
analysis of the potentiometric data. The dicar­
boxylic acids used were malonic, maloic and· 
succinic acids. 

Experimental 
Solutions of glycine (E. Merck ; pure), maloni~: 

acid (Riedel; pure), maleic acid (Riedel; pure) and 
succinic acid (E. Merck; G.R.) were preparecl 
immediately before use in double-distilled water 
from materials dried under vacuum over P9 0 11 , 

Hexaaquachromium(III) perchlorate and other 
reagents were prepared and estimated as described 
earlier18• 

Conventional potentiometric methods were 
employed at 50 ± 0.1 o and 1=0.1 mol dm-• 
(NaCIO,) for the determination of dissociatioa 
constant of glycine. A Radiometer pH-meter (pft 
M4d) with ± 0.0 l millivolts accuracy was used with 
glass and calomel combination electrode (GK 240IC) 
for all pH measurements and titrations. The 
simulated type of potentiometric technique employed 
for the determination of the stability constants of 
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binary and mixed Cr(III) complexes in this study 
was described in detail in our earlier paper18 • The 
ligand dissociation constants and the gross stability 
constants of binary and ternary complexes of 
Cr(lll) were evaluated with the aid of SCOGS 
computer program16 ·1'1 on IBM-370 computer. The 
protonation constants of malonic, maleic and 
succinic acids and stability constants of binary 
species of these ligands with Cr(Ill) (Table 1) were 

TABLE !-STABILITY CoNSTANTS FOR THE PROTON AND Cr(Ill) 
COMPLEXES OF DICARBOxYLIC AciD(B) AT 50±0.1° AND 

1-0.1 mol dm-• (NaClO,) 

Standard deviations are given in parentheses, Ref. 15 

Parameter Dicarboxylic acid, B 
Malonic Maleic Succinic 

log PHs 5.324 (5) 6.05 (1) 5.325 (5) 

log Pn.s 7.951 (8) 7.88 (1) 9.379 (S) 

log fJcr B 7.33 (2) 6.58 (13) 6.67 (6) 

log PcrB, 13.35 (3) 12.45 (8) 12.22 (4) 

Jog flora 16.75 (7) 16.00 (9) 
• 

log flo,. .a. 21.74 (8) 22.99 {10) 
log PorBH 9.36 (10) 

reported previously 111 • While calculating the stabi­
lity constants of ternary complexes, the stability 
constants of ligand protonated species and also the 
binary complex speeies due to the ligands A and B 
with Cr(III) obtained under similar conditions were 
fixed without further refinement. The criteria 
employed for the selection of the best-fit model was 
as described· earlier11- 15 • Pye Unicam SP-1800 

TABLI! 2-STABILITY CoNSTANTS FOR THE PROTON AND Cr(lll) 
COMPLI!XES OF GLYCINE (A) CHOSEN BY THE BEST-PIT 
MODEL AT 50±0.1° AND I -0.1 mol dm-• (NaCI04 ) 

Standard deviations are given in parentheses 
Parameter Values 

obtained 

log PHA 9.167 (9) 

log Pn,A 1].48 (I) 

log PcrAEI 11.t4 (13) 

log florA 8.70 (!1) 

log ParA 16.33 (6) 
• log ParA 23.o7 (25) 
• log PcrOH -3.53 (9) 

log Par A tOUI 
• 4 • 

27.57 (14) 

No. of data points 93 
pH range 2.0-3.9 

log K0 '" 
OrA 8.70 

le-g KC .. A 
Cf'A• 

7.63 

log K 0 "A• 6.74 
K C1'.i• 

p Nil 9.167 • 
PKcooa 2.31 

U1.6. 

Double Beam spectrophotometer was used for the 
spectral measurements. The results obtained are 
reported in Tables 2-4. The charges of all the com­
plex species in this paper are omitted for clarity. 

TABLE 3-STABILITY CoNSTANTS.J'OR THE TERNARY SPECIES 
CHOSEN BY THE BEST·FIT MlfuBL FOR THE Cr(Ill)· 

GLYCINE (A)·DICARBOXYLIC ACID (B) SYSTEMS 
AT 50±0.1" AND I -0.1 mol dm-• (NaCIO.) 

