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Ternary Complex Formation between Chromium(lll) —Picolinic Acid,
Chromium(lll) —Dipicolinic Acid, and Small Blood Serum Bioligands

Mary L. Lugo and Vito R. Lubes*

Departamento de Qumaica, Universidad Sirito Bolivar, Valle de Sartenejas, Baruta, Estado Miranda,
Apartado 89000, Caracas 1080 A, Venezuela

The complex species formed between chromium(lll) picolinic and chromium(lll) dipicolinic acids and small
blood serum bioligands such as lactic, oxalic, citric, and phosphoric acids were studied in aqueous solution by
means of electromotive force measurement emf(H) at@%nd 1.5 moldm=3 KCI as the ionic medium. The

binary and ternary complexes were studied by the aging solution method, consisting of the preparation of different
molar ligand/metal ratios at different pH values: solutions were maintained at room temperattrd (25 for

45 days; potentiometric measurements were then done; and the data were analyzed by means of the least-squares
computational program LETAGROP, obtaining the respective stability constants and the stoichiometric coefficients

of the complexes formed in aqueous solution.

Introduction In this paper, we report the binary and ternary complexes
formed between the Cr(lll) picolinic and Cr(Ill) dipicolinic acids
with the small blood serum bioligands, lactic acid (Lac), oxalic
acid (Ox), citric acid (Cit), and phosphoric acid (Phos), preparing
mixtures of metal ligands at different molar ratios and aging
the solution at room temperature (25 1 °C) for 45 days.
Finally, the pH of the solutions was measuPebhese experi-
ments were done as a contribution to the speciation of
chromium(lll) in agueous solution.

In 1959, chromium was identified as the active component
of the “glucose tolerance factor” (GTF). In fact, the symptoms
of glucose intolerance are characterized by high glucose and
insulin levels, which are considered as a sign of chromium
deficiency. Chromium supplements play nutritional roles and
can prevent or reduce clinical symptoms. In fact, supplements
of organic chromium(lll) complexes exist that are recommended
for use in the treatment of diabetes and in patients with high
cholesterol levels. In 1980, the National Research Council and
the National Academy of Sciences recommended a daity 50
200 ug consumption of chromium(lIB. Chemicals All ligands were Merck products of puriss quality

The trispicolinatechromium(lll) complex, [Cr(pid) is a and were used as received. The stock lactate solution was
known bioavailable source of chromium(lll), which provides prepared by dilution of sodium lactate solution (50 % water
2—5 % of this absorbable bioelement, where the picolinate acts solution). Ligand stock solutions were prepared at 25 rranot®
as a Cr(Ill) transportet3 concentration, and the Cr{stock solution (10 mmedim—3)

The Cr(Ill) dipicolinic acid (HDipic) can also be used as an Was prepared by dissolution of C&&H,0. The hydrogen ion
alternative to Cr(lIl) supplements, first because of its similarity concentration was determined by using the appropriate Gran
with picolinic acid (HPic) and also because of the physiological function® The HCI and KCI solutions were prepared by
properties shown by this ligand. These pyridinecarboxylic dissolving the respective acids and salts (Merck, analytical
ligands are of great importance because of their presence ingrade) in twice distilled water which was previously boiled to
many natural products: alkaloids, vitamins, and coenzyines. remove dissolved CO A carbonate-free hydroxide solution

After oral administration of these complexes, they may (KOH) was prepared from a Titrisol Merck ampule and
encounter many other potential chromium(lll) binding mol- Standardized against potassium hydrogen phthalate. The emf-
ecules, available in extracellular or intracellular biological fluids. (H) measurements were carried out in aqueous solution at an
These latter ligands may partially or completely displace the ionic strength of 1.5 metim=2 using KCI. Argon free of @
original chromium(lll) carrier molecules from the coordination and CQ was used.
sphere of the metal. Accordingly, ternary complex formation  Titration Procedure. The stability constants of the proton
should be taken into account in a speciation description of theseand Cr(lll) binary and ternary complexes were determined by
complexes in biological fluids. Such ternary complexes might pH-potentiometric titration. The ionic strength was adjusted to
be of great importance in the absorption and transport processed..5 motdm~3 KCI in each solution studied. In all cases, the
of Cr(lll) —picolinic and Cr(lll}—dipicolinic acid complexes and  temperature was 25.& 0.1 °C. The K, of the ligands was
even in their physiological activity. determined according to the method previously repoftddhe

