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EFFECT OF PH ON THE STABILITY OF COORDINATION
COMPOUNDS OF CO(111) WITH DIAMINOETHANOL
LIGANDS IN NON-AQUEOUS SOLUTIONS

1L.C. Kysesanosa, C.B. I[losamvuyx, A.O. 3ynvgpicapos, O.O. Anodpiiro, B.A. Ilomackanos, H.€. Bnacenxo. Bnams 3mimm pH
cepenoBHIa Ha cTifikictb koopauHamiiinux cmoayk Co(III) 3 gieramosamiHOM B HeBOAHHX PO3YHMHHHMKAX. BUKOHaHO cHHTe3
BHyTpimHboKoMIuiekcHOi (BKC) cmonyku koGansty(Ill) 3 mieranoaminom [Co(DetmHdetm)] ta rereposiepHOi KOMIUIEKCHOI CIIONYKH
(TMK) 2Co-Ni 3 nieranonaminom [Ni(CoDetmHdetm),](NOs), CriiikicTs OTpEMaHHX CHOIYK JOCIiIKYyBalach B HEBOJHOMY PO3YMHHHKY
(mumetnndopmamini) 3a pisHUX 3HayeHb pH (Bifg KUCIIOrO 110 JIy)KHOTO CEpEeNOBHI). 3a JOMOMOTOK METOJIB MOTEHIIOMETPHUYHOTO
TUTPYBaHHS Ta EJEKTPOHHUX CIHEKTPIB INOIMHAHHS OyaM BU3HAUeHHI MeXi 3HaueHb pH cepemoBuIIa, e KOMIDIEKCHI CIIONYKH HE
mijgaBanucs IecTpykuii. 3a pe3yiabTaTaMH MPOBEJSHUX IOCIIKEHb Oya0 BU3HAa4YeHO, 10 3HaueHHI pH Buie 7 3MiH KOOpAMHALIHHOTO
orouennst meraiiB (Co(lIl), Ni(ll)) ve BinOyBaerscsi. Ko pH 3meHmKeThCst Hrkde 7 (IIpH JO/aBaHHI XJIOPHAHOI KUCIOTH), BHYTPILIHBO
komruiekcHa cnonyka Co(lll) 3asmae pyiinysanus.  Jliraug Hodetm 3mimioetsess Ha ClI° Ta 49acTKOBO TMPOTOHI3Y€ThCS 3aMIIOK
nieranonaminy. Kpim Toro, BinOyBaerscs neperBopenns muc-N,N i3omepy BHYTpimHb0 KoMIuiekcHoi criomyku B Tparc-N,N i3omep i sk
HACIIIJIOK 3MiHIOETHCSI CHUMETPisl KOOPAMHALIHHOI CHIONyKU. Y BHIAAKy rerepoMeraniudoro kommiekcy 2Co-Ni, BHacuigok 3umwkenus pH
HIDKYE 7 MOJIEKYJIH DPO3YMHHUKA IIOYMHAIOTH pearyBaTd 3 IMPOAYKTaMH YacTKOBOI MECTPYKIii KOMIDIEKCHOI CHONYKH. B pesynbrarti
BiZIOyBA€THCS YTBOPEHHSI HOBOTO KOMILIEKCY, B IKOMY KoopauHauiiiHe yucno Hikemo(1l) 3pocrae 3 4 no 6. BoxHouac, npu niasumenHi pH
6inpmre 10 rerepoMeTaniuHMi KOMILIEKC 3aIMIIAETECS CTaOIIBHUM. Mae MicIie JIMIIe YacTKOBHIA MpoIiec Tifponizy posunHHuKa. Haseneni
cxemu nepersopenn [Co(DetmHdetm)] ta [Ni(CoDetmHdetm),](NOs)z, 110 OMMCYrOTh MOBENIHKY KOMIUIEKCHUX CIOIYK B HEBOIHOMY
pO3UMHHMKY (muMmermindopMamini) mpu 3MiHi pH Big KHCIOro [0 JIy’)KHOTO CEpEIOBHIN. 3a pe3ylbTaTaMH BHKOHAHHX JOCIiIDKEHb,
OTPUMAaHUI MaTepiaja MOXKHa BUKOPUCTATH MPU PO3pOOIi HOBITHHOI TEXHOJOTi CTBOPEHHS KaTaliTHYHUX MaTepialliB Ha OCHOBI MPOJYKTIB
TepMIYHOI AecTpyKIii koMIuiekcHuX croiyk kobansTy(I1l)-nikemo(Il). O4ueBuano, 0 MOBHHEH miATpUMyBaTHCS Iiana3oH pH Bix 7 mo 10
IIPU CHHTE31 KOMIIOHEHTIB KATaJITUYHUX MaTepianiB, 00 YHMKHYTH 3a0py[HEHHS KIiHIEBUX IPOAYKTIB 3aJMIIKAMH JECTPYKLIT
KOMIUIEKCHHX CHOJIYK Ta PO3YHHHUKA.

