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Rapid and sensitive spectrofluorimetric determination of
trace amount of Cr(III) witho-vanillin-8-aminoquinoline
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Abstract

A novel fluorescent reagento-vanillin-8-aminoquinoline(OVAQ) was synthesized, and its infrared spectrum, elemental analysis and
acid–base dissociation constants were obtained. The fluorescent reaction of this reagent with Cr(III) was studied. In acetonitrile–water
(1:1, (v/v)) medium of pH 6.00, Cr(III) could react with fluorescent reagent OVAQ (λex/em = 280/314 nm) to form a 1:1 non-fluorescent
complex. The linear range of the spectrofluorimetric method proposed was from 8.2 to 130�g l−1, and the detection limit was 2.5�g l−1. The
interferences of 25 foreign ions were also studied. This method could be easily performed and was successfully applied to the determination
of Cr(III) and total chromium in domestic and industrial waste water samples.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Cr(III) and Cr(VI) are two common forms of inorganic
chromium in environment, and their biochemical properties
and toxicity are greatly different for the difference of their
valences: trace amount of Cr(III) is essential to human be-
ings, while Cr(VI) is harmful to our health especially for
its effect of causing cancer. In environmental analysis, it
is always necessary to determine Cr(III), Cr(VI) or total
chromium respectively. There are kinds of methods for
the determination of chromium, such as spectrophotom-
etry [1–6], spectrofluorimetry[7–13] and atomic absorp-
tion spectrophotometry[14–18] etc., spectrophotometry is
widely used, while it has a low sensitivity. When chromium
with different valence was determined, the procedure of
atomic absorption spectrophotometry was always compli-
cated. Spectrofluorimetry is rapid and sensitive, but these
methods for the determination of chromium are mainly
based on catalysis oxidation[7,8], oxidative action of
Cr(VI) [9,10], and fluorescent quenching action[11,12].
In the quantitative determination of domestic and indus-
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trial waste water, the atomic absorption method[18,19]
and spectrophotometry method[20] for the determination
of Cr(VI) were widely used, while there were few re-
ports about the direct determination of chromium(III) with
spectrofluorimetry.

In this paper, a novel fluorescent reagent OVAQ was syn-
thesized. The fluorescence of OVAQ quenched atλex/em =
280/314 nm for the formation of complex between Cr(III)
and OVAQ, and a fluorescence quenching method for the de-
termination of Cr(III) directly was developed based on this
reaction. In proposed method, 40 times of co-exist Cr(VI)
ions was tolerated, and the determination of Cr(VI) can be
carried out by reducing Cr(VI) to Cr(III) with Na2SO3. The
method was successfully applied to the determination of
Cr(III) and total chromium in domestic and industrial waste
water samples.

2. Experimental

2.1. Apparatus

All fluorescent measurements were carried out on a
Perkin-Elmer (Norwalk, CT, USA) LS-5 spectrofluorime-
ter, equipped with a xenon lamp and a 1.0 cm quartz cell.
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An UV-265 recording spectrophotometer (Shimadzu, Ky-
oto, Japan) equipped with 1.0 cm quartz cells was used for
the UV spectrum scanning and determination experiments.
All pH measurements were made with a pHS-3C digital
pH-meter (Shanghai Leici Device Works, Shanghai, China)
and a combined glass–calomel electrode. Perkin-Elmer 983
infrared spectrophotometer (KBr discs, Norwalk, CT, USA)
and Perkin-Elmer 2400 elementary analysis apparatus (Nor-
walk, CT, USA) were also used in experiments.

2.2. Reagents

All chemicals were of analytical reagent or higher grades.
Doubly distilled deionized water was used throughout.
Working standard solution of 1.0× 103 �g l−1 Cr(III) was
prepared by diluting stock solution (1.0× 106 �g l−1)
with doubly distilled deionized water. Ethanol solution of
2.0×10−3 mol l−1 OVAQ, acetonitrile, and buffer solutions
of HCl (pH = 1,2), CH3COONa–CH3COOH (pH= 3–6),
CH3COONH4 (pH = 7) or NH4Cl–NH3·H2O(pH = 8–11)
were also used.

2.3. Synthesis and properties of OVAQ

0.760 g o-vanillin (0.50 mol) was dissolved in 10 ml
absolute ethanol. Then it was added dropwise into a solu-
tion, which was prepared by dissolving 0.720 g (0.50 mol)
of 8-aminoquinoline in 10 ml absolute ethanol. Then the
mixture was refluxed for 3 h, cooled to room temperature
and filtered. After recrystallization from ethanol and dried
in vacuum, a 0.890 g amount of red crystal product was
obtained (yield 60%). The synthesis reaction was shown in
Scheme 1.

