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The interaction of cobalt (I1) and nickel (II) with 2-hydroxy-5-nitrothiophenol (HNTPh) and
diphenylguanidine (DPG) produces chloroform-extracted mixed-ligand complexes (MLC) with
the ratio Me (I1): GNTF: DPG = 1: 2: 2. Conditions for extraction-photometric determination of
cobalt (1) nickel (I) are revealed. It found that MLC are formed in a weakly acid medium (pHp
= 4.4 + 7.8). Note that all studies were performed with CHCI; (extraction ratio R = 98.3-98.6%).
To generate and extract MLC, (1.2-2.0) x 10-3 M HNTPh and (2.0-2.5) x 10-3 M DPG are
required. Maximum in the absorption spectrum for cobalt (I1) nickel (I1) MLC is observed at 560
nm and 480 nm, respectively. The following chemical analytical parameters were calculated:
extraction constants (Kex = 10.56-11.64), stability constants (f = 8.59-9.62), distribution
constants (Kp = 1.86-1.92), coefficients extraction (R = 98.3-98.6%) with molar coefficient of
light absorption being equal to (2.64 - 3.30) x 104.
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INTRODUCTION

Many metal ions form colored binary xylidine} [5-14], diphenylguanidine and

particles with hydroxythiophenols, such as 2-
hydroxy-5- halogenthiophenols (HTPh) and
2,6-dithophenols (DTPh) [1,2]. Besides, the
color and extraction properties of these species
can be improved by adding auxiliary
compounds [3-4]. The following ion-
associated reagents were used for liquid
liquids extraction of [X(HTPh),]* or
[X(DTPh),] © (z = 2 or 3; X-metal): Aromatic
Amines{aniline, N-methylaniline, N,N-
dimethylaniline, o-toluidine, m-toluidine, p-
toluidine, 3,4-xylidine, 2,4-xylidine, and 2,5-

triphenylguanidine [15], diphenylamine and
triphenylamine [16]. The previous article dealt
with the formation and extraction of the
complex in a system containing Co (I1) and Ni
(1),  2-hydroxy-5-iodothiophenol  (HITP),
diphenylguanidine (DPG) and
triphenylguanidine (TPG) [17].

Below-cited are results of systematic
research into a similar extraction chromogenic
system  which  involves  2-hydroxy-5-
nitrothiophenol (HNTPh) in place of HITP.
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MATERIALS AND METHODS

Reagents and instruments. The initial
solution of Ni (1) and Co (Il) was prepared
through dissolving NiCl, x 6H,O and
Co(NO3), x 6H,0, respectively, in distilled
water. Process solutions of Me (I1) (0.1 mgL™)
were prepared by appropriate dilution of the
stock solution. The concentration of cobalt and
nickel solutions was adjusted gravimetrically
[18].

HTPh was synthesized according to the
procedure [19]. Chloroform solutions of HTPh
(0.01 mol L™) and DPG (0.025 mol L™) were

used. To create the optimum acidity, 0.1 mol
L™ solutions of HCI, NaOH, or ammonium
acetate {CH3COOH+CH3;COONH, (pH 4-12)}
buffers were applied.

The absorbance of the extracts was
measured through the use of a SF 26
spectrophotometer and KFK 2 photo-
colorimeter. Glass cells with optical paths of 5
to 10 mm were used. pH of aqueous phase was
measured using an 1-120.2 potentiometer with
a glass electrode.

RESULTS AND DISCUSSION

At pH 5-6, the cobalt and nickel
complex {Me- HNTPh -DPG (Me= Co or
Ni)} is not extracted with the help of inert
organic solvents. To determine signs of
complex charge, ion exchange
chromatography was used: AV17
anionexchanger in chloroform absorbs a part
of solution; the chromatographic column is
coloured in orange while Ni (1) and Co (II)

are not detected in the filtrate. The anion
complex is extracted in the presence of a
hydrophobic amine, wherein the complex
stability increases, and the colour becomes
more saturated. To neutralize the charge of the
anion complex, diphenylguanidine is used as a
hydrophobic amine which transforms into a
diphenylguadininic ion in the acidic medium,
that is,

(CeHsNH),C=NH + H* <——=> (CsHsNH),C=NH,"

(DPG)

Influence of pH of the aqueous
phase. The spectra of mixed ligand complexes
(MLC) Me (I1)-HNTPh-DPG extracted in
chloroform are shown in Fig.1. The light
absorption spectra of Me (II) complexes with
HNTPh and DPG were studied in a wide range
of medium pH. Complexes of cobalt and
nickel are formed and extracted at pH 2.2-8.4
and 2.5-10.8, respectively. It could be seen
that Co(ll)- HNTPh - DPG species are
extracted to a greater extent at pH values in the
range of 5.5-7.8. Ni(ll) complexes are
extracted at lower pH: 4.4-6.7.

