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ABSTRACT 

Surface-enhanced Raman spectroscopy (SERS) is a sensitive analytical tool used in the 

pharmaceutical field in recent years. SERS keeps all the advantages of classical Raman spectroscopy 

while being is more sensitive allowing its use for the detection and the quantification of low-dose 

substances contained in pharmaceutical samples. However, the analytical performance of SERS is 

limited due to the difficulty to implement a quantitative methodology correctly validated. 

Nevertheless, some studies reported the development of SERS quantitative methods especially in 

pharmaceutical approaches. In this context, this review presents the main concepts of the SERS 

technique. The different steps that need to be applied to develop a SERS quantitative method are 

also deeply described. The last part of the present manuscript gives a critical overview of the 

different SERS pharmaceutical applications that were developed for a non-exhaustive list of 

pharmaceutical compounds with the aim to highlights the validation criteria for each application. 
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Introduction 

Assisted by technological instrumentation advances, Raman spectroscopy has recently become one 

of the most popular analytical techniques used in the pharmaceutical field. It has been proved to be 

a valuable tool in many applications such as in polymorphic study [1], identification of raw materials 

[2], counterfeits detection [3], quantitative determination and homogeneity studies of active 

pharmaceutical ingredient (API) in solid dosage forms [2,4]. Furthermore, it can also be used to 

improve the understanding or the control of a pharmaceutical process through its implementation 

in PAT (Process Analytical Technology) analyses [5]. The attention devoted to Raman spectroscopy 

can be explained by the possibility to quickly provide key information on the physical and chemical 

properties of the molecules without sample preparation [6,7]. Moreover, itis a non-destructive and 

non-invasive technique which can be used for qualitative and quantitative analyses. 

Fig. 1. Evolution of the SERS technique in pharmaceutical field. (Scopus©) Keywords: ‘surface enhanced Raman 

spectroscopy’ AND ‘drugs’ OR ‘pharmaceutical’. 

 

Despite the wide application range of Raman spectroscopy in the pharmaceutical field, this 

technique remains limited by the appearance of fluorescence and by the weak signal intensity 

preventing its use in the detection of very low-concentrated or colored compounds. Surface 

enhanced Raman spectroscopy (SERS), which has been an exponential technique in the 

pharmaceutical domain since several years as illustrated in Fig. 1, can be a solution to overcome 

these issues. SERS enables to increase the intensity of the Raman scattering from molecules which 

are in direct contact or very close (less than 10 nm) to metallic nanostructured substrates commonly 

reported as SERS substrates. These SERS substrates, based on a noble metal (mainly gold or silver), 
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act as antennas exalting the Raman scattering through the plasmon resonance excitation. The 

exaltation of the signal varies by a factor of 103 to 1011 depending on the nature of the target molecule 

and the type of SERS substrate used [8,9]. 

Although the SERS theory is still not perfectly understood, the results observed in recent years 

highlight its potentiality as a sensitive analytical tool perfectly suited for pharmaceutical research. 

Some approaches were developed to use SERS in pharmaceutical and illegal tablets investigations 

in the case of low drug concentrations. These researches have resulted in extremely low detection 

limits up to ppb (parts-per-billion) level of illicit compounds or impurities, while acquiring 

quantitative information regarding the spatial distribution in the pharmaceutical product. 

In this context, this review is dedicated to the comprehension of the SERS technique and to give a 

critical overview of several applications related to the use of SERS in the pharmaceutical field. The 

main concepts of the SERS exaltation and a non-exhaustive list of various substrates that can be 

used will be broached, but the different steps that have to be taken into account in SERS quantitative 

method development will also be described. 

SERS concept 

 DISCOVERY OF SERS 

The SERS effect was discovered in 1974 by Fleischman et al. [10] which observed a significant 

increase of the Raman band intensity of pyridine adsorbed onto a silver electrode. Afterwards, 

numerous works on the subject such as those of Creighton and Albrech [11], Jeanmaire and Van 

Duyne [12] in 1977 permitted to study the important parameters of the exaltation effect which are 

related to the surface state and the nature of the metal, but also to the wavelength of the excitation 

source. The work of Moskovits [13] in 1978 enabled to distinguish two types of contributions which 

can be observed in the SERS exaltation: an electromagnetic and a chemical mechanism. The first 

one is the main contribution to the exaltation and is independent of the probed molecule, in other 

words it is applicable to any type of analytes as long as it is located a few nanometers from the 

surface of the SERS-active substrate. On the other hand, the second one depends heavily on the 

nature of the molecule, and involves the formation of new molecular states and chemical bonds due 

to the direct interaction with the SERS surface [14]. 



Published in : Journal of Pharmaceutical and Biomedical Analysis (2018), vol. 147, pp. 458–
472 
DOI: 10.1016/j.jpba.2017.06.056 
Status : Postprint (Author’s version)   

 

 

SERS SUBSTRATES 

From the reviewed literature about the applications of SERS in the pharmaceutical field, a very large 

range of SERS substrates is commonly used by the different research groups to perform repeatable 

qualitative and quantitative analyses. Generally, gold and silver are the most common metals used 

for SERS applications due their surface plasmon resonance effects in the visible and the near 

infrared wavelength ranges [15]. Despite the wide variety of new SERS substrates developed, 

colloidal suspensions are still the most employed SERS substrates taking account of their many 

advantages such as the ease of their synthesis and implementation, their stability and their very low 

cost. The common procedure used to prepare these colloids is the chemical reduction described by 

Lee and Meisel [16] involving the reduction of the metal salt with sodium citrate. However, further 

synthesis protocols described in the literature used different reducing agents such as sodium 

borohydride, hydroxylamine hydrochloride and hydrazine [17–21]. More rarely, other techniques 

such as laser ablation and photoreduction are employed to synthesize metallic colloidal 

suspensions [22]. Regarding SERS analyses, numerous experiments have been carried out to prove 

that the SERS activity is dependent on the size, the shape and the arrangement of the metallic 

structure [23,24]. In this context, multiple strategies were developed in order to control the 

morphological form of nanoparticles in different designs such as nanorods, nanocubes, nanoprims, 

and nanostars as can be seen from reviewed literature dedicated to this topic [25–27]. Nevertheless, 

the areas of very large electromagnetic enhancement, called “hot spots”, generally located in a tiny 

gap between two metallic nanoparticles after aggregation, are randomly distributed. The non-

uniform distribution of the SERS signal enhancement from hot spots has prompted researchers to 

develop new reproducible and uniform nanostructures. In this sense, Fan et al. [26] described in a 

review the different fabrication methods of nanoparticles immobilized on planar solid support. 

