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AKmyanbHOCMb UCCIE006AHUA KOMNAEKCOOOPA306AHUA 6 PACCMAMPUBACMON CUCMEME
C6A3AHA C PA3GUMUEM POJIU 2EMEPOAOEPHBIX COCOUHEHUIL 8 NPOUECCAX INEKMPOXUMUUECKO20 NO-
Jayuenusn cniagos. CoznacHo u3eecmHvlmM NPeOCMAagieHUAM, 8 2emepPOAOEPHBIX COCOUHCHUAX 6
C6A3BIEAIOWYIO OPOUMAL (ObUINIL 6KIAO GHOCUM DOJ1ee ITNEKMPOOMPUUAMETbHIIL AMOM, a 6
Pa3puIXnAIoWY0 — opoumany menee 31eKmpooOmpuyamenbHoz0 amoma. Imo cnocoocmeyem
CONUIICEHUIO NOMEHYUANI06 60CCIAHOGICHUS UOHO8 MEMANI06, HAXOOAWUXCS 8 MAKOM COCOUHe-
HUU U ROTIYYEHUIO IIeKmPoxXumuyeckozo cnaaea. Kpome mozo, uzeecmno, umo ygenuuenue -
thexmuenozo paduyca KOMNIEKCHBIX UOHOB, YN O XAPAKMEPHO 013 2emepPoA0ePHbIX COeOUHEeHUil,
YMeHbUuIaem IHEePUI0 AKMUGAUUU UX IIEKMPOXUMUUECKO20 ¢0ccmanogenus. Llenvio padomur
AGNAEMCA NOJIYUEHUE OAHHBIX RO KomnaeKcooopazosanuto é cucmeme Zn(ID)—-Cr(IID)-Ni(ll)-znu-
YUH—600a, COCHABY U YCHIOUYUBOCINU 26MEPOAOEPHBIX COCOUHECHUT. YCHAHO0GIEHUI0 COCMA8a 00-
Pazyrouuxca KOMRJ1eKcos 6 ucciedyemoii cucnieme npeouiecmeosaio noayueHue OGHHbIX no KOM-
N1EeKCO0OPA306AHUI0 KAMCO020 U3 YKAZAHHBIX I/IEMEHM 08 8 UHOUBUOYAbHBIX pacmeopax. Panee
yemanoeneno, umo 6 cucmeme Zn(I)-Cr(111)—zruuun— é00a npu pH 1,0 — 3,5 npeoonadaiom ze-
meposdepusie popmot [CrZn(HGly)Glys|'u [CrZn(HGly).Glys], npu pH 2,2 — 4,0 éo3pacmaem
oonsa naxonnenus [CrZnGlys]*. /Ina ycmanosnenus cocmasa o6pazyloumuxcsa KOMnieKcos npu-
menanu pH— mempuueckoe mumposanue u memoo adepHoit macnumuoit peaaxcayuu (AMP) npo-
MOHO08 6 COYEemanuu c Mamemamuieckoii oopadomroit pesynomamos (npocpamma CPESSP). Ycma-
Hoeneno obpasosanue zemepoadepuvix komnaekcos [CrNiZn(HGIy) Glys*, [CrNiZn(HGly),Glys]",
paccuumanvl ux KOHcmanmul 00pasoeanusn u 0oau naxonnenus (HGly — enuyun). Pezynomamot
Ppadomul uCno01b306aAHbL NPU PA3PAOOMKE I/IEKMPOTIUMOE OIS RPOUECCA ITIEKMPOXUMUULECKO20 J1e-
2UPOCAHUA YUHKOBBIX NOKPOIMUTL OOHOEPEMEHHO XPOMOM U HUKETIEM.