Choice of Extractant. To extract the
complexes, CHCIs, CCly, CgHsCl, CgHe,

(DPGH+)

CeHsCHG, C5H4(CH3)2, iSO-C4H90H,
C4HgOH, iso- CsH1;0H, C,H,4Cl, were used.
The extractability of the complexes was
evaluated by the distribution coefficient and
the degree of extraction. The best extractants
were CHCI3, C,H4Cl, and CgHsCI. All further
studies were carried out with CHCIs
(extraction ratio (R,%) R=98.3-98.6%). The
concentration of cobalt and nickel in the
organic phase was determined using 2-nitroso-
1-naphthol and dimethylglyoxime [20]
respectively,  through  the  photometric
measurements after the back extraction, and
the aqueous phase was determined by the
difference.
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Fig. 1. Absorbance of mixed ligand complexes as a function of the pH of the aqueous phase: Ni- HNTPh-DPG
(curve 1) and Co-HNTPh-DPG (curve 2). Ceoqpy = 1.7x10°mol L™, Cyi=3.5 x 10° mol L™, Cynren = (1.2 -
2.0)x10mol L™, Cppg = (2.0 - 2.5) x10~° mol L™, A = 490 and 590 nm.

Electronic Absorption Spectra. The
spectra of the MLC of Me (II)-HNTPh-DPG
extracted in chloroform are shown in Fig.2.
Co-HITP-DPG cobalt complex absorption is
higher than that of the Ni-HITP-DPG nickel
complex. The maximum values are recorded at
560 nm for Co (Il) compounds and at 480 nm
for Ni (I1) compounds.

All colour reactions were very contrast,
since the initial solutions are colourless (Amax
(HNTPh) = 284 nm). Thus, the bathochromic
shift is 276-196 nm. The contrast of the
reactions was high, i.e. initial reagents are
colourless, and the complexes are intensely
coloured.
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Effect of reagent concentration. The
effect of shaking time. The optimum
concentrations of HNTPh and DPG are shown
in Table 1. For the formation and extraction of
MLC, (1.2-2.0) x 10° M HNTPh and (2.0-2.5)
x 10° M DPG are required.

MLC II (11) with HNTPh and DPG are
stable in aqueous and organic solvents and do
not decompose for two days or for a month
after extraction. The effect of shaking time in
the course of extraction is shown in Fig. 3.
Extracts of Ni-system (curve 1) and Co-system
(curve 2) are produced within approximately 2
minutes and 4 minutes respectively. A longer
shaking time does not affect absorption.
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Fig. 2. Absorption spectra of the complexes: Ni-HNTPh-DPG (curve 1) and Co-HNTPh-DPG (curve 2). Ccoupy =
1.7x10°mol L™, Cyigy =3.5 x 10 mol L™, Cnren = (1.2 - 2.0)x10° mol L™, Cppg = (2.0 - 2.5) x10~° mol L™, pH

4.5-6.8 and pH 5.5-7.9, A =490 and 590 nm.
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Fig. 3. Effect of shaking time on the absorbance: Ni-

HNTPh-DPG (curve 1) and Co- HNTPh-DPG

(Curve 2) CCo(II% = 1.7><10_5mo| L_l, CNi(II) =3.5 x 10_5 mol L_l, Cunten = (12 - 2.O)x10_3 mol L_l, Cbpg =

(2.0 - 2.5) x10°

mol L™, pH 4.5-6.8 and pH 5.5-7.9, A =490 and 590 nm.

Table 1. Optimum operating conditions

Extraction system Extraction | pH Chrrp, Cam, Amaxr | Ahmax,
time, s mol L] mol L™ | nm nm
Ni(11)- HNTPh-DPG-H,0-CHCl; 120 4.5-6.8 [1.2x107° 2.0x 107 | 480 | 196
Co(I)- HNTPh-DPG-H,0-CHClI; 240 55-7.9 .0x107 2.5x10° | 560 276
Composition of complexes and The existence of clearly defined
suggested formulae. The molar ratios absorption bands at 2410 - 2415 cm™ in the

between the components of the MLC were
found by several methods: relative yield
method, straight line method and equilibrium
shift method [21]. The results suggest the
complex composition of 1:2:2 (Me : HNTPh :
DPG).

