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Abstract

A novel fluorescent reagem-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(lll) was studied. In acetonitrile—water
(1:1, (v/v)) medium of pH 6.00, Cr(Ill) could react with fluorescent reagent OVAQdA = 280/314 nm) to form a 1:1 non-fluorescent
complex. The linear range of the spectrofluorimetric method proposed was from 8.21g ¥30and the detection limit was 25g I=*. The
interferences of 25 foreign ions were also studied. This method could be easily performed and was successfully applied to the determination
of Cr(lll) and total chromium in domestic and industrial waste water samples.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction trial waste water, the atomic absorption methid®,19]
and spectrophotometry meth¢a0] for the determination

Cr(lll) and Cr(VI) are two common forms of inorganic of Cr(VI) were widely used, while there were few re-

chromium in environment, and their biochemical properties ports about the direct determination of chromium(lll) with

and toxicity are greatly different for the difference of their spectrofluorimetry.

valences: trace amount of Cr(lll) is essential to human be- In this paper, a novel fluorescent reagent OVAQ was syn-

ings, while Cr(VI) is harmful to our health especially for thesized. The fluorescence of OVAQ quenchedegtem =

its effect of causing cancer. In environmental analysis, it 280/314 nm for the formation of complex between Cr(lll)

is always necessary to determine Cr(lll), Cr(VI) or total and OVAQ, and a fluorescence quenching method for the de-

chromium respectively. There are kinds of methods for termination of Cr(lIl) directly was developed based on this

the determination of chromium, such as spectrophotom- reaction. In proposed method, 40 times of co-exist Cr(VI)

etry [1-6], spectrofluorimetry[7—13] and atomic absorp- ions was tolerated, and the determination of Cr(VI) can be

tion spectrophotometrj14-18] etc., spectrophotometry is  carried out by reducing Cr(VI) to Cr(lll) with N&8Os. The

widely used, while it has a low sensitivity. When chromium method was successfully applied to the determination of

with different valence was determined, the procedure of Cr(lll) and total chromium in domestic and industrial waste

atomic absorption spectrophotometry was always compli- water samples.

cated. Spectrofluorimetry is rapid and sensitive, but these

methods for the determination of chromium are mainly

based on catalysis oxidatiofv,8], oxidative action of )

Cr(VI) [9,10], and fluorescent quenching actifiil,12]. 2. Experimental

In the quantitative determination of domestic and indus-
2.1. Apparatus

* Corresponding author. Tek+86-531-6180010; AII. fluorescent measurements were carried out.on a
fax: +86-531-6180017. Perkm-EImer (Norwalk, CT, USA) LS-5 spectrofluorime-
E-mail addresstangb@sdnu.edu.cn (B. Tang). ter, equipped with a xenon lamp and a 1.0cm quartz cell.
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An UV-265 recording spectrophotometer (Shimadzu, Ky-  0.50-
oto, Japan) equipped with 1.0cm quartz cells was used for 0.45[
the UV spectrum scanning and determination experiments. 0.40[
All pH measurements were made with a pHS-3C digital 0.35[
pH-meter (Shanghai Leici Device Works, Shanghai, China) g 0.30}
and a combined glass—calomel electrode. Perkin-Elmer 98:8 0.25

infrared spectrophotometer (KBr discs, Norwalk, CT, USA) g 020}
and Perkin-Elmer 2400 elementary analysis apparatus (Nor-< 0.15¢
walk, CT, USA) were also used in experiments. 0.10}
0.05
0.00L ; ; . : : : .

2.2. Reagents
300 320 340 360 380 400 420 440

. . . wavelength nm
All chemicals were of analytical reagent or higher grades.

Doubly distilled deionized water was used throughout. Fig. 1. Absorption spectra of OVAQ at different pH (100~ mol ™).
Working standard solution of 1.2 10° ug I~ Cr(lll) was (1) pH 2.50, (2) pH 4.30, (3) pH 5.50, (4) pH 6.70, (5) pH 8.90.
prepared by diluting stock solution (1.2 10°ugl—1)

with doubly distilled deionized water. Ethanol solution of we calculated the dissociation constants of OVAQ ap &
2.0x 10-3mol =1 OVAQ, acetonitrile, and buffer solutions  2.88 + 0.03 and pKy = 4.22 + 0.02 (0.10molt* KClI,
of HCI (pH = 1, 2), CH3COONa—CH3COOH (pH: 3-6), 20+ 1°C).

