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Abstract

The light-absorption ratio variation approach (LARVA) has been described and applied to the quantitative detection

of ultramicro amounts of Ni by spectrophotometry, which raises notably the detection sensitivity. The complexation

between 1, 5-di(2-hydroxy-5-sulfophenyl)-3-cyanoformazan (DSPCF) and Ni(II) at pH 9.11 was investigated and the

binary complex was characterized by the spectral correction technique. Results have shown that DA�1
r (DAr—light-

absorption ratio variation) is linear in the range of Ni(II) between 5 and 200 ng=ml: The limit of detection ð3sÞ of Ni(II)

is only 1:3 ng=ml: The complexation is selective in the presence of fluoride, hexametaphosphate, ethylene diamine

tetraacetate and thioglycollic acid. It has been applied to analysis of water quality with satisfactory results.

r 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Spectrophotometry is an ancient but conventional

approach in trace analysis. Since last century, it is

always applied extensively and studied, particularly in

the developing countries. Because a number of limita-

tions appear in aspects of on-line and real-time analysis,

automatic, microminiaturization, multi-components de-

tection and not enough sensitivity, many improvement

methods are increasingly proposed [1–8], for example

development of new instrument, application of chemo-

metrics and computation and instruments’ coupling.

Besides, lots of highly sensitive chromophores are

synthesized and applied [9,10] for the same purpose

above. During 1992 and 1998, the progress of ‘‘ultra-

violet and light absorption spectrometry’’ was reviewed
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[11–13]. Recently, a new technique named light-absorp-

tion ratio variation approach (LARVA) was established

and just applied to determination of Co(II) [14]. It is

different from the absorbance ratio method which is

often applied to examine the purity of an organic

compound or to identify its structure, e.g. drug [15],

protein [16]. Both the deep-color chromophore and

highly sensitive spectrophotometer supply LARVA with

the hardware bases. It makes the analytical sensitivity

and accuracy a significant improvement because of a

wider linear detection scope and a much lower detection

limit. It is quite suitable for analysis of a micro-volume

sample, e.g. biologic, wastewater, noble metal and drug.

The chromophore, 1, 5-di(2-hydroxy-5-sulfophenyl-)-3-

cyanoformazan (DSPCF) is one deep colorant with a

high molar absorptivity, e540 nm ¼ 2:01 � 104 l=molcm

at pH 9.11 so it is fit to the LARVA. From its structure

showed in Fig. 1, it is one of cyanoformazans as a

typical multitooth ligand and it may bind Cu(II), Fe(II),
d.
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Fig. 1. Structural graph of DSPCF.

Fig. 2. (A) Sketch of absorption spectra for the establishment

of LARVA: (1) L solution, (2) ML complex solution without

free L, (3) M–L reaction solution, (4) virtual spectrum of excess

of L in 3 and (5) virtual spectrum of ML complex formed in 3

solution. (B) Plots DAr vs. CM0:
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Zn(II), Mn(II), Co(II), Al(III) and Pb(II) to form binary

complexes. However, we found that the complexation

between Ni(II) and DSPCF is sensitive at pH 9.11 and

selective in the presence of hexametaphosphate, ethylene

diamine tetraacetate (EDTA) and thioglycollic acid.

Therefore, the LARVA has been applied to the

quantitative detection of Ni(II) in ng/ml level. The

applicability is the linear scope from 5 to 200 ng=ml

Ni(II) and the detection limit only 1:33 ng=ml: Also, the

operation is sample and the instrument is available

easily. Therefore, this method is more excellent than the

previous conventional techniques, e.g. AAS [17], spec-

trophotometry [18], electrochemical analysis [19]. In

addition, the binary complexation was characterized by

the spectral correction technique [11], which has been

confirmed to be useful in the elimination of excess

of the color reactant and useful in characterization

of a chemical reaction, e.g. ligand–metal complexation

[20], small molecules–biomacromolecule interaction

[21,22].
2. Principle and calculation

2.1. Determination of stepwise stability constant ðKn)

In the earlier determination of the stepwise stability

constants ðK1;y;Kn;y;KN Þ of a ligand (L)–metal

(M) complex ðMLN Þ (N-maximal coordination

number), the repetitive measurement of only single

solution was designed. Thus, it is possible for Kn

to bring an assignable error. Here, the multi-

points measurement method was established and the

accurate determination of Kn can be made by

the linear regression. To see the complexation between

L and M illustrated in Fig. 2 and its stepwise

reactions:

L þ M"K1 ML;

L þ ML"K2 ML2;

::::::::

L þ MLn�1 "
Kn MLn;

::::::::

L þ MLN�1 "
Kn MLN ;

the effectively complexed fraction ðZÞ of L and the

complexation ratio ðgÞ of L to M are determined and
calculated by the relations:

Z ¼
Ac2 � Al2

A0
l2

þ 1 ð1Þ

and

g ¼ Z�
CL0

CM0
; ð2Þ

where

Ac2 ¼
Al2 � bAl1

1 � ab
; ð3Þ

where the symbols CM0 are CL0 are the initial

concentrations of M and L. From Fig. 3, Ac2 indicates

the real absorbance of only the M–L complex at

wavelength l2 against water, which cannot be measured

directly. A0
l2 is the absorbance of the L solution

measured at l2 against water. The symbols Al2 and

Al1 are the absorbances of the M–L solution, respec-

tively, measured at l2 and l1 against water. Both b and a
are the correction constants and they may be calculated

from curve 1 and 2 by means of

b ¼
A0

l2

A0
l1

ð4Þ

and

a ¼
AC

l2

AC
l1

: ð5Þ

The M–L solution with g of L to M between n � 1 and

n mostly consists of both MLn�1 and MLn complexes

and the free L, especially in n � 0:7ogon � 0:3: Thus,

the other complexes MLn�2 and MLnþ1 only occupy too

little fraction to affect the determination of Kn: The n-
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Fig. 3. Effect of pH on the absorption spectra of the Ni-

DSPCF solutions, all of which contained 0:40 mmol of DSPCF,

10:00 mg of Ni(II) and 20 mg of EDTA and measured against

the reagent blank without Ni(II): From spectrum (1) to (8) pH

8.05, 8.52, 9.11, 9.33, 9.59, 9.85, 10.11 and 10.52. (9) Variation

of the absorbance difference of the above solutions between

peak and valley with pH. All the solutions were 11:0 ml:
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step stability constant ðKnÞ of complex MLN is

calculated by the relation:

y ¼ Knx; ð6Þ

where

x ¼ CL0 � gCM0

and

y ¼
1

n � g
� 1

� �

ðrecommending : n � 0:7ogon � 0:3Þ:

Therefore, each Kn can be determined by varying the

molarity of L in M (constant molarity) solution. From

all Kn the cumulative stability constant ðKÞ of MLN is

calculated by

K ¼
YN
n¼1

Kn: ð7Þ

2.2. Light-absorption ratio variation approach

The complex reactions above between L and M is

merged as follows:
nL +

Initiation CL0 ðA0
l1

at l1 and A0
l2

at l2Þ C

Equilibrium CL ¼ CL0 � nCM0 ðAL1 at l1 and AL2 at l2Þ CM

From the illustrations shown in Fig. 2(A).

Al1 ¼ AL1 þ AC1
and

Al2 ¼ AL2 þ AC2;

Ar ¼
Al2

Al1
¼

AL2 þ AC2

AL1 þ AC1
¼

dCLeLl2 þ dCM0
eML
l2

dCLeLl1 þ dCM0
eML
l1

;

Ar0 ¼
A0

l2

A0
l1

¼
dCL0eLl2
dCL0eLl1

;

Ar � Ar0 ¼
CLeLl2 þ CM0

eML
l2

CLeLl1 þ CM0
eML
l1

�
eLl2
eLl1

;

DAr ¼
ðeLl1e

ML
l2 � eLl2e

ML
l1 ÞCM0

ðCL0 � nCM0ÞðeLl1Þ
2 þ CM0eML

l1 eLl1
;

DA�1
r ¼

CL0ðeLl1Þ
2

eML
l2 eLl1 � eML

l1 eLl2
;C�1

M0 þ
eLl1ðe

ML
l1 � neLl1Þ

eML
l2 eLl1 � eML

l1 eLl2
;

‘DA�1
r ¼ p0C�1

M0 þ q0; ð8Þ

where

p0 ¼
CL0ðeLl1Þ

2

eML
l2 eLl1 � eML

l1 eLl2
and

q0 ¼
eLl1ðe

ML
l1 � neLl1Þ

eML
l2 eLl1 � eML

l1 eLl2
:

Both p0 and q0 are constants.