KuaroueBrble cioBa: koMIIeKCHbIe reTeposiepHble coennaenust, nuHK(ID), xpom(I1l), aukens(Il), rim-
1uH, pH-MeTprueckoe TUTpOBaHUeE, SAepHas MAaTHUTHAS pellaKkcaliis MpoTOHOB, mporpamma CPESSP
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The relevance of studying complexation in the system under consideration is associated
with the development of the role of heteronuclearcompounds in the processes of electrochemical
production of alloys. According to the known concepts, in heteronuclear compounds, the more
electronegative atom makes a greater contribution to the bonding orbital, and the orbital of the less
electronegative atom, to the antibonding one. This contributes to the convergence of the reduction
potentials of metal ions present in such a compound and the production of an electrochemical alloy.
In addition, it is known that an increase in the effective radius of complex ions, which is charac-
teristic of heteronuclear compounds, decreases the activation energy of their electrochemical re-
duction. The aim of this work is to obtain data on complexation in the system Zn (11)-Cr (111)-Ni
(1N—glycine-water, composition and stability of heteronuclear compounds. The establishment of
the composition of the complexes formed in the system under study was preceded by the acquisition
of data on the complexation of each of the indicated elements in individual solutions. It was previ-
ously established that in the Zn(11)-Cr (I11)—glycine—water system in the pH range 1.0-3.5, hetero-
nuclear forms [CrZn(HGIly)4Glys]* and [CrZn(HGIly).Gly6] prevail, at pH 2.2 - 4.0, the share of
[CrznGlys]* accumulation increases. To establish the composition of the resulting complexes, we
used pH metric titration and the method of nuclear magnetic relaxation (NMR) of protons in com-
bination with mathematical processing of the results (CPESSP program). The formation of hetero-
nuclear complexes [CrNiZn(HGIly),Glys]*, [CrNiZn(HGly).Glys]* was established, their formation
constants and the fraction of accumulation (HGIy - glycine) were calculated. The results of the
work were used in the development of electrolytes for the process of electrochemical alloying of
zinc coatings simultaneously with chromium and nickel.

Key words: complex heteronuclear compounds, zinc (11), chromium (I11), nickel (1), glycine, pH-met-
ric titration, protons nuclear magnetic relaxation, CPESSP program
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INTRODUCTION

The study of complexation processes, despite
significant advances in this area, is an urgent task and
the subject of modern research [1-5]. In particular, ob-
taining data on complexation in the volume of electro-
Iyte and on the electrode surface is the fundamental ba-
sis for effective regulation of the processes of electro-
deposition of alloys and the kinetics of reactions [6].
The choice of the object of research is associated with
electrochemical problems, in particular with the devel-
opment of an electrolyte and a mode of obtaining cor-
rosion-resistant zinc coatings alloyed with various
metals [7-10] based on the study of complexation pro-
Cesses.

It is known that complexation affects not only
the stage of reagent transport to the reaction zone, but
also the characteristics of the energy barrier of electron
transfer. Steric effects are also important in charge
transfer across the electrode-electrolyte interface. The
stated considerations are confirmed by electrodeposi-
tion of zinc-chromium alloy [6].
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It was previously established that in the Zn (1) —
Cr (I11) — glycine — water system at pH 1.0-3.5, heteronu-
clear forms [CrZn(HGIy)sGly,]* and [CrZn(HGly).Glys]
prevail, and at pH 2.2-4.0 — complex [CrZnGlys]* [6].

The choice of glycine as a complexing agent is
due to the fact that, being a bidentate ligand, it can form
heteronuclear compounds in solutions, and besides, it
has surface-active and buffer properties and is effec-
tively used in electrochemical processes [11-17].

MATERIALS AND METHODS

The experimental technique and data pro-
cessing are given in [18, 19].

The study of complexation was carried out us-
ing pH-metric titration and magnetic-relaxation
method using the CPESSP program [18-20].

When using pH-metric titration, the depend-
ences of the Bjerrum function fi on pH were subjected
to mathematical processing. The function fi can be rep-
resented as the sum of the contributions of molar prop-
erties from each component:

= Xo; 1j, (1)
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where a; is the molar fraction of the i-th complex; fi; — de-
gree of titration of the i-th complex.

The calculation of i was made according to the
formula:

n= (10'pH'(VA + VoH) + Con'VoH — 10pH-14.

“(Va+ Von)) / (Chne (Va+ Vor)), (2)
where Von is the volume of added titrant alkali; Va is
the volume of the titrated aliquot.

In the method of proton magnetic relaxation,
the paramagnetic complex can be characterized by the
relaxation efficiency coefficient (REC) — K.

(BT1)™ = Kay ©)

K1 is an experimentally determined quantity
in the NM relaxation method (dimension — mol*-s-1).

Ky = [(BT],) ! = Siptntn (4)
where K,im is the coefficient of relaxation efficiency;
B is the concentration of the m-th complex.

