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Abstract

In this studya simple and very sensitive method praposed fordetermination of traceamounts of ethzndrinks based on
fluorescence quenching of thioglycolic acid (TGA3pped cadmium sulfide (CdS) quantum dots (QDs). ghenching
mechanismis attributed to the non-radiative recomion due to the esterification reaction that osdoetween ethanol and
carboxylicgroup of TGA.The determination of ethamehs carried out in samples by recording the emmss$iuorescence
intensity at555 nmN.,= 427 nm). Under optimum conditions a wide linegnamic rang was obtained between 9.2 ¥ 4ad
9.2ng/l for ethanol. The proposed method was sstads applied to the determination of ethanol galr samples including

white wine; red wine and Delesterdrink (Iranianhee
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1 Introduction

It is well known that ethanol (EtOH) is the most
common toxic substance consumed by humans[l]. The
excessive consumption of ethanol can adverselyctaffe
brain development and lead to alcohol-related roblin
later life. On the other hand ethanol could algaresent a
quality indication for food when ethanol is the guat of
food degradation [2]. Moreover in alcoholic bevasg
ethanol determines the quality of the products.ddein is
of great interest to determine ethanol in tracelledue to
its presence in many fields of the food industhesi a
desired or unwanted products. There are many mettwd
measure the amount of ethanol in real samples. Siime
them are as follows: gas chromatography (GC)[3phh
performance liquid chromatography (HPLC)[4]capilar
electrophoresis, nuclear magnetic resonance
spectroscopy[5], infrared spectroscopy[6], alcobxitlase
(AOD) based ethanol sensors[7, 8]land methods based
distillation followed by density [9]or refractivendex
measurements[10]. However Chromatographic techsique
have the major disadvantages that they are slownand
easily portable, limiting analysis to a laboratory
environment. Nuclear magnetic resonance spectrgscop
necessitates professional laboratory with speedliz
personnel and expensive equipment. Infrared spedipy
is limited in selectivity. Although AOD biosensorah
advantages in terms of selectivity and portabitityt life-
time of the sensor is not long and fabricationhef sensor
is rather complicated and expensive. Finally meshioalsed
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on distillation are time consuming. The other md#o
which have been used to determine alcohol in raaptes

are based on fluorescence probes. The fluoresqaobe
method has been increasingly employed due to its
simplicity, selectivity, and cost-effective natu@ompared

to organic fluorophores, quantum dots (QDs) exhimher
quantum vyield, Thus, QDs possess highly attractive
fluorescent properties to be ideal fluorescentdattirs for
chemical and biological assay, recently especiafly
analytical chemistry[11]. This paper describes ewn
method for selective and non-time-consuming ethanol
determination based on fluorescence quenching of
thioglycolic acid (TGA) capped cadmium sulfide (QdS
quantum dots (QDs).In this study TGA-CdS QDs waslus
as fluorescence probe for the quantitative detetiun of
ethanol. The quenched intensity of fluorescence was
proportional to the concentration of ethanol. Thecpdure

is simple, convenient and sensitive and has a liohit
detection of 3.4 x 1 ng/l without any pretreatments. In
the end the proposed method was successfully apfdie
the determination of ethanol in real samples inicigd
white wine; red wine and Delesterdrink (Iranianipee

2 Experimental
2.1 Apparatus

Fluorescence measurements were performed on a RF-
5301 spectrofluorophotometer (Shimadzu, Japan)peedi
with a xenon lamp source, , using 1.0 cm quartizvaeh a
cell holder kept in a constant-temperature wateutating
device, thermo bath TB-85 . The widths of both the
excitation and emission slits were set at 5 nm. dfitemum
excitation and emission wavelengths for CdS  Qire
found to be 427 and 555 nm, respectively.
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2.2 Materials

All experiments were carried out with analyticahde
chemicals and solvents. Doubly distilled deionizedter
was used for the preparation of all solutions.Cadmi
chloride (CdCj-5.H,0), sodium sulfide(Ns-9H0)and
thioglycolic acid (TGA) were all purchased from rsig
Aldrich and were used without further purificatidBuffer
solutions of acetate (0.5 mol/l) were prepared isgalving
the appropriate amount of acetic acid and sodiuetase in
double distilled water in pH ranges between 4 and 9

