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Abstract
The formation of ternary ion-association complexes of Co(II) with 4-(2-pyridylazo)resorcinol (PAR) and tetrazolium salts

(TS) – (3-(4,5-dimethylThiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) and 3-(2-naphtyl)-2,5-diphenyl-2H-tetra-

zolium chloride (TV) – were investigated with the aid of the extraction-spectrophotometric method. The optimum conditions

for the extraction of Co(II) were found. On the basis of the experimental data and their mathematical treatment the association

process in aqueous phase and extraction process was investigated quantitatively. The molar ratios of the components in the as-

sociates were determined. The results show that the extracted species could be represented with the general formula

(TS)[CoH(PAR)2]. The following key constants were calculated: association constant, distribution constant, extraction con-

stant and recovery factor. The validity of Beer’s law was checked and some analytical characteristics were calculated.
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1. Introduction
Our investigations carried out by means of tetrazo-

lium salts showed that they could be applied as reagents
for extraction-spectrophotometric determination of me-
tals.1–9 The obtained compounds are ternary ion-associa-
tion complexes being easily and quickly extracted in the
organic phase.

Of interest to us are negatively charged complexes
of Co(II) with the azodyestuffs [Co(PAR)2]

z– or
[Co(TAR)2]

z– (z = 1 or 2) interact with onium cations and
form ion- associate. 10–27 These compounds are slightly
soluble in water and readily in organic solvents.

In the present paper, we described the complex for-
mation and liquid-liquid extraction from water to chloro-
form in system containing Co(II)–PAR–tetrazolium salts
(TS)–H2O–CHCl3, [TS: 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl-2H-tetrazolium bromide (MTT) and 3-(2-
naphtyl)-2,5-diphenyl-2H-tetrazolium chloride (TV)],

with a view to their further application to extraction-spec-
trophotometric determination of Co(II).

2. Experimental

2. 1. Reagents and Equipment
– CoSO4 · 7H2O (Sigma-Aldrich, p.a.), 1000 mg L–1

aqueous solution. Working solution (C = 1.7 × 10–4

mol L–1) was prepared by dilution.
– PAR (96%, Sigma-Aldrich), dissolved in slightly

alkalized distilled water, 2 × 10–3 mol L–1.
– MTT (Merck) – 3.0 × 10–3 mol L–1 aqueous solu-

tion.
– TV (Fluka) – 3.0 × 10–3 mol L–1 aqueous solution.
– The acidity of the aqueous medium was set using

the buffer solution prepared by mixing 2.0 mol L–1

aqueous solutions of CH3COOH and NH4OH. 
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– The pH was checked by HI 83140 pH meter (Ro-
mania). 

– A Camspec M508 spectrophotometer (United
Kingdom), equipped with 10 mm path length cells,
was employed for reading the absorbance. 

– Organic solvent – CHCl3 (additionally distilled).

2. 1. Procedure for Establishing 
the Optimum Operating 
Conditions
Aliquots of Co(II) solution, PAR solution, TS solu-

tion and buffer solution (pH ranging from 4 to 8) were in-
troduced into separatory funnels. The resulting solutions
were diluted with distilled water to a total volume of 10
mL. Then 10 mL of chloroform was added and the funnels
were shaken. A portion of the organic extract was filtered
through a filter paper into a cell and the absorbance was
read against a blank. 

2. 3. Procedure for Determination 
of the Distribution 
Constants
The distribution constants KD was found from the

ratio KD = A1/(A3–A1) where, A1 is the light absorbance for
chloroform obtained after a single extraction (at the opti-
mum operating conditions – see Table 2) and A3 is the ab-
sorbance for chloroform obtained after a triple extraction
under the same conditions.27, 28 The single extraction and
the first stage of the triple extraction were performed with
10 mL chloroform. The organic layers were transferred
into 25 mL calibrated flasks and the flask for the single
extraction was brought to volume with chloroform. The
second stage of the triple extraction was performed by ad-
ding a 7 mL of chloroform to the aqueous phase that re-
mained after the first stage. The third stage was performed
in the same manner. The two successive organic layers
were transferred to the flask containing the organic layer
obtained after the first stage. The volume was brought to
the mark with chloroform and shaken for homogeniza-
tion. Absorbencies A1 and A3 were measured against a
blank.

3. Results and Discussion

3. 1. Absorption Spectra
The absorption spectra of the investigated ion-asso-

ciation complexes (IAC) Co–PAR–TS in chloroform are
shown in Figure 1. As seen from Figure 1 the maxima in
both cases are in the λ-range 515–520 nm. They are shif-
ted to 5–10 nm as compared to the maximum of the binary
Co–PAR complex in aqueous medium (510 nm; pH = 3.5
÷ 10.0).29–36 As optimum wavelength we used λ = 520 nm
in both cases.

