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Fast detection of paracetamol on gold nanoparticles-chitosan 22 

substrate by SERS 23 

 24 

Abstract 25 

A fast method of detecting pharmaceutical drugs, such as paracetamol, by surface-26 

enhanced Raman spectroscopy (SERS) using gold nanoparticles substrate was studied. 27 

Gold nanoparticles were synthesized using chitosan (AuNPs-chitosan) as reductant and 28 

capping agent and subsequently deposited on glass slides as a thin film. The SERS 29 

performance of AuNPs-chitosan films were evaluated using methylene blue (MB, 10-6 30 

mol L-1) as SERS probe molecule. The method is based in drop-drying an analyte 31 

solution (paracetamol, 10-3 mol L-1) onto substrate surface and subsequently analyzed 32 

by Raman spectroscopy. The spectra were obtained in 10 seconds with two 33 

accumulations and exhibit an high signal-to-noise ratio. This preliminary study supports 34 

AuNPs-chitosan substrate as a SERS sensor, convenient analytical method for 35 

paracetamol detection and other pharmaceutical drugs molecules.   36 

 37 

Keywords: gold nanoparticles, chitosan, SERS sensor, molecules detection. 38 
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Introduction 40 

 The occurrence and fate of  pharmaceutical compounds in aquatic environment  41 

has been recognized as one of the emerging issues in environmental chemsitry.1,2 42 

Depending on the area many of these compounds are found in concentrations of around 43 

µg/kg, ng/kg and so on.1,2 For example, 4-Hidroxyacetanilide, also named paracetamol 44 

and acetaminophen, is one of the most frequently used analgesic and antipyretic drugs.3 45 

As other analgesic drugs, paracetamol rapidly becomes absorbed and distributed after 46 

oral administration and it is easily excreted in urine.4 The presence of pharmaceuticals 47 

from human medical care in aquatic environment may, however, also be caused by 48 

others sources such as landfill leachates,5 disposal of unused medication via the toilet,6 49 

and manufacturing residues.7 Several works have shown some evidences that substances 50 

of pharmaceutical origin are often not eliminated during the waste water treatment and 51 

also not biodegraded in the environment.8,9 In this context, fast methods for 52 

determination of this kind of compounds can be an efficient strategy to investigate the 53 

quality of the water after the waste water treatment. For this purpose, recently, several 54 

investigations have shown some methodologies, using SERS/Raman spectroscopy as 55 

analytical tool, to detect molecules that are found in samples collected in aquatic 56 

environment.10-12         57 

 Raman spectroscopy is a fast and non-destructive technique and it can be carried 58 

out directly on the samples without any extensive sample preparation.13,14 However, the 59 

low strength of the Raman signal is a limitation to detect molecules in low 60 

concentrations, since the Raman line is directly proportional to the concentration of the 61 

scattering component of a sample in a laser beam.15,16 Moreover, the intensity of Raman 62 

scattering (characterized by the Raman cross-section) can vary by many orders of 63 

magnitude depending on the molecules under study and the incident laser. It is 64 
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important to clarify here that the condition for a molecule to be a "good Raman 65 

scattering" is not enough to make it a good SERS probe.15,16 Then, a study of the 66 

individual Raman spectrum of the target molecule in SERS condition is an important 67 

step before proceeding with the application.  68 

 The challenge of detecting chemicals in low concentrations has been overcame 69 

by using surface enhanced Raman spectroscopy.17,18 SERS relies on electronic and 70 

chemical interactions among the excitation laser, molecule of interest, and the SERS 71 

substrate.14 The nature of the SERS enhancement of the Raman signal is caused by two 72 

contributing mechanisms.14,15 First, is the electromagnetic mechanism (long-range), that 73 

is a consequence of the interaction of the electric field (from the incident radiation) with 74 

the electrons in the metal surface, leading the excitation of surface plasmon. The second 75 

mechanism (short-range) is due to charge-transfer from the metal to the molecules 76 

adsorbed on the metallic substrate surface. The maximum SERS enhancement, up to 77 

1014-fold the normal Raman signal, typically is observed at specific positions in the 78 

substrate surface (hot spots) and only those molecule adsorbed there can gain from it. 79 

