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RAPID AND SENSITIVE SPECTROPHOTOMETRY METHOD
BASED ON GOLD NANOPARTICLES FOR TRACE DETERMINATION
OF BENZOTRIAZOLE IN AQUEOUS SOLUTIONS *
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An innovative approach was developed to determine benzotriazole (BTA) in aqueous solutions. This
method was based on surface plasmon resonance (SPR) property of gold nanoparticles (AuNPs). The reac-
tion between gold nanoparticles and benzotriazole was occurred. Then, benzotriazole was determined by
spectrophotometry. Also, transmission electron microscopy (TEM) was used to show aggregation of gold
nanoparticles in the presence of BTA. The effect of various parameters such as pH, contact time, concentra-
tion of gold nanoparticles, amount of buffer, and different surfactant was investigated. The proposed method
is capable of determining BTA in the range of 10—100 ug/L with a limit of detection (LOD) 5 ug/L and limit
of quantification (LOQ) 16 ug/L. In addition, the relative standard deviation (RSD) of this method was 2.5
and 1%. Also, benzotriazole was measured in real water samples.
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Paspaboman unnogayuonnwiii no0xo0 k onpedeienuio GeH30mpuaszona 6 600HvIX pacmeopax. Memoo
OCHOBAH HA A6TIEHUU NOBEPXHOCMHO20 NAAZMOHHO20 Pe30HAHCcA Ha Hanouyacmuyax 3onoma. Cuauana npouc-
Xo0um peakyusi Medcoy HaHodacmuyamu 3010ma u benzompuasonom. 3amem cooepoicanue OeH30mMpuasoia
onpedensiemcsi chekmpogomomempuseckum memooom. C nomowpio npoceeyusaroweli S1eKmpoHHOU MUK-
POCKONUU NOKA3AHO, YMO 8 NPUCYMCMBUU OEH30MPUA30NA NPOUCXOOUM acpeayusi HAHOYACmuUY 3010Md.
Hccnedosano enusinue paziudnblx napamempos, maxkux kaxk pH, epems xonmakma, Konyenmpayus Hano4a-
cmuy 3010ma, KOIUYecCmeo 6ygepa u no8epxXHOCMHO-AKMUBHBIX BEUWECNE, HA Pe3YTbmam umMepeHus benH-
sompuaszona. Ilpeonoscennviil cnocobd no3eonsem onpeoeiims cooepicarue OeH30mpuazona 8 ouanazoue
konyenmpayuii 10—100 mxe/n ¢ npedenom obHaApyd’CEHUS 5 MK2/T U NPEOeoM KOIUYECEEHHO20 Onpedee-
Hust 16 mxe/n. Omuocumenvhoe cmanoapmuoe omrionenue memooa 2.5 u 1%. Ilpeonazaemuiii memoo npu-
MeHeH OJisl USMEPEHUS COOEPHCAHUSL OEH30MPUA3Z0LA 8 PEATbHbIX 00PA3YAX 800bl.

Kntoueswie cnosa: benzompuason, Hanouacmuybsi 3010md, CHeKmpogomomempus, peaivbhvlie npodsl 800bl.

Introduction. Benzotriazole (BTA) is a high-production-volume chemical that has applications in both
industrial and household [1, 2]. BTA is a heterocycle that has two fused rings and three nitrogen atoms. Its
structure is shown in Fig. 1 [3]. BTA is used as electrolyte additive [4], antifungal agents [5], deicing
fluid [6], medicinal chemistry [7, 8], as well as corrosion inhibitors [9, 10]. BTA is widely distributed in sur-

