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Abstract: The formation and liquid-iquid extraction of ion-association com-
plexes between Co(ll)—4-(2-pyridylazo)resorcinol (Co(ll)-PAR) anionic chel-
ates and cations of three ditetrazolium chlorides (DTC), i.e., blue tetrazolium
chloride (BTC), neotetrazolium chloride (NTC) and nitro blue tetrazolium
chloride (NBTC), were studied. The optimum conditions for the formation and
solvent extraction of the ion-association complex chelates were determined. It
has been found that in the Co(I1)-PAR-DTC systems, the reactants are present
in the mole ratio 1:2:1 and the general formula of complexes was suggested.
The extraction equilibria were investigated and quantitatively characterized by
the equilibrium constants and the recovery factors. The anaytical character-
istics of the complexes were calculated.

Keywords. spectrophotometry; solvent extraction; chelates, extraction equi-
libria.

INTRODUCTION

Azo compounds are widely used as chromogenic reagents and metallochro-
mic indicators for many metals. 4-(2-Pyridylazo)resorcinol (PAR) was one of the
first azo reagents used for the spectrophotometric determination of cobalt due to
its high sensitivity as a chromogenic reagent.1-28 PAR forms intensively colored
anionic chelates with cobalt, which can readily react with bulky organic com-
pounds to give ternary complexes with good extraction behavior and analytical
potential .21-32

Tetrazolium cations (TZ™) form analytically important ion-association com-
plexes with Co(SCN)42-,33.34 and M—PAR anionic chelates, where M is V(V),
V(IV), In(111) and Ga(l11).35-39
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180 DIVAROVA et al.

Of particular interest are the negatively charged complex ions of cobalt(ll)
with PAR, which interact with the monotetrazolium moiety to form ion-associ-
ation complexes.40

This investigation was aimed at studying the formation of ternary ion-asso-
ciates complexes between the anionic chelates Co(l1)—4-(2-pyridylazo)resorcinol
(Co(I)-PAR) with ditetrazolium cations in the liquid-liquid extraction system
Co(I1)-PAR-DTC—H»0O-CHClI3. The purpose is future application of the extr-
action system for the determination of cobalt(ll) in aloys, as well as bio-
logical and pharmaceutical samples.

EXPERIMENTAL
Reagents and apparatus

C0S0,-7H,0 (Sigma-Aldrich, p.a.). A 1.7x102 mol dm™3 agueous stock solution was
prepared, from which aworking solution (e, = 1.7%10"* mol dm3) was obtained by dilution.

4-(2-Pyridyazo)-resorcinol (PAR) (Sgma-Aldrich, 96 %). PAR was dissolved in dlightly
akaline distilled water to give a2.0x10-3 mol dm3 solution.

Neotetrazolium Chloride (NTC) (Sgma—Aldrich, p.a.). 3,3'-(4,4-Biphenylene)bis(2,5-
-diphenyl-2H-tetrazolium chloride). An agueous 2.0x10-3 mol dm3 solution was prepared.

Blue tetrazolium chloride (BTC) (Sigma—Aldrich, p.a). 3,3-(3,3'-Dimethoxy-4,4'-biphe-
nylene)bis(2,5-diphenyl-2H-tetrazolium chloride). An agueous 2.0x103 mol dm solution
was prepared.

Nitro blue tetrazolium chloride (NBTC) (Merck, p.a.). 3,3-(3,3'-Dimethoxy-4,4"-biphe-
nylene)big 2-(4-nitrophenyl)-5-phenyl-2H-tetrazolium chloride). An agueous 2.0x103 mol dm3
solution was prepared.

The acidity of the aqueous medium was set using a buffer solution prepared by mixing
2.0 mol dm3 aqueous solutions of CH;COOH and NH.

The organic solvent, CHCl3, was additionally distilled.

The pH was checked using an HI 83140 pH meter (Hanna Instruments, Romania).

A Camspes M 508 spectrophotometer (UK), equipped with 10 mm path length cells, was
employed for reading the absorbance values.