The results obtained, some conclusions
[3-5] and our previous experience with
identical systems suggest that Co (Il) was
oxidised to Co (I11) by the atmospheric oxygen
during the complex formation. In acidic
medium, HNTPh exhibit reducing properties.
Hence, we are inclined to suggest the
following formula of the ternary compound:
[Me(HNTPh),](DPGH),; in the formula DPG
is in its protonated form (DPGH®).

IR-spectrum of the complex indicates the
coordination of the DPG in the protonated
form [22]. The disappearance of the band at
2580 cm™, characteristic for the spectrum of
HNTPh, and the appearance of corresponding
bands in the spectrum of the complex which
are shifted toward lower frequency, suggests
that sulphur atoms are involved in complex
formation. The observed decrease in the
intensity of the absorption bands at 3200-3600
cm™ with a maximum at 3460 cm™ and the ap-
pearance of a broad band in the region of
3050-3150 cm™ shows the involvement of
hydroxyl group in the formation of a
coordination bond. Proceeding from the
obtained data, we propose the following
structure for the extracted ternary complex:
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HN
L+ [ON SN 0
C=NH; H2N=C
| o~ |
HN = N

Equilibrium constants. Several
processes should be taken into account in the
system of [Me(HNTPh),]*", (DPGH"),, water
and chloroform:

H

1) Association in the aqueous phase between
anionic chelate, [Me(HNTPh),]*, and the
hydrophobic amines cation, (DPGH™),, with
the equilibrium constants

[M(HITP),](AmH)

T [M(HITP),1* x[(AmH ), ]
2) Distribution of the complexes between the aqueous and the organic phase
{[Me(HNTPh),]( DPGH)2}aq>{[Me(HNTPh),]( DPGH),}0org

with the distribution constants

[Me(HNTPh),](DPGH)

org

® ~ [[Me(HNTPh),](DPGH),1,,
3) Extraction of the ternary complexes from water into chloroform
[Me(HITP)Z]Z‘aq + (DPGH"); 39 «>{[Me(HNTPh),](DPGH)2}org

with the extraction constants

[[Me(HNTPh),](DPGH)]

org

Kex:KD+ﬂ:

The constants of the distribution Kp were
determined by comparison of the absorbance
values obtained after single extraction under
the optimum conditions (A;) and the triple

[[Me(HNTPh),1* 1,, x[(DPGH "), ],

extraction (A3): Kp = Ai/(As-A;). The
extraction constants were calculated by the
equation Kex = B + Kp. The obtained values
are shown in Table 2.

Table 2. Values of the extraction constants (Key), distribution constants (Kp), association
constants () and recoveries (R%) for the Me(I1)-HNTPh-DPG-water-chloroform systems

Extraction system g B lgKp lg Kex R%
Co(Il)- HNTPh-DPG-H,0-CHClI; 8.59+0.2 1.86+0.01 | 10.56+0.21 | 98.3
Ni(ll)- HNTPh-DPG-H,0-CHCl; 9.624+0.01 1.92+0.02 | 11.64+0.03 | 98.6

Influence of interfering ions. To
evaluate the complex applicability for
photometric determination of cobalt and
nickel, we examined the influence of foreign

ions and reagents. The results showed that
great excesses of alkali, alkali earth, and rare
earth elements, as well as NO*, CIO*, SO,*
and CH3;COO ~ do not interfere in the
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determination of cobalt and nickel with HITP
and Am. Interference of most cations is
masked through adding complexone III.
Tartrate has the property of masking milligram
quantities of Ta, Ti, W and Mo. Zr and Cu are
masked by fluoride 1ion and thiourea,
respectively.

Beer’s law and analytical
characteristics. The validity of the Beer’s law
was checked at optimum conditions (Table 1).
Equations of the obtained straight lines and
some important characteristics concerning the
application of the ternary complexes for
extractive-spectrophotometric determination of
Co(I1) and Ni(Il) are listed in Table 3.

Table 3. Analytical characteristics

Characteristic Co- HNTPh-DPG | Ni- HNTPh-DPG
Apparent molar absorptivity (), L mol ™" cm™* 3.30x10* 2.64x10*
Adherence to Beer’s law, pg mL ™ 0.8-20 0.7-18
Equation of straight line 0.1252X+0.054 0.149x+0.02
Coefficient of correlation 0.9993 0.9981
Sandell’s sensitivity, ng cm * 0.00746 0.00745
Limit of detection (LOD), ug mL " 14 11
Limit of quantification (LOQ), ug mL ™" 45 36

Determination of nickel in
magnesium and carnallite. The developed
analytical procedure was used to analyze real
samples. Two replicates of metallic
magnesium and two samples of carnallite were
subjected to analysis. Results are shown in
Table 4; their reliability was verified by the
added-recovered method.