Kunrouosi cnoea. JnietaHoilaMiH, BHYTPIIIHbOKOMIUIEKCHa croiyka koOanbTy(Ill), rerepomeraniunmuii xommiekc kobanbty(IlI)-
rikemo(Il), mumernndopmamin, BB pH Ha crilikicTs

I. Kuzevanova, S. Povalchyk, A. Zulfigarov, A. Andriiko, V. Potaskalov, N. Vlasenko. Effect of pH on the stability of coordination
compounds of Co(lll) with diaminoethanol ligands in non-aqueous solutions. Inner complex compound of cobalt(l1l) with diaminoetha-
nol, [Co(DetmHdetm)], and polynuclear complex compound 2Co-Ni with diaminoethanol, [Ni(CoDetmHdetm),](NOs),, were synthesized.
Stabilities of the obtained compounds were investigated in non-aqueous (dimethylformamide) solutions at different values of pH (from acid
to alkaline). Methods of potentiometric titration and electron absorption spectra were used to determine the range of pH values where the
compounds do not decompose. As a result of these studies, we found that at the upper value of pH=7, the coordination surrounding of the
metals (Co(lIl), Ni(Il)) does not change. When the pH value becomes lower than 7 (with adding HCI acide), the inner complex of Co(lll)
begins to decompose. The ligand Hxdetm is replaced by CI" and partial protonization of diethanolamine occurs. Also, transformation of N,N-
cis isomer of inner complex compound of cobalt(lI1) to N,N-trans isomer takes place, thus reducing the symmetry of the complex. As for the
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polynuclear complex compound 2Co-Ni, when pH value becomes lower than 7, molecules of solvent begin to react with the products of
partially destroyed complex. As a result, new complex compound is formed with the increase of coordination number of nickel(ll) from 4 to
6. However, in alkaline solutions where pH values are up to 10, the heterometal complex compound of 2Co-Ni remains stable. Only partial
hydrolysis of the solvent occurs in these conditions. The schemes of transformations of [Co(DetmHdetm)] and [Ni(CoDetmHdetm),](NOs),
occuring in non-aqueous (dimethylformamide) solutions at different values of pH (from acid to alkaline) are presented in the paper. The
results of this study can be used for the preparation of precursor solution for the technology of catalytic materials production. Evidently, the
range of pH from 7 to 10 must be maintained in order to avoid the contamination of the final products by the decomposed wastes of com-
plexes and solvent.

Keywords: diaminoethanol, Cobalt(l1l) inner complexes, Cobalt(l11)-Nickel(Il) heterometal complexes, dimethylformamide solutions,
pH range of stability

Introduction

The article is devoted to preparation of polynuclear complex compounds of cobalt (111) with amino-
alcohol ligands and further studies of their structure as well as electrocatalytic properties in the reactions
of intercalation /deintercalation of lithium in carbon materials and reactions of discharge-ionization of
hydrogen on carbon nanotubes. Heterometals complex cobalt(l11)-nikel(Il) with monoethanolamine de-
posited on the surface of carbon nanotubes exhibits high catalytic properties in the reaction of discharge-
ionization of hydrogen, comparable in efficiency to platinum-based catalysts used in modern systems for
electrochemical storage of hydrogen. So, the creation of manufactured technology of these catalytic ma-
terials are very important nowadays. But the stability of coordination compounds of Co(lll) with ami-
noethanol ligands wasn't investigated for depending of the range of pH environment. This parameter is
very important, because it straightly influence on the structure of catalytic materials.