Because of the inertness of the Cr(lll) iBngomplex total Cr(lll) concentration was maintained in the range of32
formation reactions are too slow. Alternatives to overcome this mmokdm~3, and the molar ratios in the Cr(lll) binary systems
problem include either increasing the temperatoreaging the ~ were 1:1, 1:2, and 1:4. For the ternary systems, the ratios of

Experimental Section

solution at a certain temperatifre. metal ion, ligand A (Pic and Dipic), and ligand B (Lac, Ox,
Cit, and Phos) were 1:1:1, 1:1:2, and 1:2:1. All titrations were
* Corresponding author. E-mail: lubesv@usb.ve. performed over the pH range-8 or until precipitation occurred.
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Table 1. Acid Dissociation Constants in Aqueous Medial (= 1.5 moktdm— KCl at 25.0 & 0.5°C)

name of chemical structure pK, pK,, pK, ref
ligands (neutral form)
Picolinic Acid OH 1.31+0.03 5.26+0.02 This work
(Pic) N
=z o
’ 1.26 5.62° 15
S
Dipicolinic oH oH 2304002 452+003 This work
Acid (Dipic) N
o = ‘ o
0.49" 218 4.62° 16
AN
Lactic Acid o 3.69 £0.02 This work
(Lac) HaC
OH
S 3.597° 17
Oxalic Acid HOOC-COOH 1.27£0.02  3.61£0.02 This work
(Ox)
0.89° 3.52° 18
Citric Acid COOH 3.00£0.02 4.33+0.03 5.40+004 This work

(Ciy HOOC._h_ COOH
OH

2.63 4.11° 19
Phosphoric 0 1.69+0.02 637+0.03 11.0+0.1 This work
Acid (Phos)
HO—P—OH
2.36° 6.61° 11.1° 20
OH

Note: 23.0 M KCI, ® 1.0 M NaClQ, ¢ 1.0 M NaCl,4 1.0 M KNOs, € 1.0 R\NX.

The solutions were kept at room temperature 423 °C) for et al?! studied this system by spectrophotometric measurements

45 days, and after this period the potentiometric measurementand reported the formation of the complexes [MFLIMHL 5%,

was performed. The reproducibility of the titration points [CrL,]", and [Crlg]. In Figure 2A is presented the dis-

included in the evaluation was within 0.005 pH units throughout tribution diagrams for this system: it is observed that the [ML]

the whole pH range. The pH was measured with a Thermo Orion complex is abundant in the pH range 23L3, and at pH>

520 A instrument equipped with a Orion Ross 8102BN pH 3.5, the dimeric complex [MOH),L,] is the most important

electrode, calibrated for hydrogen ion concentration. ,p  species. This complex isgadihidroxo complex that has been

value of 13.84+ 0.03 was determined and used for the synthesized befor®, where the four picolinate molecules

calculations. The concentration stability constants of the binary act as bidentate ligands by (N, CODcoordination. It is
par = [MpHLJ/[M] P[H]9[L] " and the ternarBpgs = [MpHqL- important to mention that with this method we have not

Bsl/[M] P[H]°[L] "[B]* complexes were calculated with the aid found evidence for the formation of the [MLand [MLj]

of the LETAGROP computer prograt.14 During the calcula- complexes. If we tried to include these complexes, the final

tions, the following Cr(lll)-hydroxo complexes were as- fitting obtained was worse, so it demonstrated that the system

sumed: [C§(OH)17] (log fe-12 = —30.3 + 0.1), which was evolved until the formation of the most stable products in the
the only hydroxo complex observed under these experimental aqueous solution.
conditions.