Procedure for establishing the optimum operating conditions

The required volumes of the solutions of Co(ll), PAR, DTC (NBTC, NTC or BTC) and
buffer solution to adjust the pH of the agueous phase were introduced into a 100 cm3 sepa-
ratory funnel. The volume was then brought up to 10 cm3, 10 cm? of chloroform were added
and the sample extracted. The phases were left to separate, the organic phase was transferred
through a filter paper into a 1 cm cell and its absorbance measured against a blank run in
parallel.

RESULTS AND DISCUSSION
Absor ption spectra

The absorption spectra of the extracts of the ternary ion-association com-
plexes (TIAC) Co(l1)-PAR-DTC in chloroform were characterized by absorp-
tion maxima in the visible range (Amax, 515-520 nm), Fig. 1. They are shifted by
5-10 nm as compared to the maximum of the binary Co(I1)-PAR complex in
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EXTRACTION OF ION-ASSOCIATES OF COBALT(Il) COMPLEXES 181

aqueous medium (510 nm; pH 3.5-10,123041)  As the optimum wavelength,
Jmax = 520 nm was used in all three cases.

5 101
5 08 |
2
£ 06
-é 0.4 Fig. 1. Absorption spectra of the ternary com-
’ plexes of CoPAR-DTC in CHCIl; against
0.2 blanks: ccoqy = 1.7%¥10° mol dm™ = const; e:
Cpar = 1.4x104 mol dm3, cgrc = 2.0x104 mol
0.0 dms3; m: Cpar = 1.4x10* mol dm3, cygre =
100 =2.6x10* mol dm3 and A: cpag = 0.8x104 mol
+/nm dm3, cyre = 3.0x104 mol dmr3,
Effect of pH

The acidity of the aqueous phase has a substantial effect on the extraction of
TIAC into the organic phase. The results of pH change on the absorption spectra
of the complexes are represented in Fig. 2. The maximum extraction of the TIAC
Co(I1)-PAR-BTC could be achieved at a pH in the range of 5.0-6.0, the maxi-
mum extraction the Co(l1)-PAR-NTC at a pH in the range 4.8-7.0, while the
maximum extraction of the third complex Co(I1)-PAR-NBTC was achieved at a
pH in therange 4.2-5.2.
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h 1\ Fig. 2. Absorbance of Co-PAR-DTC ext-
0.5 - - racts against PAR-DTC extracts vs. pH of

* W the agueous phase plots: Cooqiy = 1.7x10°
T y v mol dm3 = const; cpag = 2.0x104 mol dm3
* e &9 %Y = const; Cpre = 2.0x104 mol dm3 (DTC: e,
pH BTC; m, NBTC; A, NTC).

0.4

Effect of shaking time

The performed experiments showed that maximum extraction of the ion-
-association complexes in chloroform is achieved at shaking time of not less than
30 s. In all three cases, a longer shaking time did not affect the absorbance. A
shaking time of 2 min was used in the further experiments.
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Effect of the concentration of the reagents

The complete bonding of Co(ll) into a chelate complex requires a 4.2-fold
excess of PAR for the TIAC with NTC, a 6.0-fold excess for the TIAC with
BTC, and a 9.4-fold excess for the TIAC with NBTC. For maximum association
and extraction, the amount of DTC should not be lower than an 8.2-fold excess
for NTC, a9.4-fold excessfor BTC, and a 15.5-fold excessfor NBTC.

The Beer law and analytical characteristics

To find the region of linear relationship between the cobalt concentration in
aqueous phase and the absorbance in the organic phase after extraction, further
studies were performed using regression analysis. The analytical characteristics
are presented in Tablel.

Table |. Characteristics concerning the application of TIAC for extractive-spectrophotometric
determination of cobalt in the extraction systems Co(I1)-PAR-DTC-H,0-CHCl;

Ditetrazolium salt (DTC)

Analytical characteristic

NTC BTC NBTC
ag'/ 10* dm3 mol-lcm? 4.81+0.26 5.75+0.20 5.65+0.22
bBeer Law, pg cm3 uptol.6 upto2.2 upto2.2
€SS/ 103 ug cm2 122 1.02 1.04
40D / pg cm3 0.05 0.32 0.19
eLOQ/ pg cm3 0.16 1.07 0.65

3Apparent molar absorptivity; "adherence to Beer's Law; °Sandell’s sensitivity; “imit of detection; ®imit of
quantification