The melting point of OVAQ is 103–104◦C. Elemental
analysis gave a composition (%) of: C 73.40, H 4.94, N
10.46, which was in a good agreement with the theoretical
composition (%) of OVAQ: C 73.38, H 5.04, N 10.07. The
infrared spectrum of OVAQ (KBr discs, cm−1) was obtained
and the peaks were assigned as:�O–H (3400),�C=N (1610),
�Ar–O (1250). The appearance of the characteristic infrared
absorption peak�C=N (1610 cm−1) indicates the formation
of OVAQ. Its acid–base dissociation constants were also
obtained with spectrophotometry in acetonitrile–water (1:1,
(v/v)) medium. Firstly we studied the influence of different
pH on the absorption spectra of OVAQ (Fig. 1). Then at
340 nm, the absorbance (A) of OVAQ with variable pH were
measured (Fig. 2).

The results showed that OVAQ assumed properties of bi-
nary acid. According to the method proposed in a paper[21],

Scheme 1.

Fig. 1. Absorption spectra of OVAQ at different pH (1.0× 10−4 mol l−1).
(1) pH 2.50, (2) pH 4.30, (3) pH 5.50, (4) pH 6.70, (5) pH 8.90.

we calculated the dissociation constants of OVAQ, pKa1 =
2.88 ± 0.03 and pKa2 = 4.22 ± 0.02 (0.10 mol l−1 KCl,
20± 1◦C).

2.4. Determination procedure of Cr(III)

Into a 10 ml colorimetric tube, a certain amount of Cr(III),
0.50 ml of 2.0 × 10−3 mol l−1 OVAQ solution, 5.00 ml of
acetonitrile and 1.00 ml of CH3COONa–CH3COOH (pH
6.00) were added in turn. Then the mixture was diluted to
volume with doubly distilled water. The solution obtained
was mixed thoroughly and equilibrated at room temperature
for 10 min, then the fluorescence intensity was measured at
λex/em = 280/314 nm.

3. Results and discussion

3.1. Fluorescent excitation and emission spectra

According to the dissociation constant of OVAQ, it
can be concluded that OVAQ exists in basic form at
pH 6.00, which has intense fluorescence atλex/em =
280/314 nm. Under this conditions, the formation of com-
plex Cr(III)–OVAQ caused static fluorescence quenching
at λex/em = 280/314 nm (Fig. 3). It could be explained

Fig. 2. Absorbance of OVAQ with variable pH at 340 nm
(1.0× 10−4 mol l−1).



B. Tang et al. / Talanta 64 (2004) 955–960 957

Fig. 3. 1 and 1′: OVAQ, 2 and 2′: OVAQ + Cr(III). OVAQ: 1.0 × 10−4 mol l−1, Cr(III):1.0 × 102 �g l−1, pH 6.00.

Fig. 4. Effect of (A) pH and (B) amount of buffer solution OVAQ: 1.0× 10−4 mol l−1, Cr(III):1.0 × 102 �g l−1.

that, as a paramagnetic substance, chromium had effect of
invertible charge transfer or electron spin-orbit coupling,
which accelerated the singlet–triplet transition and internal
conversion deactivation of excited OVAQ molecules.

3.2. Effects of pH and the amount of buffer solution

The acidity of the medium determines the existence form
of OVAQ, the coordination and stability of OVAQ–Cr(III)
complex, so it has a great effect on the fluorescence inten-
sity. The experimental results (Fig. 4A) indicated that the
difference of fluorescence intensity (F) between OVAQ and
complex was high and remained constant in the range over
pH 5.20–8.30, so the optimum pH 6.00 was selected. Effect
of the amount of buffer solution was also studied (Fig. 4B),
and 1.00 ml of buffer solution (pH 6.00) was selected in the
subsequent experiments.

Table 1
Effect of organic solvent (2.00 ml)

Organic solvent No addition Methanol Ethanol Acetonitrile 1-Propanol 2-Propanol DMF

F 7.7 9.7 13.5 32.6 5.1 15.3 15.6

3.3. Effect of organic solvent

Addition of organic solvent could improve the solubility
of OVAQ and the coordition of OVAQ with Cr(III), so the
effect of organic solvents onF was studied.Table 1showed
that F had a higher value in acetonitrile than in any other
organic solvent under the same conditions. Moreover,F had
the highest value and remained constant when the amount
of acetonitrile was between 5.00 and 6.00 ml (Fig. 5), so
5.00 ml of acetonitrile was selected.

3.4. Effects of the amount of reagent and the order of
addition

The concentration of OVAQ had a great effect on the co-
ordination reaction and the fluorescence intensity, so the ef-
fect of the amount of reagent was studied under the con-
ditions established above. The experimental results (Fig. 6)
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Fig. 5. Effect of the amount of acetonitrile OVAQ: 1.0× 10−4 mol l−1,
Cr(III):1.0 × 102 �g l−1, pH 6.00.

