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APPLICATION OF A COPPERSELECTIVE ELECTRODE COATED
WIRE TYPE TO THE DETERMINATION OF COPPER(II) BY

POTENTIOMETRIC TITRATIONS WITH ETHYLENEDIAMINE
IN AQUEOUS AND NONAQUEOUS SOLUTIONS

MilosB. Rajkovic, BorisLava D. Vucurovic and Dragan 'Ioskovic

In thiswork, potentiometric titrations ofthesoLution of the Cu(II) ionehavebeen executed with
ethyLenediamine as compLexing agentand thecopperseLective eLectrode coatedwiretype/SCE indi
catorsystemin aqueousand nonaqueoussoLvents. Becauseofthe difficuLt conditionsoftheforma
tionofthe Cu(II)ethyLenediamine complex, due to thepresence ofparalleL reactions influencingthe
positionofthe basicbaLance oftheformation ofthe complex, this study discusses and deduces the
equationsfor the caLcuLation oftheconstantof theformationof thecompLex as weLL as the equations
forthe caLcuLation ofthefreeethyLenediamine. In aLL the cases apronouncedextremeofthe curveof
titrationhas been remarkedin the finaL phase of the titration, whatever diluent was used. Similar
resuLts have been obtained using soLvents such as: water, aLcohoL (methanoL, ethanoL, buthanoL),
whichwasexpected havinginmind thechemicaL resembLance ofthese compounds (poLar moLLecuLes),
while a sharperextreme was obtained in N,N-dymethylformamide, which was expectedas weLL
becauseofthesimilarbasiccharacteristics withethyLenediamine. The resuLts obtainedbythisstudy
showtheexceptionaL advantage ofethyLenediamine ascompLexing agentand aLso thepossibiLity ofthe
application ofthecopperseLective eLectrode coatedwire type/SCE indicatingsystemfor thedetermina
tion ofCu(II) in aqueous and non-aqueous soLvents and for the determination ofthe constantsof
the determination oftheformation ofthe ethylenediamine compLex.
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INTRODUCTION

From the seventies the coated wire ion selective electrodes type (CWISE) have an important role
in the investigations of various ionic species (and consequently a large variety of compounds) in
scientific and research laboratories and in the industrial practice (1-4). The copper selective electrode
coated wire type, has also an important place in the analytic practice, having a large application in all
fields of research (5- 7).

Ethylenediamine (abbreviation "en" or EN). thanks to the strong donor characteristics of the
atom of nitrogen, is a powerful cornplexing agent. (8) Although detailed research of the ethylenedi
amine complex have been performed with various ionic species. (for example literature 9-11) its
cornplexing performances are not completely exploited for analytic purposes.

This study is a contribution to the research of the properties of ethylenediamine and its appli
cations in the examination of the Cu(lI)-ion in protonic and non-protonic solvents and as well a
contribution of ethylenediamine to the determination of the constant of the formation of ethylenedi
amine-coppertll) complex.

EXPERIMENTAL

Reagents

All the chemicals in this study were of the analytical grade purity (p.a.). The solutions of
copper(ll)-nitrate (Kernika, Zagreb), prepared in different protonic and non-protonic solvents (wa
ter. methanol, ethanol, n-buthanol and DMr (N,N-dimethylformamide», have been used for poten
tiometric titrations.

The following cornplexing agents have been used: complcxone III (Na,H, V), sodium-citrate,
8-hydroxyquinoline (oxyne) and ethylenediamine. Acetate buffer (pH=5.05), -prepared by a usual
procedure, has been used during the titrations of the solutions ofCu(ll)-ion with cornplexon III and
8-hydroxyquinoline.

Apparatus

The potential of the solution has been measured by means of an indicator system coated wire
copper selective electrode, home-made (5, J2.13) Isaturated calomel electrode (SCE) K 101, Radiom
eter Copenhagen). The indicator system was connected to a digital pH-mY meter, Radiometer
Copenhagen. and the titrations were executed by an automatic burette Multi-Dosimat E 415, Swit
zerland. The contact between the tested solution and the reference electrode was realized by a "salt"
bridge filled with agar-agar.