3. 2. Effect the Acidity on the Extraction
The most important factor influencing the extraction

Co(II) as IAC is acidity of the aqueous phase. Our investi-
gations shown that the IAC of Co–PAR complex with TS
are extracted in both cases in a maximum extent at pH 5.0
÷ 6.0 (Figure 2).

Figure 1. Absorption spectra of the ternary complexes of Co-PAR-

MTT and Co-PAR-TV in CHCl3 against blanks: CCo(II) = 1.7 × 10–5

mol L–1; CPAR = 2.0 × 10–4 mol L–1; CMTT = 3.6 × 10–4 mol L–1; CTV

= 3.0 × 10–4 mol L–1

Figure 2. Absorbance of Co-PAR-TS extracts against PAR-TS ex-

tracts and absorbance of PAR-TS against CHCl3 vs.pH of the aque-

ous phase plots: CCo(II) = 1.7 × 10–5 mol L–1; CPAR = 2.0 × 10–4 mol

L–1; CMTT = 3.6 × 10–4 mol L–1; CTV = 3.0 × 10–4 mol L–1

3. 3. Effect of Shaking Time 

The extraction equilibrium for Co–PAR–TV system
is reached for about 30 s and that for Co–PAR–MTT sys-
tem is reached for about 90 s. In both cases longer shaking
time does not affect the absorbance. We extracted in our
farther experiments for 2 min in both cases.

3. 4. Effect of Reagents Concentration

The complete bonding of Co(II) into a chelate com-
plex requires a 5–fold excess of PAR for IAC with MTT
and 6.5–fold excess for IAC with TV (Figure 3).
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For a maximum association and extraction the amount
of tetrazolium salts should not be lower than a 14–fold ex-
cess of MTT and 15–fold excess of TV (Figure 4).

3. 5. Beer’s Law and Analytical Characteristics

The dependency between Co(II) concentration in the
aqueous phase and the absorbance of the organic layer (cor-
responding to definite Co(II) concentrations in the aqueous
phase) is linear up to 2.6 μg mL–1 for Co–PAR–MTT sys-
tem and up to 2.8 μg mL–1 for Co–PAR–TV system,

respectively. Some important analytical characteristics are
shown in Table 1.

3. 6. Molar Ratios of the Complexes

By employing the widely used spectrophotometric
methods, the mobile equilibrium method and the straight
– line method of Asmus it was established that under opti-
mum extraction conditions the molar ratios, n(Co(II)):
n(PAR):n(TS), were 1:2:1 (Figures 5, 6, 7, 8). 37, 51

Table 1. Characteristics concerning the application of the ternary IAC for extractive-spectrophotometric determination of Co(II)

Analytical characteristics Extraction system
Co–PAR–MTT–H2O–CHCl3 Co–PAR–TV–H2O–CHCl3

Apparent molar absorptivity (ε’) 5.57 × 104 L mol–1 cm–1 6.2 × 104 L mol–1 cm–1

Sandell’s sensitivity (SS) 1.06 ng cm–2 0.95 ng cm–2

Adherence to Beer’s Law up to 2.6 μg mL–1 up to 2.8 μg mL–1

Limit of detection (LOD) 0.14 μg mL–1 0.07 μg mL–1

Limit of quantification (LOQ) 0.46 μg mL–1 0.25 μg mL–1

Figure 3. Absorbance of the extracted ternary Co-PAR-TS comple-

xes vs. concentration of the TS plots: CCo(II) = 1.7 × 10–5 mol L–1;

CPAR = 2.0 × 10–4 mol L–1

Figure 4. Absorbance of the extracted ternary Co-PAR- TS com-

plexes vs. concentration of the PAR plots: CCo(II) = 1.7 × 10–5 mol

L–1; CMTT = 3.6 × 10–4 mol L–1; CTV = 3.0 × 10–4 mol L–1

Figure 5. Straitght lines by the Mobile Equilibrium method during

the determination of Co-to-TS

Figure 6. Straitght lines by the Mobile Equilibrium method during

the determination of Co-to-PAR (1) Co:PAR (Co-PAR-MTT); (2)

Co:PAR (Co-PAR-TV)
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The values of correlation coefficient squared are
presented in Table 2.

3. 7. Suggested General Formula, 
Equilibrium Constants, Recovery 
Factors and Molar Absorptivities
Considering the studies published in the literature,

there are two possible schemes of the reaction in the aqu-

eous phase and extraction of the resulting associa-
te.16,17,24,32, 35,38–50

Scheme 1
Formation of ion-association complex in the aque-

ous phase: 

(1)

(2)

Distribution of the complex between the aqueous
and the organic phases:

(3)

Extraction from water into chloroform:

(4)

It is possible that in the formation of PAR cobalt
chelate, an oxidation to Co(III) occurs, and this oxidation
might consume one proton.

