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ABSTRACT A new catalytic kinetic fluorescent quenching method for the

determination of trace gold(III) was investigated. The method was based

on the catalytic effect of gold on oxidation of 3-(30-methylphenyl)-5-

(20-arsenoxylphenylazo) rhodanine by hydrogen peroxide in potassium

hydrogen phthalate–hydrochloric acid (pH¼ 3.4). Under the optimum con-

ditions, the great decrease of fluorescence intensity has a linear relationship

against the concentration of gold in the range of 0 to 12.0mg � L�1 with a

detection limit of 6.0� 10�10g � L�1. The coexistent metal ions can be sepa-

rated, and gold can be enriched by TBP resin of solid-phase extraction,

which greatly improves the selectivity and sensitivity of the system. The

method can be used to determine trace amounts of gold in ore samples

successfully with satisfactory results.

KEYWORDS catalytic kinetic, fluorescent quenching method, gold(III), 3-(30-

methylphenyl)-5-(20-arsenoxylphenylazo) rhodanine, solid-phase extraction

INTRODUCTION

As we can conclude from reports, there are many methods for determina-

tion of gold, including catalytic spectrophotometry,[1] atomic absorption

method,[2–4] emission spectrometry, inductive coupling plasma–MS,[5]

electrochemistry,[6,7] and so forth. However, they often suffer from a variety

of limitations. Catalytic spectrophotometry is known as a sensitive method

for determination whose indicator reaction is mainly based on oxidation–

deoxidation, but interference from coexisting substances is too strong to

be erased or the accuracy is low. The preparation for atomic absorption

method is complex, and the matrix interference interfere of this method is

difficult to be eliminated. Emission spectrometry may not be the choice if

you want to determine polycomponent simultaneously. Inductive coupling

plasma–MS calls for expensive instrument, and electrochemistry has poor

repeatability.
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Catalytic dynamic spectrofluorimetry is a kind of

sensitive determination method that has developed

very widely and quickly in the determination of trace

metals in recent years.[8–13] It also can be used for

determination of simultaneous components. Having

been combined with preconcentration and separa-

tion of solid-phase extraction, the selectivity of

catalytic dynamic spectrofluorimetry has greatly

improved to make it a powerful determination tool.

Up to the present time, there are no published

reports concerning gold determined by catalytic

dynamic spectrofluorimetry method.

In this work, we propose a catalytic dynamic

spectrofluorimetry method for the determination

of gold with 3-(30-methylphenyl)-5-(20-arsenoxyl-

phenylazo) rhodanine (3MRAAP) as a catalyst after

preconcentration and separation of solid-phase

extraction. The TBP extraction resin used in this

procedure is very much selective to Au3þ, and

Au3þ could be preconcentrated and separated

under certain conditions while interference of the

coexisting metal ions could be erased. There are

many advantages of preconcentration and separa-

tion of solid-phase extraction, such as simplicity of

operation, high adsorption capacity, quick adsorp-

tion speed, and facility of elution and preparation

of adsorbent. The method is proved to be more sen-

sitive and more selective and has been successfully

applied to determination of trace gold in ore samples

with a satisfactory result.

MATERIALS AND METHODS

Synthesis of New Type of Rhodanine

The new type 3-m-methylphenyl-5-(20-arsenoxyl-

phenylazo) rhodanine has been synthesized for the

first time by the authors.[14,15]

In a 250mL conical flask, 60mL ammonia (1.0moL)

and 34mL carbon disulfide (0.45moL) were added,

and 43mL m-methylaniline (0.4moL) was added in

later while stirring. The above mixture was kept

stired for 10 h, and then with pump filtrations, the

dithio-m-methylbenzene amine formate ammonium,

which was (a), was obtained. Thirty grams of chlor-

oacetic acid was neutralized to pH 7.0 with sodium

hydroxide in 40mL water. Afterward, (a) was put

in the neutralized solution, and 100mL concentrated

hydrochloric acid was added, which was heated to

boiling and at once was filtrated, then a straw-yellow

solid was obtained, which was called 3-m-methyl-

phenyl rhodanine, (b).

The diazonium salt was obtained by mixing

0.025moL p-toluidine arsenate with 14mL hydro-

chloric acid and adding 1.87 g sodium nitrite in the

mixture in an ice bath.