The analysis of the Cr(llHyDipic system shows the formation
of the [MHL]?*, [ML] *, [ML(OH)], and [ML;]~ complexes.
Chiacchierini et af® reported only the formation of two

Acidity Constants for LigandsThe ligand X, values were ~ complexes [MHL} and [M(HL),]*. We tried this model,
determined using the LETAGROP prograni at 1.5 motdm 3 but the fitting was worse than the model finally obtained
in KCl. The [K; values obtained are listed in under our experimental conditions. The species distribution
Table 1, and the species distribution diagrams are given in diagrams (Figure 2B) show that the [CrHL]is the most
Figure 1. The values obtained are in good agreement comparedmportant species between pH 1 and 3, that the [ML]
with other literature data at different ionic strengths and and [ML(OH)] complexes are formed in lesser extension,
temperature$>-20.24 and that [Crlg]~ is the most important complex in the-3 pH

Stability Constants of Binary Complexes$n Table 2, the  fange.
results of the binary complexes studied in this work are Inthe Cr(lll)—Lac system, we observed the formation of the
summarized. The respective species distribution diagrams are[ML] 2, [ML(OH)]*, and [ML(OH)] complexes. Figure 2C
given in Figure 2. The complexes [ML], [ML(OH)], and [M shows the species distribution diagram of this system where it
(OH),L4] were detected in the Cr(IHPic system. Chiacchierini  can be seen that Cr(lll) dominates at pt2, that [ML(OH)T"

Results and Discussion
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Figure 1. Species distribution diagrams for (A) Pic, (B) Dipic, (C) Lac,
(D) Ox, (E) Cit, and (F) Phos in 1.5 malm=3 at 25°C.

forms between 2.%< pH < 3, and that at pH> 4 the [ML-
(OH),] complex is the most important species.

The [ML]", [ML(OH)], [ML 5]~, [ML2(OH)]?-, and [MLg]
complexes were obtained in the binary Cr(Hx system. In
previous studies, only the [ML] [ML 2], and [MLg] complexes
were observed? In Figure 2D is presented the species distribu-
tion diagram where it can be seen that the fjltomplex is
the most abundant species in the rangef@H < 6.5, whereas
in the range 6.5< pH < 9 the hydrolytic species [ML(OH)]
and [MLy(OH)]?~ predominate.

In the Cr(ll)—Cit system, the formation of the [ML],
[ML(OH)] —, [MHL 2]?~, and [ML,]3~ complexes was observed.
Tripathy and Patnigk reported the formation of the complexes
[ML] and [ML(OH)] ~ and the dimer [ML(OH)}?>~. We tried

Table 2. Stability Constants (logB) of Binary Cr 3*—Pic, Dipic,
Lac, Ox, Cit, and Phos Complexesl(= 1.5 mokdm~3 KCI at 25.0 &+
0.5°C)?

ligand species log dispersion ¢)
Pic ML 5.42+0.09 0.042
4.76°
ML(OH) 1.66+0.2
M2(OH),L4 16.44+ 0.2
Dipic MHL 9.52+ 0.1 0.051
ML 6.62+0.1
ML(OH) 272+ 0.1
ML, 11.14+ 0.2
Lac ML 3.89+0.2 0.058
ML(OH) 0.89+ 0.1
ML(OH)» —-291+0.1
Ox ML 5.98+ 0.1 0.049
5.34
ML(OH) 218+ 0.1
ML, 10.06+ 0.3
10.5°
ML 2(OH) 4.86+ 0.3
ML 3 13.74+ 0.3
15.44
Cit ML 6.53+0.1 0.049
ML(OH) 3.03+0.09
M(HL)(L) 15.86+£ 0.2
ML 11.16+ 0.1
Phos MHL 16.7£ 0.1 0.033

2 The binary complexes were studied according to the reaction scheme:
qCr" + 1L + pH0=[Cr(OH),(L)] + PH", By 4

of the [MLy]®~ complex, where the citrate is acting as a
tridentate ligand by (COQ O~, COO") coordination. Figure
2E shows the species distribution diagram of this system in
which we can see that the complex [ML(OH)is the most
important complex formed in solution.

In the Cr(ll)—Phos system, the formation of a [MHL]
complex was detected. This is consistent with the results
obtained by Lihiri and Adity&’ where they also reported the
formation of this complex. It is important to say that only the
data pH< 3 were used in the analysis of the potentiometric
data because of the solubility problem at pH3.

The analysis of the ternary Cr(IHPic—Lac system (Table
3) shows the formation of two complexes [Cr(pic)(lac)(OH)]
and [Cr(pic)(lac)(OHy]~. We tried a three-complex model
including the 1:1:1 [Cr(pic)(lac)] complex, but the fitting
obtained was worse than the two ternary complex model finally
chosen. In the species distribution diagram (Figure 3A), a
complicated mixture is observed at pH4, but at pH> 4, the
ternary complex [Cr(pic)(lac)(OH)~ is the most important
species.

