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New liquid-membrane electrodes 
used for potential determination of copper and nickel 

(Rcceivccl 15 #July 10X5; nccclh~l 7 January 1097) 

Summnry - This paper presents the experimciiti~l and tlicorclhl dah rcyilrding Lllc design mid cliflmctcrizntioii of foul 
licluid-membriliie elecLi*oclcs, which lmvc not been mciitioiicd in the specialixed literature so far. The membrmics are solutious 
or the acl;ivc substances iii nitrobenzcnc on n gmpliite rod and nr’e simple mid mixed complex combiimtioiis or Cu(II) a~ltl 
Ni(I1) ions with nn organic ligund of the clithiol clws. Cn2’-sclectivc mid Ni2+-. sclcctivc electrodes hvc been used to 
detcrminc the copper nncl nickel ions in aqucor~s solutions by both direct potcntiomctry and potcntiomctric litratioll with 
EDTA. ‘L’licy linve also becu used for dc1criiiiiiiiig Llic Cu 24 and Ni2’ ions in industrial waters by direct potentiomctry. ‘l’hc 
illlid_~tiCnl results obtniiictl hvc hen checked by I.hc stalldnrtl additioris method illlcl by compiirisoii with clctcrminiitioiis 
tlirougli atomic: absorplioii spcctromclry. 

liquid membrnne electrode / potontiomctry / copper / nickel 

RBsumQ - klectrodes h membranes liquidcs, utillschs pour ddtcrminer le potentiol du cuivre et du nickel. Ccl arliclc 
expose Its t,rnvn.l!x novntcurs d’dlnbor~~tion CL dc carncL6rist~I~h~ rIt$ c111atrc dlcrt.!~rir!c!s R membranes liquides. tes substnnccs 
actlvcs soul, cii so~~rlloti ckiiis Ic iiilrobcnai?ue (k?s 6lcetlWhH krllt. l!ll pWtlc culrstiiudes d’rlne barro de jgxphile), cl soul. 
dcs combinnisons simples de complexes dc Cu(I1) ct de Mi(lI), WCC dcs ligands de la fmnille dcs clithiols. Des Blcctrocles 
r;pdcifclucs du 01’” ot du Ni2’ ont Btd uLilis6es pour dbtermincr lcs ions cuivrc cl nickel en solulions I~~IICIJSCS, par clcs 
m&lmde~ de I~o(;cn.tio~ndtric dirccte et par titragc potcntiomittricluc avec I’ED’I’A. Ccs dlcctrodcs ant aussi servi ?I dvnlucr, pai 

potcntiom&rie dircctc, Ic CII~’ ct Ic Ni2+ contcinis dnns Its solutions rejctdes par Its induslricls. Les r&ultats analyliqtics 
ol,tcnus 011~ Ad contr6lds p;w dcs 1n6tl~oclcs standards de titragc pai addition et cle dbtermination par In spcctromdtric 
rl’tlbsorpI~iO”. 

dlectrode il membrane liquide / potcntiom&rie / cuivrc / nickel 

Introduction 

In the last few years the literature has recorded the 
design of new ion-sclectivc electrodes for copper and 
llicliel lnetal ions. Thus, in a. series of previous papers 
[l--O], we hvc I~rcscntccl tlic IX~ssibility of obtaining 
Cu”+- ancl Ni”‘-selective electroclcs with liquicl 1nen1- 
braiies on the basis of coni~~lex combinations of copper 
i~lld nickel, which have the property of being exkracted 
iii iiitrobenzene, an organic solvent iinlniscible water. 

The reponse OF these ion-selective clcctrodes to tllc 
concentration of Cu2+ (Ni2+) ions in solution has for- 
mally been attributed to a l~ocess of exchngc of these 
mctnl ions between the analyzed aqueous solution and 
the solution of nienlbrane in nitrobenzcne. Tlic systenl 
is considcrecl to be in equilibrium when the electrochem- 
ical potentials of the Cu 2+ (Ni2+) nletnl ions are equal 
in the two phases, while the presence of the copper 
(ni&cl) in the aqueous phssc dots not affect the nctiv- 
ity of tlicse ions in the organic phse, which constitutes 
tlic mcnibrane of tlic electrodes. 

* Corrcspondcncc and reprinls 

On tlic basis of this hypothesis, the expression for 
the incn1branc l)otential has bceu deduced thcrmocly- 
nankally: 

E = E” + h!T/2F 111 nh,jrr+ (1) 

wlicrc a~j2.h represents the nctivity of the Cu”+ (Ni’+) 
ions in an aqueous solution. The above-nlentioned hy- 
potllesis does not explah the functioning nlecllanisnl of 
the electrodes, which have a Nernstiau form, as shown 
by the expression (I), These electrodes have been suc- 
cessfully usecl in potentiometric methods of clctcrniining 
copper and nickel. 