In the ice bath, 0.025moL (b) was added in 20mL

ammonia, afterward the diazonium salt was injected

in 20mL of 0.1mol � L�1 ammonium chloride and

6mL concentrated ammonia. After 1 h of stiring, the

mixture was filtrated, and the filtrate was acidized

with concentrated hydrochloric acid (at room

temperature), and precipitate was found. The

3-m-methylphenyl-5-(20-arsenoxylphenylazo) rhoda-

nine was obtained by filtrating and drying. The syn-

thetic route is shown in Fig. 1.

Physical Measurement

Data from infrared spectrogram (KCl disks, cm�1)

is as follows: v OH¼ 3371; n N¼N¼ 1240; n C¼S,

Ar–C–N¼1240; n Ortho-disubstituted¼ 764; n As¼
O¼ 900; n C–CH3¼ 3141; n benzene ring (C¼C)¼
1522, 1589, 1643.

The elemental analysis of 3MRAAP gave a com-

position (%) of C (42.43%), H (3.26%), N (9.08%),

S (14.43%), which is in good agreement with the

theoretical composition of 3MRAAP: C (42.58%), H

(3.13%), N (9.31%), S (14.21%).

Apparatus

A Perkin-Elmer LS55 fluorescence spectrophoto-

meter was used with a 1-cm quartz cell (Perkin-

Elmer). An AL204 precision electronic autobalance

(Mettler Toledo, Shanghai, China) was taken to mea-

sure chemicals used in this work. A 601 ermostatic

FIGURE 1 Synthesis route of the reagent 3MRAAP.
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water-circulator bath (Jiang Su Jin Tan, Jiang Su,

China) was used for the water bath of catalyzed

and uncatalyzed solutions. The pH measurements

were made by using a home-made PHS-3C digital

pH meter (Shang Hai Lei Ci Device Works, Shanghai,

China) with a combined glass-calomel electrode.

Reagents

All chemicals were of analytical reagent grade or

above. Doubly distilled demineralized water used

throughout was obtained by SYZ-550 quartz sub-boil

high-purified water distiller (Jiang Su Jin Tan, Jiang

Su, China).

Preparation of the TBP extraction resin:[16] 3.0 g

of polytetrafluoroethylene (grain size: 30mm) was

soaked in 3.0mL TBP–ethyl ether solution

(nTBP:nethyl ether¼ 4:6) while being mixed and then

dried in the water bath for use. This procedure was

repeated three times.

Preparation of the solid-phase extraction pole

(shown in Fig. 2): the prepared TBP was filled and

compacted in a glass tube with inner diameter

7.0mm and length 30mm, and both tube ports were

slipped with sieve plates. Then two column covers

were tightly capped on top of the sieve plates to

make sure the TBP extraction resin did not leak out

from the extraction pole.

A stock solution of gold (1.0mg �mL�1) was pre-

pared by dissolving 0.2092 g of spectrographically

HAUCl4 � 4H2O (Tianjinshi Delan Jingxi Huagong-

chang, Tianjin, China, A.R.) in 20mL 2.0mol � L�1

HCl solution and diluted to 100mL with water. A

0.1mg �mL�1 standard solution of gold was prepared

by dilution of this stock solution with water. A stock

solution containing 1.0� 10�4mol � L�1 3-(30-methyl-

phenyl)-5-(20-arsenoxylphenylazo) rhodanine

(3MRAAP) was prepared by dissolving 4.5mg of

3MRAAP with 50mL water. A 2.0� 10�5mol � L�1

standard solution of 3MRAAP was obtained by dilut-

ing the stock solution with water. A potassium acid

phthalate–HCl buffer solution was obtained by dissol-

ving 4.08 g potassium acid phthalate (Shanghai

Chemical Reagent Company, Shanghai, China) in

water and adjusting the pH with 0.2mol � L�1 hydro-

chloric acid solution to give a final total volume of

250mL. An 0.03% solution of hydrogen peroxide was

prepared by mixing 0.5mL hydrogen peroxide in

500mL water in a volumetric flask protected from

light.