Substrates that sustain high magnitude of the SERS enhancement have been applied in 80 

the detection of biological and chemical species in several kinds of samples with high 81 

sensitivity.16-18 82 

 The stabilization of Ag and Au nanoparticles with reductant and capping agents 83 

have been reported as a promise strategy to prepare stable and efficient SERS 84 

substrates.10,11,19-21 Chen et al. demonstrated a simple method to detect sulfide in 85 

environmental and biological media at the nM level by SERS using silver nanoparticles 86 

substrate.10 Péron at al. described a quantitative SERS sensor based on gold 87 

nanoparticles for environmental analysis of naphthalene in the range of 1-20 ppm.11 In 88 

this work, is reported a simple and fast SERS sensing method for the detection of 89 
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pharmaceuticals drugs, such as paracetamol with high sensitivity. For this purpose, gold 90 

nanoparticles was synthesized using chitosan as reductant and capping agent, and 91 

subsequently deposited as a thin film on glass slides. The SERS properties of the 92 

material were probed using methylene blue as Raman probe molecule. Thus, to evaluate 93 

the possibility of employing the AuNPs-chitosan substrate in future applications, as a 94 

platform in the detection and analysis of pharmaceutical drugs, it was tested to detect 95 

paracetamol in a simple and fast method. 96 

 97 

 Experimental 98 

 Chitosan powder sample (high molecular weight, 78% deacetylated) was 99 

acquired for free from C.E. Roeper, Hamburg - Germany. Tetrachloroauric(III) acid, 3-100 

mercaptopropyl-trimetoxisilane (MPTMS), methylene blue and 4-hydroxyacetanilide 101 

(paracetamol) were purchased from Sigma-Aldrich. All chemicals were used without 102 

further purification. All glassware were cleaned with piranha solution (4:1 sulphuric 103 

acid:hydrogen peroxide) before using and then rinsed thoroughly with deionized water. 104 

 AuNPs were prepared following the procedure reported elsewhere with some 105 

modifications.22 Briefly, a solution of chitosan 1 mg mL-1 was prepared by dissolving 106 

the polymer in acid acetic solution (pH = 2.5). Due to the low solubility of chitosan, the 107 

mixture was kept under stirring for 8 h to obtain a clear solution. A mixture of 6 mL 108 

solution of 10-3 mol L-1 tetrachloroauric(III) acid and 36 mL solution of 1 mg mL-1 109 

chitosan was prepared. The AuNPs-chitosan synthesis was carried out under stirring at 110 

100 oC for 10 min, resulting in a red color solution. 111 

 Microscope regular glass slides were cut in 1.2 cm2 pieces, cleaned, and their 112 

surfaces were modified following the procedure reported elsewhere, but in the present 113 

work using MPTMS.23 The AuNPs-chitosan films were prepared by dropping 100 µL of 114 
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AuNPs solution onto thiol groups modified glass pieces. To solvent evaporation the 115 

pieces were placed into an oven at 50 oC for 15 min. To complete the films preparation 116 

this procedure was repeated more two times, drop-drying a total volume of 300 µL for 117 

each AuNPs-chitosan film prepared. Before the second and third AuNPs-chitosan 118 

deposition the films were washed with deionized water to displace any residual material 119 

of the synthesis and dried with N2 flow. 120 

 UV-visible absorption spectra of the AuNPs-chitosan solution and of the 121 

AuNPs-chitosan films were collected on an Agilent Cary probe 50 UV-vis 122 

spectrometer. High resolution transmission electron microscopy (HRTEM) images were 123 

obtained using a JEOL JEM-3010 microscope (300 kV, 1.7 Ǻ point resolution). The 124 

sample was prepared by drop-drying the AuNPs-chitosan solution on a holey carbon 125 

coated Cu grid. SERS spectra were acquired using a confocal Jobin-Yvon T64000 126 

Raman spectrometer system, equipped with a liquid-N2-cooled CCD. The excitation 127 

source was a laser at 633 nm. The laser power at the sample surface was about 7.2 mW. 128 

The laser was focused with a 100x focal-lens objective to a spot of about 1 µm. For all 129 

measurements, the laser exposure time was 10 s with two accumulation. An aliquot of 130 

50 µL of MB (10-6 mol L-1) aqueous solution was dropped onto the 1.2 cm2 AuNPs-131 

chitosan film surface. The film was dried in air atmosphere. After that, the sample was 132 

ready to be analyzed. The same procedure was used to detect paracetamol (10-3 mol L-133 

1). 134 

 135 

Results and discussion 136 

 Figure 1(a) shows the UV-vis absorption spectrum of the AuNPs-chitosan 137 

solution with surface plasmon band at 525 nm. This is the standard optical signature for 138 

the formation of AuNPs spheres in solution. A representative AuNPs-chitosan film 139 
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shows the surface plasmon band at 537 nm, indicating a red shift of 12 nm in the 140 

absorption maximum (Fig. 1(b)). This red shift is caused due to increase the refractive 141 

index of the media surrounding metallic nanoparticles.24,25 The UV-vis spectral profile 142 

of the chitosan solution (Fig. 1(c)) does not shows any absorption band at UV-vis range. 143 

As observed in the HRTEM image in Fig. 2(a) the AuNPs are immersed into the 144 

chitosan structure forming a composite. Measuring the AuNPs diameter, in different 145 