Analysis of recent research and publications

The properties of 3d metal compounds attract considerable attention mainly due to their catalytic
activity in various reactions [1 — 5], which is sometimes comparable to the activity of traditional cata-
lysts based on iron family metals [6, 7, 8]. The 3d metal compounds which to allow catalyzing main
part of chemical technology processes continue investigating to develop more effective composition
and maximum universal methods of causing [9, 10, 11]. In particular, it was shown [12] that the prod-
ucts of pyrolitic destruction of polynuclear complex compounds of cobalt(l11)-nickel(1l) with aminoal-
cohol ligands grafted onto the surface of carbon materials are catalytically active relatively to some
electrolytic reactions such as reduction of oxygen, intercalation of lithium into graphite and discharge-
ionization of hydrogen. Synthesis of heterometal complex compounds 2Co-Ni with diaminoethanol
was elaborated for the preparation of catalytically active centers in [13]. The conditions of temperature
treatment were determined. The structure of coordination compound 2Co-Ni was investigated which
allowed to predict the composition of active catalytic centers on the surface after the pyrolitic decom-
position [14].The non-aqueous solutions of the polynuclear complexes are used as precursors for graft-
ing the complexes on the surface of catalytic materials before the thermal treatment. The question of
stability of the complexes in such solution and its dependence on the acid-base properties of the sol-
vent is not sufficiently studied yet.

The aim and objectives of the study

Thus, the aim of the present work was to establish the range of acidity (pH) where the solutions
are stable and investigate the mechanisms of decomposition of heterometal complex compounds 2Co-
Ni with diaminoethanol beyond the range of stability.

Experimental Methodology

Cobalt(ll) nitrate and Nikel(Il) nitrate, Alkali hydroxide, Diaminoethanol (DEA) and Dimetylfor-
mamide (DMFA) were used for preparation of the complex compounds. Synthesis of polynuclear com-
plex compound 2Co-Ni with diaminoethanol [Ni(CoDetmHdetm),](NOs), were performed in two steps.

The first, the inner complex compound (ICC) of cobalt(lll) with diaminoethanol
[Co(DetmHdetm)] (where H,detm — HN(CH,CH,OH),; H,detm™ and Detm? — deprotonated aminoal-
cohol molecules) were obtained by oxydation of Co®* to Co®" with ambient oxygen in alkaline media
according to the reaction:

8H,detm + 4Co(NO3) + O, + 8KOH = 4[Co(DetmHdetm] + 8KNO; + 10H,0. (1)
The second, the polynuclear complex compound 2Co-Ni with diaminoethanol were synthesized

as follows. Nikel(Il) nitrate was dissolved in moderately hot DMFA. After cooling solution to room
temperature, it was mixed with the before prepared solution of inner complex compound of cobalt(l1).
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The resulting mixture remained aged for three days. Reaction (2) describes the process of for-
mation of the heterometal polynuclear complex compound:

Ni(No3), + 2N, N[Co(DetmHdetm)] = {Ni[Co(DetmHdetm],}(N03),. 2

Elemental chemical analysis was performed by gas chromatographic method on Carlo Erba Ele-
mental Analyzer 1106 (for C, N, H) and by induction-couple atomic emission spectroscopy method on
Jobin Yvon-Horiba 180 Ultrace (for Co, Ni).

Investigation of the stability of [Co(DetmHdetm)] and [Ni(CoDetmHdetm),](NOs), in the solu-
tions with various pH was made with pH-meter Akvilon pH410. Variation of the pH was achieved by
potentiometric titration with aqueous solutions of HCI and NaOH.

The presence of Co?* ions due to the possible incomplete oxidation (reaction (1)) wash checked
be the method of Ox-RedOx titration with potassium hexacianoferrate (111) in ammonia buffer.

The structure transformations in the solutions were studied by electron absorption spectra method
(EAS) using VIS spectrometer UNIC02100.

Results and discussion

The results of elemental chemical analysis of the obtained complexes are given in Table. One can
see that the experimentally obtained values are in good agreement with the calculated values for the
composition of complex compounds of cobalt(I11) and nikel(ll) according to the reactions (1) and (2).
So, its confirms the accepted formulas of both complex compounds.

Results of elemental chemical analysis coordination compounds Co(Z/I) and Ni(Zl) with diaminoethanol

C, % N, % H, % Co, % Ni, %
Compound Calc. | Exper. | Calc. | Exper. | Calc. | Exper. | Calc. | Exper. | Calc. |Exper.
[Co(DetmHdetm)] 36.09 | 36.15 | 10.53 | 10.45 | 7.14 | 7.23 | 22.18 | 22.25 | - —
{Ni[Co(DetmHdetm)],}(NOs),| 26.74 | 26.69 | 11.7 | 11.8 | 529 | 5.33 | 16.44 | 16.57 | 8.22 | 8.31

After the synthesis, the solution of ICC in DMFA had the value of pH=10.96. The potentiometric
titration curve of this solution by hydrochloric acid is shown in Fig. 1. The inflection point at pH 5.6
on the titration curve is observed followed by the descending part.

The RedOx titration with potassium hexacianoferrate (I11) in ammonia buffer [15] did not detect
the ions of Co?* in the solution.