Procedure

The solutions of copper(ll)-nitrate are made by solving the adequate quantity of coppertll)
nitrate in protonic and non-protonic solvents, which are then titrated by adequate solutions of
different cornplexing agents. The solutions are permanently mixed with a Teflon-coated stirrer. All
the potential measurements were done in the temperature interval of 25±O.1 0c.
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RESULTS AND DISCUSSION

Theory

The properties of ethylenediamine to complex some ionic species

Ethylenediaminetetraacetic acid (EDTA or edta) and his disodium salt (Na.H zY or complexone
IIl- K-lII) are a mighty complexing item and the basis of a whole method in the analytic chemistry
- the complexonometry. It means that its basis, that is to say just the molecule of ethylenediamine
from which it obtained by the Stecher reduction may also represent a strong comlexing agent. The
characteristics of ethylenediamine to get related with some groups are based on the free electron

couple possessed by the atom of nitrogen from the amino group (- N H). Thanks to the donor
properties of nitrogen, a coordinative binding with the central ion is established (with the builder of
the complex) - the ion of Cu(ll).
An important property of ethylenediamine as a ligand in the complex with the central ion is the
coordinative volume or dentantne, determined by the number of places that the ligand occupies in the
inner sphere ofthe complex and it is conditioned by the quantity of donor atoms. Ethylenediamine,

having two donor atoms, with free electron couples (Hz N -CHz-CHz- N Hz) can occupy not one but
two positions in the coordination sphere (in the so-called first sphere, right next to the central ion),
that is to say, may tie itself with two coordinative bindings to the central ion, so it represents a
bidentantne ligand.

The complexes made by ethylenediamine with different ionic species belong to cyclic compound
group, but a more specific group, the so-called chelate compounds, containing the cyclic complex
which includes the central ion and the ligand (11,14) .

Ethylenediamine with two donor atoms completely surrounds the central ion, as the claws of the
crayfish, so that following the recommendation of Morgan and Drew such complex was named
chelate (in Greek "chele" means the claws of the crayfish). The complex of the Cu(ll)-ion has the
following structure (conformation) (Fig.l) (2,7).

Building their five-member rings, the chelate complexes are very stable, since the molecules of
solvents are expulsed from the closed ring structure, which implies a difficult solvability of ethylen
ediamine complex. It is also considered, that the great stability of the chelates comes from the fact
that even if ethylenediamine is expulsed from one coordinative place of the coordinative sphere by a
molecule of solvent, it will still stay tied to the central ion.

bisethylenediaminecopper(II)-

or [Cu(enj] 2+

Figure 1. The chelate ethylenediaminecopper(II) complex
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The formation of the ethylenediaminecopper(II) complex the meshanism and
the deduction of the equations for the calculation of the constants of forming (16,17)

The reaction of the complexing of the Cu(II)-ion with ethylenediamine itself is very compsite
due to the presence ofparallel (secundar) balances, which reacting with the ligand (ethylenediamine)
or Cu(II)-ion, influence the position of the basic balance ofthe formation of the complex (18):

cu" + 2 en p [ Cu(en),]"
+ + +

20H- yZ nH'
.!- .!-

Cu(OHh CuZ,

effeci '-/ ellee'lv! pH
hy.Irollsls ;.:omp!<3xjng effecl

During the reaction of the Cu(II)-ion with ethylenediamine, the following basic balances take

place: I

PI
Cu2+ + en !:> Cu(enl+ [I]

[2]

The graduated constant offormation bI and the total constant of formation b2 for the Cu(I I) -ion
complexing processes may be expressed as: (19)

PI = [Cu(en)2+]/[Cu2+]-[en] = 4,67.10 10

P
2

= [Cu(en)t]/[Cu2+l[enF = 102
1)

[3]

[4]

The total concentration of the Cu(II)-ion, [Cu2+LOI' and ethylenediamine, [en ]101' may be ex
pressed through the equation of the balance of masses:

[5]

where:
[Cu 2+LaI
[Cu2+]

- the total concentration ofCu(lI)-ion which exists in all forms in the solution;
- the concentration of free Cu(lI)-ion, which has not complexed with the

ethy lenediamine;
[Cu( en)"] - the concentration ofCu(II)-ion coming from the dissociation of the complex Cu(en)";
[Curen),"] - the concentration ofCu(lI)-ion coming from the dissociation of the complex Cuten),";