HRTEM images, is obtained an average size distribution of 5.2 nm (Fig. 2(b)). The 146 

narrow size distribution (1.5 - 12.5 nm) indicates that chitosan plays an important role 147 

of controlling the AuNPs size as well as provides a high density of gold nanoparticles 148 

on its structure. That condition is related with the short distance among the AuNPs 149 

immersed into the chitosan structure, being an appropriate condition to plasmon 150 

coupling, which promoted Raman signal enhancement. 151 

___________________________ 152 

Insert Figure 1 153 

___________________________ 154 

Insert Figure 2 155 

___________________________ 156 

 157 

 As shown in the literature, stable gold nanoparticles can be easily synthesized 158 

with excellent size control using chitosan as reductant and capping agent.26,27 Its dual 159 

role is a great advantage, once it is not necessary add other compound to promote the 160 

reaction. Despite the widespread use of chitosan in the gold nanoparticles synthesis, the 161 

reaction mechanism has not been explained. In the present work, the gold nanoparticles 162 

synthesis using chitosan was conducted in acetic acid solution. In that condition, the 163 

chitosan is soluble and the amine groups can be protonated (-NH3
+), consequently, this 164 

Page 7 of 21 Analytical Methods

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

A
na

ly
tic

al
M

et
ho

ds
A

cc
ep

te
d

M
an

us
cr

ip
t



8 
 

biopolymer reach a positive residual charge. Then, these groups can to attract the AuCl4- 165 

ions from the solution, suggesting that they are the sites where the reduction step takes 166 

place to size-controllable AuNPs. Finally, the chitosan chains, loaded of AuNPs, self-167 

assemble into larger structures as shown in Fig. 2(a). The overall reaction could be 168 

represented as illustrated in Fig. 3 according to our results and to some related 169 

researches.26,27 170 

 171 

___________________________ 172 

Insert Figure 3 173 

___________________________ 174 

 175 

  To evaluate the SERS efficacy of the AuNPs-chitosan film, Raman 176 

measurements were conducted employing MB as the model molecule.   As shown in Fig 177 

4(a), it is clear that the characteristic Raman bands of MB are very weak to be observed 178 

and the spectrum was multiplied twenty times. The bands of  MB at 1622 and 446 cm-1, 179 

which have been assigned to C-C stretching and C-N-C skeletal bending, respectively, 180 

are the most intense bands in the SERS spectrum (Fig. 4(b)). This result indicates that 181 

the MB molecules were adsorbed on the AuNPs-chitosan substrate.28,29 The bands at 182 

236 and 306 cm-1, that were not observed in the powder MB spectrum can be ascribed 183 

to Au-N and Au-S stretching of the Au-MB complex, respectively.29,30 The bands at 184 

360, 670 , 1031, and 1230 cm-1 are observed only in the MB SERS spectrum (Fig. 4(b)). 185 

At the same time, the intensities of the bands at 478 and 888 cm-1 are very prominent in 186 

the SERS condition, that is a strong evidence of this enhancement effect. 187 

 188 

 189 
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___________________________ 190 

Insert Figure 4 191 

___________________________ 192 

 193 

 To check the repeatability of the SERS spectra, measurements were made in five 194 

different points, randomly chosen, in the same AuNPs-chitosan film. The MB Raman 195 

signature is observed in all collected SERS spectra (Fig. 5). The difference was only 196 

between the relative intensities of the spectra collected from point-to-point, while the 197 

spectral position and the full width of Raman bands show no noticeable difference (Fig. 198 

5). The band at 1622 cm-1 exhibit the highest intensity, indicating that this band can be 199 

used as MB reference in future analyses.  200 

 201 

___________________________ 202 

Insert Figure 5 203 

___________________________ 204 

 205 

 The Raman signal scattered from the chitosan is very weak and it does not 206 

interfere in SERS spectra of MB model molecule (Fig. 5). This is an interesting result, 207 

indicating that this kind of substrate can be employed to detect molecules without any 208 

interference from the substrate background. As a demonstration of a practical 209 

application of the above AuNPs-chitosan substrate, it was tested as SERS sensor to 210 

detect paracetamol. Fig. 6 shows the measured SERS spectra for paracetamol powder 211 

and for paracetamol after drop-drying 50 µL of 10-3 mol L-1 solution on the AuNPs-212 

chitosan substrate.  The SERS spectra differ mainly in intensity and positions when 213 

comparing with the Raman spectrum of the paracetamol powder. Also, the SERS 214 
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spectra differ each other (Fig. 6 (b) and (c)). This can be explained based on 215 

paracetamol chemical structure,31 that can undergo deprotonation and achieve a stable 216 

equilibrium in water (inset Fig. 6). Both structures, paracetamol and its conjugated base 217 