The method of electron adsorption spectra was used to study the transformations when pH de-
creases in course of adding the hydrochloric acid to the non-aqueousr solution of inner complex com-
pound of cobalt(l11) with diaminoethanol. The electron spectra are shown in Fig. 2.

A7,
pH |
101 0.15-
8_ \
6- "o... 0.1
4] L
l‘l., 0.05+
2_ —H—n
T T T T T 0 T T T T T 1
0 2 4 6 8 V, ml 350 400 450 500 550 600 A,nm
Fig. 1. Curve of potentiometric titration (C(HCI) = Fig. 2. The electron spectra in acid media of ICC
0.1 mol/l) of Co(DetmHdetm) dimethylformamide cobalt(l11) with diaminoethanol and reactant (1 — pH
solution 10.96; 2 - pH 6.03; 3—pH 4.01; 4 — pH 3.17; 5 - pH

2.08; 6 — pH 1.31; 7 — DMFA solution of Co®")
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EAS of the samples corresponding to different points of potentiometric curve (pH 10.96; 6.03;
4.01; 3.17; 2.08; 1.31) detect the bathochrome shift of absorption maximum Co** related to d-d transi-
tion *Ayy — 'Tyy of cobalt (IIT) from 575nm (for initial ICC Co®* spectra) to 600 nm starting at pH
6.03.

Further on, the intensity of spectra curve decreases with the addition of acid but absorption max-
imum does not shift. These results permit to describe the probable scheme of the destruction of ICC
Co*>" with diaminoethanol in acid media that by two step reaction:

H5C 0 H* H5C (0]
| N—C + HOH ~—"— NH + H—C (3)
/ AN / AN
HsC H H,C OH
HO”\\
NH
(
~NH S Cl
ZAN Ny
I/ + H ~——— 2 \0'03*4 @
,/ . /II/ N /,
0<----- ! 0%=---- 1-- = OH
N' |
H '

The first step (reaction (3)) is the partial hydrolysis of solvent. Further addition of the acid re-
sults in the destruction of aminoalcohol complex compound when the ligand H,detm is replaced by CI
and partial protonization of diaminoethanol takes place. Also N, N-cis isomer of the inner complex of
cobalt(l11) transforms into the N,N-trans isomer with symmetry reduction of the complex [16] (reac-
tion (4)).

A_
pH |
0.15
13.54
13 0.11
12.54
12 0.05
11.51
T T T T T 0 T T T T T 1
0 0.2 04 0.6 0.8 Vv, mi 350 400 450 500 550 600 A, nm

Fig. 3. Curve of potentiometric titration (C(NaOH) Fig. 4. The electron spectra in alkaline media of ICC
= 0.1 mol/l) of Co(DetmHdetm) dimethylformamide  cobalt(l11) with diaminoethanol and the precursor of its
solution synthesis (1 — pH 10.96; 2 — pH 12.5; 3 — pH 13.5;
4 — pH 14; 5 — DMFA solution of Co®")
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One inflection point at pH=12.7 is observed on the titration curve of the solution of inner com-
plex of cobalt (111) with diaminoethanol by sodium hydroxide (Fig. 3). Again, no traces of Co®* in the
solution was detected by Ox-RedOx titration with potassium hexacianoferrate (111) in ammonia buffer.

However, no shift of the absorption maximum of Co®" at 575nm is observed in electron absorp-
tion spectra (Fig. 4) when pH increases to 14.

The presence of only one equivalent point on the potentiometric curve and absence of the peak’s
shift in alkali solution evidences that the complex is stable in these conditions. The partial hydrolysis
of DMFA (reaction (5)) may occur:

HsC o - HsC o]
N 7 M - N Y
N—-cC + HOH ~—— NH + H—C (5)
/ AN / AN
HsC H HsC OH

Further, we have studied the influence of pH on i
the stability and transformations of heterometal com- PH;
plex (HMC) compound cobalt(I11)-nickel(Il) with di- g
aminoethanol in non-aqueous solutions. ]

The pH value of the solution of HMC in DMFA 6
after the synthesis was equal to 9.34. ]

Fig. 5 represents the potenciometric titration 4]
curve of the solution of [Ni(CoDetmHdetm),](NOs), ]
by hydrocloric acid. One inflection point at pH 5.7 5]
can be detected, with inclined descend before this ]
point. Again, no traces of Co®* was found by the ‘ : . . . .
method of Ox-RedOx titration with potassium hexaci- 0 2 4 6 8 Vv, mi
anoferrate (I11) in ammonia buffer. _ Fig. 5. Potentiometric titration curve (C(HCI) =