The characterization of the SERS substrates is a critical step before SERS analyses in order to ensure 

the good uniformity and repeatability of the SERS signal enhancement. The characterization of the 

nanoparticles can be carried out by a multitude of techniques which can be found in the literature 

[22] as showed in Fig. 2. The most widely used technique to get an overview of the morphological 

criteria is electron microscopy. Consequently, Transmission Electron Microscopy (TEM) or Scanning 

Electron Microscopy (SEM) are often applied [28,29]. However, these techniques require time for 

sample preparation and are relatively expensive. They are mainly used to compare and validate 

other fast and simple characterization approaches such as UV - Visible spectroscopy. Indeed, the UV 
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- Visible spectrum gives information about the average nanoparticles size through the position of 

the peak related to the maximum absorption wavelength of the colloidal solution. The full width half 

maximum (FWHM) can also be used to estimate the nanoparticles size distribution, a larger peak 

being the result of a greater size distribution [18]. Moreover, Dynamic Light Scattering (DLS) and 

Laser Dopler Electrophoresis (LDE) are used to measure respectively the mean size and the 

polydispersity, and the zeta potential of nanoparticles. The zeta potential depends on the pH of the 

colloidal solution and provides information about the stability of the nanoparticles which must have 

enough positive or negative charges on their metallic surface in order to maximize the electrostatic 

repulsion between them [30]. Therefore, it is generally admitted that the colloidal solutions must 

have a zeta potential greater than + 30 mV or lesser than - 30mV to be stable [31]. The 

characterization of nanoparticle SERS substrates makes it possible to estimate the repeatability of 

the SERS substrates from batch to batch, which is critical in quantitative SERS analyses [32]. 

Fig. 2. Different characterization techniques of nanoparticles. 
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OPTIMIZATION OF SERS CONDITIONS 

After having characterized the SERS substrate, various parameters have to be considered to ensure 

the high and repeatable SERS signal enhancement. For example, the volume and the concentration 

of the target analyte, aggregating and/or functionalization agents, but also the pH and volume of 

the colloidal suspension subjected to the SERS analysis are crucial parameters and need to be 

optimized. The aggregation of metal nanoparticles by the addition of an aggregating agent is 

essential to achieve a better SERS enhancement [33]. Indeed, an aggregating agent modifies the 

ionic strength and reduces the electrostatic barrier, allowing the nanoparticles to get closer to each 

other in order to create hot spots, and closer to the analyte of interest. Many different types of 

aggregating agent can be found in the literature, including in particular the addition of polymer or 

long-chain ions and electrolytes [15]. Regarding electrolytes, two types can be distinguished, on the 

one hand, passive electrolytes such as KNO3 or MgSO4 changing the ionic strength of the 

nanoparticle suspension. On the other hand, active electrolytes such as KCl able to modify the 

surface charge of metal colloids in addition to also change the ionic strength. 

Functionalization agents can moreover be added to the nanoparticle colloid to improve the 

selectivity towards the target analyte. Indeed, some molecules have a native affinity for metallic 

nanoparticle surfaces, such as the compounds having an amine group or a thiol group in their 

structure, which facilitates their SERS detection. Other molecules do not have this affinity and are 

therefore not attracted by the metallic surface. This low affinity of the analyte for the metallic 

nanoparticles can be overcome through the surface functionalization with chemical groups which 

enable to create strong covalent bonds between the analyte of interest and the SERS substrate, 

increasing the sensitivity and the selectivity of the detection [34,35]. 

In order to obtain repeatable and high SERS enhancements, the parameters cited above have been 

taken into account due to their significant impact on experimental SERS analyses. However, they 

are interdependent and must be optimized for the research purpose before beginning the analysis 

[36]. For this reason, the use of design of experiments is mentioned in the literature in order to 

provide the optimal SERS conditions considering all the factors but also the interaction between 

them without using the principle of one factor at a time [36–38]. Moreover, the design of experiments 

approach contributes to saving time related to the number of experiments to be carried out. 
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SERS DATA ANALYSIS 

Before obtaining quantitative information about impurities or low-dose compounds, a pre-

processing step on the SERS spectra is necessary in order to make the desired information more 

accessible. Indeed, the SERS spectrum acquisition may be perturbed by cosmic rays (spikes) and by 

scattering or fluorescence effects. These disturbances might be due to the physical properties of the 

samples or to the spectrometer used. As a result, mathematical corrections such as spikes and 

baseline corrections are necessary before data analysis. Once this preliminary step has been carried 

out, the desired information can be obtained either by a univariate or a multivariate approaches. 

The univariate approach consists to extract the relevant information from the area or the intensity 

of peaks related to the analyte of interest. It has the disadvantage of not taking on board the entire 

spectrum. Moreover, the peak of interest can be distorted by interferences related to other adjacent 

peaks corresponding to further compounds, especially in complex matrices. 

An alternative approach to extract the relevant information in complex matrices regarding the 

studied compound is the use of multivariate data analysis. Various algorithms in SERS analysis were 

applied using exploratory techniques such as Principal Component Analysis (PCA) or regression 

techniques such as, for instance, Classical Least Square (CLS) and Partial Least Square (PLS) [39]. 

The theory of these algorithms was previously described in detail in various reviews [40,41]. Semi-

quantitative technique as Multivariate Curve Resolution with Alternating Least Squares (MCR-ALS) 

[42] was also applied. For example, it used for SERS analyses in biological fluids (urine, blood. . .) 

where strong matrix effects can occur, with band overlaps and interferences with bands related to 

the target analyte [43–45]. Moreover, the MCR-ALS method, as shown in Fig. 3, is the algorithm the 

most frequently used in the framework of SERS chemical imaging which combines the advantages 

of SERS measurements and the ability to provide spatial information about the distribution of a 

compound in a sample. SERS chemical imaging will be further discussed in the following 

paragraphs. The MCR-ALS algorithm decomposes the bi- dimensional matrix D of spectral data in a 

bilinear model given below: 

 

Where C is the pure concentration matrix, ST is the transpose matrix of pure spectra and E is the error 

matrix. The number of initial constituents must be known or estimated before the initialization of 

the matrices C or S. In general, the matrix C is unknown and the matrix S is initialized experimentally 

by pure spectra acquisition or by different mathematical approaches: SIMPLISMA (SIMPLe-to-use 
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Interactive Self-modeling Mixture Analysis) [46], OPA (Orthogonal Projection Approach) [47], ICA 

(Independent Component Analysis) [48], VARCLUS (VARiable CLUStering) [49] and so on. The 

advantage of MCR-ALS method is the possibility to apply constraints such as non-negativity, closure 

or local-rank during the iterative process in order to restrain the space of the decomposition 

solutions and to improve the resolution of the system. A non-exhaustive list of publications refers to 

the application of constraints in MCR-ALS to imaging techniques in the pharmaceutical field [50–52]. 

Pharmaceutical applications 

In this section, the development, optimization and validation of quantitative SERS analyses and of 

SERS chemical imaging methods will be broached. In addition, some examples of SERS applications 

in the pharmaceutical field will be listed. 

QUALITY CONTROL WITH SERS IN THE PHARMACEUTICAL FIELD 

Considering its many advantages, SERS may become a reliable analytical tool in pharmaceutical 

research. Its high sensitivity and specificity makes SERS an appropriate technique for the quality 

control of pharmaceutical products such as the identification and detection of impurities or drugs 

in low-dose, the homogeneity distribution of APIs or even quantitative analyses [53]. However, to 

the best of our knowledge, the scientific literature is poor regarding the evaluation of the real 

analytical performances, the development and the validation of the SERS methods. 

Table 1. Validation criteria obtained from the ICH Q2 document considered for the type of analysis cited [57]. -: 

criterion not normally evaluated; +: criterion normally evaluated. 
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METHOD VALIDATION OF SEMI-QUANTITATIVE AND QUANTITATIVE ANALYSES 

With the aim of developing a quantitative SERS method to determine the concentration or the 

distribution of compounds in a pharmaceutical formulation, a mandatory step, after the method 

development, is the method validation. The method validation is a process used to demonstrate the 

analytical performances of a method according to its intended use and to give enough guarantees 

in the framework of routine analyses. In this context, guidelines were published by the 

pharmaceutical regulatory authorities in order to demonstrate if the method is fit for the aim and 

can be considered as valid for quantitative analyses [54]. Some authors have determined validation 

criteria in the guidance document from the International Conference on Harmonization (ICH) that 

should be considered during the validation step of analytical procedures. Considering the detection, 

semi-quantitative or quantitative analysis of a low-dose compound, the validation parameters 

required are listed in Table 1. 