Procedure

Certain volume of Au(III) standard solution (or

ore sample solution) was measured into a 10mL

color comparison tube with cover, and 1.2mL 2�
10�5mol � L�1 3MRAAP, 1.8mL potassium hydrogen

phthalate–HCl buffer solution (pH¼ 3.4), and

2.0mL 0.03% hydrogen peroxide were added in turn,

which was diluted to the standard volume. The color

comparison tube was heated in boiling water bath

for 20min, cooled with running water quickly as

soon as it came out of the water bath. This is what

is called catalyzed solution. The uncatalysed solution

is obtained in the same way except addition of stan-

dard solution of gold (or ore sample solution). The

fluorescence intensity of uncatalyzed solution (F0)

and catalyzed solution (F1) were measured at an

emission wavelength of 404 nm and at excitation

wavelength of 310 nm (slit¼ 10=10). The enhanced

fluorescence intensity (DF) was obtained by subtract-

ing the uncatalyzed fluorescence intensity (F0) from

that of the catalyzed sample or antimony standard

solution (F1).

RESULTS AND DISCUSSION

Fluorescence Spectrum

It can be found in the excitation spectra and emis-

sion spectra (Fig. 3) that the fluorescence intensity of

3MRAAP itself is very strong (curve 10), but it

quenches minorly when hydrogen peroxide is added

in (curve 20). Also, we can see from the graph that
FIGURE 2 Solid-phase extraction pole: 1, filling resin; 2,

column cover; 3, sieve plate; 4, TBP extraction resin.
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the fluorescence intensity of the catalyzed system

3MRAAP–H2O2–Au(III) is blatantly quenched than

the uncatalyzed system 3MARAAP–H2O2 (curve 30),

and it is the catalytic action of trace gold that makes

this work. The quenched fluorescence intensity has

a linear relationship against the amount of gold in

certain range of concentration of Au(III). According

to what is shown in Fig. 3, 310 nm and 404 nm have

been chosen to be the wavelength of excitation peak

and emission peak at which determination for trace

gold by 3MRAAP was carried out.

Mechanism of the Catalytic

Kinetic Reaction

It is known that there is a transformation between

the group carbonyl and the enol form in 3MRAAP

at pH 3.4 (Fig. 4), which ensured 3MRAAP

coplanar and conjugated so that it can give the

strong fluorescence emission. Neither lower pH nor

higher pH would make it. In the proposed method,

all solutions were in the buffer solution of pH 3.4,

which ensured 3MRAAP could emit strong and

steady.

Under the buffer solution of pH 3.4, H2O2 has the

ability to oxidize Auþ into Au3þ while the hydroxyl

oxygen deprotonated into oxygen ion. Energy trans-

ferred between 3MRAAP and Au3þ, which made the

Au3þ be reduced to Auþ and caused the transition

from oxygen ion to oxygen free radical. The oxygen

free radical of high level returned to the ground state

and at the same time formed ring, conjugated and

coplanar structure so that the fluorescence emission

could be measured.

The mechanism can be expressed simply as:

Au3þ � 3MTAAP�!3MRAAP� þ Au� þ E

3MRAAP��!3MRAAPþ hn

Auþ þH2O2�!Au3þ

Optimal Conditions

The following conditions were optimum in order

to obtain the greatest sensitivity. The optimal condi-

tions are shown in Table 1.

Optimal pH

Initially, the fluorescence intensity of gold with

oxidant and 3MRAAP in different mediums was

tested; these were potassium hydrogen phthalate–

HCl buffer solution, acetic acid–sodium acetic acid

buffer solution, disodium hydrogen phosphate–citric

acid buffer solution, and tartaric acid–sodium tartaric

acid buffer solution. It was found that the gold solu-

tion quenched the most in the potassium hydrogen

phthalate–HCl buffer solution. The proper pH range

was found to be 3.2�3.6, and the proper amount of

buffer solution was 1.6�2.4mL. Hence, 1.8mL potas-

sium hydrogen phthalate–HCl buffer solution at pH

3.4 was chosen as the pH conditions for further study.

Optimum of Other Chemicals

The influence of other chemicals (oxidant and the

amount of 3MRAAP) was studied at pH 3.4. H2O2,

KIO4, and KBrO3 have been tested as oxidants, andFIGURE 4 Possible mechanism.

FIGURE 3 Excitation spectra and emission spectra of system.