Fig. 6. Effect of the amount of reagent Cr(III):1.0× 102 �g l−1, pH 6.00.

indicated that F had the highest value with the amount of
2.0 × 10−3 mol l−1 OVAQ in the range of 0.40–1.00 ml, so
0.50 ml of OVAQ solution was used. Furthermore, the opti-
mum order of addition was solution of Cr(III), OVAQ, ace-
tonitrile and buffer solution.

3.5. Effects of reaction temperature and time

Raising temperature could improve the coordination
reaction, so the effect of temperature was studied. The ex-
perimental results (Fig. 7) showed thatF remained compar-
atively constant with temperature in the range of 15–30◦C,

Fig. 7. Effect of reaction temperature (◦C).

Fig. 8. Effect of reaction time OVAQ: 1.0× 10−4 mol l−1,
Cr(III):1.0 × 102 �g l−1, pH 6.00.

therefore the room temperature was adopted. The effect of
reaction time was also studied. Results (Fig. 8) showed thatF
reached a maximum after 10 min and remained constant for
at least 20 min, then decreased slowly. So all coordinations
were carried out for 10 min at room temperature, and all mea-
surements were made at room temperature within 30 min.

3.6. Determination of fluorescence quenching constant
and the stoichiometry of Cr(III)–OVAQ

The change of absorption spectrum (λmax changing from
340 to 385 nm) caused by the addition of Cr(III) indicated
that the fluorescence quenching of OVAQ resulted from the
formation of non-fluorescent Cr(III)–OVAQ complex. Ac-
cording to the formula ofF0/F = 1 + K[Q] [22], static
quenching constantK = 4.7 × 105 l mol−1 was obtained.

The stoichiometry of the complex was studied under the
established conditions by the molar ratio method and the
continuous variation method with 2×10−5 mol l−1 solutions
of Cr(III) and OVAQ. Both methods showed that the molar
ratio of Cr(III) and OVAQ was 1:1, so we concluded that
the model structure of the complex was asScheme 2.

3.7. Interferences of foreign ions

A systematic study of the interferences of foreign ions
was carried out under the conditions established above. The
concentration of Cr(III) was fixed at 1.0×102 �g l−1 and the
tolerable error was fixed at a±5.0% variation of fluorescence
intensity. The results were listed inTable 2.

Scheme 2.
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Table 2
The interferences of foreign ions

Interference times Foreign ions

>1000 Na+, K+, NH4
+, Cl−, NO3

−,
CH3COO−, SO4

2−, C2O4
2−

500 Ca2+, Sr2+, Ba2+, PO4
3−

40 Cr(VI)
20 Cd2+
15 Ag+
8 Mn2+
1 Cu2+, Zn2+, Ni2+, Al3+, As3+
0.5 Co2+, Pb2+, Hg2+, Be2+

Fig. 9. Calibration graph.

3.8. Analytical characteristics

Under the optimum experimental conditions, there was a
linear relationship betweenF and the concentration of Cr(III)
in the range of 8.2–130�g l−1 with a correlation coefficient
of 0.9986. The calibration graph was shown inFig. 9 and
the regression equation wasF = 0.4444C(�g l−1) + 1.653.
The detection limit, as defined by IUPAC[23], was deter-
mined to be 2.5�g l−1 according to formula ofC = KS0/S,
where the value ofK was taken as 3, the standard devia-
tion was 0.36 obtained from a series of 10 reagent blanks,
andSwas the slope of the standard curve. The relative stan-
dard deviation (R.S.D.) was 0.50% obtained from a series
of 11 standards each containing 50.0�g l−1 of Cr(III). This
method was compared with other spectrofluorimetric meth-
ods (Table 3). We could see this method had high sensitivity.

Table 3
Comparision with other fluorimetric methods for the determination of chromium

Method Linear range
(�g l−1)

Detection of limit
(�g l−1)

Major interference Reference

Cr(VI)–H2O2–SafranineT 0–120 2.6 Cu2+,Bi3+,Cr3+, Fe3+ [7]
Cr(VI)–H2O2–RhodamineB 10–160 3.32 Cu2+, Cr3+, Fe3+, I− [8]
Cr(VI)–PTQA Cr(VI):100–104 50 Ag+,Cu2+, Hg2+,Ce4+ [9]

Cr(III):100–103 20 Mo(VI)
Cr(VI)–8-hydroxy-quinoline-

5-sulfonic acid
291–780 Pb2+, Hg2+,Sc3+, Ce4+, V(V), NO2

−, BrO3
− [10]

Cr(VI)–l-tyrosine 260–5200 Ag+, Co2+, Pb2+, Y3+, Fe3+,Ce4+, V(V) [11]
Cr(VI)–Rhodamine6G 8–80 0.8 Cu2+, Ce4+, V(V), NO2

− [12]
Cr(III)–OVAQ 8.2–130 2.5 Pb2+, Hg2+, Be2+, Co2+ this work

3.9. Determination of chromium in domestic water

According to the national criterion of domestic water qual-
ity in China (GB5750-85), the artificial sample 1 and sample
2 were prepared as following.