CH3COONH; (pH = 7) or NH4CI-NHz-H>O(pH = 8-11)

were also used. 2.4. Determination procedure of Cr(lll)

2.3. Synthesis and properties of OVAQ Into a 10 ml colorimetric tube, a certain amount of Cr(lll),
0.50ml of 20 x 10-3moll~1 OVAQ solution, 5.00 ml of
0.760g o-vanillin (0.50mol) was dissolved in 10ml acetonitrile and 1.00ml of C4€OONa—CHCOOH (pH
absolute ethanol. Then it was added dropwise into a solu-6.00) were added in turn. Then the mixture was diluted to
tion, which was prepared by dissolving 0.720g (0.50 mol) volume with doubly distilled water. The solution obtained
of 8-aminoquinoline in 10 ml absolute ethanol. Then the was mixed thoroughly and equilibrated at room temperature
mixture was refluxed for 3 h, cooled to room temperature for 10 min, then the fluorescence intensity was measured at
and filtered. After recrystallization from ethanol and dried Aex/em = 280/314 nm.
in vacuum, a 0.890g amount of red crystal product was
obtained (yield 60%). The synthesis reaction was shown in
Scheme 1. 3. Results and discussion
The melting point of OVAQ is 103-104C. Elemental
analysis gave a composition (%) of: C 73.40, H 4.94, N 3.1. Fluorescent excitation and emission spectra
10.46, which was in a good agreement with the theoretical
composition (%) of OVAQ: C 73.38, H 5.04, N 10.07. The According to the dissociation constant of OVAQ, it
infrared spectrum of OVAQ (KBr discs, cm) was obtained can be concluded that OVAQ exists in basic form at
and the peaks were assignedws:H (3400),uvc=n (1610), pH 6.00, which has intense fluorescence fem =
var—o (1250). The appearance of the characteristic infrared 280/314 nm. Under this conditions, the formation of com-
absorption peakc=y (1610 cnT?) indicates the formation  plex Cr(lll)~OVAQ caused static fluorescence quenching
of OVAQ. Its acid—base dissociation constants were also at Aexem = 280/314nm (Fig. 3). It could be explained
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 A 040f
340 nm, the absorbance (A) of OVAQ with variable pH were g3}
measured (Fig. 2).

036f

The results showed that OVAQ assumed properties of bi- —

nary acid. According to the method proposed in a p&pE; 0341
032r /S \

030 -

« _ —
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Fig. 2. Absorbance of OVAQ with variable pH at 340nm
Scheme 1. (1.0 x 104 mol I7Y).
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Fig. 3. 1 and 1 OVAQ, 2 and 2 OVAQ + Cr(lll). OVAQ: 1.0 x 10~*molI~1, Cr(Il):1.0 x 10% ug1~%, pH 6.00.
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Fig. 4. Effect of (A) pH and (B) amount of buffer solution OVAQ: 1x010~* molI~1, Cr(ll):1.0 x 1% ugl~L.

that, as a paramagnetic substance, chromium had effect 0f3.3. Effect of organic solvent

invertible charge transfer or electron spin-orbit coupling,

which accelerated the singlet—triplet transition and internal  Addition of organic solvent could improve the solubility
conversion deactivation of excited OVAQ molecules. of OVAQ and the coordition of OVAQ with Cr(lll), so the
effect of organic solvents oA was studiedTable 1showed
that F had a higher value in acetonitrile than in any other
organic solvent under the same conditions. Moredvérad

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.

3.2. 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(lll)
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.