Mole ratios of the complexes and suggested general formula

Using known methods, the mobile equilibrium method42 and the straight-
-line method of Asmus,4243 it was confirmed the mole ratio of reaction between
Co(I1):PAR was1:2.3537,4041 The main studies were aimed at establishing the
mole ratios of interaction between Co(ll) and DTC. In this direction, the mobile
equilibrium method (Fig. 3) and the straight-line method of Asmus (Fig. 4) were

! RE=00974
Z 05 R2 = 0.9914
5 R2 = 0.9952
T Y]
=
=T 03 A
EJJ
= 1 - Fig. 3. Straight lines by the mobile equilibrium
method during the determination of Co-to-DTC:
-13 . . . Coogny = 1.7%10°° mol dm3 = const; cpag = 1.4x10°
5 = - S 4 mol dm3, e, BTC, m, NBTC;, Cppr =

log (eprs /mol dm™) = 0.8x10%4 mol dm3, A, NTC.
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EXTRACTION OF ION-ASSOCIATES OF COBALT(Il) COMPLEXES 183

applied. The results of the presented studies show that the mole ratio of Co:DTC
(BTC, NTC, NBTC) was 1:1. By means of independent method, the method of
the continuous variations,*2 it was confirmed that mole ratio Co(l1):NTC was
1:1. Based on the performed studies, it could be concluded that Co, PAR and
DTC interact in moleratio 1:2:1.

14 1
12 . R?*=0.9928
[ ]
10
E 81 | R¥=0.9975
S 64 ¢ =
= J .
I 44
= . & R? = 0,9918
R T A S ——  Fig. 4. Determination of the mole ratios of
St Co-to-DTC by the method of Asmus:
0 : T - Cooqry = 1.7%10° mol dm3 = const; cpag =
¢ : e 1- = 1.4x10" mol dm?3, e, BTC, m, NBTC;
147/ emaw.™ Cpar = 0.8x104 mol dm3, A, NTC.

The performed extraction—spectrophotometric studies of the systems Co(l1)—
PAR-DTC-H,O—-CHCI3 gave reason to assume that the contact time between the
phases was not sufficient for the oxidation of Co(ll) to Co(lll). In the agueous
phase, the chelate complex [CoH2R] was formed between PAR (H2R) and Co(ll),
which was deprotonated [CoR5]2~ and reacted with a ditetrazolium salts DT2+,

Having in mind the mole ratio, it could be assumed that the complex for-
mation of anionic chelate Co(I1)-PAR in the agueous phase, the formation of
ion-associated complex in the aqueous phase, its distribution between the aque-
ous and the organic phase and its extraction in chloroform are given by the equa-
tions:

CO2* + 2 HyR — [CORp] 2o + 4H* (1)
[COR,]2 g + DT2?* 4 5 (DT)[CoRzlag )
(DT)[CoRzlag S (DT)[CoRzlorg 3)
[COR;]2 g + DT2* 4 5 (DT)[CoR2org (4)

Equilibrium constants, recovery factors and molar absorptivities

The equilibrium constants describing quantitatively the equilibria in the
aqueous phase and the extraction of the ion associates into the organic layer are
calculated asfollows:

The distribution constant, Kp, was calculated by comparing the absorbance
for asingle extraction (Aq) to that of the triple extraction (Ag) in equal volumes:
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. _{(DT)[CORZ]}
?T{DT)[CoRz],, (- A)

The association constant, 5, was obtained by the method of Komar—Tolma-
chev.42

The extraction constant, Key, Was calculated using the equation:

Kex = Kpp; log Kex = log Kp + log (6)

The method of Komar—Tolmachev enables the true molar absorptivities, &,
and Kp to be calculated, which were then used to obtain the recovery factors, R%:
100K
D 7)
Kp +1
The results are presented in Table Il. Analysis of the results showed that

sufficiently stable ion associates were formed in the agueous phase that were
guantitatively extracted into the organic phase with high sensitivity.

org A 5)

R% =

TABLE IlI. Values of the equilibrium constants, recovery factors and molar absorptivities of
the extraction systems Co(I1)-PAR-DTC-H,O-CHCl;

Ditetrazolium salt (DTC)