Sample 1 (mg l−1): Cr(III) 0.05, Fe 0.30, Mn 0.10, Cu
1.00, Zn 1.00, As 0.05, Hg 0.001,
Cd 0.01, Pb 0.05, Ag 0.05

Sample 2 (mg l−1): Cr(VI) 0.05, Fe 0.30, Mn 0.10, Cu
1.00, Zn 1.00,As 0.05, Hg 0.001,
Cd 0.01, Pb 0.05, Ag 0.05

The actual samples of domestic water in Jinan (a city of
China) were also prepared. These samples were all oper-
ated respectively as described following. Fifty milliliter of
sample water was put into a 100 ml beaker, then 1.00 ml of
6.00 mol l−1 H2SO4 solution and 0.50 ml of 0.50 mol l−1

Na2SO3 solution were added. After reaction, the mixture
was adjusted to pH 14.00 with 6.00 mol l−1 NaOH solution,
filtrated to remove precipitation of hydroxides, adjusted to
pH 5.00 with 0.20 mol l−1 H2C2O4–(NH4)2C2O4 solution,
transferred into a 100 ml of calibrated flask and fixed to
volume. According to the experimental method described
in Section 2.4, 1.00 ml of solution was used in spectroflu-
orimetric determination of chromium under the optimum
conditions. Determination results (Table 4) showed that
the measured value was in good agreement with the stan-
dard value, which indicated that the proposed method was
reliable to determine trace amount of chromium.

3.10. Determination of chromium in industrial
waste water samples

Fifty milliliter of industrial waste water (from Jinan Yux-
ing Chemical Factory, China), equilibrated for 24 h, was put
into a conical flask. 1.00 ml of 6.0 mol l−1 H2SO4 solution
and 2.00 ml of KMnO4 saturated solution were added to
destroy organic compounds and eliminate the potential in-
terferences from Pb2+,Ba2+ etc. The mixture obtained was
equilibrated at room temperature for at least 1 h, and filtrated
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Table 4
Determination of chromium in water samples (P= 95%, n = 5)

Sample Concentration (�g l−1) Cr added (�g l−1) Measured values (�g l−1) Average recovery (%) R.S.D.

Sample 1 0 50.0 51.5 ± 0.5 103 1.6%
Sample 2 0 50.0 51.0± 0.8 102 1.7%
Domestic water in Jinan 36.9± 0.6 30.0 67.5 ± 0.7 102 1.2%

Table 5
Determination of chromium in industrial waste water samples (P= 95%, n = 5)

Method Concentration (�g l−1) Cr added (�g l−1) Measured values (�g l−1) Average recovery (%) R.S.D.

Atomic absorption method 24.9 25.0 50.0 100
This method 25.5 ± 0.7 25.0 51.2 ± 0.8 103 1.6%

to remove precipitation. In order to deoxidized Cr(VI) and
MnO4

−, 0.50 mol l−1 Na2SO3 solution was added dropwise
until the purple of KMnO4 disappeared and 0.50 ml Na2SO3
solution was excess. To get rid of Mn2+ and some poten-
tial ions as Co2+, Ni2+, Cd2+, Cu2+ Hg2+, Ag+ etc., the
solution was adjusted to pH 14.00 with 6.0mol l−1 NaOH
solution, fixed to 100 ml and filtrated with dry filter paper.
One milliliter of the filtrate was adjusted to pH 5.00 with
0.10 mol l−1 H2C2O4–(NH4)2C2O4 solution and diluted to
100 ml, in which Al3+ may be concealed. One milliliter of
the filtrate was used for the determination of chromium.
The results (Table 5) showed that the measured value was
in agreement with that obtained by atomic absorption spec-
trophotometry.

4. Conclusion

Based on Cr(III) can react with fluorescent reagent
OVAQ (λex/em = 280/314 nm) to form a non-fluorescent
OVAQ–Cr(III) complex, a spectrofluorimetry method
for the determination of Cr(III) with high sensitivity
was proposed. Cr(III) was determined directly and 40
times Cr(VI) was tolerated; Cr(VI) could also be de-
termined by reducing Cr(VI) to Cr(III) with Na2SO3.
The method proposed, which has been successfully ap-
plied to the determination of chromium(III) and to-
tal chromium in domestic and industrial waste water
samples, has great value in environmental analysis and
monitoring.
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