The symbols eLl1; eLl2; eML
l1 and eML

l2 are the molar

absorptivities of L and ML at l1 and l2 and d is the cell

thickness (cm). The sketch curve of Eq. (8) is shown in

Fig. 2(B). Plot DAr vs. CM0 is linear when the molarity of

M is much less than that of L, e.g. C0
M0: Thus, Eq. (8) is

rewritten as

DAr ¼ pCM0 þ q; ð9Þ

where the symbols p and q are constants. Eqs. (8) and (9)

both can be directly used in quantitative detection of M

traces. This method is named as light-absorption ratio

variation approach (LARVA). From the equation

above, the sensitivity factor p�1 is the inverse ratio to

CL0: Therefore, less L is added and higher the analytical

sensitivity goes. Nevertheless, too low L will certainly

bring an obvious error, e.g. increase of fraction of the

instrument’s noise signal. Therefore, the higher the light

absorptivity of a chromophore is and the more sensitive

the spectrometer is, the lower the detection limit of a

component goes by LARVA. According to the present

cases, it is suggested for the addition of a chromophore

to produce the peak absorbance between 0.05 and 0.2.
M " MLn:

M0 0.

-0 CM0 ðAC1 at l1 and AC2 at l2Þ:
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3. Experimental section

3.1. Apparatus and reagents

Absorption spectra were recorded on a TU1901

spectrophotometer (PGeneral, Beijing). The pH of the

solution was measured with a Model delta 320 pH-meter

(Mettler Toledo Group, Shanghai). A Model BS110S

electronic balance (Sartorius Instruments, Beijing) was

used to accurately weight the standard substances and

DSPCF. A Model TAS-986 flame atomic absorption

spectrometer (PGeneral, Beijing) was used to examine

the accuracy of the LARVA by analyzing water samples.

Stock standard solution of Ni(II) ð100 mgl=lÞ was

prepared by dissolving metal nickel in spectrometric

purity in 20% hydrogen chloride and diluting with

deionized water. Both 0.100 and 1:00 mg=l Ni(II)

standard solutions were prepared daily by diluting the

above solution. Standard DSPCF ð0:800 mmol=lÞ solu-

tion was prepared by dissolving 243 mg of disodium 1,

5-di(2-hydroxy-5-sulfophenyl)-3-cyanoformazan (con-

tent 80%, provided by Changke Reagents Institute of

Shanghai) in 500 ml deionized water. It was used to

complex Ni(II). DSPCF use solution, 0:200 mmol=l was

prepared daily and it was used in determination of

Ni(II). The ammonium buffer solutions at pH 8.05, 8.52,

9.11, 9.33, 9.59, 9.85, 10.11 and 10.52 were prepared

with ammonia water and ammonium chloride. The first

masking reagent was prepared by mixing 3% hexame-

taphosphate, 3% ammonium fluoride and 3% ascorbic

acid to mask Co(II), Al(III), Mn(II), Fe(II) and Fe(III)

from interfering the complexation. This solution must be

added before the color reaction.

The second masking reagent was prepared by mixing

2% Na2EDTA and 2% thioglycollic acid and it was

used to mask Zn(II), Cu(II), Pb(II), Cr(III), Cd(II),

Hg(II) and Al(III). This solution must be added after

accomplishment of the complexation. Otherwise, it will

complex Ni(II) competitively.

3.2. General procedures

Characterization of Ni-DSPCF complex. Into a group

of 10-ml calibrated flasks, 1 ml of pH 11 buffer solution

and 2:00 mg of Ni(II) and 0:800 mmol=l DSPCF from

0.020 to 0:120 mmol were added and then diluted to

10:0 ml: After 10 min; 1 ml of the second masking

reagent was added. After mixing for 5 min; the

absorbances were measured at 576 and 518 nm against

the blanks without Ni(II). The factors, Ac; Z; g; e518 nm
n ;

Kn and K all were calculated by the equations above and

by the linear regression.