(oxyanion), can interact with the AuNPs-chitosan substrate in different ways due to 218 

their different charges. In that situation molecules can be differently orientated on the 219 

sensor surface, resulting in different intensities and positions of some Raman bands as 220 

observed in Fig. 6. 221 

 222 

___________________________ 223 

Insert Figure 6 224 

___________________________ 225 

 226 

 The band at 1168 cm-1 for σ
ip(HCC, ip: in-plane) and for ʋ(CC) is shifted to 227 

1145 and 1154 cm-1 and also is observed in the SERS spectrum in Fig. 6(C), indicating 228 

that there are molecules attached on the AuNPs-chitosan substrate surface with different 229 

orientations.32,33 The band at 1237 cm-1 for ʋ(CC) and σip(HOC) is observed in both 230 

SERS spectra, appearing  as shoulder in the spectrum in Fig. 6(C). The band at 1258 231 

cm-1  for ʋ(C-O), σip(HCC) and ʋ(CC) appear only in the spectrum in Fig. 6(C) as the 232 

highest one, indicating that the SERS effect is operating on the system. The band at 233 

1325 cm-1, attributed to Amide III band (C-N stretch/C-N-phenyl stretch/C-N-H band), 234 

is split and becomes more intense in Fig. 6(C). The band at 1371 cm-1 for σs(CH3, s: 235 

symmetric) appear in different positions in the SERS spectra; unlike the band at 1445 236 

cm-1 for σas(CH3, as: asymmetric) is observed in the same position in the SERS spectra, 237 

but it is much more intense in Fig. 6(C). The band at 1565 cm-1 for σ
ip(HNC) and 238 

ʋ(CC) is observed only in Fig. 6(b), while the band at 1585 cm-1 for ʋ(CC) and 239 
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σ
ip(HNC) is observed only in Fig. 6(C).33 The band at 907 cm-1 observed only in Fig. 240 

6(b) could not be assigned, since any band was observed in this position in the 241 

paracetamol powder Raman spectrum. These changes observed in the SERS spectra 242 

bands are correlated with orientation differences in the paracetamol molecules adsorbed 243 

on the AuNPs-chitosan SERS sensor. The high intensity observed for some bands, in 244 

the SERS condition, indicates that the substrate is a promise sensitive sensor to detect 245 

paracetamol even in concentrations below10-3 mol L-1. This kind of SERS sensor has 246 

potential applications in the analytical field and the straightforward procedure used has 247 

several advantages as a fast and efficient method.   248 

 249 

Conclusions 250 

 AuNPs were synthesized in a simple and convenient method using chitosan as 251 

reductant and capping agent. The AuNPs-chitosan composite is easily deposited on 252 

glass slide forming a film which exhibited an excellent performance as SERS substrate. 253 

AuNPs-chitosan film showed sensitivity to detect MB in low concentration by SERS. 254 

Such AuNPs-chitosan film was employed as a SERS sensor to detect and identify 255 

paracetamol by drop-drying 50 µL onto the substrate surface. This methodology is 256 

simple, fast and cost-effective. Also, the originality and advantage of this SERS-active 257 

substrate reside in the fact that the chitosan Raman signal does not interfere on the 258 

Raman spectra of the analytes.  In the near future, AuNPs-chitosan can be employed as 259 

a sensor of other pharmaceutical drugs using the same methodology, even in low 260 

concentrations. 261 

 262 

 263 

 264 
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FIGURE CAPTIONS 322 

 323 

Figure 1. UV-visible absorption spectra of (a) AuNPs-chitosan solution, (b) a 324 

representative film prepared with AuNPs-chitosan, and (c) chitosan solution. 325 

 326 

Figure 2. (a) HRTEM image showing the AuNPs into the chitosan structure and (b) 327 

Histogram of the AuNPs average size distribution into the chistosan structure. 328 

 329 

Figure 3. Simplified schematic representation of the formation of  AuNPs-chitosan 330 

composite. 331 

 332 

Figure 4. (a) Raman spectrum of solid methylene blue powder and (b) SERS spectrum 333 

of 10-6 mol L-1 methylene blue droped onto a AuNPs-chitosan film. 334 

 335 

Figure 5. SERS spectrum of the AuNPs-chitosan substrate and SERS spectra of 10-6 336 

mol L-1 methylene blue onto a AuNPs-chitosan film recorded in five different points. 337 

 338 

Figure 6. (a) Raman spectrum of paracetamol powder, (b) and (c) SERS spectra of 10-3 339 

mol L-1 paracetamol recorded onto a AuNPs-chitosan film. Inset shows the 340 

deprotonation equilibrium of paracetamol and its conugated base in water. 341 
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Figure 1 342 

 343 
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Figure 2 346 
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Figure 3 350 

 351 

 352 

353 

Page 18 of 21Analytical Methods

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

A
na

ly
tic

al
M

et
ho

ds
A

cc
ep

te
d

M
an

us
cr

ip
t



19 
 

Figure 4 354 
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Figure 5 358 
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Figure 6. 361 
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