(1) 10 3MRAAP, (2) 20 3MRAAP-H2O2, (3) 30 3MRAAP-H2O2-Au
3þ

(4.6mg �L�1, (4) 40 3MRAAP-H2O2-Au
3þ (7.0mg �L�1, (5) 50 3MRAAP-

H2O2-Au
3þ (10.0mg �L�1
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it was found that the fluorescence intensity quen-

ched the most and stayed steadiest with H2O2 as

oxidant. The proper amount of H2O2 is 1.8�2.4mL

as tested, hence 2.0mL 2� 10�3mol � L�1 H2O2 was

selected as oxidant. The proper amount of 3MRAAP

was found to be 1.0�1.4mL, during which the

fluorescence intensity of 3MRAAP–H2O2–Au(III)

system quenched the most. Therefore, 1.2mL

2� 10�5mol � L�1 3MRAAP was chosen for further

study.

Effect of Heating Parameters

The influence of temperature was studied in the

range 70�100�C. It came to a conclusion that the

reaction speeds up in the temperature range 80�
100�C, in which DF was quenched, and the DF has

a linear relationship against temperature. The regres-

sion equation of the system is calculated to be

� lnDF¼ 8.31� 103=T� 27.53 according to the for-

mula of Arrhenius and temperature curve with the

relative coefficient r of 0.9844, and the active energy

is 69.09 kJ �moL�1.

The proposed method was tested at 100�C every

5min the range 5�30min, respectively. It was found

that the quenched fluorescence intensity DF is

directly proportional to heating time t when heated

for 3�16min, from which it can be investigated that

at the initial state, the reaction of 3MRAAP–H2O2–

Au(III) is zero order, whose regression equation

is DF¼ 5.15t(min)þ 26.99 with relative coefficient

r¼ 0.9987. The reaction rate constant k is 8.6�
10�2 s�1. The fluorescence intensity was found to

stay steady when heated from 18min to 21min,

and finally the reaction was made to be heated for

20min.

The quenched fluorescence intensity of 3MRAAP–

H2O2–Au(III) DF could stay invariable for more than

24 h.

Solid-Phase Extraction of Gold

The extraction pole was soaked in 4mol � L�1 HCl

for 20min; after being rinsed out by 10mL of

4mol � L�1 HCl, it can be used for the concentration

of gold. HCl is mostly used to flow through when

the samples are concentrated in the pole. The experi-

mental result showed that gold concentrated better

on the resin when the concentration of HCl was at

the range 2.0�8.0mol � L�1. Eventually, 4mol � L�1

HCl was chosen to flow through the pole with

sample being concentrated.

After the sample was completely concentrated, it

would be eluted from the resin. Sodium sulfite was

usually used to elute gold from the extraction resin.

Gold could be eluted well with the concentration

of sodium sulfite in the range 0.02�0.1mol � L�1,

and 0.05mol � L�1 sodium sulfite was chosen as the

eluent for further study.

It called for more than 12mL of eluent to make

sure the gold could be clearly eluted in the positive

direction if the amount of gold concentrated on the

extraction pole reached up to 10mg. On the con-

trary, if the pole was eluted in the negative direction,

at least 5mL of eluent would be necessary. In this

work, the pole was put in the negative direction after

concentration, and 6mL of sodium sulfite was taken

to elute gold from the resin. Considering the real

amount of gold determined in this work is in the

range of certain amount of some micrograms, the

eluent used is sufficient to make sure there is no gold

remaining on the extraction resin after the elution.

TABLE 1 Optimization of the Proposed Spectrofluorimetry for Antimony Determination

Variable Studied range Optimal conditions

pH 3.2�3.6 3.4

Buffer solution Potassium hydrogen phthalate–HCl; acetic acid–

sodium acetic acid; disodium hydrogen

phosphate–citric acid; tartaric acid–sodium

tartaric acid

Potassium hydrogen phthalate–HCl

Buffer solution amount (mL) 1.6�2.4 1.8

Oxidant H2O2; KIO4; KBrO3 H2O

Oxidant amount (mL) 1.8�2.4 2.0

3MRAAP amount (mL) 1.0�1.4 1.2

Temperature (�C) 70�100 100

Heating time (min) 18�21 20
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Adsorption mechanism of TBP resin[16] can be

expressed simply as:

HClþ TBP�!HCl � ðTBPÞ3
Au3þ þHCl � ðTBPÞ3�!HAuCl4 � ðTBPÞ3

HAuCl�4 � ðTBPÞ3 þ SO2�
3 �!H2SO3 � ðTBPÞ3þ

Cl� þ Au3þ

Effect of Coexisting Species

It is known that the intensity of fluorescence is

affected by the coexistence of other chemicals. The

tolerable concentration ratios of foreign species on

thedeterminationof 0.1mgofAu(III) in 10mL3MRAAP–

H2O2–Au(III) system are (the relative error is under

�5%; fold) Mg2þ (1000), Mn2þ (500), Al3þ (1000),

V5þ (1000), Zn2þ (500), Mo6þ (500), Ni2þ (300), Co2þ

(200), W(VI) (100), Cr3þ (500), Ti4þ (500), Cd2þ (50),

Sn4þ (50), Cu2þ (100), Agþ (20), Hg2þ (10), Pb2þ (10),

Pt4þ (5), Pd2þ (2); NO3
�, Cl�, F�, Kþ, Naþ, and NH4

þ

do not interfere with determination of gold. It can be

seen from the data that Agþ, Hg2þ, Pb2þ, Pt(IV), and

Pd2þ interfered greatly in the determination of gold,

but after the solid-phase extraction of gold, they

would be separated away and would no longer inter-

fere until the fold reached up to 200.

Analytical Characteristics

The proposed catalytic dynamic spectrofluorime-

try method was studied for linearity, precision, and

sensitivity. Under the optimal conditions, a linear

relationship between gold concentration and quen-

ched fluorescence intensity was obtained over the

range 0�12mg � L�1, with a regression equation of

DF¼ 59.16þ 0.92q (mg � L�1) and correlation coeffi-

cient (r) of 0.9986. The detection limit of gold was

found to be 6.0� 10�10 g � L�1 according to 11 times

parallel determination for the uncatalyzed solution.

APPLICATION

Certain amount of ore sample that was dried for

1.5 h at 110�C was accurately weighed, then it was

dissolved in aqua regia by heating for 1.0 h. After

that, 100�150mL water was added in when the

solution was cooled, then the sample solution was

obtained.

The sample solution was adsorped and eluted

according to the preconcentration and separation

of solid-phase extraction method mentioned above

and then determined with the proposed catalytic

dynamic spectrofluorimetry method. The determina-

tion results are shown in Table 2. It can be shown

that the results were in agreement with that

obtained by the official ICP-AES. We can conclude

from Table 2 that the recoveries of added gold in

the eluent after treatment can be quantitive, and

t-tests assume there were no significant differences

between recovery efficiency and 100% at confidence

level of 95%.

CONCLUSIONS

A novel spectrofluorimetry method for the deter-

mination of trace gold was established with 3MRAAP

as the fluorescent reagent, and the method was

satisfactorily applied to the determination of gold

in ore samples.

Catalytic dynamic spectrofluorimetry has been

used rarely for determination of trace gold, and like

the development of fluorescent reagents and the

combination of other methods of sample treatments,

the proposed method will surely develop further and

further and will become a powerful tool for determi-

nation of trace metal.

ACKNOWLEDGMENTS

This work was financially supported by Science

Research Foundation of Shandong Province, China

(Y2007B07), Key Subject (Laboratory) Research

TABLE 2 Determination Results of Samples

Samples Recommend (mg �g�1) Found (mg �g�1) RSD (%) Added (mg) Recovery (%) ICP-AES (mg �g�1)

Platinum mine 0.4 0.44 3.21 0.50 102.8 0.43

Copper mine 0.40 0.41 1.59 0.50 104.2 0.41

Chalcocite mine 0.58 0.55 3.82 0.50 97.5 0.60

GBW07209 0.421 0.43 1.09 0.50 101.4 0.42

47 Preconcentration and Separation of Gold(III)

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
2
:
4
9
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



Foundation of Shandong Province, China (XTD0705),

and National Eleventh Five-Year Plan, China

(2006BAJ03A09).

REFERENCES

1. Huizhi, Li; Changli, Zhou; Chuannan, Luo; Jingang, Wang. Catalytic
kinetic spectrophotometric determination of trace gold after separa-
tion and enrichment by triazole chelating resin. Chin. J. Anal. Chem.
2002, 30(9), 1077–1080.