Experimental section 

Construction of the electrode 

The body of the electrode is mndc of a 75 mm long tcflon 
tube (1) (fig 1) with nn inside diameter of G mm at the 
lower end, where it is closed with n 15 mm long grapliitc 
rod (2), which is impregnntecl with the solution or lhc active 
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sllbstilnce lo-” Iv1 in nilrobcnzcnc. Tlic internal refcrcncc 
solution (3) is mudc up of nitrobcneene in which the coni- 
plcx combinntion is dissolved. The graphite rod plnys both 
l.hc role of mcchnnicnl supporl for Lho liquid mcmbrflno and 
clcclricnl support, using the electrical potential of the mcm- 
l~rirne when Lhe luttcr is in conlflct with the nqueous pluise. 

Fig 1. Sclicmntic drawing of the cleclrodc. 

The internal rcfcrencc clcctrodc has been eliminated by 
inlroducing a 115 mm long stainless-steel wire (4) with a 
diameter of 1.5 mm inside tlio grqhito rod which mnkes 
contacl, with the conncclion terminal (G) of the measuring 
inslrumcnt. 

In order to prevent; evaporation of the inlernal solution 
mid, RS a consequcncc, any change of concentr;~Lion in the 
membrane, thc electrode is equipped wiLh n screwed Lcflon 
stopper (5) ill; t;hc top through which the stainless-steel wire 
pcneLrntes, Lhe system being perfectly uir tight. mlc teflon 
stopper is dctacliable iMld allows the filling of the elcctrodc 
willi the organic: soluLion (3). 

ITour CA?+- and Ni2+-sclectivc electroclcs wiLh a liquid mcm- 
brane have been OtJLilinCd and cliaraclcrizcci. Of Lhcse the 
elcctrodcs 1 and 2 are based on siinplc complex combi- 
nations of’ Cu(I1) and Ni(IT) with a ligand of tho dilliiol 
class, 2,3-dimercaptobcnzoc~uinoxaline-5,10-dionc (2,3-dtbq- 
5,10-dione) as shown in (2) below, while elcclrodcs 3 and 4 
Rrc ksed on Llm corresponding mixed complex combinations 
with the formula: 

(2) 

An miimonin molecnte is prcscnt in tlic struclurr: us a 
second lignnd. The formulation of Lhc simple nnd mixed 
complex combim~tions of Cn(I1) and Ni(I1) whose soluLions 
in nitrobcnaene constilulo Lhe mcmbrnnc on n graphite rod 
for tlic renlkerl eleclrodes are ns follows: 

Electrode 1: [(n-CsH~)~N]~[Cu(2,3-dtbq-5,lO-dionc)~] 

Eleclrode 2: [(n-C~I-l~)~N]~[Ni(2,3-dLl~c~5,10-dionc)~] 

Clcctrode 3: (Cu(NI-13)2(2,3-dtbq-5,10-clionc)] 

l~leclrode 4: [Ni(Nl-l~)~(2,3-clLI,cl-5,lO-dionc)] 

Results 

(Ni 2c) i0n.s 

In Agurcs 2-5, we present tlic vnriatiou of the clcct,romn- 
tive force obtained with the four iou-selective clectroclcs 
nt 25 “C nnd nn ionic strength /L = 0.4 (provirletl with 
I<NOs which does not influcncc the elcctrorlo potentinl), 
as a function of --log [M”+]. 

-IgIcu*+l 

Fig 2. The variation of the clcctromotive force of the 
cw+ -selective electroclc 1 vs tlio Sil,t;Ul’~tX?<I calonicl clcctroclc 

(SCE) tl~ n frmclion of -log [CII~+], ;A 25 ‘C and /A = 0.4 
(KNOa). 

Tlic iuflucuce of I113 on the respoiisc of t;lie Cu2+- 
and Nizf -sclcctivc elcctroclcs was studied. It was found 
that mllike other types of electrodes, in the case of 
the liquid ion-sclectivc membrauc clectrodcs, th mcm- 
branes modify their compositioii when the afpicous so- 
lution is too acid or too alkahe. The pH values of 
the samples of aqueous solution of Cu”+ (Ni2+) were 
controlled with buffer solutions, according to I<olthoff 
and Vleeschhouwer [lo], while the determiuations of pH 
were made with a pH-meter (MV 85), using a glass elec- 
trode ant1 a saturated cnlomel electrode. 