Standard deviations are given in parentheses 
Parameter Dicarboxylic acid, B 

Malonic Maleic Succinic 

log ParAB 17.04 (4) 15.74 (4) 15.37 (4) 

logfJcr.I. 1 B 22.60 (24) 22.35 (12) 

log Par AB, 21.05 (9) 20,42 (3) 18.98 (6) 
erA 

Jog Kcr.I.B 8.34 7.04 6.67 
arB 

log Kor.I.B 9.71 9.16 8.70 
erA, 

6.28 6.02 log KorAoB 
KorB 0 7.70 8.01 6.76 log orBoA 

!:>log Kct·.I.B 1.01 0.46 -0.01 

t:..log Kor.o~.B -1.05 -0.56 
t:.. log K 0 ,. ... 80 -1.00 -0.69 -1.94 

log XarAB 4.40 2.70 2.19 

log Xao,H 4.93 4.91 

log XcrAB, 6.56 6.31 

!:> log Pa r.o~B 1.89 1.05 0.79 

t:.. log PcrA 1 B 1.16 1.16 

t:..logf1ar.I.B, 1.73 1.62 

pH range 2.50 to 5.00 1.90 to 4.50 1.80 to 4.00 
No of data points 144 82 88 
to• . .,.v 4.73 1.30 1.48 

TABLE 4-SPECTRAL DATA FOR VARIOUS COMPLEX SPECIES 

Complex species .\.,a.: 
nm. 

Emalll 

[Cr(H1 0) 0 ]s+ 260 5.50 
408 15.44 
575 13.80 

[Cl'(mai)(H,O).J+ 416 25.98 
560 31.42 

[ Cr(mal)(gly)(H, 0 ),} 0 406 33.00 
548 31.60 

cis·[Cr(mal).(H10)\/r 418 40.03 
566 49.7 

[Cr(ma1) 0 (gly)]•- 408 34.84 
542 43.30 

Results and Discussion 

Chromium(Ill)-glycine(A) binary system: 
The acid dissociation constants of glycine repor­

ted in Table 2 are in good agreement with the 
literature values111 after taking into consideration 
the variations in the experimental conditions. The 
formation curves obtained by plotting il, the average 
number of ligands bound per metal ion, vs pA, the 
negative logarithm of free ligand concentrations, 
for different metal to ligand ratio solutions for the 
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title system are not superimposable, indicating the 
presence of multi-complex equilibria involving 
hydroxo, protonated and polynuclear species. The 
ii hump at lower pH region similar to that reported 
by Williams et a[1 8 suggests the possible formation 
of protonated metal complexes. These curves 
further exhibit considerable spread and greater 
divergency at ii > l in the 1 : 1 metal-ligand solutions 
where concentration of free metal ion is high. Hence 
hydrolyzed complex species are expected to be 
present. The maximum value of ii reaches 2.0 
indicating the possibility of CrA8 species formation 
under the present experimental conditions. 

contribution was found to be insignificant under the 
present experimental conditions. The stability 
constants for the Cr2 A6 (0Hh and CrAH glycine 
complexes are reported here for the first time. The 
crystal structure of the former species has been well 
established recentlygo and Hisayaok and Kiyoeot­
suka11 found that formation of this species is 
always accompanied during the process of preparing 
CrA8 glycine complex. The CrAH species has been 
previously isolated and characterised 112 • It is 
interesting that the metal hydrolysis constant (3.53) 
obtained in the best-fit model is comparable to the 
valae of 3.47 reported in the literatureu at 50°. 
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Fig. I. pH dependence of the electronic spectra of Cr(III)-Slycine (A) 
binary system with CJt-3.0)( to-• mol dm-• and CA -9.0lCto-• 
mol dm-•. (a) pH 3.83; (b) pH 3.73; (c) pH 3.46; (d) pH 2.98; 
(e) pH 2.52 ; (f) pH 2.03 (metal alone), 

The pH dependence of the electronic spectra 
given in Fig. 1 is also in agreement with the above 
conclusions. The isobestic points seen in this figure 
clearly suggest the presence of more than one type 
of complex species. The >..,11111 values at 555 and 
420 nm obtained in the present study are in agree­
ment with the literature values for the CrA glycine 
species111 involving a five-membered chelate ring of 
nitrogen and oxygen donor groups. The increased 
absorbance at 340 nm from pH 3.5 (Fig. 1) may be 
due to the possible presence of hydroxy complexes. 