Determination of ultramicro amounts of Ni(II). 5:00 ml

of a water sample was added into 10-ml flask. 1 ml of the

first masking reagent, 1 ml of pH 9.11 buffer solution

and 0:500 ml of 0:200 mmol=l DSPCF were added.
Diluted to 10:0 ml and mixed well. After 10 min; 1:00 ml

of the second masking reagent were added. After 5 min;
the absorbances ðA518 nm and A576 nmÞ were measured at

518 ðl2Þ and 576 nm (l1) against water. Simultaneously,

a reagent blank without Ni(II) was prepared and then to

measured A0
518 nm and A0

576 nm: Thus, DAr is calculated

by the relation:

DAr ¼
A518 nm

A576 nm
�

A0
518 nm

A0
576 nm

: ð10Þ

From Eq. (8) or (9), CNi in a sample was calculated.
4. Results and discussion

4.1. Effect of pH on absorption spectra

The absorption spectra of the Ni-DSPCF solutions in

various pH mediums were shown in Fig. 3. From 8

spectra and curve 9, by comparing the absorbance’s

difference between peak and valley, the complexation

between DSPCF and Ni(II) is sensitive when pH is more

than 9.0. If the solution is too basic, the precipitation of

hydroxide will occur. On the contrary, the complexation

goes insensitive. In this work, pH 9.11 was specified and

used. From curve 3, the absorption peak is located at

518 nm and the valley at 576 nm: Such two wavelengths

were used in quantitative detection of Ni(II) so as to

obtain a maximal DAr:

4.2. Characterization of Ni-DSPCF complex

Variation of the light-absorption ratio,

A576 nm=A518 nm of the Ni-DSPCF solutions at pH 9.11

is shown as curve 1 in Fig. 4. The ratios approach a

minimum and remains constant when the addition of

Ni(II) is more than 0.85 time of DSPCF. It states that

the DSPCF is almost complete to complex Ni(II) and

only a color compound, Ni-DSPCF complex exists in

the solution in the presence of enough excessive Ni(II).

The absorption spectrum of such a solution is shown as

curve 2 in Fig. 4. From curve 2, the absorption peak of

the Ni-DSPCF complex is located at 522 nm: From

curve 3, we observe that the background compound,

DSPCF has a strong light-absorption between 450 and

600 nm: Therefore, it is fit to LARVA. Its absorption

peak is located at 540 nm: The spectral peak of the

Ni-DSPCF complex appears for 18 nm of blue shift.

The break point approach [23] was used to estimate the

composition ratio of Ni(II) to DSPCF to be 0.5 : 1. The

complex NiðDSPCFÞ2 was formed possibly, which will

be confirmed below. From curves 2 and 3, the correction

coefficients were calculated to be b518 nm=576 nm ¼ 1:078

and a576 nm=518 nm ¼ 0:270 and they will be used to

calculate Z; g and CL below.



ARTICLE IN PRESS

Fig. 4. Formation of the Ni-DSPCF complex where both the solutions no longer contained the excess of DSPCF at pH 9.11 in the

presence of 20 mg of EDTA: (1) variation of A576 nm=A518 nm with the initial molar ratio of Ni(II) to DSPCF initially containing

0:40 mmol; (2) and (3) are the absorption spectra of DSPCF and Ni(DSPCF) complex, respectively both at 0:40 mmol measured against

water. All the solutions were 11:0 ml:
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The spectral correction technique has been applied to

an accurate and visualized characterization of the Ni-

DSPCF complex and its results are shown in Fig. 5.

From curve 1, the equilibrium concentration of DSPCF

approaches zero if the initial DSPCF is less than

0:005 mmol=l: This is attributed to the fact that DSPCF

is much less than Ni(II) molarity. From curve 2, g of

DSPCF to Ni(II) increases with increase of DSPCF

molarity and then approaches a maximal constant at 2.0

when DSPCF is more than 0:0075 mmol=l: Therefore,

the formation of NiðDSPCFÞ2 was confirmed. In

addition, the continuous variations [24] method was

used to examine the composition ratio of the complex

obtained above and it too gave the same result.

From curve 1, Z of DSPCF is less than 84% when

DSPCF is more than 0:0075 mmol=l: This indicates that

over 16% DSPCF is free in the complexation solution.