** Full text is published in JAS V. 87, No. 2 (http://springer.com/journal/10812) and in electronic version of ZhPS
V. 87, No. 2 (http://www.elibrary.ru/title_about.asp?id=7318; sales@elibrary.ru).
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face water such as rivers and lakes. The presence of BTA has been reported in sediment and sewage
sludge [11], surface water [12], and groundwater [13]. Concentration levels from 0.1 to 6 pg/L are environ-
mental pollutants. Measurement of BTA is important because even low concentrations of BTA, have nega-
tive effects on aquatic organisms and human health [14, 15]. Several methods have been reported for deter-
mination of BTA, including liquid chromatography—high resolution mass spectrometry method [16], solid
phase microextraction-gas chromatography-triple quadrupole mass spectrometry (SPME-GC-QqQMS) [17],
chromatographic methods [18], gas chromatography—mass spectrometry (GC-MS) [19], gas chromatog-
raphy (GC) with quadrupole time-of-flight mass spectrometry (QTOF-MS) [20], gas chromatography—
tandem mass spectrometry (GC—MS/MS) [21], air-assisted liquid-liquid microextraction coupled with high-
performance liquid chromatography [22], and so on. These methods are time-consuming, expensive, and
polluting. Therefore, other methods, such as spectrophotometric methods, can be used for this purpose.
Spectrophotometric methods have many advantages, including instrument availability, ease of operation, low
cost, speed, precision, and accuracy. In this study, gold nanoparticles (AuNPs) were synthesized, and trans-
mission electron microscopy (TEM) was used to characterize AuNPs. Surface plasmon resonance (SPR) is
one of the interesting characterizations of AuNPs that shows a special optical behavior. This property con-
verts the red color of AuNPs solutions to blue after the aggregate of nanoparticles [23]. Surface plasmons are
quanta of plasma; a surface electromagnetic wave is a wave whose propagation is limited to the metal-
dielectric interface. The surface plasmon can be stimulated by the evanescent wave, and this phenomenon is
called SPR [24]. In this research, an ultraviolet-visible spectroscopy (UV-Vis) method was used based on
AuNPs for determination of trace BTA in aqueous solution. The aim of this study is to show that the detec-
tion sensitivity can be significantly improved to pg/L level by monitoring the signal changes of high UV-Vis
by AuNPs. This method uses spectrophotometry techniques and does not require extraction. It is inexpen-
sive, simple, and safe.
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Fig. 1. (a) Overlaid UV-Vis spectra of AuNPs—BTA from 10-150 ng/mL with color changes (A-G),
(b) UV-Vis spectra of AuNPs in the absence (red) and presence of BTA (blue).

Experimental. Apparatus. A UV-Vis spectrophotometer (Genesys 10s, American) equipped with
1.0 cm quartz cells was used for spectrophotometric measurements. A pH meter was utilized to adjust the pH
values of the solutions (Inolab wtw720, Germany). The characterization of the nanoparticles was analyzed
by TEM (Zeiss-EM10C-100 kV, Germany).



ABSTRACTS ENGLISH-LANGUAGE ARTICLES 347-3

Materials and reagents. Benzotriazole with purity 95%, Acetone 99%, tetrachloroauric(Ill) acid trihy-
drate (HAuCls-3H,0) 99.5%, trisodium citrate dihydrate 99%, oxalic acid 99%, nitric acid 65%, sodium hy-
droxide 99%, zinc sulfate heptahydrate (ZnSO4-7H>0), silver nitrate (AgNO3), copper(Il) sulfate pentahy-
drate (CuSO4-5H,0), mercury(Il) nitrate (Hg (NO3)2), manganese(Il) chloride (MnCl,), ammonium chloride
(NH4CI), calcium carbonate (CaCOs), ferric chloride hexahydrate (FeCls-6H,0), and ferrous sulfate
heptahydrate (FeSO4-7H20) were purchased from Merck (Darmstadt, Germany). Also, double distilled water
was used.

Preparation of benzotriazole solution. A stock solution of 1000 mg/L of BTA was prepared by dissolv-
ing 0.100 g of the BTA in acetone and diluting to 100 mL in a volumetric flask.

Preparation of tetrachloroauric acid solution. 0.01 g of tetrachloroauric(IIl) acid trihydrate was dis-
solved in distilled water and adjusted to the mark in a 100 mL volumetric flask. This solution was used to
prepare gold nanoparticles.

Citrate solution. 1 g of trisodium citrate dehydrate was dissolved in a 100 ml volumetric flask.