In the Cr(lll)—Pic—Ox system, only two ternary complexes
were detected: [Cr(piglox)]” and [Cr(pic)(ox}]2". This is
consistent with the work of Kita and LaczAaThey studied
the kinetics and the chelate ring-opening mechanism of some
Cr(ll) —Pic—Ox complexes, and they characterized in solution
only two complexes, [Cr(pigfox)]~ and [Cr(pic)(0ox}]?, and
proposed a formation mechanism of these complexes that
involved the participation of deprotonated and protonated
ligands. They concluded that the chelate ring opening depends
on the electrical charge of the complex and is higher in
[Cr(pic)(ox)]?~ than [Cr(pic}(ox)]~. This indicates that the two
ox?~ ligands in the coordination sphere make the breaking of
the CH'—N(pic) bond easier than in the monooxalate complex.

to fit the experimental data considering this model, but the fitting Until now, we have not found in the literature reports of the
obtained was worse than the model considered by us. Quiros etformation of the 1:1:1 [Cr(pic)(ox)] complex. The species

al? obtained the crystal structure of the complex bispyridini-

distribution diagram shows a complicated complex mixture in

umbis(citrato)chromium(lll) tetrahydrate, which contained a unit the pH range studied.
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Figure 2. Species distribution diagrams for (A) €r-Pic, (B) CF*—Dipic,
(C) Cr*—Lac, (D) CPT—0x, (E) CE*—Cit, and (F) C#*—Phos complexes
in 1.5 mokdm™3 at 25°C. Conditions (A), (B), (E), and (F)Mr =2 mM
and ligand/metal ratidk = 2. Conditions (C): Mt = 3 mM and ligand/
metal ratioR = 2. Conditions (D): Mt = 2 mM and ligand/metal rati®
=4.

The analysis of the Cr(llyPic—Cit system shows the
formation of the complexes [Cr(pic)(Hcit)], [Cr(pic)(cit)(OH)]
and [Cr(pic)(cit)(OH)]3~. The species distribution diagram
shows the predominance of the [Cr(pic)(Hcit)] complex in the
range 1.8< pH < 3. The [Cr(pic)(cit)(OH)}~ complex is
abundant in the range8 pH < 5.5, and the [Cr(pic)(cit)(OH)>~
complex is the most important species at pHb.5.

In the Cr(lll)—Pic—Phos system, the data analysis gave the
formation of two complexes, [Cr(pic)@PQy)]™ and [Cr(pic)-
(PQy)]~. The species distribution diagram (Figure 3D) shows
that the ternary [Cr(pic)(bPOy)]* complex predominates in the
range 1< pH < 3, whereas the [Cr(pic)(PQ)~ complex is the
most important species at pH 3. Any attempt to include in
the analysis the [Cr(pic)(HPf] complex was unsuccessful in
improving the fitting of the experimental potentiometric data.

Journal of Chemical and Engineering Data, Vol. 52, No. 4, 2007

Table 3. Stability Constants (logp) of Ternary Cr3*—Pic—Ligand B
(Ligand B = Lac, Ox, Cit, and Phos) and Ternary
Cr3*—Dipic—Ligand B Complexes ( = 1.5 mokdm~—3 KCl at 25.0 +
0.5°C)2

ligand species log dispersion §)
Pic Lac
M(L)(B)(OH) 5.95+0.2 0.096
M(L)(B)(OH)2 1.95+0.1
Ox
M(L)(B)2 15.84+0.3 0.085
M(L) 2(B) 15.02+ 0.1
Cit
M(L)(HB) 18.3+0.1 0.160
M(L)(B)(OH) 12.49+ 0.1
M(L)(B)(OH)2 6.99+ 0.3
Phos
M(L)(H2B) 29.96+ 0.2 0.179
M(L)(B) 23.66+ 0.2
Dipic Lac
M(L)(B) 13.21+0.1 0.109
M(L)(B)(OH) 9.41+0.2
M(L)(B)(OH)2 6.41+ 0.1
Ox
M(L)(B)(OH) 10.3+0.1 0.090
M(HL)(B) 2 30.38+ 0.2
M(L)(B)2 19.3+0.3
M(L)(B) 2(OH) 17.48+ 0.2
Cit
ML(HB) 20.55+ 0.2 0.134
M(L)(B) 18.15+ 0.2
M(L)(B)(OH) 13.85+0.3
Phos
M(L)(HB) 23.02+0.2 0.114
M(L)(B) 17.22+0.2

aThe ternary complexes were studied according to the reaction scheme:
qCr" + 1L + sB + pH,0==[Cr(OH),(L)(B)] + PH", B,qrs