Scheme 2
Co(II) oxidation and formation of ion-association

complex in the aqueous phase:

(5)

(6)

Distribution of the complex between the aqueous
and the organic phases:

(7)

Extraction from water into chloroform:

(8)

On the basis of published data and our unpublished
studies we assume that in our conditions the interaction

Figure 8. Determination of the Co-to-TS by the method of Asmus:

Co:TS = 1:1

Figure 7. Determination of the Co-to-PAR by the Method of As-

mus: (1) Co:PAR = 1:2 (Co-PAR-MTT); (2) Co:PAR = 1:2 (Co-

PAR-TV)

Table 2. Determination of the Co-to-PAR and Co-to-TS molar ratios (n and m, respectively) by

the Asmus method from the experimental data given in Figure 7 and Figure 8, respectively

Extraction system Correlation coefficient squared values (CC2) 
corresponding to molar ratios 1, 2 and 3

Co:PAR Co:TS
(n=1)···CC2 = 0.9693 (m=1)···CC2 = 0.9950

Co–PAR–MTT–H2O–CHCl3 (n=2)···CC2 = 0.9978 (m=2)···CC2 = 0.9495

(n=3)···CC2 = 0.8925 (m=3)···CC2 = 0.8936

(n=1)···CC2 = 0.9671 (m=1)···CC2 = 0.9988

Co–PAR–TV–H2O–CHCl3 (n=2)···CC2 = 0.9971 (m=2)···CC2 = 0.9764

(n=3)···CC2 = 0.9626 (m=3)···CC2 = 0.9279
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between PAR, cobalt and tetrazolium salts occurs in
Scheme 1.

The constants needed for the quantitative as-
sessment of the extraction equilibrium were calculated as
follows:

The association constants β and the true molar ab-
sorptivities ε by the method of Komar – Tolmachev.37 (Fi-
gure 9);

The distribution constants KD and the recovery fac-
tors R%:

KD = A1/(A3–A1); R% = 100 KD/(KD+1) 

where A1 is the absorption for a single extraction, A3 – the
absorption for a triple extraction;

The extraction constants Kex: 

Kex = KD × β; Log Kex = Log KD + Log β

The values obtaining are presented in Table 3.

4. Conclusions

The formation of the ion-association complexes of
cobalt with 4-(2-pyridylazo)resorcinol (PAR) and tetrazo-
lium salts (TS) – 3-(4,5-dimethylThiazol-2-yl)-2,5-dip-
henyl-2H-tetrazolium bromide (thiazolyl blue, MTT) and
3-(2-naphtyl)-2,5-diphenyl-2H-tetrazolium chloride (te-
trazolium violete, TV) – was proved by the present study.
The bulky molecules of the compounds obtained contribu-
ted to their poor solubility in water and good solubility in
organic solvents. The optimum conditions for the quanti-

tative liquid-liquid extraction of the ion-associates were
found. The equilibrium constants and analytical characte-
ristics, needed for the quantitative assessment of the ex-
traction equilibrium were calculated i.e. constant of asso-
ciation (β), constant of distribution (KD), constant of ex-
traction (Kex), recovery factors (R), apparent molar ab-
sorptivity (ε’), true molar absorptivity (ε), limit of detec-
tion (LOD), limit of quantification (LOQ) and Sandell’s
sensitivity (SS). The results presented in this study will gi-
ve possibility to develop a method for the analysis of co-
balt in suitable objects.
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Povzetek
Prou~evana je bila tvorba in ekstrakcija ionskih asociatnih kompleksov med Co(II), 4-(2-piridilazo)resorcinolom (PAR)

in tetrazolijevima solema (TS): (3-(4,5-dimetilthiazol-2-il)-2,5-difenil-2H-tetrazolijev bromid (MTT) oziroma 3-(2-

naftil)-2,5-difenil-2H-tetrazolijev klorid (TV). Izvedena je bila optimizacija pogojev za ekstrakcijo Co(II). Na podlagi

eksperimentalnih podatkov in njihove matemati~ne obdelave so bili kvantitativno prou~eni procesi asociacije v vodni

fazi ter ekstrakcijski procesi. Mno`inska razmerja komponent v asociatu so bila dolo~ena. Na podlagi rezultatov smo

dokazali, da ima ekstrahirana zvrst splo{no formulo (TS)[CoH(PAR)2]. Slede~e konstante so bile dolo~ene: konstanta

asociacije, konstanta distribucije, konstanta ekstrakcije in druge. Preverjena je bila veljavnost Beerovega zakona in

izra~unane nekatere analizne karakteristike. 