Synthesis of gold nanoparticles. Trisodium citrate was used as reducing agent; 100 ml of the tetrachlo-
roauric acid solution was heated. Then 3 ml of citrate solution was added to the stirring solution rapidly.
Color changes were observed after 5 min. First, a gray solution was obtained, then purple, and eventually
red. After the red color appeared, stirring and heating of the solution continued for 3 min. Then the solution
was cooled at room temperature [23]. The preparation procedure is schematically shown in Fig. 1a. In addi-
tion, Fig. 1b shows the sample and control absorption spectra, the maximum wavelengths are in the region of
520 and 650 nm. By adding BTA, the absorption was transferred from 520 to 650.

Preparation and spectrophotometry analysis procedure of the test solution. 1 mL of prepared AuNPs
solution (50 uM), 1 mL of oxalate buffer (pH 3.5) and different concentrations of BTA were added to 10 mL
volumetric flasks and the whole diluted with double distilled water. Then, the solution was stirred. After that,
a portion of this solution was transferred to a 1 cm spectrophotometer cell to record the absorbance spec-
trum. The same procedure was applied to the blank solution without the presence of BTA.

Preparation of real sample. Ramin power plant cooling water and drinking water of Ahwaz city were
selected as real samples. The samples were kept in the refrigerator for 24 h. Then the water samples were
filtered by filter paper to remove suspended particles. BTA was added to a final concentration of 5 and
20 pg/L. Different concentrations of BTA were spiked into each water sample (every 100 ml). Then 0.2 ml
oxalate buffer (pH 3.5) and 1 ml of AuNPs solution (50 uM) were added and the whole stirred. Finally, the
BTA content of each sample was determined at optimum conditions by a spectrophotometer.

Results and discussion. TEM analysis. Figure 2 presents the TEM image of the AuNPs, which identi-
fies an average size of 18 nm. This effect was related to the interaction between nitrogen atoms of BTA and
gold.

Fig. 2. TEM images of AuNPs (a) before and (b) after adding BTA.

Optimization. The effect of pH on the absorbance of the system over the range of 2.5-9 was investigat-
ed. As shown in Fig 3a, the maximum pH is 3.5 in a volume of 10 mL at a concentration of AuNPs
of 50 umol/L and a concentration of BTA of 100 ng/mL.

AuNPs are negatively charged particles. Therefore, the reaction between AuNPs and BTA occurs at a
reduced pH due to AuNPs neutralization [25]. Also, three buffers, including phthalate, formate, and oxalate,
were investigated to choose the suitable buffer. For this purpose, the oxalate buffer proved to be the best
buffer; 1.0 mL of oxalate buffer was selected as optimum. The results are shown in Fig 3b.
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Due to the undeniable significance of AuNPs concentration and the role of it in this method, different
concentrations of AuNPs were used to study the absorption spectra. Figure 3¢ shows that there is a positive
correlation with increasing amounts of AuNPs due to Ass0/4520 ratio. Therefore, the optimum concentration
of AuNPs was 50 uM.

In addition, the effect of surfactant concentrations on the measurement of BTA was studied in 10 ml of
20 pg/L solution BTA. At this stage, TX100 (neutral surfactant), CTAB (cationic surfactant) and SDS (ani-
onic surfactant) were used. The results are shown in Fig. 3d. The presence of surfactant created an aggrega-
tion phenomenon, which reduced the absorption of nanoparticles. The results show that in the presence of
cationic surfactants such as CTAB, absorption can be reduced in AuNPs and nanoparticles with BTA. Also,
anionic surfactants were studied, and it was observed that the intensity of absorbance for both solutions was
significantly reduced. Based on these results, it can be seen that the highest absorption and sensitivity were
obtained in the absence of surfactant.
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Fig. 3. Effect of (a) pH, (b) buffer, (c) change in the concentration of AuNPs,
and (d) surfactant concentration on the surface plasmon intensity.

Furthermore, the effect of interaction time on absorption spectra was investigated in the range
of 1-20 min. In all the cases, the absorption spectra did not change dramatically and fall in a straight line.
This means that the interaction between BTA and AuNPs does not require time and is fast.