ITo be more precise there are two basic processes:

KI
Cu2-;- + en '::; Cu(en)2+

K2
Cu(eni+ + en '::; Cu(en)~+

which are defined by stability constants K, and K
"

By summation this two equations gives:

~2
Cu2+ + 2en '::; Cu(eni+
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[en]IOI = [en] + [Cuien)"] + 2[Cu(en)t] [6]

where:

[en]101 - the total concentration of ethylenediamine in the solution;

[en] - the concentrationof free ethylenediamine, which has not reactedwith the Cu(II)-ion;

[Cu(en)2+] and

[Cuien),"] - the concentrations of ethylenediamine coming from the dissociation of the complex
Cu(en) 2+, or Cuien),".

As the research was done with the copper(II)-nitrate which dissociates completely in the
solution, no correctionswere made for the parallel processesoccurringduring the formation (crea
tion) of the complex.

Also, in the further calculationsit is supposedthat the concentrationof the complex [Curen)"]
is proportionally low in comparing with the concentrations of the total ethylenediamine and
Cu(II)-ion, so its value is neglected.

Combiningthe shownequations,one can find the expressionsfor the graduatedconstant of the
formation of the complex PI' that is to say the total constantofformation P2.

The deduction of the equation for the graduated constant of formation, PI
Fromthe equation [6], [Cuten)"] may be expressedas:

[Cuten)"] =[en],ot - [en] - 2·[Cuien),"] [7]

If the last member is multipliedand dividedby the same value,for example [Cu2+HenF, it does
not change its value:

[Cu(en)2+] =[en]tot-[en] - 2'PdCu2+Hen]2

By substitution of the equation [9] in the equation [3], we have:

The deduction of the equation for the total constant of formation, P2

From the equation [5] follows:

[Cuien),"] = [Cu2+],ot - [Cu2+] - [Cuten)"]

and fromthe equation [6]:

[en] = [en]lot - [Culen)"] - 2·[Culen),"]

the combinationof those two equations[11] and [12] gives:

[en] = [en]lot - [Cu(en)2+] - 2·([CU2+]101 - [Cu2+] - [Cu(en)2+])

[8]

[9]

[10]

[11 ]

[12]

[13]
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From the condition that [Cuten}"] « [CU 2+]IOI and [en],OI' follows that:

[Cuien)"] = [Cu2+LoI- [Cu2+], and [II-a]

[en] = [en]lol - 2·([Cu2+]10I - [Cu2+]) [13-a]

The substitution of the equations [ II-a] and [13-a] into the expressionfor the total constant of
formation 13

2
(equation[4]) gives:

[14]

The deduction of the equation for the calculation of the concentration of free ethylenediamine

The concentration of free ethylenediamine, [en], may be calculated fromthe equation [6]:

[en] = [en]IOI - [Cuten)"] - 2·[Cu(en)t]

From the equation [5]:

[Cuien)"] = [CU2+]IOI - [Cu2+] - [Cuien),"]

The substitution of the equations [l6]into [15], gives:

[en] = [en]lol - [Cu2+].01 + [Cu2+] + [Curen),"] - 2·[Cu(en)t], i.e.

[en] = [en]IOI - [Cu2+]101 + [Cu2+] - [Cuten),"]

[15]

[16]

[17]

If,asin the equation [7], the lastmemberis multiplied anddividedby the samevalue,for example
[Cu2+]'[enp, it does not change its value, so it can be written:

_ 2+ 2+ [Cu(en)2
2+]

{ 2+ 1}
[en]-[en]todCu ]to(+[Cu ] r ']L]2 [Cu Hen]

LCU-+ '~n

where: T"--.,..--'::-=---:::"--

[en] - [en]IOI + [Cu2+].01- [Cu2+] + b2{[Cu
2+] . [enp} = 0, i.e.