Certainly, it interferes in the measurement of light

absorption of the complex. Therefore, an ordinary

spectrophotometric method is not suitable for the

reaction with a deeply color chromophore. From Ac

and g of each solution, e of the complex solutions at

518 nm was calculated and the result is shown as curve 3

in Fig. 5. Plots e vs. g is linear, so the step-wise molar

light absorptivity ðenÞ of the Ni-DSPCF complex was

calculated as follows: e1 ¼ 1:61 � 104 and e2 ¼ 3:22 �
104 l=mol=cm at 518 nm:
By further data-handling and calculation of the

characteristic factors of the solutions above and by

means of Eqs. (6) and (7), plots y vs. x are shown in

Fig. 6 and both of them are linear. From the slopes, the

step-wise stability constants of complex NiðDSPCFÞ2
were calculated to be K1 ¼ 1:75 � 107 and K2 ¼ 7:08 �
106 l=mol: Therefore, the cumulative K ¼ 1:24 � 1014:
Hence, this complex is strongly stable because of the

enough high K : The spectral correction technique is

simpler in operation and more understandable and more

visualized in principle than the classical method e.g.

continuous variations [23].

4.3. Application of LARVA

4.3.1. Effect of addition of DSPCF on DAr

From the variation (as shown in Fig. 7) of DAr of the

solutions with the constant initial molar ratio of Ni(II)

to DSPCF at 0:213 mmol=mmol in the presence of

EDTA, DAr approaches a maximal constant only when

DSPCF is more than 0:040 mmol: DAr decreases when

DSPCF is less than 0:040 mmol: The primary reasons are

that the self-aggregation of DSPCF will not occur in an

extremely diluted solution and the fraction of the

instrumental noise raise. Of course, use of a high-

sensitive and low-noise spectrometer will reduce notably

the measurement error of the light-absorption ratio.
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Fig. 6. Determination of the stepwise stability constants ðKnÞ at

pH 9.11 at 20�C: (1) ð1 � gÞ�1 � 1 vs. ðCL0 � gCNiÞ for K1 and

(2) 1 � ð2 � gÞ�1 � 1 vs. ðCL0 � gCNiÞ for K2 of NiðDSPCFÞ2
complex where the solutions are same as those in Fig. 5.

Fig. 7. Effect of DSPCF molarity on DAr of the solutions

initially containing DSPCF from 0.020 to 0:500 mmol and

Ni(II) from 0.250 to 6:25 mg; where the initial molar ratios of

Ni(II) to DSPCF always remain a constant at 0:213 mmol=mmol

in the presence of 20 mg of EDTA. All the solutions were

11:0 ml:

Fig. 5. Variation of Z; g and e: (1) Z of DSPCF, (2) g of the binding DSPCF to Ni(II) and (3) e of the Ni-DSPCF complex at 518 nm:
All the solutions contained 2:00 mg of Ni(II), 20 mg of EDTA and DSPCF from 0.020 to 0:120 mmol at pH 9.11. All the solutions were

11:0 ml:
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4.3.2. Calibration graphs and detection limit of Ni(II)

Four series of standard Ni(II) between 0 and 0.050,

0 and 0.100, 0 and 0.200 and 0 and 0:400 mg=ml

were prepared and 1.00, 2.00, 3.00 and 5:00 ml of

0:0400 mmol=l DSPCF were added, respectively. The

absorbance of each solution was measured and DAr was

calculated by Eq. (10). Their regression equations are
given in Table 1. The limit of detection of Ni(II), defined

as the blank values plus 3 times the standard deviation

of 10 replicated blanks, was calculated and given in

Table 1, too. By comparing them, Line 3 owns the

lowest limit. Therefore, it is selected in analysis of water

quality.
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Table 1

Regression equations and detection limit of Ni(II)

Line Ni(II) ðmg=mlÞ DSPCF (mM) p0 q0 DA�1
r vs. C�1

NiðIIÞ Ra sb DTc (ng/ml)

1 0–0.020 0.002 0.1485 �4.81 DA�1
r ¼ 0:1485C�1

NiðIIÞ � 4:81 0.9983 0.006442 2.8

2 0–0.100 0.004 0.1305 �0.748 DA�1
r ¼ 0:1305C�1

NiðIIÞ � 0:748 0.9998 0.006615 2.5

3 0–0.200 0.010 0.3733 �1.26 DA�1
r ¼ 0:3733C�1

NiðIIÞ � 1:260 0.9994 0.001147 1.3

4 0–0.400 0.020 0.7687 �0.875 DA�1
r ¼ 0:7687C�1

NiðIIÞ � 0:875 0.9998 0.00067 1.5

aLinear correlation coefficient.
bStandard deviation of 10 repetitive reagent blanks.
cDetection limit of Ni(II) was calculated by DT ¼ 3 � s� p0:

Table 2

Effect of foreign ions on DAr of the solution initially containing

1:00 mg of Ni(II)

No. Ion added Added ðmg=10 mlÞ DAr Errora (%)

1 NiðIIÞ 1.0 0.3533 0

2 No:1 þ CaðIIÞ 100 0.3674 4.0

3 No:1 þ MgðIIÞ 40 0.3674 4.0

4 No:1 þ AlðIIIÞ 10 0.3296 �6.7

5 No:1 þ FeðIIÞ 10 0.3950 12

6 No:1 þ FeðIIIÞ 10 0.3674 4.0

7 No:1 þ ZnðIIÞ 5 0.3439 �2.7

8 No:1 þ MnðIIÞ 20 0.3932 11.3

9 No:1 þ MoðIVÞ 50 0.3524 �0.3

10 No:1 þ PbðIIÞ 50 0.3702 4.8

11 No:1 þ CoðIIÞ 1.0 0.3480 �1.5

12 No:1 þ CdðIIÞ 10 0.3609 2.2

13 No:1 þ GeðIVÞ 50 0.3559 0.7

14 No:1 þ SnðIIÞ 10 0.3823 8.2

15 No:1 þ CrðIIIÞ 20 0.3713 5.1

16 No:1 þ BaðIIÞ 50 0.3627 2.7

17 No:1 þ VðVÞ 10 0.3438 �2.7

18 No:1 þ HgðIIÞ 10 0.3592 1.7

19 No:1 þ SDS 100 0.3627 2.7

20 No:1 þ acetic acid 100 0.3286 �7.0

21 No:1 þ formal 10 0.3681 4.2

22 No:1 þ ethanol 100 0.3459 �2.1

23 No:1 þ lysine 100 0.3671 3.9

24 No:1 þ cystine 100 0.3632 2.8

25 No:1 þ glucose 50 0.3752 6.2

26 No:1 þ citric acid 20 0.3317 �6.1

27 No:1 þ protein 10 0.3236 �8.4

aError ¼ ðDANo:x
r DANo:1

r Þ=DA1
r � 100 ðx is from 2 to 27).

Table 3

Determination of Ni(II) in water samples

Sample

no.

Sampled

from

Ni(II) found

in sample

(mg/l)

RSD (%) Ni(II)a

(mg/l)

1 Polluted

lake

water

0.2604 1.81 0.232

0.2576

0.2593

0.2628

0.2572

0.2506

0.2580 (70:0047)b

2 Sewage 0.0382 6.63 0.0419

0.0431

0.0425

0.0462

0.0457

0.0437

0.0433 (70:0029)b

3 Huaihe

River

0.0427 2.57 0.0408

0.0434

0.0415

0.0437

0.0409

0.0420

0.0424 (70:0011)b

aAverage of two replicated determinations by FAAS.
bAverage of five replicated determinations.
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Effect of foreign ions: Five chemical reagents were

added in order to mask the other metal ions in the

reaction and the recommended procedure in ‘‘Experi-

mental Section’’ was carried out. Twenty-six of foreign

ions and substances including 9 organic compounds

were added in the Ni(II) complexation solution and their

effects on DAr were shown in Table 2. Both Mn(II) and

Fe(II) appear in high error over 10% only when their
mass concentrations are more than 10 times of Ni(II).

Therefore, the recommended method is selective and fit

to natural water.

4.3.3. Analysis of water samples

As a test of the method, Ni(II) in three water samples

was determined. The results are listed in Table 3. The
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recovery rates of Ni(II) added are between 91.0% and

116% and the RSD less than 3.36%. The analytical

results were also compared with the results obtained by

flame atomic absorption spectrometry (FAAS) [25]. The

two methods are uniform so this method is accurate.
5. Conclusions

The LARVA is a great advancement and contribution

to spectrophotometric method in ultra-trace analysis.

Also, it will improve notably a lot of the present

spectrophotometric methods so that they will become

more useful in material and environmental analysis,

detection of water quality, quality control of industrial

products and so on. In characterization of a chemical

reaction, the traditional methods are complicated and

limited, especially for a reaction with a deep-color reactant.

The spectral correction technique may bring the formation

constants of a complex a visualized graph and satisfactory

result. We believe that it will still play an important role in

coordination chemistry, oxidation-reduction reaction,

macromolecular assembly and the other relations.
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