2. Hasan Basri, Senturk; Ali, Gundogdu; Volkan Numan, Bulut; Celal,
Duran; Mustafa, Soylak; Latif, Elci; Mehmet, Tufekci. Separation
and enrichment of gold(III) from environmental samples prior to its
flame atomic absorption spectrometric determination. J. Hazard.
Mater. 2007, 149, 317–323.

3. Farag, A. B.; Soliman, M. H.; Abdel-Rasoul, O. S.; El-Shahawi, M. S.
Sorption characteristics and chromatographic separation of gold
(I and III) from silver and base metal ions using polyurethane foams.
Anal. Chim. Acta. 2007, 601(2), 218–229.

4. Chakrapani, G.; Mahanta, P. L.; Murty, D. S. R.; Gomathy, B. Pre-
concentration of traces of gold, silver and palladium on activated
carbon and its determination in geological samples by flame AAS
after wet ashing. Talanta. 2001, 53(6), 1139–1147.

5. Degueldre, C.; Favarger, P.-Y.; Wold, S. Gold colloid analysis by
inductively coupled plasma-mass spectrometry in a single particle
mode. Anal. Chim. Acta. 2006, 555, 263–268.

6. Li, Gui-min; Wu, Zhi-hao; Zhao, Ge; Ye, Wenyu; Liu, Kuaizhi. Voltam-
metric determination of trace gold(III) at a carbon-paste electrode
modified with 2-hydroxy-3-(triethylamino) propyl n-decyl thioether.
J. Instrum Anal. 2004, 23(4), 22–24.

7. Chunming, Wang; Haoli, Zhang; Yi, Sun; Hulin, Li. Electrochemical
behavior and determination of gold at chemically modified carbon

paste electrode by the ethylenediamine fixed humic acid preparation.
Anal. Chim. Acta. 1998, 361(1), 133–139.

8. Bo, Tang; Hui, Zhang; Yan, Wang. Flow injection kinetic spectro-
fluorimetric determination of trace amounts of osmium. Spectrochim.
Acta A 2005, 61(9), 2239–2244.

9. Lin, Shaoyu; Gao, Wenhua; Liu, Xiao-xuan; Chen, Yaowen. Determi-
nation of trace chromium(VI) by Catalytic Spectrofluorimetry using
pyronine Y-H2O2–Cr(VI) system. Spectrosc. Spect. Anal. 2007,
27(1), 113–115.

10. Suling, Feng; Anna, Tang; Juhui, Jiang; Jing, Fan. Spectrofluorimetric
determination of tannins based on their activative effect on the Cu(II)
catalytic oxidation of rhodamine 6 G by hydrogen peroxide. Anal.
Chim. Acta. 2002, 455(2), 187–191.

11. Afsaneh, Safavi; Mohammad, Mirzaee. Spectrofluorimetric kinetic
determination of selenium (IV) by flow injection analysis in cationic
micellar medium. Talanta. 2000, 51(2), 225–230.

12. Industrial analysis of nonferrous metal concept books. In Material
Analysis of Earth and Geology; Metallurgical Industry Publisher:
China, 1993; 70–71.

13. Yuanna, Zhu; Bo, Li; Yun, Tan. Determination of trace cobalt(II) by
catalytic dynamic spectrofluorometry. J. Univ. Jinan (Sci. & Tech).
2007, 21(1), 38–40.

14. Jinghua, Yu; Qingyu, Ou; Yan, Lu; Laiguo, Wang; Tao, Li. Study on
the synthesis of a new reagent 3-(40-fluorophenyl)-5-(20-arsenoxyl-
phenylazo)-rhodanine and the fluoresence determination of bismuth
(III). Spectrosc. Spect. Anal. 2004, 9, 1093–1095.

15. Haijian, Shi; Zhongyi, Wang; Haoxin, Shi. Synthesis of a fluorescent
reagent 3-phenyl-5-(20-carboxylphenylazo)rhodanine and its Charac-
ter. Chin. J. Anal. Chem. 1995, 23, 6. 22.

16. Hu, Qiufen; Huang, Zhangjie; Li, Haitao; Yang, Guangyu; Yin,
Jiayuan. Study on solid phase extraction and spectrophotometric
determination of uranium in environmental water with 2-[2-(4-
methylquinolyl)-azo]-5-diethylaminophenol. Chem. Online 2004,
67, 1–4.

J.-H. Yu et al. 48

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
2
:
4
9
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1