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)

Table 1
Effect of organic solvent (2.00 ml)

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

F 7.7 9.7 135 32.6 5.1 15.3 15.6
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Fig. 5. Effect of the amount of acetonitrile OVAQ: 1:010~*mol |1,

1

Cr(l1):1.0 x 10? pg =1, pH 6.00.
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Fig. 6. Effect of the amount of reagent Cr(ll):1x010% g =2, pH 6.00.

indicated that F had the highest value with the amount of
2.0 x 10-3molI~1 OVAQ in the range of 0.40-1.00 ml, so
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Fig. 8. Effect of reaction time OVAQ: 1.0x 10 “*moll~1,

Cr(lI):1.0 x 10? pg =1, pH 6.00.

therefore the room temperature was adopted. The effect of
reaction time was also studied. Results (Fig. 8) showedrhat
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

12 14

186

v'( ml) and the stoichiometry of Cr(lll)-OVAQ

The change of absorption spectrumgk changing from
340 to 385 nm) caused by the addition of Cr(lll) indicated
that the fluorescence quenching of OVAQ resulted from the
formation of non-fluorescent Cr(l1)-OVAQ complex. Ac-

0.50 ml of OVAQ solution was used. Furthermore, the opti- cording to the formula offo/F = 1+ K[Q] [22], static

mum order of addition was solution of Cr(lll), OVAQ, ace-

tonitrile and buffer solution.

3.5. Effects of reaction temperature and time

quenching constark = 4.7 x 10°Imol~1 was obtained.

The stoichiometry of the complex was studied under the
established conditions by the molar ratio method and the
continuous variation method with210~° mol |1 solutions
of Cr(lll) and OVAQ. Both methods showed that the molar

Raising temperature could improve the coordination ratio of Cr(lll) and OVAQ was 1:1, so we concluded that
reaction, so the effect of temperature was studied. The ex-the model structure of the complex was$zheme 2.

perimental results (Fig. 7) showed tliatemained compar-
atively constant with temperature in the range of 15230
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3.7. Interferences of foreign ions

\. A systematic study of the interferences of foreign ions

L T, was carried out under the conditions established above. The
concentration of Cr(Ill) was fixed at 1:010? pg =1 and the
i tolerable error was fixed ati5.0% variation of fluorescence
i — . intensity. The results were listed Trable 2.
L CH—N
O~
L L " 1 " L " L " L s CI’(|||)‘N
o 10 20 30 40 50 T (C) OMe \
Fig. 7. Effect of reaction temperatureQ). Scheme 2.
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Table 2 3.9. Determination of chromium in domestic water
The interferences of foreign ions
Interference times Foreign ions According to the national criterion of domestic water qual-
1000 Na". K. NHa". CI-. NOs—, ity in China (GB5750-85), t_he artificial sample 1 and sample
CHsCOO, SQ2-, G042~ 2 were prepared as following.
500 cat, s, Bat, PO
40 Cr(VI) Sample 1 (mgtt):  Cr(lll) 0.05, Fe 0.30, Mn 0.10, Cu
20 Cd™ 1.00, Zn 1.00, As 0.05, Hg 0.001,
13 ’:/31 . Cd 0.01, Pb 0.05, Ag 0.05
1 QU2+, Zr2t, NiZt, A3+, A+ Sample 2 (mgt!):  Cr(VI) 0.05, Fe 0.30, Mn 0.10, Cu
0.5 Cc?*, PR+, HP?t, B+ 1.00, Zn 1.00,As 0.05, Hg 0.001,