We cleduced exl~erimentally that in the range 
2.5635 for Cu2+ and 2-8.G for Ni2+ the pH variation 
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Fig 3. The variation of the electromotive force of t.lie 
Ni’ -I- -selective clccLrode 2 vs the saturated calomel electrode 
(SCE) as a function of -log iNi”+], at 25 “C and fi = 0.4 
(KNOa). 
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Fig 4. The variation of the electromotive force of the 
Cu2+-selective electrode 3 vs the saturated calomel electrode 
(SCE) as a function of -log [Cu’+], at 25 “C and p = 0.4 
(KN03). 

does not influence the membrane potential and that the 
linear portion of the curves E/pH is a function of the 
concentration of metal ions in the aqueous phase (fig G 
and 7). 

The direct measurements of the potential were made 
in solutions of CuSO4 and Ni(NOa)z at pH 4 and 4.2, 
using a buffer solution of acetic acid/sodium acetate 
0.2 M. 
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Fig, 5. The variation of the electromotive force of t11c 
Nizf-selective electrode 4 vs the saturated calomcl clcc~~otlc 
(SCE) as a function of -log INi”], at 25 OC nurl 11. = 0.4 
(ICNOz). 
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Fig 6. The influence of PI-I on the response of the Co’+- 
selective electrode with a membrane of [Cu(NH3)2(2,3-dtbq- 
5,10-dione)]. 

Selectivity of electrodes 

The electrodes were tested for a series of cations which 
can participate in an ionic exchange equilibrium with 
the Cu2+ (Ni2+) ions in the membrane. WC found that 
a series of cations interfere only if they are present in 
concentrations approximately 1000 times higher than 
the concentrations of the ions of Cu2+ and Ni2+, re- 
spectively. For these cations the selectivity constants 
have been determined using the Eisenman method [ll] 
(table I). 
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1 %!) 10” - I()_” 1.09 x lo-:’ 5.!)5 x lo-” 3.5% x 10-” 

‘2 2D )I)--’ - I()_” I .97 x 1 o-:1 - &I2 X lo-” :%,s(j X IO-” 

:3 2!) I()_’ - I()_” x3!) x lo-” 3,:w x lo-” 1.14 x lo-: 

4 2!J IO-’ - IIJ-” d.!X3 ; IO-” -- 2.71 x IO-” !).58 x IO-” 

Pig 7. ‘1%~ iullwmc 01’ pII 011 Lhc I’L’M~OIISC ol’ 111~ Ni”‘.- 
sclcd.ivc olaclrock! will1 a IIIOII~~~UID ol’ [Ni(NII:~)~(2,3-tli,b(~- 
6, IO-tiioiic)]. 

‘lh cspcri111ciiti11 diLti1 SlloWll i11 tnlh! I IWoW? tht, 
iis c~olilpnrcrl to tllc clcctroclcs hsctl 011 simple co111plcs 
co111lJii1:1l;iuns, tl10 Cu”+- 1111~1 I’#+-sclcchvc clochclcs 
IXlSCtl 011 iliisccl COIllplCSCS, ]MM!llt ill1 cstctisioii of 
tllc hicar ~cspol1sc rn11gl;c a11cl 11 httcr selectivity i1S 
COllllJillWl to tllc ilitcrfbrillg iolls. ‘l’llc!sc rcsdts arc ill 

1wcor&1Ilcc with lY%llitJ~ tJccallsc ttlc stnbifil~y cxJllstaIlts 

of t11c Cu2+ and Ni”+ coinplaxcs arc of similar sizes. 

The rcspo11sc~ characteristic:s of the Cu”+- a11tl Ni”+- 
sclectivc clectrocles wwc ~!W1lll~1tCtl by introtl ucing the 
clcctl’oclcs into solutio11s of different COllCClltl7ttiOllS Of 

CIISO,I i11lcl Ni(NO:j)z 1111~1 I)J~ rccorcling tl10 vi111lcs of 
the potc11tials as a. functioli of tinic. 