Interference studies. Under the experimental conditions, a number of cations and anions including Cu?",
Mn?*, NH*, SOs%", Hg*", Ag", Fe*", Pd*', Ca®*, AI**, and Zn*" were investigated for the interference effect
on the determination of 100 pg/L of BTA. The tolerance limit was defined as the maximum concentration of
potentially interfering ions that cause 5% error in the determination of BTA. Table 1 shows that the devel-
oped method is relatively selective for the determination of BTA. Also, the results indicated that the in-
volved ionic species had no significant, measurable impact.

TABLE 1. Effect of Different Interference Species on the Measurement of BTA

X = Specified species Concentration of interfering ion, pug/L Tolerance limits [X]/BTA
Cu*", Mn?", NH*, SO5* 100 1000
Hg** 5 50
Ag’, Fe*", Pd* 2 20
Ca*', A", Zn** 1 10
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Calibration graphs and detection limits. Under precisely controlled conditions, the calibration graph
was obtained by plotting absorbance values versus the BTA concentration. The calibration graph showed
good linearity in the range of 10~150 ng/mL with correlation coefficient R> = 0.9941 as shown in Fig 4. The
limit of detection (LOD) is the analyte concentration producing a signal equal to the blank signal, ys, plus
three standard deviations of the blank signal, sg [26]:

LOD = yg+ 3ss. ()
It was found to be 5 pg/L. The precision of the method was evaluated by performing eight repeated meas-
urements of solutions containing 40 and 120 pg/L of BTA. Furthermore, the relative standard deviations
(RSD) for these determinations were 2.5 and 1%, respectively.
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Fig. 4. Calibration curve for determination of BTA from 10-150 ng/mL.

Determination of BTA in water samples. In order to verify the proposed method, the developed proce-
dure was applied for determination of BTA in real water samples. Recovery tests were used to assay the reli-
ability and accuracy of the method. The BTA content of different water samples and recoveries of added
analytes were evaluated. The results are summarized in Table 2, which shows that it was possible to deter-
mine the BTA concentration in real sample solutions using the proposed method outlined in this investiga-
tion. Recovery was calculated using the following formula [27]:

Recovery (%) = Measured/Expectedx100.

Comparison with the other methods. The proposed method was compared with the other methods, and
the results are summarized in Table 3. The results indicate that the accuracy of the proposed method is satis-
factory. Also, LOD and RSD of this method are close to or better than the previous reported methods.

TABLE 2. Analytical Results of Measurement by the Proposed Method (z = 5) in Water Samples

Sample BTA added, pg/L BTA found? ng/L Recovery, %
- 5.940.05
Ahwaz drinking water 5 10.510.06 92.00
20 2540.06 95.50
Ramin power plant - 63.5£0.09
cooling water 5 68.3+0.06 96.00
20 82.240.07 93.50

aMean * standard deviation.

TABLE 3. Comparison of Several Methods for Determination of BTA

No. Method Linear range, LOD, RSD, % Real sample References
ng/mL ng/mL
1 SPE? - 0.001- <15 river water [28]
0.1 and sewage
2 Extraction 500-10000 — 6 soil samples [29]
3 SPME® 2.5-100 2 6.0-0.6 tap water [17]
4 1-150 5 2.5 (40 drinking water and Present stud
Spectrophotometry 1 (1(20)) indus‘?rial water !

 Solid phase extraction.
®Solid-phase microextraction.
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Conclusions. This study can be summarized as follows. A new optical method for the sensitive spectro-
photometry detection of BTA based on surface plasmon resonance absorption peak of AuNPs was devel-
oped. Stable and dispersed AuNPs were applied using a simple, rapid, and environmentally-friendly proce-
dure by applying citrate. In the presence of BTA, plasmon intensity of AuNPs decreases (the absorbance
change at Amax, 650 nm, was used for determination of BTA). The proposed method is easier and more cost
effective than existing methods for the measurement of low amounts of BTA. Thus, this method can be used
for the determination of BTA in the range of 10-150 pg/L with a limit of detection 5 pug/L in both industrial
and drinking water. Important factors such as pH, contact time, concentration of AuNPs, role of surfactants,
and ionic species contribution were evaluated. None had a significant and measurable impact.
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