2.3 Synthesis of TGA- capped CdS quantum dots

TGA-capped CdS QDs were synthesized in aqueous
solution using a modified procedure [12].100 mIcEA
(0.05 mol/l) solution and 100 ml of CdCl0.02
mol/l)solution were mixed in a round bottom fla3ka this,
a solution of NaOH (1mol/l) was added dropwise idep
to increase the pH value to 8. White precipitatioas
appeared by adding NaOHsolution at first,and
thenprecipitation was dissolved. Finally the clsafution
was obtained. This was due to formation of Cd-Iyfaiglic
complexes with different structures at different pblues
because of different dissociation of Carboxylated an
sulfhydryl group[13].Thereaction mixture was theateel
up to 90°C in the presenceof pureargon. Afterthat 50 ml of
N&S (0.02 mol/l) was added and then the flask was
submerged in the ice-water bath for 2 minminutes! time
temperature was decreased t6@After purification QDs
was used as fluorescentnano particles.

3 Results and discussion
3.1 Fluorescence spectra of TGA-capped CdS QD

Emission spectra of TGA-capped CdS QDs have been
shown in Figure 1. As shown in Figure 1, the flsoence
intensity  Qe= 427 nm) of quantum  dots
drasticallydecreases with ethanol concentration.he T
quenching mechanism is attributed to the non-radiat
recombination due to the esterification reactiost thccurs
between ethanol and carboxylic group of TGA.
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Figurel.Fluorescencespectra of aqueous TGA-capd&d@Ds in the
presence different concentration of ethanol

3.2 Optimization of the determination
3.2.1 Effect of pH

It is clear that pH influences the fluorescencernsity
of the complex significantly. To investigate thdeefs of
pH on determinations, the pH ranges between 3 &hide8
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maximum value of FO/F was obtained when pH wa$8. (
and F are the fluorescence intensity of the aquédS
QDs without and at a given ethanol
oncentration).Therefore, the optimal pH value whesen

to be 5 in this experiment.At pH 3 and lower, theyeno
fluorescence intensity because oftheprotonatiothefthiol
groups and aggregation of the QDs. The surface firaodi
(TGA) could enhance the fluorescence intensity @sQ
through its surface passivation effects[14], bet¢hse may

be different at lower pH. It was speculated thaiAT&@ould

fall off the surface of the CdS QDs due to the gmation

of sulfur group at lower pH (3.0 and 4.0), formitigols.

The loss of the TGA from the surface of QDs induced
surface defects, which facilitated the non-radiatio
recombination, leading to fluorescence decrease.
Furthermore, it was also reported that thiols caorehse
the fluorescence intensity of QDs due to the hi@pging
capacity of mercaptan groups [15].With increasing pH

up to 5,(/F) values increases. The observed quenching is
attributed to the esterification reaction that ascbetween
ethanol and carboxylic part of TGA.With esterificat a
part of energy transfer system owing to linkingheanalyt
destroys and causes to decreasing the quantum gfeld
QDg,s0 quenching happens.The important point is tas$ t
esterification happens in slightly acidic enviromtse so in

pH of 5 we can observe the highest quenching values
(Figure2).
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Figure2.Effects of pH on the fluorescence intensity of sgstem

3.2.2 Effect of aqueous CdS QDs concentration

It was found that the concentration of QDs affeatet
only the fluorescent intensity but also the sewisiti of
thassay. As shownin Figure3, high concentration of
aqueous QDs decreases the sensitivity and cau#fes se
quenching of the QDs fluorescence. However, if the
concentration of QDs was too low, the fluorescence
intensity was also very weak, which may result arrow
linear rang. Considering those factors, 150 puL DsQvas
chosen.

