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TheSubsti tutionCo or di nationfor Selective Deter mi nation (SCSD) waspro posed by study ing the
complexations of pontachromevi o let SW (PCV) with Fe(l11) and Cu(ll) at pH 5.5. The up dated ap p roach to
thedeter mi nation of binding con stantsof acom plex wasestab lished by thespectral cor r ectiontechnique
(SCT). Thesub sti tution complexation Cu(l1) + Fe(PCV) ® Cu(PCV) + Fe(l11) has been ap plied to the di rect
selectivedeter mi nation of copper tracesby the SCT withahighsensi tivity.

INTRODUCTION

Thespectral cor rectiontech nique (SCT) hasbeen ap-
pliedextensively instudy of analyti cal, complex, and supra
molecularchemistry. “*How ever, it canincreasetheac curacy
and preci sionbut notim provetheselectiv ity intraceanal y-
sis. Forthispur pose, thesub sti tuteco or di nation ap proach
was pro posed, anditindi catesametal to sub sti tutefor an-
other metal from its com plex. The for mer metal ions must
have amuch stron ger complexation with the selected ligand
than most other met al's. This method may give ahigh selec-
tivityintraceanal y sis. Here, thereaction of cop per(I1) to
sub sti tute Fe(l11) from its pontachrome vi o let SW (PCV)
complex at pH 5.5 hasbeeninvesti gatedindetail andusedin
thequanti tativedeter mi nationof Cuinsampleswithsatisfac-
tory resultsby the SCT. Ad di tionally, an ap proach to the de-
ter mi nation of bindingconstantsof acom plex wasgiven, too.

PRINCIPLE AND CALCULATION

Atthecoordinationequilibrium: N L (Ligand) + M
(Metal) U MLy (complex),themolarratio(g) of theef fective
L toM, themolar concentration(C,) of freeL arecal culated
by relations (1) and (2). The complexation of L with M may
beregardedasaparticular Langmir monolayer adsorption* of
L on M but the bind ing forceischem i cal bond not elec tro-
staticat traction. Sothemax i mal for mationratioof L toM
and thebinding con stant (K, dif fer entfromequi libriumcon+
stant) of complex ML y areobtained by regressingg* vs. C. *
byrelation(3):

g= aDA- DA (1)
de (1- ab)C,,

aDA- DA’
CL=Cp- @
de (1- ab)
and
1 1 1 3)
g N KNC,

Herethesym bolsDA and DA ¢arethe absorbancesof theso lu-
tion, respectively measured at peak and val ley wavelengths
| 2 and | 1. Thecorrectionconstantsa and b may be cal cu
lated.

EXPERIMENTAL SECTION

Apparatus and Reagents

Ab sorption spectrawererecorded onaTU1901 Spec-
tro photometer (PGeneral, Beijing) and in de pend ent absorb
ance was mea sured on a Model 722 spectrophotometer. A
DDS-11A conductivity meter, (TianjinSecondAnalytical In
stru ments) wasused to measureconductiv ity together with
DJS-1conductivityimmer sionelectrode(el ectrodeconstant
0.98) (Shang hai Tienkuang Devices) inprod uct of deionized
water of lessthan 0.5 nBcm. The pH of theso lutionwasmea
sured withaDelta320-SpH meter (Mett ler Toledo).

Stock stan dard so lutionsof Cu (100.0 mg/L) and Fe
(100.0 mg/L) werepre pared by dissolv ingtheir high purity
metal sinconcentratedni tricacidanddi lutingwithdeionized
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water. The PCV solution (0.700 mmol/L) was pre pared by
dissolving 0.2478 g of pontachromevi olet SW (PCV) in 50
mL of DMF and then di lut ing to 500 mL with deionized wa-
ter. Standard Cu(l1) and Fe(I11) solutions(10.00 ng/mL) were
prepared by di lutingtheabovesolutions. Theacetic buffer
solution (pH 5.5) was used to ad just the acid ity of theso lu-
tion. The Fe(PCV) so lu tion (0.200 mmol/L) by mix ing 14.3
mL of 0.700 mmol/L PCV, 28.6 mL of the stock stan dard
Fe(l11) solutionand 5mL of pH 5.5 buffer solutionand di lut-
ing to 50.0 mL. In this solution, only Fe(PCV) but not
Fe(PCV),isformed becauseit containshighly ex cessiveand
free Fe(lll).

General Procedures

Deter mi nation of prop erty constantsof Feand Cuwith
PCV: Intoal0mL cal i brated flask were added 10.00 ny of
Fe(I11) or Cu(ll), 1.0 mL of thebuffer solutionand an ap pro-
pri ate vol ume of 0.700 mmol/L PCV. The mix ture was di-
luted with deionized water to 10 mL and mixed thor oughly.
Af ter 5 min, absorbances of the so lu tionswere measured at
520 and 445 nm, re spec tively, against the re agent blank and
treated in the same way with out Fe(l11) or Cu(l1), and then Ac
of thecomplex wascal culated.

Quantitative Deter mi nationof Cu: A known vol ume of
asamplesolutioncontaininglessthan 20ngy of Cuwas added
into a10-mL vol umet ric tube along with 1.0 mL of the pH
buffer solutionand cer tainavol umeof Fe(PCV) solution. Af-
ter 10 min, mea sured absorbances at 520 and 445 nm with
2-cmcell, re spectively against there agent blank treated in
the same way with out Cu and thenA. of thesub sti tution com:
plexwascal culated.