There are very few examples of publications dealing with quantitative method development 

including these validation criteria in the procedure in order to validate the analytical method. The 

validation criteria the most commonly reported are the coefficient of determination (R2) of the 

calibration curve and the concentration range, in order to evaluate the relationship between the 

concentration and the SERS signal in quantitative trace detections [37,38,44,55]. However, 

considering a quantitative SERS method, this criterion is not sufficient to assess the validity of the 

method according to the pharmaceutical regulatory requirements. The lack of validated method can 

be explained by the difficulty to synthesize in a repeatable way SERS substrates from batch to batch. 

The evaluation of the limit of detection (LOD) in SERS analyses is a key parameter in order to 

determine the sensitivy of the method. The LOD is defined as the lowest analyte concentration of a 

sample which can be reliably detected by the analytical method. This detection limit criterion is very 

discussed in the field of analytical chemistry due to the multiple definitions and methodologies 

applied to evaluate this latter. SERS technique is not an exception to the rule, and for this reason 

Massarini et al. [56] proposed four different approaches to determine the LOD of ten narcotic drug 

analytes. The first one is a general formula to calculate a one-sided prediction interval (at significant 

level α = 0.05) for the mean value of blanks. The equation is given below: 

LOD = ȳ blank + 3.SDblank      (2) 

With ȳ blank the mean value of blank signal and SDblank is the standard deviation. Once the LOD signal 

is determined, it is then possible to calculate the corresponding concentration by a Langmuir 
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function. The use of the Langmuir equation is reported in detail in various papers of Izquierdo-

Lorenzo et al. to calculate the LOD of doping drugs by SERS [57–59]. The second and the third 

methodologies applied a one-sided prediction interval of a linear regression line. The authors used 

these approaches when the LOD signal obtained is outside the linear calibration range, the 

concentration is then estimated by a linear regression or a non-linear regression after logarithmic 

transformation. The last calculation method employed by Massarini and co-workers was the use of 

receiver operating characteristic (ROC) curves to determinate the LOD [56]. A ROC curve is a plot of 

the probability of true positive rate (y-axis) versus the probability of false positive rate (x-axis), which 

represents a plot of sensitivity against specificity 

Fig. 3. Reshape of the hyperspectral image in a bi-dimensional dataset and decomposition of the matrix D of 

spectral data into a matrix C of concentrations, a matrix ST of pure spectra and a residual matrix E. 

 

. A threshold is then interpreted as the LOD and defined as the shortest distance to the coordinate 

(0,1) considered as having no false positive or false negative events. The method is explained in more 

detail in the paper [56] and also applied by Inscore et al. for the detection of drugs in saliva by SERS 

[60]. 

In addition to the LOD, further parameters are applied to assess the validity of a SERS quantitative 

method. Indeed, the selectivity of the method, the limit of quantification (LOQ) or the concentration 

range referred as a linear dynamic range are parameters that should also be considered depending 

on the goal of the study. 
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DEVELOPMENT OF SERS CHEMICAL IMAGING 

In recent years, the use of SERS chemical imaging has increased in various fields, especially in food 

industry [61,62], biomedical [63,64] and pharmaceutical sciences [65–68]. In the pharmaceutical 

field, its interest is particularly growing in the quality control of the quantitative distribution of API 

and excipients in various pharmaceutical forms. SERS imaging combines the advantages of SERS 

with a spatial dimension which makes it possible to identify the presence of low dose compounds 

on the surface of a pharmaceutical solid form while visualizing their distribution. However, the 

applications of SERS chemical imaging in the pharmaceutical field remain limited, especially due to 

the difficulty of obtaining a homogeneous deposit of nanoparticles on the sample surface. 

The covering method of nanoparticles on the sample surface is a major issue for SERS imaging 

analyses, because the colloidal solution deposit is not controlled, therefore preventing a 

homogeneous distribution of hot spots over the entire surface of the sample. Many coating 

techniques are used to produce uniform nanoparticles coating on flat surfaces such as drop casting, 

spin coating or adsorption coating as illustrated in Fig. 4 [69]. The first one is the most used for SERS 

chemical imaging [65–67]. However, the intensity of the SERS signal of the analyte measured at 

different places of the deposit is very variable due to a “coffee ring” effect which concentrates the 

nanoparticles at the edge of the droplet after adsorption resulting, in an inhomogeneous covering 

as shown in Fig. 4a. The spin coating illustrated in Fig. 4b, are mainly used for the manufacture of 

conductor materials. Nevertheless, others methods such as spray coating could also be investigated 

as coating techniques for SERS chemical imaging. However, none are listed in the literature yet. 

De Bleye et al. [67] compared the homogeneity of the SERS colloid distribution on a tablet surface 

using two different approaches. On the one hand, drop casting was used as shown in Fig. 4a. On the 

other hand, the colloidal silver nanoparticles were absorbed on the tablet surface by capillarity with 

a preliminary step of drop deposition on a glass side as illustrated in Fig. 4c. This study showed a 

better homogeneity of the capillarity method than the drop casting one. 

DETECTION AND QUANTIFICATION OF BANNED DRUGS IN SPORT PRACTICES 

The high sensitivity of SERS makes this technique suitable for the detection and quantification of 

doping drugs. In anti-doping control, the identification of banned drugs in residual amounts is a 

major task in order to prevent the illegal enhanced performance and also to protect the health of 

athletes against illicit drugs. In this context, the use of SERS could be an alternative method to 
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GC/MS (gas-chromatography/mass spectrometry) or LC/MS (liquid-chromatography/mass 

spectrometry), currently used in laboratories, which are time-consuming, require expensive 

pretreatment steps and solvents. Moreover, some classical analytical techniques may not be able to 

detect some drugs under the minimum required performance level (MRPL) which is a critical 

parameter set by the authorities to detect prohibited substances. 

From the reviewed literature indicated in Table 2 concerning the SERS analysis of illicit drugs in sport 

practices, Izquierdo-Lorenzo et al. [57–59,70] have characterized some drugs and promoted their 

adsorption on the SERS substrates with an optimization of the SERS parameters (morphological 

forms of the nanoparticles, pH, and concentrations). In particular, they demonstrated that 

probenecid, a substance which masks the effect of prohibited drugs during a doping control, has an 

affinity only for silver substrates compared to beta-adrenergic agonist drugs which are more 

effective on gold surfaces [70]. This research group also focused their attention on the quantification 

of aminoglutethimide (AGI), an aromatase inhibitor, in aqueous solutions, using gold nanoparticles 

synthesized according to the Sutherland and Winefordner protocol [20]. The pH of the medium was 

fixed to 5.0 in order to promote the adsorption of the target molecule on the nanoparticle surface. 