The solutions were prepared using chemically
pure and analytical grade substances.

The activity of hydrogen ions was determined
on a HI 2215 pH/ORP Meter pH meter. The spin-lat-
tice relaxation time was measured on a Minispec MQ
20 pulsed NMR spectrometer with an operating fre-
quency of 19.75 MHz. The solutions were thermo-
stated at 25 °C.

RESULTS AND DISCUSSION

Establishment of the composition and stability
of complex compounds in the system zinc(ll) — chro-
mium(l1) — nickel(1l) — glycine — water was preceded
by obtaining data in solutions of chromium(lI1) — water
[18], zinc(ll) — glycine — water [21], chromium(II) —
glycine — water [22] and zinc(Il) — chrome(l11) — gly-
cine —water [23]. The study showed that heteronuclear
complexes are formed in the zinc(Il) — chromium(ll)
— glycine — water system, and at pH > 3, [CrZnGlys]*
is the main form.

The study of the nickel(ll) — glycine — water
system at metal: ligand ratios of 1:1 and 1:2 confirmed
the formation of complexes NiGly*, NiGly, known
from the literature [24, 25]. It was also preliminary
found that in the pH range 2-4 the dependences of the
relaxation efficiency for the nickel(ll) — glycine and
nickel(I1) — zinc(Il) — glycine systems on pH coincide,
which indicates the absence of heteronuclear glycinate
complexes.

The dependences of the relaxation efficiency
for the systems chromium(l11) — glycine — water, chro-
mium(I11) — nickel(ll) — glycine — water, chromi-
um(I) — nickel(ll) — zinc(Il) — glycine — water are
shown in Fig. 1-2.
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Fig. 1. Dependence of the relaxation efficiency of (BT1)™* on the
pH of the solution at a glycine concentration Chely = 0.349 mol/I
in the following systems: 1- Ccra+ = 0.045 mol/l; 2- Ccra+ = 0.045 moll/l,
Cniz+ = 0.045 mol/l; 3- Ccra+ = 0.045 mol/l, Cni2+ = 0.045 mol/I,

Czna+ = 0.048 mol/l
Puc. 1. 3aBUCHMOCTS peslakcaruonHoi 3¢ dexrusHocTr (BT1)?
ot pH pacrBopa npu koHteHTparyu riumuHa CHely = 0,349 Mois/ B
cnenyromux cucremax: 1 - Ces+ = 0,045 monb/i; 2- Cera+ = 0,045
Monb/11, Cnig+ = 0,045 moiw/t; 3- Cers+ = 0,045 morns/i, Cnig+ = 0,045
Mob/71, Czn2+= 0,048 moins/n
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Fig. 2. Dependence of the relaxation efficiency (BT1)! on the pH
of the solution at a glycine concentration Craly = 0.901 mol/l in the
following systems: 1- Ccrs+ = 0.045 mol/l; 2- Cers+ = 0.045 mol/l,
Cni2+ = 0.045 mol/l; 3- Ccrz+ = 0.045 mol/l, Cniz+= 0.045 moll/l,

Czn2+ = 0.048 mol/l

Puc. 2. 3aBrcuMocTb penakcamuorHoit addextueroctr (BT1)! ot pH

pactBopa pu KoHueHTparuu rmimHa Crcly = 0,901 Mosts/n B crery-
roux cucremax: 1- Cen+ = 0,045 mois/i; 2- Cer+ = 0,045 Mous/1,
Cniz+ = 0,045 Monw/it; 3- Cerz+ = 0,045 Mons/11, Cnig+ = 0,045 Mous/11,

Czn2+= 0,048 moun/nt

The composition and stability constants are
presented in Tables 1 and 2.
The term for the equilibrium constant is deter-
mined by the data in the "stoichiometric matrix™:
Bonr = ([CrpNiaHanm Glyw] [H]V([CIIP[NII'[H:Gly]™  (5)
(charge somitted).
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Table 1

Composition and equilibrium constants of complex formation in the chromium (III) -nickel (II) -glycine-water system
Taonuya 1. CocTaB M KOHCTAHTHI paBHOBecHii 00pazoBanus KoMiLiekcoB B cucteMe xpoM(IID)-uukenn(Il)-ramuuH-Boaa