RE SULTSANDDISCUSSION

Spectral analysis

Thereactionsbe tween PCV and Fe(l11) and Cu(l1) at
pH 5.5werecar ried out and the ab sorp tion spectraare shown
inFig. 1. From curves 1, 2 and 3, the spec tral peak of PCV,
Fe-PCV and Cu-PCV com plexesarelo cated at 490, 520 and
460 nm, re spec tively. From curves 4 and 5, the two wave-
lengths: both 520 and 445 nm should be selected in thiswork.
From curves 1, 2 and 3, the cor rec tion con stantswerecal cu-
|ated to be bpey = 0.521 and arepcv) = 0.471, by = 1.94 and
acyrev) = 0.254. So thereal absorbance (A () of complex MLy
iscal culated® by Ac = 1.33(DA-0.521DA¢) in the Fe-PCV so-
lutionand Ac = 1.95(DA-1.94DA ¢ inthe Cu-PCV solution.

Gao and Hu

Determination of Fe-PCV and Cu-PCV Complexes
By vary ing the ad di tion of PCV inFe(10.0 ng) and Cu
(10.0ng) solutions,gvs. C o and g*vs. C, tareshowninFig.
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Fig. 1. Theabsorptionspectraof PCV, PCV-Cu(ll),
PCV-Fe(l1l) and PCV-Fe-Cu so lu tions at pH
5.5: 1- PCV; 2- Fe-PCV and 3- Cu-PCV com-
plex; 4- Fe-PCV and 5- Cu-PCV solutions
against the PCV solution; 6- Fe(PCV)-Cuso lu
tionagainst theFe(PCV) solution.
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Fig. 2. gvariationinFe-PCV (1) and Cu-PCV (2) solw
tions and g* vs. G [3- Fe(PCV); and 4-
Cu(PCV)].



Substi tutionCoor di nationof M etal Complex

2. From curves 1 and 2, we also ob serve that both gapproach
themaxi mumsatN =2 and 1, respectively. Sothefi nal com-
plexes: Fe(PCV), and Cu(PCV) are formed. From the slope
rate of lines 3 and 4, the anastomotic re sults were ob served.
Thebinding con stant of Fe(PCV).wascal culatedtobeK =
1.95" 10" and that of Cu(PCV) isK =5.46" 10°.Inaddition,
from the slope of lines 3 and 4, we con firm the samebind ing
ratio of thecom plexesasthoseabove. Therefore, webelieve
that therecommended cal culation of thebinding con stantsof
acomplexissimplerand morereli ablethantheconventional
methods.>®

Substitution of Fe by Cu

From the two Kval uesabove, Cu(l1) may sub sti tute
Fe(l11) fromitsPCV complex becauseK of the Cu-PCV com-
plex is near to 30 times that of the Fe-PCV com plex. This
substi tution phenom enon hasbeenob servedintheex per i
ment. Thesub sti tutionreactionissug gested asfol lowed:
Cu(ll) + Fe(PCV) ® Cu(PCV) + Fe(l11). A large ex cess of
Fe(111) was added into the PCV so lution to makethe co or di-
nationcomplete, formingFe(PCV). Suchasolutioncontains
only both Fe(l11) and Fe(PCV). Theex per i mental result has
indi catednofreePCV inthesolutioncontaining Fe(l11) more
than5timesmolarity of PCV. Insuchasolution, theaddi tion
of other met als has been found not to al ter itsab sorp tion
spectrumex ceptfor Cu(ll). Therefore, thesub sti tution com:
plexationmay beusedfor theselectivedeter mi nationof Cu
traces.
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Fig. 3. Calibration graphs for the determination of

Cu(ll): 1-DA measured at 520 nm, 2-DA ¢mea-
sured at 445 nm and 3- Accal culated.
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QuantitativeDeter mination of Cu

Theso lution mixed 1.00 mmol/L Fe(I1l) with 0.200
mmol/L PCV forms 0.200 mmol/Fe(PCV) com plex at equi-
librium. Itwasused asanew stainfor thedeter mi nation of Cu
traces. Many metal ions, such asPb(l1), Zn(I1), Ni(Il), Cd(I1),
Al(I), Hg(l), rare earth, a kali earth met alsand nor mal an
ions, havenot beenfoundtointer ferewiththedi rect deter mi-
nationof Cu. Thecal i bration graphsareshowninFig. 3. We
ob servethat lines 1 and 2 have much poorer lin ear ity and less
sloperatethanline3. Therefore, the SCT ismoresuit abletoa
sub sti tutioncomplexationthan or di nary spectrophotometry.
The ap proach has been ap plied to anal y sis of wastewater
samplesanditgaveidenti cal resultswiththe AAS.

TREND AND FOREGROUND

The SCT and SCSD provideavery helpful ex peri men
tal strat egy for thedeter mi nation of binding con stantsof a
metal complex andtraceanal y siseventhoughthesensi tivity
islower than the other meth odse.g. RLS.” Webelievethat the
cooper ationof theSCT andother methods, e.g. flowinjection
ana y sis(FIA) and fluorimetry, will improvesensi tivity and
under standing that theclassi cal spectrophotometry may still
play animpor tant roleinstudy of thecoor di nation of aligand
with metal or a probe with macromolecule.
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