With these parameters, a detection limit of 85 ppb was reached [58]. AGI was also later studied by 

the same research group who compared different morphological forms and various metals of 

nanoparticles [59]. They were able to decrease considerably the LOD to 0.13 ppb with silver 

triangular nanoprisms. 
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Table 2. Applications of SERS analyses of banned drugs in sport practices.  
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Fig. 4. Illustration of the different coating techniques. (a) Drop casting: a droplet of nanoparticles is simply drop 

onto the tablet surface. (b) Spin coating: a droplet of the SERS substrate is also drop onto a flat surface but the 

surface is rotated with high speed to be entirely covered. (c) Adsorption coating: the colloidal solution on the glass 

slide is adsorbed by capillarity onto the tablet surface. 

 

This higher SERS sensitivity was due to a better adsorption of AGI on the surface with the design of 

nanoparticles as triangular nanoprims and a better affinity for the metal which increased the 

electromagnetic enhancement of the metallic surface. Others aspects of substrate performances 

were reported by Pérez et al. [71]. Five different forms of silver substrates (liquid and solid) were also 

studied. This comparative study between nine drugs showed a higher SERS signal enhancement 

with colloidal solutions using sodium citrate and sodium borohydride as reducing agents compared 

to silver colloid deposited ona solid substrate. For example, they obtained, for the beta-adrenergic 

blocker drug propranolol, a LOD respectively equal to 59 ppb and 180 ppb with citrate silver 

nanoparticles and silver nanoparticles sprayed on an ion-exchange filter. Levene et al. [72] later 

optimized the SERS quantification method of propranolol using an multi-objective evolutionary 

algorithm combined with a fractional factorial design in order to determine the best experimental 

SERS parameters and to improve the repeatability of the SERS spectra. They tested several 

combinations including metals type, salts, aggregating agents, their concentrations and laser 

excitation wavelengths, and allowed the reduction of experiments to be tested from 7785 to 315. In 

this way, the LOD decreased to 2.36 pbb in a concentration range from 0.13 to 1300 ppb. 

Using the same approach, Subaihi et al. [73] developed a method to detect and quantify propranolol 

in three different human body biofluids. The direct analysis of illicit drugs in complex matrices is 
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complicated because of the numerous compounds present in biofluids. These exogenous 

compounds, such as proteins, urea and salts found in plasma or urine may cause interferences with 

the target analyte. In this study, the authors were able to directly quantify propanolol in serum and 

urine, without any sample preparation step. In contrast, in the case of plasma, the proteins were 

removed by ultracentrifugation in order to avoid the repulsion of the nanoparticles to each other, 

which could hamper their aggregation. SERS quantitative analyses were carried out by multivariate 

data analysis using PLS models and a root-mean-square error of prediction (RMSEP) was calculated 

in order to compare the performance of the method in the different matrices. The RMSEP is 

calculated from a test set, based on the following equation: 

 

With yi and ŷi corresponding respectively to the concentration measured by the reference method 

and the values predicted by the PLS model for the NP spectra in the validation dataset. They 

obtained respectively 0.58 μM, 9.68 μM and 1.69 μM for human serum, plasma and urine. Further 

studies reported extraction techniques in order to isolate the analyte while discarting the rest of the 

biological matrix. Caglayan et al. [55] worked on the quantification of modafinil, a psychostimulant, 

in human urine comparing two sample pretreatments. A SPE (Solid Phase Extraction) procedure was 

used, combined with silver nanoparticles, and the second technique was the use of magnetic gold 

nanoparticles for their magnetic properties. Despite the many advantages of these magnetic 

colloidal particles such as their low cost and their ease of synthesis, modafinil had a better affinity 

for the silver surface. The LOD was equal to 13 ppb and 23 ppb for the silver nanoparticles with SPE 

and for magnetic gold nanoparticles, respectively. 

IDENTIFICATION AND QUANTIFICATION OF ILLICIT DRUGS 

Based on the same principle as for the detection of doping drugs, numerous articles and review 

papers have been published about the use of SERS as a detection technique for illicit and stimulant 

drugs in forensic science [74–76]. Due to its high sensitivity, some synthetic molecules could be 

identified and quantified by SERS with very low detection limits (Table 3). In this context, 

amphetamine, methamphetamine and their major derivatives are the most popular compounds for 

SERS quantification.  



Published in : Journal of Pharmaceutical and Biomedical Analysis (2018), vol. 147, pp. 458–
472 
DOI: 10.1016/j.jpba.2017.06.056 
Status : Postprint (Author’s version)   

 

 

Table 3 Applications of SERS analyses of illicit drugs. 
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Sulk et al. [77] proposed a technique to detect and quantify amphetamine and methamphetamine 

combined with a functionalizing agent, which was 2-mercaptonicotinic acid (2-MNA), because of the 

low affinity of both compounds for the silver surface. 2-MNA is easily detectable using SERS due to 

its phenyl ring breathing mode present respectively at 998 cm-1 and 1000 cm-1 for amphetamine and 

methamphetamine. This research group also added known concentrations of 

pentachlorothiophenol (PCTP) as an internal standard, which was SERS active and coadsorbed for 

quantification on etched silver foil as SERS substrate. The use of an internal standard can overcome 

some experimental variations such as the laser excitation power and the optic instrument but also 

enables to increase the repeatability of SERS analyses [32]. The relative band intensity to PCTP at 

1514 cm-1 was used to normalize the peak intensity of the amides presents in both analyte structures, 

in different concentrations ranges, allowing to reach detection limits respectively equal to 17 ppm 

(parts-per-million) and 19 ppm for modifiedmethamphetamine and amphetamine. 

Methamphetamine can also be quantified in complex systems as demonstrated by Han et al. [78] 

which developed a new 3D SERS nanostructure with an emulsion of silver nanoparticles in 

cyclohexane including liquid–liquid extraction. The concentration of the molecule was determined 

with a LOD close to 10 ppb corroborated by UPLC (Ultra Performance Liquid Chromatography) 

assays. Another research group reported the study of methamphetamine including the combination 

of SERS with microfluidic to detect trace amounts notably, in human saliva [79,80]. 

Amphetamine derivatives such as MDMA (3,4- methylenedioxymethamphetamine), commonly 

referred to ecstasy, were also investigated by SERS. The selectivity of MDMA on silver surface was 

improved by Stewart et al. [81], who modified the metallic surface of nanoparticles with different 

ratios of mixed thiols. This surface modification with the creation of a strong covalent bond between 

the thiol and the silver surface provided more selectivity to the analyte of interest and allowed its 

detection by SERS with a LOD of 1.5.10-5 M. Others articles highlight spectral differences between 

amphetamine species using different approaches regarding the SERS substrate. For example, 

Mabbot et al. [82] proposed the use of British silver coins as SERS substrates to detect MDMA, MDAI 

(5,6-Methylenedioxy-2-aminoindane) a further analogue of amphetamine, and mephedrone. The 

substrate was soaked into independent drug solutions during a specific time and after being dried, 

the coin was mapped by a confocal Raman instrument and multivariate analysis was carried out in 

order to discriminate the illicit substances. MDAI, an amphetamine variant previously cited, was 

quantified by Mabbott et al. [83] using silver colloids and KNO3 as aggregating agent. The authors 

optimized the aggregation time in order to ensure the maximum repeatability from the SERS 
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response and were able to quantify MDAI by univariate analysis with a LOD estimated at 8 ppm. 