Cd 0.01, Pb 0.05, Ag 0.05

F ool 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
6.00mol 1 H,SO, solution and 0.50 ml of 0.50 mott
Na,SOs solution were added. After reaction, the mixture
[ was adjusted to pH 14.00 with 6.00 mofINaOH solution,
5 20 P 50 %0 00 20 filtrated to remove precipitation of hydroxides, adjusted to
cr’(ugl”) pH 5.00 with 0.20 molt! H,C,04—(NH4)2C204 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-
3.8. Analytical characteristics orimetric determination of chromium under the optimum
conditions. Determination results (Table 4) showed that
Under the optimum experimental conditions, there was a the measured value was in good agreement with the stan-
linear relationship betwedhand the concentration of Cr(lll)  dard value, which indicated that the proposed method was
in the range of 8.2—13@g =1 with a correlation coefficient  reliable to determine trace amount of chromium.
of 0.9986. The calibration graph was shownHig. 9 and
the regression equation was= 0.4444C(ugl™1) + 1.653. 3.10. Determination of chromium in industrial
The detection limit, as defined by IUPAR3], was deter-  waste water samples
mined to be 2.5.g1~* according to formula of = K/,
where the value oK was taken as 3, the standard devia-  Fifty milliliter of industrial waste water (from Jinan Yux-
tion was 0.36 obtained from a series of 10 reagent blanks,ing Chemical Factory, China), equilibrated for 24 h, was put
andSwas the slope of the standard curve. The relative stan-into a conical flask. 1.00 ml of 6.0 mott H,SQOy solution
dard deviation (R.S.D.) was 0.50% obtained from a series and 2.00ml of KMnQ saturated solution were added to
of 11 standards each containing 5@@I~ of Cr(lll). This destroy organic compounds and eliminate the potential in-
method was compared with other spectrofluorimetric meth- terferences from P ,Ba&* etc. The mixture obtained was
ods (Table 3). We could see this method had high sensitivity. equilibrated at room temperature for at least 1 h, and filtrated

50 -
40 -
w0 -

20 -

Fig. 9. Calibration graph.

Table 3

Comparision with other fluorimetric methods for the determination of chromium

Method Linear range Detection of limit Major interference Reference
(rgl™ (rg!™h

Cr(VI)-H,0,-SafranineT 0-120 2.6 CUW2t Bidt,Crt, Fét [7]

Cr(VI)-H,0,-RhodamineB 10-160 3.32 Cuwt, cit, Fét, I- [8]

Cr(V)-PTQA Cr(V1):100-16 50 AgT,ClAt, Hg?t,Cett [9]
Cr(Il):100-1¢ 20 Mo(VI)

Cr(V1)-8-hydroxy-quinoline- 291-780 P, Hg?t,SS+, Ceé*, V(V), NOo~, BrOs™ [10]

5-sulfonic acid
Cr(VI)-L-tyrosine 260-5200 AgT, CoT, PT, Y3+, Fét,Cét, V(V) [11]
Cr(VI)-Rhodamine6G 8-80 0.8 &t, Cét, V(V), NOo~ [12]

Cr(l1)-OVAQ 8.2-130 2.5 PB", Hg?t, BE#T, CT this work
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Table 4

Determination of chromium in water samples £P95%, n = 5)

Sample Concentration (ugil) Cr added (pgt?) Measured values (ugt) Average recovery (%) R.S.D.
Sample 1 0 50.0 515+ 0.5 103 1.6%
Sample 2 0 50.0 51.8 0.8 102 1.7%
Domestic water in Jinan 36.2 0.6 30.0 67.5+ 0.7 102 1.2%
Table 5

Determination of chromium in industrial waste water samples=(#5%, n = 5)

Method Concentration (ugil) Cr added (pgt?) Measured values (ugt) Average recovery (%) R.S.D.
Atomic absorption method 24.9 25.0 50.0 100

This method 255+ 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 1 NaxSO3 solution was added dropwise
until the purple of KMnQ disappeared and 0.50 ml p&0Os
solution was excess. To get rid of K and some poten-
tial ions as C&", Ni2+t, Cd?+, CU#+ Hg?t, Ag™ etc., the
solution was adjusted to pH 14.00 with 6.0n7otINaOH
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 ' H2C,04—(NH4)2C204 solution and diluted to
100 ml, in which AP+ 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(lll) can react with fluorescent reagent
OVAQ (Xexsem = 280/314nm) to form a non-fluorescent
OVAQ-Cr(lll) complex, a spectrofluorimetry method
for the determination of Cr(lll) with high sensitivity
was proposed. Cr(lll) was determined directly and 40
times Cr(VIl) was tolerated; Cr(VI) could also be de-
termined by reducing Cr(VI) to Cr(lll) with Ng5Os.

Foundation of Shandong Province in China (No.Z2003-
BO1).
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