Parameter
NTC BTC NBTC
log g 4.31+0.25 4.77+0.32 4.79+0.28
log Kp 1.02+0.01 1.41+0.02 0.96+0.01
log Kex 5.33+0.51 6.18+0.55 5.75+0.59
R/ % 91.25+0.09 95.64+0.11 89.92+0.08
g2/ 10* dmd mol-1 cm? 4.62+0.07 6.43+0.28 5.51+0.21
aTrue molar absorptivity
CONCLUSIONS

Liquidiquid extractions of Co(I1)-PAR-DTC-H>O-CHCl3 systems were
studied. The optimum conditions for the formation of the ion-association com-
plex chelates of Co(l1)-PAR with DTC in aqueous medium and their quantitative
extraction into chloroform were determined. The equilibrium constants and anal-
ytical characteristics needed for the quantitative assessment of the extraction
equilibrium were calculated, i.e., the association constant, the distribution cons-
tant, the extraction constant, the recovery factor, the apparent molar absorptivity,
the true molar absorptivity, the limit of detection (LOD), the limit of quantific-
ation (LOQ) and the Sandell sensitivity (SS). The validity of the Beer Law was
checked. The mole ratio showed that the ion-association complex chelates of
Co(I)-PAR with DTC could be represented by the general formula
(DT)[Co(PAR)2]. The presence of hydrophobic substituents, methoxy group in
the molecule of the ditetrazolium sat BTC, increased the solubility of the ion-
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EXTRACTION OF ION-ASSOCIATES OF COBALT(I) COMPLEXES 185

association complex in the organic solvent, while the hydrophilic nitro groups in
the ditetrazolium salt NBTC reduced the solubility of the associate. For this
reason, the ion-association complex of Co-PAR-BTC allowed the determination
of Co(ll) with ahigher sensitivity.

U3BOJ
TEYHO-TEYHA EKCTPAKIIUJA JOH-ACOCOBAHUX KOBAJIT(IT)-4-(2-
-ITMPUINJIA30)PE3OPIIMHOJI KOMIIIEKCA CA IUTETPA3OJ/INJYM COJTUMA

VIDKA V. DIVAROVAi, KIRILAT. STOJNOVAi, PETYA V. RACHEVAZ, VANYA D. LEKOVA'
u ATANAS N. DIMITROV'

1Department of General and Inorganic Chemistry, Faculty of Chemistry, University of Plovdiv "Paisii
Hilendarski”, 24 Tsar Assen Street, 4000 Plovdiv, Bulgaria u “Department of Chemistry and Biochemistry,
Faculty of Farmacology, Medical University Plovdiv, 15A Vasil Aprilov Boulevard, 4002 Plovdiv, Bulgaria

HcnuTtrBaHo je dhopMupame M TEYHO—TEYHA eKCTpaKL{ja jOH-aCOCOBAHHUX KOMIUIEKCa
KOju HacTajy usmely a"jonckor Co(11)—4-(2-nupuannaso)pe3opUrHOIa U TPU Pa3THIMTa KaT-
jOHCKA DUTETPa30IHjyM-XIOopHaa (I1aBy TeTpa3onujyM-xinopus, BTC, HeoTeTpazonujym-Xio-
puz, NTC n nnaBu HuTpoTerpasonujym-xnopun, NBTC). Onpehenu cy onTuManHu yciaoBU 3a
opmupame U excTpakuujy nomohy pacTBapaya joH-aCOCOBaHUX KOMIIEKCHUX xenara. Ha-
beno je ma y Co(II)-PAR-DTC cucreMuma fonasu 1o peakuvje peaktaHara y 1:2:1 monckom
onHocy. IlpernocrasmeHa je ommra (opmyna HarpaeHMX KOMIUIEKCHHMX BpcTa. Excrpak-
IJMOHE PaBHOTE)XEe Cy UCNIWTHBAaHE W KBAHTUTAaTHBHO OKapakTepHcaHe nomohy onrosapajyhux
KoHcTaHTH. IToper Tora, U3pauyHaTe Cy aHaJUTHYKE KOHCTaHTe 3a oAroBapajyhe xomruiekcHe
BpCTE.

(ITpumibeHo 14. Maja, peBuaupano 8. okrodpa, npuxsaheno 20. oxrodpa 2014)
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