Various others species have an interest in SERS analysis, this is the case for cocaine and its main 

metabolite, benzoylecgonine, used in drug screening tests. The latter was coupled with a 

monoclonal antibody for a specific indirect detection on silver-coated carbon nanotubes [84]. This 

method was more selective and allowed to obtain quantitative information by univariate analysis 

on a C H bending band related to the antibody - benzoylecgonine complex. This linkage was 

explained by the low affinity of cocaine to silver surface, however further studies were performed 

later regarding a better signal enhancement on gold surface. After conducting studies about the 

detection of eighty relevant drugs by SERS in human saliva, Inscore et al. [60] research group has 

been mainly focused on the SERS activity of cocaine on gold-doped sol-gels immobilized in glass 

capillaries. The SERS measurement was performed after a SPE process and the group was able to 

detect cocaine at 50 ppb more than 90% of the time according to the ROC curve. This detection limit 

was corroborated in another work including a Hit Quality Index (HQI) as a result which determines 

the correspondence or not of a spectrum with a drug spectral library in just few minutes [85]. A 

similar approach, conducted by the same research group, decreased the detection limit to 25 ppb 

by optimizing the sample preparation step to promote the extraction of cocaine from saliva [86]. 

Another study reported the quantification of cocaine in urine with self-assembled 2D gold 

nanoparticle films [87]. The nanoparticles were functionalized with cetyltrimethylammonium 

bromide (CTAB) and provided good uniformity and repeatability. Despite an extraction process 

involving hexane as organic solvent, the LOD of cocaine in urine sample was higher (500 ppb) 

probably due to the presence of impurities adsorbed during the purification process. Moreover, in a 

perspective to improve the rapidity of analyses for drugs detection until the real-time information 

about the presence of illicit substances on site for police or medical staff, the urine samples were 

also analyzed with a handheld Raman spectrometer. 

The instrument was equipped with a 785 nm laser and reached to a detection limit of 1 ppm. 

Portable Raman spectrometers are being increasingly used in the pharmaceutical field. They are less 

efficient than the equipment present in the laboratory, but simpler to use for professionals of health 

and police forces [88]. In this context, Han et al. [89] proposed a portable kit intended to detect 

methamphetamine in human urine on site. The package included a transportable Raman device and 

a sample preparation platform useful to extract the analyte by cyclohexane from human body fluids. 

It also contained packaged self-assembled 2D gold nanoparticles, previously described, but coated 
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by methoxy mercapto polyethylene glycol (mPEG-SH) in order to remove CTAB from the gold surface 

and to promote the adsorption with derivatives amphetamines, leading to repeatable and reliable 

results. Despite a detection limit close to 0.1 ppm, the portable kit can be useful for rapid and 

accurate trace analyses before further deeper investigations in the laboratory. A portable Raman 

probe with a 633 nm laser wavelength was used by Alharbi et al. [90] to develop a detection method 

of tramadol, a narcotic drug prescribed as a painkiller that may lead to dependence and drug abuse. 

Different SERS conditions were optimized step by step before SERS acquisitions. Different type of 

metals, the incubation time, the aggregating agent, the aggregation time and finally the pH were 

tested. The optimized SERS parameters used were hydroxylamine silver nanoparticles with 0.5 M of 

sodium chloride established at neutral pH and directly analyzed with the target analyte by the 

Raman probe. The LOD was determined by univariate analysis with the area of the 993 cm-1 peak 

corresponding to the ring breathing vibration of the molecule. Tramadol was identified in water and 

in artificial urine at detection limits of 5.10-4 and 2.5.10-6 M respectively. Recently, Mostowtt et al. [91] 

reported the first detection of synthetic cannabinoids by SERS applications comparing two types of 

equipment, a bench- top Raman instrument and a portable Raman spectrometer. The investigations 

were carried out to highlight four synthetic cannabinoids with similar chemical structure. Seven 

aggregating agents including chloride, sulfate and nitrate salts were tested at different 

concentrations with gold colloids in order to determine the optimal SERS conditions enabling to 

obtain the highest sensitivity for both equipment. The best results were achieved with MgCl2 as the 

aggregating agent, but the authors suggested to optimize the concentration depending on the type 

of instrument used. Moreover, the analyses were successfully performed in urine after SLE 

(Supported Liquid Extraction) pretreatment which improved the sensitivity of the method with a 

portable Raman instrument. 

The improvement of the portable systems and the sample preparation processes were also 

combined with the progress of the algorithms used for the data analysis. Dong et al. [92] used an 

algorithm called SVM (Support Vector Machine) to develop classification models in order to identify 

drugs by a Dynamic-SERS method also called D-SERS [93]. In this work, different urine solutions 

containing methamphetamine and MDMA were mixed with gold nanoparticles stabilized with SH-

PEG. The SERS spectra were collected during the transition process from the wet state to the dry 

state of the nanoparticles by a portable Raman spectrometer and SVM was applied in order to detect 

rapidly and precisely drugs in complex matrices without any sample preparation. The SVM algorithm 

is often compared to other classification methods in various SERS applications especially for 



Published in : Journal of Pharmaceutical and Biomedical Analysis (2018), vol. 147, pp. 458–
472 
DOI: 10.1016/j.jpba.2017.06.056 
Status : Postprint (Author’s version)   

 

 

diseases diagnostics [94,95]. These comparisons tend to show the high efficiency and robustness of 

SVM compared to linear approaches such as LDA (Linear Discriminant Analysis) due to its capability 

of processing binary classification problem with non-linear features. The dataset comprising 

different classes is separated in a new high dimensional space, even if the data are non-linearly 

separable, by the use of a kernel function in order to maximize the distance between the spectra. In 

the Dong et al. study [92], the radial basis functions (RBF) was used as the kernel function and the 

classification accuracy of 50, 2.5 and 1 ppm for methamphetamine and MDMA in urine preprocessed 

by PCA were 96.1 and 95.9%, 95.3 and 95.3%, 94.2 and 94.0% respectively. This method allowed a 

rapid and reliable identification while avoiding standard sample preparation conducted in the 

laboratories. 

To the best of our knowledge, the first quantitative application of SERS on solid tablets of 

amphetamine was performed by Bell et al. [96]. The authors were able to detect the 2,5- dimethoxy-

4-bromoamphetamine (DOB) signal in the lactose excipient. Citrate silver colloids and sodium 

chloride aggregating agent were deposited by the drop casting method on the tablet surface to 

create an active SERS spot. The SERS signal of DOB was much more significant than the excipient 

band due to a better adsorption of the DOB on the metallic surface of the nanoparticles, allowing a 

rapid identification with a detection limit lower than the active dose. 

QUANTIFICATION OF PHARMACEUTICAL DRUGS 

Pharmaceutical molecules were investigated by the SERS technique and its very high sensitivity in 

order to ensure the quality control of the final product [97]. Indeed, its low detection level allows the 

impurities detection and the identification of low concentration API and also the monitoring of drugs 

concentration in biofluids as discussed by Jaworska et al. [98]. Moreover, the implementation of 

SERS chemical imaging is also possible, leading to the evaluation of the low-dose compounds 

distribution in solid dosage forms (Table 4). 