‘Ylic rcsponsc ti1ucs of tlic clcctroclcs iii dilutccl solu- 
tions (lo-” - lo-” M) \vWC al)lJl’C)~ill;i~tO~~r 2 mill, wllilc 

ill more co~iccntrntctl sollltioils (10-l -- 10-” AI) the 

clcctroclc potciitial rcaclws a11 cq1iilibrii1111 vali~c in n few 
scc:o11tls. The four clcctrotlc!s WOK! tcstctl <WCI 3-5 w!c!kS, 
11oticing that the clcctroclc potc11tials climgcd 0111y 1J.y 
3~2 ~11V ancl f3 iiiV, without moclifyii1g f.hc clcctroclc 
slope (29 iiiV/tclifolcl ilicrcnse in colicclitrutioli). 

Th ol~tainetl Cu2+ n11cl Ni”-selcctivc olectroclcs WVCI’C 
usccl for ttlc detcniiiiintioii of copper itlltl I~iclccl iom 

in t~qwous sol~1tioiis, by Imtl1 tlircct potc11tio111ctrg 11ncl 
potmtirmctric titrntio11 with ED’I’A. 

For tlic clircct potcmtiomctric tlotcr111ilii1tioll wc usctl 
11 Ci1lil~~i1tiOll CIIL’W, which Cilll IJC OlJti~illC!Cl tll~ollgll tllc 

varit~tioll 0f tlw clcctrcmotivc force of the ion-selcctivc 
clcc~troclcs 1, 2, 3 aiicl 4 tlcpeiiding 011 -log[AP] c:o111- 
p;~~tl with ESC k1t 26 “C il1ltl /I, = 0.4 (I<NO:j) twcortling 
to the tlntix in figures 2-6. I?W this, \W IlSctl titYiltC!Cl SO- 

lutirms ofCt1SO.~ 1111tl Ni(NOs)z, mspcctivcly, ~>~ef’~~i1l>ly 
IO-” rd. 

Tllc limit <!0ll~!Clltl’iItiOll of A4 ‘+ tllilt Cilll IIC! tletC!l+- 

niiiictl I?y direct pokmtionictry is of tl~c ortlcr 1 x lo-” Ad 
with C!lW!tlTKlW 1 illltl 2 iIlltl 1 X IO-” hl wit11 OlC!CttTJClWi 

3 illltl 4. ‘1’110 (!lC!Ct~O(lC!S IlilW! kIlSt1 I)COll tCStC!Cl f?Jr tllC 

l)(‘t;ctil;io111d;ric tit~i1t,ioi1 with E:D’l?A. 13~ cl~:tmclw I 
illltl 2 IlilS~Cl 011 silqJlc C01111JlCS c0llll~illi1tiollS, WC! IlilVO 

OlJt,ilillC?Cl potmtial rises of I50/14t IllV alltl ~JOtOIltiill 

rises higllcr tllilll 201/1W WV I’OY th clcctK~clcS hsctl 
on iiiisccl coi~iplcs c:o1iil~iii~1tioiis (fig 8-9). 

‘I%e snmc OCCIII’S with the Cu2”- a11cl NP-sdoctivc 
cloctrotlcs I)iXWCl 011 niisccl c0lllploS collil)iliatiolls which 
Iiiivc Imm r~sctl wit,li goocl results for tlctc~miihig tlw 
coppctr iIlld iliclwl ions ii1 i11clllstrial I\rill~CIS. 
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Fig 8. The cwves of polmliomctric LiLraLiotl of’ Lhc Ch?+ 
ion willr I~D’I’A, by using Gil ‘“-selccLivo Clcc:t;roclcs 011 LllC 
basis ol’ it siinplc co1llplcx combination with a incmbI’;uic 01’ 
[(7t.-C1.~I-l1)),~N]~[Cu(2,3-clLbr~-5,IO-dio~~c)~] (CIIL’VC 1) ad on 
tlic basis oT il niixctl coinpI& coml.~innLion, with ZL ~tic~~~lmu~c 
of ~C11(NI-l~)~(2,3-clLlxp5, IO-tlionc)] (CIIIW 2). 



Td3le III. '1%~ muIts d lllc clctermini~liot~ 0r CI?+ ions iii iticliislrial wtcrs risiig the mctl~ocl d lhc 
slnnclnrcl oclditions. 

----- - 

LhlplC GV+ (my L- 1 ) 

hilid Cu2+ (SAA) 2+ Addition of CZL Thcoiclical lotal i~~~:~~c~i~t~~o~alal Ok”+ 71ril.i: elccl,inrlc 3 
--~ 

1 0.80 2.00 2.80 2.77 
2 1 .oo 1.00 2.00 1 .!I8 
3 1.57 2.00 3.67 3.51 
(1 2.10 2.00 4.10 A.07 
5 0.55 1.00 1.55 1.53 
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Fig 9. Tlic ctirvcs of polxmLiomcl.ric tilrntion or the Ni”“’ 
ion willi I3D’I.‘A, by wing Ni2+- sclcclivc clecLrotlcs 011 the 
hsis 01’ il simple coii~plcx combi~~ntion with a membrane 0r 
[(~~.-C.~~Io),lN]z[Ni(2,3-rlLbcl-6,10-dione)2] (curve 1) md on 

Lhc basis or a mixed complex combination, will1 a mcmhnnc 
0r [Cu(NI-I:,)~(2,3-<lll~q-B,IO-clio~~c)] (curve 2). 