Dissolution of magnesium. A 0.5-0.6 g
sample of magnesium was carefully dissolved
in 10 mL of HNO;3 (1:2) and the solution was
evaporated to moist salts on an electric heater.
After cooling, 3 mL of water were added to
dissolve the salts and pH was adjusted to ca. 6

with NaOH. The solution was quantitatively
transferred into a 25 mL calibrated flask; then
distilled water was added to the mark.

Dissolution of carnallite. A ca. 2.0 g
sample of carnallite was placed in a 50-mL
beaker. 0.5 mL of a 3% NaF solution and 5
mL of HNO;3 (1:20) were added and the beaker
was heated on an electric heater. After cooling,
the obtained solution was neutralised with
ammonia to pH 6 (universal paper indicator);
then it was transferred through a filter paper
into a 50 mL calibrated flask and diluted to the
mark with distilled water.

Table 4. Determination of cobalt and nickel in metallic magnesium and carnallite

Found (%) x10™* Added-recovered method
Sample Ni Co Added (%) x10° | Recovered (%) x10~ RSD (%)
Ni Co Ni Co Ni Co
1° 7.65+0.01 5.12+0.03 1 1 1.765 6.123 14 1.3
22 7.64+0.02 5.09+0.01 1 1 1.764 6.094 15 1.2
1P 8.71+0.01 5.81+0.04 1 1 1.871 6.812 1.3 1.4
2 8.69+0.02 5.35+0.02 1 1 1.869 6.351 18 15

Note: ® — Metallic magnesium; n=6; P=95%; ° — Carnallite; n=5; P=95%

CONCLUSIONS

1. Cobalt (II) nickel (1) form chloroform
extractable complexes of mixed ligands with
HNTPh and DPG. The anionic part of these
complexes [Me (HNTPh),]*  provides

intensive coloring (for the nickel complex Amax
= 480 nm and for the cobalt complex Amax =
560 nm) and the bulk of the cationic part
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(DPGH), in turn, guarantees poor solubility in
water.

2. The following equilibrium constants and
analytical parameters are calculated: extraction
constants (Kex = 10.56-11.64), association
constants (f=8.59-9.62), distribution constants
(Kp =1.86-1.92), recovery factors (R=98.3-
98.6%), molar absorptive capacities (e=(2.64-

3.30) x10%), Sendell sensitivity (SS= 0.00745-
0.00746 ng cm?), detection limits (LOD = 11-
14 pg mL™Y) and limits of quantitative
evaluation (LOQ= 36-45 pug mL ). Analogous
values of some above-mentioned
characteristics obtained through the use of
independent methods go to show the
correctness of the experiments performed.
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HU3YUYEHUE PEAKITUH KOMIIVIEKCOOBPA30OBAHHA KOBAJIBTA (1) U HUKEJIA
() C 2-rHAPOKCH-5-HHTPOTHO®EHOJIOM H JIH®EHHUIT'YAHH/THHOM

C.I. AJmeel, P.A. Hemaunoe', ILA. Hﬂpazumoez, 3.I. Acxepoea3, A.3. 3an0é®

Y 4sepbaiioncanciuii Focydapemeennviii Yuusepcumem Heghma u
AZ 1000, Faxy, np. A3aonu1e16/21,
2 y .
baxunckuu I'ocyoapcmeennviii Yuueepcumem
Az 1148 baky, ya. 3axuoa Xanunosa, 23 ,
3A3ep6aﬁ09fcana<uﬁ T'ocyoapcmeennwiii Iledazocuyeckuii Yuueepcumem
A3z 1000 baky, yr. V3. Iaoxcubekosa, 68, e-mail: zalov1966@mail.ru