The computer-based analysis of the potentio­
metric data on the title binary system shows that 
the best-fit chemical model contains the complexes 
CrAH, CrA, CrAll, CrA8 , CrOH and Cr1 A~(OH). 
in addition to the Jigand protonated species HA and 
H2A. Other species like CrA1H, CrAsH,, CrA90H, 
CrAOH, Cr(OH)1 and Cr,A9 (0H)9 have also been 
trrted in different combination of models, but their 

Slight discrepancies may be noted in the step­
wise stability constants for the CrA, CrA 2 and CrA8 

complexes between the presently obtained (Table 2) 
and literature values12• This may probably be due 
to the facts that inadequate equilibrium procedures 
had been employed in those studies and also all the 
relevant equilibria were not considered. Surpris­
ingly, the ratio log (K8;..c/K8~~ 9)=1.07 is higher 
than the statistically expected value of 0.68 log units. 
The difference can be attributed to the work done in 
bringing a second ligand from infinity to equilibrium 
position in CrA 9 associate against the repulsive 
force exerted by the already bound ligand and to 
the rest effect which depends on the influence of 
bound ligands on the binding power of the metal 

ionu. The ratio, log (Kg~1 /K~~~9)=0.89,iscom· ll B 1 

parable to the statistical values of 0.94 log units. 
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The distribution of various species in terms of 
percentage bound Cr(III) as a function of pH was 
calculated for different metal to ligand ratio solution 
for the title system and one such pattern for the 
], : 5 solution of Cr(III) and glycine is given in Fig. 2. 
As anticipated from the formation curve analysis, 
the distribution pattern clearly shows that protona­
ted metal complexes predominate in the lower pH 
region. The CrOH species was found to be 
favoured in the pH range of metal ion hydrolysis 
(pK4 =3.53). As is evident from Fig. 2 the 
dihydroxy bridged complex is more favoured at 
high pH range. 

In order to characterize the stability of various 
ternary complex species in relation to that of the 
parent complexes, the disproportionation constants 
were determined as per eqns. 1-6. 

__.::... . [CrAB] 8 

CrA.+CrB9~2CrAB, Xo,.AB,. [CrA.] [CrB,] 
... (I) 

log XcrAs=21og fJc,.As- (log PcrA 1 +log Pc,.a,) 

-· t2) 

2CrAa+CrB 8~3CrA9 :1; X0 ,.~ 98=[Cr~;~~~a] 
... (3) 

80~--------------------------

Fig. 2. Distribution of various species as a function of pH in the Cr(III)­
glycine(A) binary aystem at Cr(III)-A ratio of 1 : S. (1) unbound 
metal; (2) CrAH; (3) CrA ; (4) CrA 2 ; (5) CrA. ; (6) CrOH and 
(7) Cr1 A4(0H) •• 

Ternary systems of chromium(III) : 
Three ternary systems viz., Cr(lll)-glycine(A~B 

where B-malonic, maleic or succinic acid were 
studied. In addition to the various binary species 
due to the ligands A and B (Tables I and 2), the 
best fit model chosen contains the complexes CrAB 
and CrAB1 in all these systems. In the system 
with B=malonic or maleic acid, the CrA.B species 
was also found to be present when the experiments 
were carried out using large excess of glycine (A). 
However, the concentration of this species was 
found to be very low. It may be noted that the 
aV values, the standard deviation in the titre 
obtained in the binary and ternary systems of 
Cr(III} reported in this paper, are comparable to 
the qV values obtained while computing the ligand 
prot?nation constants. Hence the complex species 
obtained from the best fit models are valid under 
~he oxperimeotal conditions investigated. 

1178 

log Xc,.A 11B=3 log PcrAgB -(2log fJc•Aa +log fJc,.B,) 

..• (4) 

CrAs+2CrB3~3CrAB8 ; XcrAB = ~C~JB• Ji 
• [CrA.J( r s 

-· (S) 
log Xor~ss =3 log flcrAB 1 -(log IJcrAa +2Iog fJc,.Bs) 

... (6} 

The parameter, b,. log Kcr.« 8 , the difference in 
:P q 

stability of the binary complex with that of th~ 
ternary complex was derived from the genera 
expression 8. 
CrA,+CrBa~CrA11Ba+Cr ... (7) 

6log KcrA,Bq =log Por~,sfl-(log {J0, 411 +los {Jars~) 
oU. (8) 
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The 6log fJcr ,~ 8 , the stabilization constants 
:P q 

included in Table 3, result from the difference on 
their stabilities measured and those calculated on 
statistical grounds• ·9 • For statistical reasons 9 • 8 , 

values of .6.log K>-0.4, log X>0.6 and positive 
values of .6.log (J indicate the enhanced stability 
of octahedral Cr(III) ternary complexes. 

