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The Sub sti tu tion Co or di na tion for Se lec tive De ter mi na tion (SCSD) was pro posed by study ing the
complexations of pontachrome vi o let SW (PCV) with Fe(III) and Cu(II) at pH 5.5. The up dated ap p roach to
the de ter mi na tion of bind ing con stants of a com plex was es tab lished by the spec tral cor r ec tion tech nique
(SCT). The sub sti tu tion complexation Cu(II) + Fe(PCV) → Cu(PCV) + Fe(III) has been ap plied to the di rect
se lec tive de ter mi na tion of cop per traces by the SCT with a high sen si tiv ity.

IN TRO DUC TION

The spec tral cor rec tion tech nique (SCT) has been ap -
plied ex ten sively in study of an a lyt i cal, com plex, and supra -
mo lecu lar chem is try. 1-3 How ever, it can in crease the ac cu racy 
and pre ci sion but not im prove the se lec tiv ity in trace anal y -
sis. For this pur pose, the sub sti tute co or di na tion ap proach
was pro posed, and it in di cates a metal to sub sti tute for an -
other metal from its com plex. The for mer metal ions must
have a much stron ger complexation with the se lected ligand
than most other met als. This method may give a high se lec -
tiv ity in trace anal y sis. Here, the re ac tion of cop per(II) to
sub sti tute Fe(III) from its pontachrome vi o let SW (PCV)
com plex at pH 5.5 has been in ves ti gated in de tail and used in
the quan ti ta tive de ter mi na tion of Cu in sam ples with sat is fac -
tory re sults by the SCT. Ad di tionally, an ap proach to the de -
ter mi na tion of bind ing con stants of a com plex was given, too.

PRIN CI PLE AND CAL CU LA TION

At the co or di na tion equi lib rium: N L (Ligand) + M
(Metal) ⇔ MLN (com plex), the mo lar ra tio (γ) of the ef fec tive 
L to M, the mo lar con cen tra tion (CL) of free L are cal cu lated
by re la tions (1) and (2). The complexation of L with M may
be re garded as a par tic u lar Langmir monolayer ad sorp tion4 of 
L on M but the bind ing force is chem i cal bond not elec tro -
static at trac tion. So the max i mal for ma tion ra tio of L to M
and the bind ing con stant (K, dif fer ent from equi lib rium con -
stant) of com plex MLN are ob tained by re gress ing γ-1 vs. CL

-1

by re la tion (3):

(1)

(2)

and

(3)

Here the sym bols ∆A and ∆A′ are the absorbances of the so lu -
tion, re spec tively mea sured at peak and val ley wave lengths
λ2 and λ1 . The cor rec tion con stants α and β may be cal cu -
lated.

EX PER I MEN TAL SEC TION

Ap pa ra tus and Re agents
Ab sorp tion spec tra were re corded on a TU1901 Spec -

tro photometer (PGeneral, Beijing) and in de pend ent absorb -
ance was mea sured on a Model 722 spectrophotometer. A
DDS-11A con duc tiv ity me ter, (Tianjin Sec ond An a lyt i cal In -
stru ments) was used to mea sure con duc tiv ity to gether with
DJS-1 con duc tiv ity im mer sion elec trode (elec trode con stant
0.98) (Shang hai Tienkuang De vices) in prod uct of deionized
wa ter of less than 0.5 µScm. The pH of the so lu tion was mea -
sured with a Delta 320-S pH me ter (Mett ler To ledo).

Stock stan dard so lu tions of Cu (100.0 mg/L) and Fe
(100.0 mg/L) were pre pared by dis solv ing their high pu rity
met als in con cen trated ni tric acid and di lut ing with deionized
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wa ter. The PCV so lu tion (0.700 mmol/L) was pre pared by
dis solv ing 0.2478 g of pontachrome vi o let SW (PCV) in 50
mL of DMF and then di lut ing to 500 mL with deionized wa -
ter. Stan dard Cu(II) and Fe(III) so lu tions (10.00 µg/mL) were 
pre pared by di lut ing the above so lu tions. The ace tic buffer
so lu tion (pH 5.5) was used to ad just the acid ity of the so 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(III) so lu tion and 5 mL of pH 5.5 buffer so lu tion and di lut -
ing to 50.0 mL. In this so lu tion, only Fe(PCV) but not
Fe(PCV)2 is formed be cause it con tains highly ex ces sive and
free Fe(III).

Gen eral Pro ce dures
De ter mi na tion of prop erty con stants of Fe and Cu with

PCV:  Into a 10 mL cal i brated flask were added 10.00 µg of
Fe(III) or Cu(II), 1.0 mL of the buffer so lu tion and an ap pro -
pri ate vol ume of 0.700 mmol/L PCV. The mix ture was di -
luted with deionized wa ter to 10 mL and mixed thor oughly.
Af ter 5 min, absorbances of the so lu tions were mea sured at
520 and 445 nm, re spec tively, against the re agent blank and
treated in the same way with out Fe(III) or Cu(II), and then Ac

of the com plex was cal cu lated.
Quan ti ta tive De ter mi na tion of Cu: A known vol ume of

a sam ple so lu tion con tain ing less than 20 µg of Cu was added
into a 10-mL vol u met ric tube along with 1.0 mL of the pH
buffer so lu tion and cer tain a vol ume of Fe(PCV) so lu tion. Af -
ter 10 min, mea sured absorbances at 520 and 445 nm with
2-cm cell, re spec tively against the re agent blank treated in
the same way with out Cu and then Ac of the sub sti tu tion com -
plex was cal cu lated.