[en] + [CU2+]101 + b2 • ([Cu2+] . [enp) - [en]IOI - [CU 2+]101 = ° [18]

Nikagawa et aI. (20) determined the values of the constant of formation of the copper(II)
ethylenediaminecomplex by application of the Orion copper-selective electrode with a rigid mem
brane, but in aqueous solutions.Aiharaand Oho (21) appliedan CuS/Ag2S electrodefor the determi
nation of the constant of formation of the copper(II) - ethylenediamine complex in a water-ac
etonitrile mixture. Rajkovic and Vucurovic (12,16,22) determined the values of the constant of
formation of the copper(II)-ethylenediamine complex by application of the coated wire copper
selective electrode in aqueous solutions.

Potentiometric titrations with ethylenediaminewith a coated wire copper selectiveelectrode (22)

Based on the previous consideration, a coated wire copper selective electrode as a selective
electrode on a Cu(II)-ion and ethylenediamineas a selective ligandfor the Cu(II}-ion, wereapplied
for the determination of the copper(II)-ethylenediaminecomplex.
Previously,investigationsof the applicationsof potentiometrictitrations ofaqueous solutionsof the
Cu(II)-ion were performed with various complexing agents as titrants, with a coated wire copper
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selective electrode/Sf.E indicator system, and it was observed (Fig.2) that it was with ethylenedi
amine that the most pronounced peak in the final point of the titration and consequently applications
in the concentration range 10-> - 10-\ mol/dm' (23,24). It is also necessary to state that the shown
results were obtained without the previous setting of the pH-value of the Cu(I1)-ion solution during
the titration with ethylenediamine, which is necessary during the titration with the other cornplexing
agents.

A

Figure 2. Titrations of Cu(I!) solutions with
different cornplexing agents using coated
wire copper selective electrode/SCE couple as
the indicating system: A. complexone III
(Na)-I,Y) (pH=5.05); B. sodium citrate;
C. 8::"hydroxyquinoline; D. ethylenediamine

VOLUME OF TiTRANTE,cm3

The investigations of the conditions and the species of the complex of the CuOI)-ion with
ethylenediamine in non-proton solvents: acetone, acetonitrile and methanol, performed by Reichnitz
et all (25,26), showed that in acetone and in acetonitrile the formation of the complex was I: I and in
methanol 1:2.

Potentiometric complexometric titrations of the CuOI) -ion in various solvents: methanol,
ethanol, n-buthanol and N,N-dimethylformamide, with a coated wire copper selective electrode/
SCE couple as the indicating system, showed the extreme, with ethylenediamine, with a cornplexing
characteristic of ethylenediamine, which consequently brings the response of the electrode couple by
means of the pronounced peak on the curve of the titration in its final point (Fig. 3).

-::::;:;;:::~;;;:;~;.LA
__-...".....---0

, 4

VOLUME OF ETHYLENEDiAMiNE, cm3

Figure 3. Potentiometric titrations of copper(I1)
nitrate in different solvents with ethylenediamine in:
A. water; B. methanol; C. ethanol; D. n-buthanol; E.
DMF using the coated wire copper selective elec
trode/SCE couple as the indicating system
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The results of the quantitative investigation of the solution of the Cu(II)-ion are shown in the
Table I.

Table I. Statistical elaboration of results of CuOIj-ions in different aprotic solvents with
ethylenediamine (in methanol) as titrant using the coated wire copper selective electrode/SCE

couple as the indicating system

MeOl-!
EtOH

n-BtOH
DMF

Errol'
(%)

2.92
2.75
169
0.63

, Copper taken determined gravimetrically;
,. Copper found determined by potentiometric titration

In all cases a pronounced peak in the final point ofthe titration has been noticed. no matter what
solvent was used. Similar results have been obtained with water, and alcohol (methanol. ethanol.
buthanol), as solvent. which was expected due to the chemical resemblance of these compounds
(polar molecules), while a sharper peak is noticed in the N.N-dimethylformamide, which is also
expected because of the similar (basic) properties with ethylenediamine. Consequently, the relation
copper-nitrogen in a complex compound does not depend on the solvent used, which is in accordance
with the investigations of Pool and Sandberg (15).

CONCLUSION

The results of the investigations in this work show the exceptional value of ethylenediamine as
a complexingagent in comparisonwiththe otherknownand recognizedcomplexingagents:complexone
III. sodium-citrate and 8-hydroxyquinoline.