suggests the same conclusions arrived at from the 
above statistical parameters. For e.g. the log KZ~18 
values in Table 3 for the Cr{III)-glycine(A)-malonic, 
maleic or succinic acid(B) system decrease in the 
order B=malonic >maleic> succinic acids, demon­
strating that the CrA glycine binary complex prefers 
the dicarboxylate anions (B) in the above order. 
The same order is in agreement with the order 
predicted from the .6.log K0 ,.,~ 8 and log Xc.,.,~8 
values. The log KG'"8 8s values m Table 3 for all 

G'I'A 11 

the ternary systems under study are higher than 
the log K~~~: values in Table 2, indicating that 

the glycinate anion is added to CrBs to form CrAB11 

preferably than its addition to CrA1 to form CrA8 • 

Similarly, the preferential formation of CrA1 B 
complexes can easily be understood by comparing 
the log Kc"AsB with the log KC"88s (Tables 3 and 1). 

Cr.t 9 Cr 8 

The distribution of various species in 1terms of 
·the percentage bound Cr(III) as a function of pH 
were calculated for all the ternary systems under 
study at different metal to ligands ratio solutions 
and one such pattern for the Cr(III)-glycine (A)­
maleic acid(B) system in a 1:5: S solution is given in 
Fig. 3. In all the systems, the concentration of the 
binary complexes due to glycine (A) ligand was 
found to be very low. The CrAB1 complexes were 
present in significant amounts in all the three 
systems and reached above SO% of the total metal 
near pH 4.5. The CrA11B species is found to be 
present to a maximum of 20% even with excess of 
glycine (A) ligand as is the case with Cr(III)-glycine 
(A)-malonic acid(B) system in a 1 : 8 : 5 : 1.5 ratio 
solution. The CrAB species was found to be 
present in appreciable amounts (ca 40% of the total 
metal) in all the three ternary systems under study. 

In order to confirm the existence of CrAB, 
CrAliB and CrAB11 ternary complexes, further 
studies on Cr(III)-glycine(A)-malonic acid(B) 
system were carried out as follows. 

The 6log Kc,.AB values for all the three 
ternary systems in Table 2 are higher than the 
statistically expected value of -0.4 suggesting their 
marked stabilities. The positive ,6.log Kc,.AB 
values in the systems with B=malonic or maleic 
acid show that these two ligands prefer to 
coordinate with the already coordinated CrA glycine 
complex rather than with the free aquated metal ion. 
The very small negative .6.log K value for the 
system with B=succinic acid indicates that the 
succinate dianion has equal tendency to add on 
to the CrA glycine complex and also to the hexa­
aqua chromium(III) ion. The order of ,6.log Ka,.AB 
values in Table 3 suggests that the CrA glycine 
complex prefers dicarboxylate dianions in the 
order malonate>maleate>succinate. This order 
is more meaningful because the Cr(III) glycinate 
complex with five-membered ring prefers six-mem­
bered rings rather than the seven membered rings 
in the B ligand. Among the seven membered 
rings in the ternary systems with B=maleic or 
succinic acid, the maleate dianion is preferred due 
to the double bond in the ring. The stabilization 
of ternary complexes CrAB when compared to CrA 
or CrB can be best explained on the basis of charge 
neutralization in the ternary species. It may also 
be due to the inter-ligand interactions in the CrAB 
species through hydrogen bond ,formation between 
the amino group of glycine (A) and carboxylate 
group of the malonic, m1leic or succinic acid {B) 
bound to Cr(III). The b. log K values for the 
CrA11 B and CrAB1 complexes in Table 2 are 
negative in all the cases. This indicates that the 
dicarboxylate dianion prefers to add on to the 
aqueous metal ion rather than to the CrA1 glycine 
complex. The magnitude of the .6.log K values 
in Table 3 for CrAB, CrA1 B and CrAB11 complexes 
clearly suggest that the unsaturated mixed complex 
of the type CrAB exhtbits greater stabilization than 
the saturated complexes of 1the type CrA1 B or 
CrAB1 • This kind of dependency of stabilization of 
mixed ligand complex on the level of coordination 
has also been observed in the case of Cd(II) and 
Cu(II) ternary complexes 1 • u-u. 