The detection of trace amounts of penicilloic acid, an allergen responsible of human allergic 

reactions to penicillin was exposed by Zhang et al. [99]. Using silver coated gold nanoparticles as 

SERS substrate, they were able to rapidly detect 0.9 mg of penicilloic acid in 1 g of penicillin. In this 

work, no aggregating agent was mixed with the colloidal solution to give rise to hot spots. As a 

matter of fact, the adsorption of the two carboxyl groups of the allergen on the metallic surface 

induced the particle aggregation due to its linkage at the interspace of the SERS substrate. The 
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authors also observed that an increase of the penicillin concentration induced a decrease of the 

colloid aggregation due to a competitive adsorption with the only carboxyl group of penicillin. A 

SERS qualitative approach developed by Hernandez et al. [100] discussed the behavior of piroxicam, 

a drug molecule used for its anti-inflammatory properties, in various pH conditions. Different SERS 

conditions were tested such as metal nanoparticles and laser excitation, and consequently the 

larger signal enhancement was obtained with hydroxylamine silver nanoparticles and a 532 nm 

laser. According to the pH conditions, they characterized different conformers and their orientation 

on the metallic surface. Captopril, a prescribed drug enabling to control the blood pressure, was 

investigated by Long et al. [101]. They proposed a multiplicative effects model for SERS [102] to 

eliminate the external variations caused by the heterogeneity of the SERS substrate and the optical 

parameters. The quantitative analyses were carried out in blood plasma samples with a mixture of 

silver nanoparticles, potassium chloride and p-thiocresol as internal standard. The thiol group of 

this internal standard does not interfere with the captopril detection allowing a detection limit and 

a LOQequal to 0.149 μM and 0.451 μM, respectively. 

Ackermann et al. [103] developed a SERS approach for online quantitative detection of low 

concentrated drugs through a microfluidic device also called LoC-SERS (Lab-on-a-Chip-SERS). The 

authors performed the SERS quantification of two pharmaceutical compounds, promethazine and 

mitoxantrone, by on-line monitoring. A multi-channels device was used to control the flow rate of 

the analytes and water in order to regulate the concentrations of silver nanoparticles, sodium 

chloride and oil as separation medium. The oil phase (tetradecane) was distributed in a continuous 

flow in order to form microdroplets containing the various liquid to be analyzed by SERS 

measurements without any interference. In this context, tetradecane was used as internal standard 

to compensate external variations and enabled to assess a LOD of 2.10-4 M and 5.10-7 M for 

promethazine and mitoxantrone, respectively. More recently, Hidi et al. reported the use of LoC-

SERS for the detection of the antibiotic levofloxacin in water [104], in artificial and human urine 

[105]. The LOD was estimated at 0.8 μM in aqueous medium, without the addition of salt due to the 

aggregation induced by the analyte itself. In the context of the antibiotic determination in human 

biofluids, the authors first conducted the analyses in artificial urine in order to get an overview of the 

matrix effect on the SERS signal of the target analyte. Once the aggregation time and the dilution 

factor were optimized, the LOD was determined to be 0.07 mM with a RMSEP value equal to 0.058 

mM after the creation of a PLS model. In real samples, the RMSEP values varied from 0.058 to 0.16 

mM depending on the patients but the LOD could not be established. The low RMSEP values 
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demonstrated the robustness of the LoC-SERS technique which could also be combined with a 

portable Raman system to be used for clinical applications. 

SERS can also be combined with chromatographic techniques. Hence, many studies have already 

demonstrated the advantages of using thin layer chromatography (TLC) with SERS for qualitative or 

quantitative analyses in various fields such as food safety [106], pollution detection [107] and 

toxicology [108]. TLC is a simple and low-cost separation technique, easy to implement, generally 

used to separate different compounds from a mixture. The separation takes place on a silica TLC 

substrate also called planar stationary phase, where a small quantity of the sample is deposited. The 

TLC plate is then put into a closed container containing a solvent called liquid mobile phase, which 

aims to move the components through the stationary phase by capillary action. After the separation, 

SERS experiments were performed directly on the TLC support after adding few microliters of 

metallic colloidal solutions on the spot of interest. In pharmaceuticals, some approaches were 

established to detect low dose API in a mixture or in physiological fluids by TLC - SERS. Recently, Li 

et al. [109] proposed a platform for the qualitative analysis of low API drugs on aTLC silica gel support 

with silver nanoparticles which provided a sensitive detection method. They also predicted 

quantitative determination of API, rosiglitazone in this case, through a calibration curve realized 

using the internal standard method. Sodium thiocyanate was used as an internal standard to correct 

technical parameters and the calibration curve presented a good linearity with a correlation 

coefficient equal to 0.9977. TLC - SERS can also be used for the detection of API from complex 

matrices as shown in the work of Lucotti et al. [110]. They reported the drug detection of 

apomorphine, a drug prescribed for advanced Parkinson disease, in human plasma. However, the 

detection limit of apomorphine on the TLC plate with the silver colloids reached 10-4 M which is 

considerably higher than the therapeutic concentration in the blood varying from 10-8 to 10-7 M. 

Acetaminophen and acetylsalicylic acid, also known as paracetamol and aspirin respectively, are the 

most famous analgesic and antipyretic drugs used in the world. The literature is rich in articles 

regarding the detection of these compounds by the SERS technique [53,97,111]. Nevertheless, to the 

best of our knowledge, very few of them refer to their quantification in aqueous solutions or in 

commercial tablets. The first quantification of aspirin was exposed by Sallum et al. [112] using silver 

coated filter paper as the SERS substrate, prepared by the silver mirror reaction. The solid substrate 

was immersed in aqueous solutions containing acetylsalicylic acid concentrations ranging from 0.1 

to 1 mM during 80 min in order to promote the adsorption of the molecule of interest on the metallic 
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surface. A calibration curve was built with a R2 equal to 0.933 pre senting a good linearity with a 

relative error of 2.06% compared to a HPLC method. Our research group worked on acetaminophen 

[38], but focusing on its main impurity, called 4-aminophenol which is toxic and may be present in 

low amount in pharmaceutical formulations. In this work, the first step was to optimize the sample 

preparation with a full factorial design involving various parameters such as the concentration of 

silver nanoparticles (raw versus to 10 times concentrated) and of the aggregating agent (1–10 mM). 

Once this step had been carried out, a calibration curve was built with calibration standards 

prepared in a concentration range of 4- aminophenol from 3 to 15 μg.mL-1 and the method was then 

fully validated according to the pharmaceutical regulatory requirement. The method validation was 

made using two operators and five batches of silver colloids for each validation days to take account 

of a maximum of variability. The accuracy profile provided a LOQ and a LOD equal to 3 μg.mL-1 and 

0.9 μg.mL-1, respectively. Finally, the real analytical performances of this method were evaluated. 

The method was able to quantify 4-aminophenol below the specification limits provided by the 

British Pharmacopoeia of 1000 ppm or 0.1% (w/w) in the drug formulation which represents an 

analytical interest in the pharmaceutical field [38]. 

In this context, another study performed by the same researchers reported the development of SERS 

chemical imaging method to visualize the distribution of 4-aminophenol in paracetamol tablets [67]. 

The tablets, comprising a mixture of paracetamol and polyvinylpyrrolidone with different 

concentrations of 4-aminophenol (0.025–0.2% (w/w)), were covered by butanethiol functionalized 

silver nanoparticles by adsorption coat-ing as previsouly explained in Fig. 4. The concentration maps 

were obtained by univariate analysis with the peak intensity related to the impurity normalized by a 

specific peak stemming from butanethiol aiming to reduce the variability associated to the covering. 
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Table 4. Applications of SERS analyses of pharmaceutical drugs. 
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This work allowed to visualize up to 0.025% (w/w) of 4- aminophenol in tablets containing a large 

amount of paracetamol and demonstrated the efficiency of the technique to evaluate the 

distribution of a low-dose API or an impurity in a solid pharmaceutical form as illustrated in Fig. 5. 