CTeXHOMETpHIECKas MaTPHIIA
N e e T ONEEM) | Gl (m) | HE) 1gBpame Kowmzexe
1 1 1 8 12 1722010 [CrNi(HGIY).Glya]"
2 1 1 8 14 5.700.14 [CrNi(HGIy).Glys]
3 1 1 8 16 -15.14+0.22 [CrNiGlyg]*

Table 2

Composition and equilibrium constants of complex formation in the system chromium (111)-nickel (I1)-zinc (I1)-
glycine-water
Tabauya 2. CocTaB M KOHCTAHTHI paBHOBecHii 00pa3oBanus kommiekcoB B cucreme xpom(IIl)-nukenn(II)-
uuHK(ID-ranuuH-Boaa

. CrexnoMeTpuyeckas MaTpHUIla
N e ) [ 20 () | NiZ(n) | HGly' (m) | H() | (e Koarexe

1 1 1 1 8 12 1014025 | [CrNizn(HGly).Gly.*
2 1 1 1 8 14 | -3.79+0.32 | [CrNiZn(HGly).Glys]"

The term for the equilibrium constant is deter-
mined by the data in the "stoichiometric matrix" column:
Branmr = ([CroZngNinHzm-Glym][H]')/
I([CrPIZn]*[Ni]"[H2Gly]™) (6)

(charges omitted).

Calculation of the fraction of accumulation of
heteronuclear complexes shows (Table 3) that they ex-
ist in the pH range 2-3.5. In this pH range, the fraction
of accumulation of [CrNiZn(HGI)sGly.]*" varies
within 0.0-0.57, the fraction of [CrNiZn(HGI),Glys]* —
within 0.05-0.46.

Table 3
Shares of accumulation of heteronuclear complexes de-
pending on pH (the shares of the remaining complexes
are not indicated)
Tabnauya 3. 10,11 HAKONJIEHUS reTepPOsiIePHbIX KOM-
IIJIEKCOB B 3aBUCUMOCTH OT pH (JIOJ'I]/[ OCTAJIbHBIX KOM-
TJIEKCOB He YKa3aHbl)

H Hons Homnst
P [CINiZn(HGI)4Glys]** | [CrNiZn(HGI),Glys]*
1.891 0.57 0.05
2.050 0.54 0.11
2.385 0.39 0.3
2.556 0.20 0.4
2.876 0.05 0.46
3.045 0.02 0.41
3.236 0 0.31
3.570 0 0.13

Studies have shown that heteronuclear complexes
[CrNiZn(HGIly),Glys]*, [CrNiZn(HGly).Glys]** are
formed in the system zinc(ll) — chromium(lIl) —
nickel(Il) — glycine — water.

According to the well-known concepts of the
theory of molecular orbitals about heteronuclear com-
plexes [26], a more electronegative atom makes a

ChemChemTech. 2021. V. 64. N 11

greater contribution to the bonding orbital, and a less
negative atom to the antibonding orbital. The electro-
chemical activity of more electronegative metals in the
case of their presence in a heteronuclear complex
should be higher, i.e. they should be restored at lower
overvoltages, which has a positive effect on the con-
vergence of the reduction potentials of various metal
ions during alloy formation.

In the case of electrochemical alloying of zinc
coatings with chromium and nickel, the presence of a
positive charge in the complex compounds
[CrNiZn(HGIy),Glye]*, [CrNiZn(HGIy).Gly,]*" cre-
ates favorable conditions for their adsorption on the neg-
atively charged electrode surface and charge transfer.

The data obtained can be used in the develop-
ment of electrolytes for obtaining zinc coatings doped
with chromium and nickel.

CONCLUSION

The data on the composition and stability of
complex compounds formed in the system Zn(ll) —
Cr(11) — Ni(ll) — glycine — water were obtained by
means of pH-metry and NMR with subsequent mathe-
matical processing of the experiment.

The heteronuclear forms of the
[CrNiZn(HGIy)sGlys]**, [CrNiZn(HGIly),Glys]* com-
plexes have been determined, and their formation con-
stants and the fraction of accumulation have been cal-
culated.

The authors declare the absence a conflict of
interest warranting disclosure in this article.

A6m0pbl 3a:6JA0m 00 omcymcmeuu KOH-
@auxma unmepecos, mpedyoue2o packpvimus 8 OaH-
Hol cmambe.
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