(i) CrAB, : The solution, containing bis­
(malonato)chromium(III) complex (prepared by 
the method of Chang1 ') and glycine in I : 1 ratio 
was adjusted to pH 5.0 and thermostated at so• for 
three days. The blank solution without glycine was 
also kept under similar conditions. The reaction 
was stopped by cooling the solution to s• and the 
experimental and blank solutions were passed 
through two separate similar anion exchange resins 
DOWEX-1W, 1 x8-400 (200-400 mesh). When both 
these columns were washed with 0.01 and 0.02 M 
p-toluenesulphonic acid, respectively, thick violet 
and pale pink coloured bands were separated and 
these were eluted and characterized as cis and trarts 
isomers of his( malonato )diaquachromium(UI) 
complex. When the concentration of eluent was 
raised to 0.05 M, a thick pink! coloured band got 
separated only in Che experimental solution. This 
complex was eluted with 0.7 M eluent and 
characterised as bis(malanato)mono(glycinato)Cr(Ul) 
ternary complex. The nitrogen content was 
estimated by micro Kjeldahl method and chromium 

The disproportionation constant, log X, values 
included in Table 3 for the CrAB, CrA11B and 
CrAB8 ternary complexes are far higher than the 
statistically expected value of 0.6 and their ,6.log fJ 
values are all positive. Both these indicate the 
enhanced stability of the ternary complexes, the 
conclusion already arrived at from their b,log K 
values. The log Xc,AB value could not be 
computed for the Cr(III)-glycine(A)-succinic acid(B) 
system, since the stability constant data for the 
CrB, is not known (Table 1). Comparison of the 
stepwise constants among the ternary systems also 
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80;-------------------------

.. 
tJ 
.... 3 2 
~ 

3.0 pH 4.0 

Fig. 3. Distnbution of valious species as a function of pH in the Cr(lll)• 
glycine (A)-maleic acid (B) ternary system at a Cr(Ili)·A·B ratio 
of 1 : 5 : 5. (1) unbound metal ; (2) CrAH; (3) CrA ; (4) CrOH; 
(5) CrB ; (6) CrB, ; (7) CrB. ; (8) Cr1 B1 ; (9) CrAB ; (10) CrAB. 
and (11) CrA,B. The species CrA •• CrA, and Cr,A 4 (0H), are 
not represented in the figure because of their very low 
concentration. 

by oxidising to Cr(VI) followed by spectro­
photometry at 372 nm. The chromium to nitrogen 
ratio was found to be 1 : 1. The absorption spectra 
of this complex exhibited Amu at 408 and 542, and 
e-.11 at 34.84 and 43.30 (Table 4). From the elution 
behaviour of this complex it is found to be more 
negative than the bis(malonato) complex. This is 
possible only if glycine enters into the coordination 
sphere of bis(malonato) complex. This was con· 
firmed by the >..n .. shift to lower frequencies by the 
ligand field contribution of nitrogen donor atom of 
glycine (Table 4)"~ 

(ii) CrAB: The mono(malonato)Cr(III) com­
plex and glycine were mixed in 1 : 2 ratio, pH was 
adjusted to 4.0 and the solution was thermostated at 
so• for 3 days. The solution was cooled, pH 
adjusted to 2.8 and passed through the cation 
exchange resin DOWEX-SOW, 50X8-200(200·400 
mesh). The mono(malonato) complex along with 
mono- and bis(glycinato) complexes and free glycine 
were retained in tbe column whereas the mono­
(malonato)mono(glycinato)Cr(III) complex passed 
through the column. This eftluent was passed 
through anion exchange resin DOWEX-IW, 1 XS· 
400(200-400 mesh). · The eftluent was again passed 
through cation exchange resin at pH 2.& to remove 
excess glycine if any. The complex was concentrated 
by rotary evaporation. The absorption spectra of 
this species showed Am1111 at 406 and 548 nm and 
""'"=at 33.0 and 31.60. Thus the elution pattern 
shows that the complex was without any charge. 
'the chromium to nitrogen ratio was found to be 
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1 : 1. Analysis of the absorption spectra strongly 
suggested existence of [Cr(mal)(gly)(H30)9 ] 0 by 
observing shifts in 1.,.,. 11 to lower frequency when 
compared to mono(malonato)Cr(III) complex 
(Table 4). 

(iii) Cr.A,B ~ To the mono(malonato)Cr(III} 
complex, large excess of glycine was added and pH 
was adjusted to 4.0. After tbermostating for three 
days at so·' the solution was passed through cation 
exchange column DOWEX-50W, SOxS-200 
(200-400 mesh) at pH 2.8. The non-cationic 
species passing through the column was again passed 
through the anion exchange resin in chloride form. 
Part of the complex was retained in anionic column. 
Preliminary studies of the eluted band indicated the 
presence of anionic mono(malonato)bis(glycinato)­
Cr(III) complex. 
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