One year earlier, Firkala et al. [65] proposed to combine SERS chemical imaging with multivariate 

analysis to evaluate the spatial distribution of acetylsalicylic acid in sample tablets produced by two 

manufacturing technologies. Despite the high SERS spectra variability related to the non-uniform 

silver colloids covering, MCR-ALS was used and the authors applied a threshold on the score vectors 

for binarizing the concentration maps to highlight the distribution of the API. The concentration 

images may be biased due to the large differences between the loadings obtained and the pure API 

spectrum, but the method allowed the differentiation of the two manufacturing processes contrary 

to conventional Raman chemical imaging which cannot distinguish significant differences between 

the tablets. 

Fig. 5. Detection of a low-dose compound by SERS chemical imaging in a pharmaceutical tablet. 
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This qualitative method with multivariate analysis is interesting for preliminary investigations of 

unknown samples (illegal or counterfeit tablets), however, no quantitative estimates of the API can 

be provided. In this sense, the same research group developed a quantitative approach also based 

on the MCR-ALS algorithm in order to determine quantitative information about the chemical 

distribution of the compound [66]. For this purpose, the determination of the threshold on the 

scores was improved and applied on tablets ranging from 0.25 to 2% of API concentrations. To 

ensure the reliability of the method, a linear regression model was built to determine the correlation 

between the concentration values and the positive SERS signal of the API on the binarized 

distribution maps. Therefore, the evaluation of the model was performed by statistical tests 

including the lack of fit and the coefficient of determination R2 which had values in the order of 83.61 

and 0.9849, respectively, demonstrating the accurate concentration estimated in comparison with 

the regression models of Raman imaging. The combination of SERS imaging and MCR-ALS was also 

discussed by Mamián-López et al. [68] in order to provide the spatial distribution of different 

compounds of polymeric microfilms loaded with paracetamol. In this paper, MCR-ALS was initialized 

by an estimation of the pure component calculated by the SIMPLISMA algorithm highlighting 

spectral differences among the substances. The relative error was subsequently determined with 

the concentrations resulting from the MCR-ALS compared to the experimental values, with results 

ranging from 2.85 to 12.64%, which is relatively low. 

This chemometric tool was also employed outside the framework of SERS imaging by some authors 

as part of the SERS quantification in complex matrices. The MCR method has been successfully 

applied in order to isolate the signal of the target analyte despite the presence of unexpected 

interferences. In this sense, Mamián-López et al. [44] and Hidi et al. [45] combined the use of internal 

standards with the MCR-ALS algorithm to quantify low dose moxifloxacin and nitroxiline respectively 

in human urine. These approaches allowed to simplify the sample preparation and to perform drugs 

analysis at lower costs. 

Conclusion 

The emergence of SERS in the past few years made this technique an analytical tool increasingly 

used in the pharmaceutical field. Due to its high sensitivity, allowing to overcome the sensitivity 

limits of classical Raman spectroscopy, it offers the possibility to perform quantitative 
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determinations of low-dose compounds in solid dosage forms or in biological fluids. However, 

despite its great potential, it is still necessary to improve the analytical performances of the 

technique. 

Regarding pharmaceutical applications, the method development of SERS quantitative analyses is 

possible and involves several steps ranging from the choice of the SERS substrate to the validation 

of the method which is crucial for the implementation of the technique in routine analyses. However, 

it is premature to say that the SERS technique can be a substitute method to the classical analytical 

techniques currently performed in the laboratories. Indeed, many improvements remain to be 

made, on which researchers are working, notably in the framework of the SERS substrates synthesis, 

in order to obtain a repeatable and uniform SERS signal. The quantification in complex matrices can 

also be a challenge and a limitation to this technique despite the use of cleanup procedures for 

sample preparation and multivariate data analysis. Nevertheless, the papers published in the field 

demonstrate the progress achieved by the different research groups to develop the SERS method, 

particularly in combination with others techniques such as microfluidic or separative techniques, 

providing more selectivity while avoiding interferences due to others substances in complex 

matrices. The recent development of SERS chemical imaging also highlights the great potential of 

this technique that can be a powerful tool for pharmaceutical applications. The future challenge of 

this imaging technique would be to develop a standardized method allowing the formation of 

homogeneous SERS covering on solid pharmaceutical forms. 

Finally, a last but not least important point regarding the analytical performances of SERS is the 

validation of the developed method which is necessary for a reliable application in routine analyses. 

In practice, this method validation is difficult to implement due to the stability issues of SERS. To be 

in compliance with the pharmaceutical guidelines, the researchers are based on quantitative 

validation criteria such as the LOD, the LOQ or the concentration linear ranges which are necessary 

for a complete validation. However, most of these criteria are not fully evaluated in the literature 

reported in this review focused on quantitative pharmaceutical applications. 

Despite its many advantages, the implementation of SERS in routine quantitative analyses is a real 

challenge and leaves the door wide open for innovative researches focused on the improvement of 

the analytical performance of the technique. 



Published in : Journal of Pharmaceutical and Biomedical Analysis (2018), vol. 147, pp. 458–
472 
DOI: 10.1016/j.jpba.2017.06.056 
Status : Postprint (Author’s version)   

 

 

References 

1. A.P. Ayala, Polymorphism in drugs investigated by low wavenumber Raman scattering, Vib. 

Spectrosc. 45 (2007) 112–116. 

2. T. Vankeirsbilck, A. Vercauteren, W. Baeyens, G. Van der Weken, F. Verpoort, G. Vergote, J.P. 

Remon, Applications of Raman spectroscopy in pharmaceutical analysis, TrAC Trend. Anal. 

Chem. 21 (2002) 869–877. 

3. P.Y. Sacré, E. Deconinck, L. Saerens, T. De Beer, P. Courselle, R. Vancauwenberghe, P. Chiap, 

J. Crommen, J.O. De Beer, Detection of counterfeit Viagra® by Raman microspectroscopy 

imaging and multivariate analysis, J. Pharm. Biomed. Anal. 56 (2011) 454–461. 

4. R.S. Das, Y.K. Agrawal, Raman spectroscopy: Recent advancements, techniques and 

applications, Vib, Spectroscopy 57 (2011) 163–176. 

5. T.R.M. De Beer, C. Bodson, B. Dejaegher, B. Walczak, P. Vercruysse, A. Burggraeve, A. Lemos, L. 

Delattre, Y.V. Heyden, J.P. Remon, C. Vervaet, W.R.G. Baeyens, Raman spectroscopy as a 

process analytical technology (PAT) tool for the in-line monitoring and understanding of a 

powder blending process, J. Pharm. Biomed. Anal. 48 (2008) 772–779. 

6. D.I. Ellis, D.P. Cowcher, L. Ashton, S. O’Hagan, R. Goodacre, Illuminating disease and 

enlightening biomedicine: Raman spectroscopy as a diagnostic tool, Analyst 138 (2013) 

3871–3884. 

7. S. Cînta Pînzaru, I. Pavel, N. Leopold, W. Kiefer, Identification and characterization of 

pharmaceuticals using Raman and surface-enhanced Raman scattering, J. Raman 

Spectrosc. 35 (2004) 338–346. 

8. K. Kneipp, H. Kneipp, I. Itzkan, R.R. Dasari, M.S. Feld, Ultrasensitive chemical analysis by 

Raman spectroscopy, Chem. Rev. 99 (1999) 2957–2976. 