‘l’lic mwlts of the cspcriincntal deternlinations arc 
pmscidxxl in table II. The values of concentration in 
CII”+ nut1 Ni”+ are cxpressecl in mgL_ ’ ilid were 
ol~txiiiccl pol;clltiolllctrically with electrodes 3 and 4, 
rcspcckivcly. WC also prcsenl; for comparison tlic values 
obhinccl through the atomic absorption spect;romctOry 
udhocl (SAA), for both copper and nickel. 

We olmxvccl tlinC tlic vducs oldainccl from the 
StllllplcS Of iiitlustrial \VatW ta.kcll for illld,~SiS h,y tllc 

potcntiomctric lllctJl0tl w0 iii ClCCOL’Cli~IlCO with those 
ohinccl by t;llc SAA mctllocl. These results arc in ac- 
cortlaiicc &h tlic vallm of tlic sclcctivity comt;nnts of 
clcctrotlcs 3 nntl 4 conqxwctl with the ions of Ni”+ ant1 
Cl?-, respectively (xc talh I ;~bovc). To asscrt~ the 
arlvai~t;tgc of using tiic potcntiomctric nictlwcl wilh the 
clcctrotlcs 3 and 4, a11 the ol~tniuetl csperiincntal tlntn 
Iiavvc been checked IJy the method of the stnuclnrtl ncl- 
clitioiis; tiicse reslllts arc shown in tables III aid IV. 

‘I’lic simple imcl mixccl complex combinal;ions neccs- 
snry for t,hc design of the four electrodes liavc been syn- 
thesizccl and thxi clinrncterizetl tlirougl~ clcmentnl anal- 
ysis, Uvis spcctromctry, IR spcctromctry nut1 ESR. 
[12-1&q. 

Conclusions 

~mrr sclcctivc cIcctrorlcs hvc hen olhinctl fok 
C!u’+ ant1 Ni”+ ions, of stiidb siiiiplc ilUtl nhxl 
complex COlllbilli~tiOllS Of copper antI liicltcl with 
2,3-diii~ercnptol~eIlsr,otluinosali~i~-~,l~-c~io~lc with mcm- 
hancs maclc of solutions in nitrobcnxe~w 011 a grapliitc 
rod. The stdy of these four electrodes has proved pri- 
mary Wld scconclar,y characteristics f8.vorablc for their 
practicnl utilization iii poteiitiometric titlntiolls ij!lC! c!i- 
rcct potenCiomctric tlctcnniiiat;iolis. Wc wodtl lib I.0 
cmplinsizc the fact that tllc elcctrocles Ixiscrl 011 miscxl 
~:omplcx combiiiatiolis (3 ad 4) Ilt~vc, in (:oI11~~,11’i:ioIi 
with tllc electroclcs ]lilSCrl 011 siiiiplo cY~llll)lrb.Y C:Otlll~i- 

nations (1 aid 2), tin uXl;t!lrfl/rj!! of lh(* r;lngc: cd I lltfll’ 
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Table IV. ‘Tlrc results of tile clelcrminntion of Ni’+ ions in lnclustrinl wnlcrs using tlic tuctl~od of the. 
standard uclditions. 

SQmpLc Ni2+ (m.y L- ‘) 

Inilinl Ni2’ (SAA) Ad&lion of Ni2’ Wmoretical total Ezpcrimcntnl Ni2’ with elecl.~ade 4 

1 0.57 2.00 2.57 2.55 
2 0.19 1.50 1.69 1.65 
3 0.22 1.00 1.22 1.19 
4 0.24 1.75 1.99 1.90 
5 0.32 O.GO 0.92 0.89 

linear respo~~se, a better selectivity toward the intxxfer- G 
ing ions, and muc11 higher potential rises OF the titra- 7 
tion curves. l?or this reason, they are ildequate for the 
potentiornetric dctermination of copper and nickel ions 
in dilute solutions (as low as 10B6 R4) as well as For 

8 

checking industrial waters. 0 
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