3.2.3 Effect of buffer solution

The effect of buffer solution on fluorescence irsign
system was discussed.For this purpose differenfebuf
solutions such as NAPO,-NaH,PO, and CHCOOH-
CH;COOK wereinvestigated. The results showed that
CH3;COOH-CH,COOKhas the greatest effect on the
fluorescence quenching of TGA-capped CdS QD in the
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presence of ethanol (F/FO=1.8). Hence this buffas w
selected in all experiments.
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Figure 3.Effects of TGA-capped CdS @blume on fluorescence intensity

3.3 Quantitative Characteristics

Under the optimal condition the linear dynamic mng
was obtained between 9.2 x%09.2 ng/l. Calibration
equation was F/FO = 0.148+ 0.926 and correlation
coefficient was 0.997 (where FO and F are the 8scence
intensity of the aqueous CdS QDs without and atvang
ethanol concentration, and C are ethanol concéoriran
ng/l). The detection limit is 3.4 x 18 ng/land relative
standard deviation for 5 repeated determinations on
standard sample containing 5 ng/l ethanol is 1.3%.
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Figure 4 Calibration curve of the ethanol

3.4 Interference of co-existing foreign substances

Effect of foreign substances on ethanol deternonati
in real samples was investigated. In alcoholic beyes
such as wine, these included inorganic mono andletiv
cations and anions. For evaluation of the interfees,
volumes of 3 ml from distilled water which contaliGA-

capped CdS Qfand various concentrations of interfering
ions are selected. Then by using the proposed mheEHB0
value of TGA-capped CdS QOs measured versus
interference ion concentration in a water samplie. this
investigation, interference limit is considered S%viation
from the initial F/FO value. Results show that imaé such
as Li'(1000 mg/l), N& (500 mg/l), Md" (500 mgll),
C&*(500 mg/l), K'(1000 mg/l), and anion S& (1000 mg/|
), CO;?7(1000 mg/l), 1000 mg/l), CK1000 mg/l), Br
“(1000 mg/l) are not interfering. This suggests thes
method for analysis of alcoholic drinks is freenfrany
interference. The results are shown in Figure 5.
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Figure 5 Interference of co-existing foreign substs

3.6 Analytical application

The proposed method was successfully applied to the
guantitative determination of ethanol in the reahples of
various compositions such as white wine; red wind a
Delester drink (Iranian beer). Real samples weri&esp
with standard solution of ethanol and then they ewer
analysed by standard addition method. In Table 4 th
obtained recovery values for ethanol in real sampgle
listed. In the investigated concentration rangeetbfanol,
recoveries were close to 100%, which makes thegsexp
procedure applicable to the determination of ethaneceal
samples.

Also analytical characteristic of the proposed prhae
were compared with some other reported analytical
methods for the ethanol determination. The resalis
shown in Table 2. The results indicate that progose
method has wide linear dynamic range and relatitjn
sensitivity in comparison with other methods.

Table 1 Results of recovery studies in real sangpéeed with ethanol

Sample Found concentration Added concentratidh(ng Recovery (%) Added concentration (ng/l) Recovén)
White wine 14.3% (V) 5 973 8 98.4
Red wine 11.8% (vIv) 96.4 8 97.7
Delestef 10.3x10ng/| 97.2 8 98.3

Delestet Iranian beer
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Table 2 Comparison of the proposed method withratiethods

Technique Linear Dynamic Range Limit Of Detection REF
Spectrophotometery 0.1-10 % (v/v) 3x18 % (v/v) [16]
NearlR 20-50 % (v/v) - [6]
Spectrophotometric enzymatic analysis 0.05-0.5 % (v/v) 2x10 % (viv) [17]
Amperometry 0.1-0.5 % (v/v) 5x18 % (viv) [18]
Fluorescence quenching 0.092x10°-9.2x10™°% (v/v) 3.4 x 10%2% (vIv) This work

4 Conclusions

A novel, sensitiveand rapid method for determimatio
of ethanol has been developed based on the quenohin
the fluorescence of TGA-capped CdS quantum dots.The
preparation of quantum dots is very simple, fast an
economical. Also the method does not need any
pretreatments steps in analysis. The procedureegsss
the advantage of relatively wide dynamic rangeectility
and high sensitivity (expressed by the detection
limits)which may be an incentive to other workers t
consider it for determination of ethanol in tracEmally
this procedure successfully applied for determamatof
ethanol in real samples.
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