Because ofthe difficult conditions of the formation of the copper(ll)-ethylenediamine complex
due to the presence of parallel reactions influences the position of the basic balance of the formation
of the complex. In this work equations for the calculation of the constant of the formation of the
complex have been discussed as well as the equations for the calculation of the free ethylenediamine.

The conditions of the investigations of coppertllj-ethylenediamine have been enlarged with
potentiometric method. by use of the coated wire copper selective electrode /SCE indicator system.
The use of the coated wire copper selective electrode /SCE electrode for the titration of the Cu(ll)
ion with ethylenediamine in non aqueous solutions showed that the best results are obtained when
using the solvents having similar (basic) properties with ethylenediamine.

As the discussion of the formation of the coppert llj-ethylenediamine complex and the possible
parallel reactions shows, the coated wire copper selective electrode may also be used for the determi
nation of the constant of the formation of the coppertllj-ethylenediamine complex.
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llPI1MEHA IiAKAP-CEJIEKTI1BHE EJIEKTPO,ll;E Tl1llA
llPEKPI1BEHA )K11:QA 3A O,ll;PE'BI1BAlbE IiAKPA(II)

llOTEHQI10METPI1JCKOM TI1TPAQI1JOM CA
ETI1JIEH,l];I1AMI1HOM Y BO,ll;EHI1M 11 HEBO,ll;EHI1M

PACTBOPI1MA

MUAOUl E Pajtcoeuh, Bopucnaea Il. Bysypoeuh, Ilpaean TOUlKo6un

<1>opMl1paJ-be KOMnJIeKCa Cu(Il) ca eTI1JIeH.n.l1aMI1HOM OTe)KaHO je nocrojateev napaJIeJIHI1X
paBHOTe)Ka ca pCaKTaHTI1Ma, KOjl1 pearyjyhn ca JIl1raH.n.OM, CTl1JIeH.n.l1aMI1HOM, I1JII1 Cu(II) jOHOM
yrl1lJy aa nonoxa] OCHOBHe paBHOTC)Ke rpaheisa KOMnJIeKca. OOJIa3Cnl1 on KOHcTaTaUl1jc na
CBOjCTBa CTI1JICH,lI,l1aMI1Ha.n.a rpanx cTa611JIHC KOMnJICKCC ca MHoro6pojHI1MjoHI1Ma y anamrra-rxo]
XCMl1jl1 HI1Cy.n.OBOJbHO I1CKOpI1WnCHa, y OBOMC paay 113BpweHajc aHaJII13a Morynl1Xerpexaraaa
nonoxaj paBHOTe)KC rpaheisa KOMnJIeKCa xao 11 113B01)CJ-bC jezurasana sa yxynny KOHcTaHTy
otipaaosaa.a Pz 11 aa 113palJYHaBaJ-bC KOHucHTpaUl1jC CJI06o.n.Hor CTI1JIeH.n.l1aMI1Ha.

Y pany cy 113BpweHa norenuaoverpajcxa I1CnI1TI1BaJ-ba pacrnopa Cu(I1) joua ca
CTI1JICH.n.l1aMI1HOM xao KOMnJICKCl1pajynl1M areHCOM ys 6aKap-CeJIeKTI1BHa cJIeKTP0.n.a/3aCl1nCHa
KaJIOMCJIOBa enexrpoaa (3KE) I1H.n.I1KaTOPCKI1 CI1CTCM y Bo.n.eHI1M 11 HCBo.n.eHI1M paCTBOpI1Ma.

Ao611jeHI1 pC3yJITaTI1 nOKa3MI1 cy l13y3CTHy spezraocrCTl1JIeH.n.l1aMI1Ha xao KOMnJICKCl1pajyner
are-rca y nopehersy ca .n.pyrI1M, KOHBCHW10HMHI1M KOMnJICKCl1pajynl1Ma arCHCI1Ma, a raxohe 11
MorynHoCT npl1MCHC 6aKap--CCJICKTI1BHa cJIeKTPo.n.a/3KE I1H.n.I1KaTopCKor CI1CTCMa aaO.n.pc1)I1BaJ-bC
KOHCTaHTe ofipaaosatsa Cuten)," KOMnJIeKca.
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