The analysis of the Cr(lltyDipic—Lac ternary system shows
the formation of three complexes, [Cr(dipic)(lac)], [Cr(dipic)-
(lac)(OH)T", and [Cr(dipic)(lac)(OH)%~. In Figure 3E the
species distribution diagram is given, in which we observed the
abundance of the [Cr(dipic)(lac)] complex in the range %.3
pH < 3.2. The [Cr(dipic)(lac)(OH)} complex is formed in low
guantity in the range 2.5 pH < 4.5, and the [Cr(dipic)(lac)-
(OH);]2~ complex is the most important species at pH3.5.

In the Cr(lll)—Dipic—Ox ternary system four complexes were
observed: [Cr(dipic)(ox)(OH¥}, [Cr(Hdipic)(ox)]?~, [Cr-
(dipic)(ox)]®~, and [Cr(dipic)(ox}(OH)]*". In Figure 3F, the
species distribution diagram of this system is presented, which
shows the existence of only ternary complexes, with the
[Cr(Hdipic)(ox)]?~ complex being the most important species
in the range 1< pH < 6. The [Cr(dipic)(ox)]>~ complex is
formed at maximum of 50 % at pH& 6.5, and at pH> 6.5, the
[Cr(dipic)(ox)(OH)]*~ complex is the most abundant species.

The analysis of the potentiometric data in the Cr{tHDipic—
Cit system shows the formation of three complexes, [Cr(dipic)-
(Hcit)]~, [Cr(dipic)(cit)]>~, and [Cr(dipic)(cit)(OH)}~. In Figure
3G, the respective species distribution diagram is presented, from
which it can be seen that the [Cr(dipic)(Hcit)tomplex is
important in the range 1.5 pH < 2.5, that the [Cr(dipic)(citf]"
complex is formed to 80 % in the range 26pH < 4.2, and
that the [Cr(dipic)(cit)(OH)}~ complex is the most important
species at pH 4.2.

In the Cr(Ill)—Dipic—Phos system, only two ternary com-
plexes were detected: [Cr(dipic)(HRD and [Cr(dipic)(PQ)]%.
In Figure 3H, the respective species distribution diagram is
given. A mixture of binary Cr(III}-Dipic complexes and ternary
complexes is observed; however, the [Cr(dipic)(HROcom-
plex is the most abundant species in the pH range 3.2 to 5.8,
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Although there are some empirical relationships between
the stabilities of mixed ligand complexes and the corre-
sponding parent complexes, a general and satisfactory
theoretical explanation is still lacking. Statistically the
formation of the mixed ligand specie is always favored...
The experimentally determined stability constants in most
cases deviate from the statistically calculated constants.
B 100 | [ciBY ICLBT o ony Because most of the earlier determined constants showed

75 that the stability of the mixed species is preferential, it was
wer 50 . thought that the extra stabilization is a general phenom-
2 = enon30
0 —== : . ‘ - . : M. T. Beck
1 2 3 4 5 6 7 ) . .
o Khalil®1=34 has done contributions on the study of ternary

complexes, and he saw positive and negative deviations from
C 100 the statiscal values.

%Cr 50 .
Conclusions

Chromium(lll) complex formation reactions are slow. The
study of these complexes by an aging solution method for 45
- days at 25+ 1 °C gave us an idea of the most stable complexes
[CrL(H,B)I" [CrLBY formed in aqueous solution. In fact, in the Cr(Hipic system,
for example, only three complexes were detected, [ML], [ML-

D 100

% Cr 50

o’ : : : (OH)], and [My(OH),L 4], that are formed under these conditions,
1 2 3 4 5 and when we tried to include the [M].and [ML3] complexes,
P the fitting obtained was worse, corroborating that this method
E 0. . [CLB] [CrLB(OH),] may give a more realistic view of the most stable complexes

c formed in aqueous solution.
% Cr 50 '
“ /\_[CLB(OH)]
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