RE SULTS AND DIS CUS SION

Spec tral anal y sis
The re ac tions be tween PCV and Fe(III) and Cu(II) at

pH 5.5 were car ried out and the ab sorp tion spec tra are shown
in Fig. 1. From curves 1, 2 and 3, the spec tral peak of PCV,
Fe-PCV and Cu-PCV com plexes are lo 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 se lected in this work.
From curves 1, 2 and 3, the cor rec tion con stants were cal cu -
lated to be βPCV = 0.521 and αFe(PCV) = 0.471, β′PCV = 1.94 and
αCu(PCV) = 0.254. So the real absorbance (Ac) of com plex MLN

is cal cu lated3 by AC = 1.33(∆A-0.521∆A′) in the Fe-PCV so -
lu tion and AC = 1.95(∆A-1.94∆A′) in the Cu-PCV so lu tion.

De ter mi na tion of Fe-PCV and Cu-PCV Com plexes
By vary ing the ad di tion of PCV in Fe (10.0 µg) and Cu

(10.0 µg) so lu tions, γ vs. CL0  and γ-1 vs. C L
-1 are shown in Fig.
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Fig. 1. The ab sorp tion spec tra of PCV, PCV-Cu(II),
PCV-Fe(III) 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 so lu tions
against the PCV so lu tion; 6- Fe(PCV)-Cu so lu -
tion against the Fe(PCV) so lu tion.
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Fig. 2. γ vari a tion in Fe-PCV (1) and Cu-PCV (2) so lu -
tions and γ -1 vs.  CL

- 1 [3- Fe(PCV)2  and 4-
Cu(PCV)].
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2. From curves 1 and 2, we also ob serve that both γ ap proach
the max i mums at N = 2 and 1, re spec tively. So the fi nal com -
plexes: Fe(PCV)2 and Cu(PCV) are formed. From the slope
rate of lines 3 and 4, the anastomotic re sults were ob served.
The bind ing con stant of Fe(PCV)2 was cal cu lated to be K =
1.95 × 104 and that of Cu(PCV) is K = 5.46 × 105. In ad di tion,
from the slope of lines 3 and 4, we con firm the same bind ing
ra tio of the com plexes as those above. There fore, we be lieve
that the rec om mended cal cu la tion of the bind ing con stants of
a com plex is sim pler and more re li able than the con ven tional
meth ods.5-6

Sub sti tu tion of Fe by Cu
From the two K val ues above, Cu(II) may sub sti tute

Fe(III) from its PCV com plex be cause K of the Cu-PCV com -
plex is near to 30 times that of the Fe-PCV com plex. This
sub sti tu tion phe nom e non has been ob served in the ex per i -
ment. The sub sti tu tion re ac tion is sug gested as fol lowed:
Cu(II) + Fe(PCV) → Cu(PCV) + Fe(III). A large ex cess of
Fe(III) was added into the PCV so lu tion to make the co or di -
na tion com plete, form ing Fe(PCV). Such a so lu tion con tains
only both Fe(III) and Fe(PCV). The ex per i men tal re sult has
in di cated no free PCV in the so lu tion con tain ing Fe(III) more 
than 5 times molarity of PCV. In such a so lu tion, the ad di tion
of other met als has been found not to al ter its ab sorp tion
spec trum ex cept for Cu(II). There fore, the sub sti tu tion com -
plexa tion may be used for the se lec tive de ter mi na tion of Cu
traces.

Quan ti ta tive De ter mi na tion of Cu
The so lu tion mixed 1.00 mmol/L Fe(III) with 0.200

mmol/L PCV forms 0.200 mmol/Fe(PCV) com plex at equi -
lib rium. It was used as a new stain for the de ter mi na tion of Cu 
traces. Many metal ions, such as Pb(II), Zn(II), Ni(II), Cd(II), 
Al(III), Hg(II), rare earth, al kali earth met als and nor mal an -
ions, have not been found to in ter fere with the di rect de ter mi -
na tion of Cu. The cal i bra tion graphs are shown in Fig. 3. We
ob serve that lines 1 and 2 have much poorer lin ear ity and less
slope rate than line 3. There fore, the SCT is more suit able to a 
sub sti tu tion complexation than or di nary spectrophotometry.
The ap proach has been ap plied to anal y sis of wastewater
sam ples and it gave iden ti cal re sults with the AAS.

TREND AND FORE GROUND

The SCT and SCSD pro vide a very help ful ex per i men -
tal strat egy for the de ter mi na tion of bind ing con stants of a
metal com plex and trace anal y sis even though the sen si tiv ity
is lower than the other meth ods e.g. RLS.7 We be lieve that the 
co op er a tion of the SCT and other meth ods, e.g. flow in jec tion 
anal y sis (FIA) and fluorimetry, will im prove sen si tiv ity and
un der stand ing that the clas si cal spectrophotometry may still
play an im por tant role in study of the co or di na tion of a ligand
with metal or a probe with macromolecule.
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Fig. 3. Cal i bra tion graphs for the de ter mi na tion of
Cu(II): 1- ∆A mea sured at 520 nm, 2- ∆A′ mea -
sured at 445 nm and 3- Ac cal cu lated.
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