Ipu 63aumooeticmeuu kobaroma (11) u nuxens (1) ¢ 2-eudpoxcu-5-numpomuoghenonom (FHTD)
u ougenuneyanuounom (ADIl) obpazyromes sxcmpazupyemole Xa0poghopmom pasHOIUSAHOHbIE
komniexkcot (PJIK) ¢ coomnowenuem Me(Il):I'HT®:/[@I'=1:2:2. Haiidenvl ycnogus
IKCMPAKYUOHHO-ghomomempuueckozo onpedenerus kooaroma (11) u nuxens (11). Yemanoeneno,
umo PJIK obpasyiomcs 6 craboxuciou cpeoe (pHypmb.4-7.8). Bece uccredosanus npogoounu ¢
nomowwio CHCls. /[ns obpaszosanus u sxempaxyuu PJIK mpebyemcs (1 .2-2.O)><10'3 MITHT®D u
(2.0-2.5)x10° M @I Maxcumym 6 cnekmpe céemonoenowenus ons PJIK xobanema (1) u
nuxens (1) nabnrooaemes npu 560 um u 480 wm coomeemcmeenno. Paccuumanst creoyrowue
XUMUKO-aHaniumuyeckue napamempul. koncmanmel usenewenus (K,x = 10.56-11.64),
koncmanmol yemouuusocmu (f = 8.59-9.62), xoncmanmer pacnpeoenenus (Kp = 1.86-1.92),
ko3 puyuenmor usenevenus (R = 98.3-98.6%), monapuwiii kosgppuyuenm ceemonoziowerus
pasen (2.64 + 3.30)x 10°.

Knroueewle cnosa: kobanvm, Huxeiob, 2-2UOPOKCU-D-HUMPOMUOPEHO, XIOpOoPopMm

CHEMICAL PROBLEMS 2018 Ne 2 (16)


https://www.google.ru/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&sqi=2&ved=0ahUKEwjIquWD_MXPAhVEWRoKHew-CHsQFggcMAA&url=http%3A%2F%2Fwww.maik.ru%2Fru%2Fjournal%2Forgchem%2F&usg=AFQjCNFbS1E_SbIdr5pKgzGrkrdKjG8WOA&bvm=bv.134495766,d.bGg
https://www.google.ru/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&sqi=2&ved=0ahUKEwjIquWD_MXPAhVEWRoKHew-CHsQFggcMAA&url=http%3A%2F%2Fwww.maik.ru%2Fru%2Fjournal%2Forgchem%2F&usg=AFQjCNFbS1E_SbIdr5pKgzGrkrdKjG8WOA&bvm=bv.134495766,d.bGg
mailto:zalov1966@mail.ru

204 RESEARCH INTO COMPLEX FORMATION OF COBALT(II)

KOBALT (II) VO NIKELIN (11) 2-HIDROKSI-5-NITROTIOFENOL VO
DIFENILQUANIDINLO® KOMPLEKSOMOLOGOLMO REAKSIYASININ ToDQIQI

S.0. Aliyev', R.A. Ismayiova®, S.A. Ibrahimova®, Z.G. Osgarova®, 9. Z.Zalov’

Azorbaycan Dovlat Heft va Sanaye Universiteti
1000, Baki, Azadlig pr.,16/21,
2Baki Déviat Universiteti
Az 1148 Baki, Zahid Xolilov kiics, 23,
$Azorbaycan Dovlat Pedaqoji Universiteti
Az 1000 Baki, Uz. Hacibayov Kig., 68;
e-mail: zalov1966@mail.ru

Kobalt (I1) va nikel (I1) 2-hidroksi-5-nitrotiofenol (HNTF) va difenilquanidin (DFQ) ilo garsiligl: tasirda
olaraq xloroformla yaxsi ekstraksiya olunan miixtolif liqandli kompleks birlagma (MLK) amala gatirir
(Me(I1):HNTF:DFQ =1:2:2). Kobalt (1) va nikelin (1) ekstraksiya-fotometrik tayininin optimal soraiti
muayyon edilmisdir. MLK zaif turs miihitda amalo Qalir (pH,p. 4.4- 7.8). On yaxsi ekstragent kimi CHCly
miayyan edilmisdir. MLK amala galmasi va ekstraksiyast digiin (1.2-2.0)x10° M HNTF va (2.0-2.5)x10°
M DFQ tolab olunur. Kobalt (11) va nikelin (1) MLK muvafig olaraq 560 vo 480 nm-da maksimum isiq
udur. Bazi kimyavi- analitik sabitlor hesablanmisdir: tarazliq sabiti (Kex = 10.56-11,64) davamliliq sabiti
(B = 8.59-9.62), paylanma sabiti (Kp = 1.86-1.92) ekstraksiya doracasi (R = 98.3-98.6%), molyar
isiqudma amsali (e = (2.64-3.30) x10*.

Acar sozlar: kobalt, nikel, 2-hidroksi-5-nitrotiofenol, difenilquanidin, xloroform
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