Analyzing the EA spectra of the solutions corre- 0.1 mol/l) of [Ni(CoDetmHdetm),](NO5), in
sponding to the different points of the titration curve dimethylformamide solution

(Fig. 5), one can observe the bathochrome shift of the
absorption maximum of Co®*" in HMC from 570 nm to
605 nm, which corresponds to d-
d transition *A,, — *Ty(F) of
nickel(Il). The spectra became
significantly changed at the pH
less than 6.05. 0.154
Most probably, it indicates ] / 6
that adding 2 molucules of dime- L
thylamine (it appears because of 0.1 A\ /
hydrolysis DMFA) to the
squared heterometal complex of
cobalt(l1D)-nikel(1l)  with dia-

A_

3
\/

. ] 0.054
minoethanol results in the for-
mation of new octahedral com-
plex compound. Further adding ol e
of acid does not shift the absorp- T T T T T 1
g ) A,
tion maximum even when pH 1.5 350 400 450 500 550 600 nm
reaches (Fig. 6). Fig. 6. Electron spectra of HMC cobalt(l11)-nikel(I1) with diaminoethanol

The obtained results make in acid media (1 — pH 9.34; 2 — pH 6.05; 3 — pH 3.98; 4 — pH 2.9;

possible to present most probable 5 —pH 2.68; 6 — pH 1.5; 7 — DMFA sglution of Ni**;8 — DMFA solution
scheme of destruction of HMC of Co™)

2Co-Ni with diaminoethanol in
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acid media. It seems to proceed in two steps. The first is partial hydrolysis of solvent (like before, re-
action (3)) and the second is the formation of new complex compound (reaction (6)):

pH

12 -
11.5-
111
10.5+
10+
9.5+

8.5

Fig. 7. Potentiometric titration curve of

[Ni(CoDetmHdetm),] (NOs), in dimethylformamide
solution with alkali solution (C(NaOH) = 0.1 mol/l)

A_

0.15+

0.1

0.05+

0

0 1 2 3 4 5 6 7 Vml

ch\H/CHg

Fig. 7 represents the titration curve of the solu-
tion of heterometal complex of cobalt(l11)-nikel(1l)
by sodium hydroxide. One inflection point is ob-
served in this curve at pH 11. Again, no traces of
Co*" ions were found.

The displacement of the absorption maximum
of Co® at 575nm (corresponding to d-d transition
1A1g — lng) is not observed in the spectra of Fig. 8
when value of pH increases to 12.4. The ions Co**
where not detected after the end of titration.

The presence of only one equivalent point on
the titration curve and no displacement of absorption
maximum of HMC cobalt(l11)-nickel(1l) proves that
the complex compounds in alkali environment are
stable and indicates only partial hydrolysis of
DMFA (reaction (5)).

Comparing the obtained results with
the data of [15], we must admit that the
effect of the solvent is not crucial. The
complex remains stable in a neutral and
weak base environment and decomposes
in the acid media, both in alcohol and in
DMFA solutions. However, in case of
DMFA, hydrolysis of the solvent may
result in the change of the composition of
the precursor solution, which should be
taken into account.

Conclusions

The results of the studies permit to

350 400 450 500 550

Fig. 8. The electron spectra of HMC cobalt(111) with
diethanolamine in alkali media (1 — pH 9.34; 2 — pH 10.5;
3-pH 12.4; 4 — DMFA solution of Ni?*; 5 — DMFA solution

of Co®")

660 'x, nrln define the range of acidity (pH) where the

inner complex compound of cobalt(ll1)
with diaminoethanol and heterometal
complex 2Co-Ni with diaminoethanol in
non-aqueous solutions are stable.
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As follows from the electron absorption spectra and the results of Ox-Redox titration, the coordi-
nation environment of metals (Co(I1I), Ni(IT)) does not change at pH moderately higher than 7. Even
when the value of pH increases over 10, the compounds in DMFA solutions remained stable. Howev-
er, at these conditions, the process of solvent hydrolysis begins to develop. The schemes of corre-
sponding transformations occurring with Co(DetmHdetm) and [Ni(CoDetmHdetm),](NOs), which are
affected by acid or alkali, are presented.

The obtained results indicate the necessity of pH control of the reaction media when the solutions
of heterometal complex compounds are used as precursors for preparation of the catalytic materials. A
range of pH from 7 to 10 is recommended in order to avoid the contamination of the catalysts with the
products of solvent and complex destruction reactions.
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