9. S. Nie, S.R. Emory, Probing single molecules and single nanoparticles by surface-enhanced 

Raman scattering, Science 275 (1997) 1102–1106. 

10. M. Fleischmann, P.J. Hendra, A.J. McQuillan, Raman spectra of pyridine adsorbed at a silver 

electrode, Chem. Phys. Lett. 26 (1974) 163–166. 

11. M.G. Albrecht, J.A. Creighton, Anomalously intense Raman spectra of pyridine at a silver 

electrode, J. Am. Chem. Soc. 99 (1977) 5215–5217. 

12. D.L. Jeanmaire, R.P. Van Duyne, Surface raman spectroelectrochemistry, J. Electroanal. 

Chem. 84 (1977) 1–20. 

13. M. Moskovits, Surface roughness and the enhanced intensity of Raman scattering by 

molecules adsorbed on metals, J. Chem. Phys. 69 (1978) 4159. 

http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0005
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0005
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0005
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0005
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0005
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0005
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0005
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0005
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0005
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0005
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0005
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0005
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0005
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0005
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0005
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0005
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0010
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0010
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0010
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0010
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0010
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0010
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0010
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0010
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0010
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0010
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0010
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0010
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0010
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0010
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0010
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0010
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0010
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0010
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0010
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0010
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0010
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0010
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0010
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0010
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0010
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0010
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0010
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0010
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0010
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0015
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0015
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0015
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0015
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0015
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0015
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0015
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0015
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0015
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0015
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0015
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0015
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0015
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0015
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0015
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0015
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0015
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0015
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0015
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0015
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0015
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0015
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0015
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0015
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0015
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0015
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0015
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0015
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0015
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0015
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0015
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0015
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0015
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0015
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0015
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0015
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0015
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0015
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0020
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0020
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0020
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0020
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0020
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0020
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0020
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0020
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0020
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0020
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0020
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0020
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0020
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0020
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0020
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0020
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0025
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0030
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0030
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0030
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0030
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0030
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0030
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0030
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0030
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0030
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0030
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0030
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0030
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0030
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0030
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0030
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0030
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0030
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0030
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0030
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0030
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0030
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0030
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0030
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0030
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0030
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0035
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0035
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0035
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0035
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0035
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0035
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0035
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0035
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0035
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0035
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0035
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0035
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0035
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0035
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0035
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0035
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0035
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0035
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0035
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0035
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0035
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0035
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0035
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0035
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0035
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0035
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0040
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0040
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0040
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0040
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0040
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0040
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0040
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0040
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0040
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0040
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0040
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0040
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0040
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0040
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0040
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0040
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0040
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0040
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0040
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0040
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0040
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0045
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0045
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0045
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0045
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0045
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0045
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0045
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0045
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0045
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0045
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0045
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0045
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0045
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0045
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0045
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0045
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0045
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0045
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0050
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0050
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0050
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0050
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0050
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0050
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0050
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0050
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0050
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0050
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0050
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0050
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0050
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0050
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0050
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0050
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0050
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0050
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0050
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0050
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0050
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0055
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0055
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0055
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0055
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0055
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0055
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0055
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0055
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0055
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0055
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0055
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0055
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0055
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0055
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0055
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0055
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0055
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0055
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0055
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0055
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0055
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0060
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0060
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0060
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0060
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0060
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0060
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0060
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0060
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0060
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0060
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0060
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0060
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0060
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0060
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0065
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0065
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0065
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0065
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0065
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0065
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0065
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0065
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0065
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0065
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0065
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0065
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0065
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0065
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0065
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0065
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0065
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0065
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0065
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0065
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0065
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0065


Published in : Journal of Pharmaceutical and Biomedical Analysis (2018), vol. 147, pp. 458–
472 
DOI: 10.1016/j.jpba.2017.06.056 
Status : Postprint (Author’s version)   

 

 

14. E.C. Le Ru, P.G. Etchegoin, SERS enhancement factors and related topics, in: Principles of 

Surface-Enhanced Raman Spectroscopy, Elsevier, Amsterdam, 2009 (Chapter 4, pp. 185–

264). 

15. E.C. Le Ru, P.G. Etchegoin, Metallic colloids and other SERS substrates, in: Principles of 

Surface-Enhanced Raman Spectroscopy, Elsevier, Amsterdam, 2009 (Chapter 7, pp. 367–

413). 

16. P.C. Lee, D. Meisel, Adsorption and surface-enhanced Raman of dyes on silver and gold sols, 

J. Phys. Chem. 86 (1982) 3391–3395. 

17. J.A. Creighton, C.G. Blatchford, M.G. Albrecht, Plasma resonance enhancement of Raman 

scattering by pyridine adsorbed on silver or gold sol particles of size comparable to the 

excitation wavelength, J. Chem. Soc. Faraday Trans. 2 (75) (1979) 790–798. 

18. N. Leopold, B. Lendl, A new method for fast preparation of highly surface-enhanced Raman 

scattering (SERS) active silver colloids at room temperature by reduction of silver nitrate 

with hydroxylamine hydrochloride, J. Phys. Chem. B 107 (2003) 5723–5727. 

19. J. Turkevich, P.C. Stevenson, J. Hillier, A study of the nucleation and growth processes in the 

synthesis of colloidal gold, Discuss. Faraday Soc. 11 (1951) 55–75. 

20. W.S. Sutherland, J.D. Winefordner, Colloid filtration: a novel substrate preparation method 

for surface-enhanced Raman spectroscopy, J. Colloid Interface Sci. 148 (1992) 129–141. 

21. U. Nickel, K. Mansyreff, S. Schneider, Production of monodisperse silver colloids by 

reduction with hydrazine: the effect of chloride and aggregation on SER(R)S signal intensity, 

J. Raman Spectrosc. 35 (2004) 101–110. 

22. R.F. Aroca, R.A. Alvarez-Puebla, N. Pieczonka, S. Sanchez-Cortez, J.V. Garcia-Ramos, Surface-

enhanced Raman scattering on colloidal nanostructures, Adv. Colloid Interface 116 (2005) 

45–61. 

23. E.C. Le Ru, P.G. Etchegoin, EM enhancements and plasmon resonances: examples and 

discussion, in: Principles of Surface-Enhanced Raman Spectroscopy, Elsevier, Amsterdam, 

2009 (Chapter 6, pp. 299-365). 

24. P.G. Etchegoin, E.C. Le Ru, Basic electromagnetic theory of SERS, in: Surface Enhanced 

Raman Spectroscopy, Wiley-VCH Verlag GmbH & Co. KGaA, 2010, pp. 1-37. 

25. Y. Xia, Y. Xiong, B. Lim, S.E. Skrabalak, Shape-controlled synthesis of metal nanocrystals: 

simple chemistry meets complex physics? Angew. Chem. Int. Ed. 48 (2009) 60-103. 

26. M. Fan, G.F.S. Andrade, A.G. Brolo, A review on the fabrication of substrates for surface 

enhanced Raman spectroscopy and their applications in analytical chemistry, Anal. Chim. 

Acta. 693 (2011) 7-25. 

27. X.A. Wang, X. Kong, Review of recent progress of plasmonic materials and nano-structures 

for surface-enhanced Raman scattering, Materials 8 (2015) 3024-3052. 

http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0070
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0070
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0070
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0070
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0070
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0070
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0070
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0070
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0070
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0070
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0070
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0070
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0070
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0070
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0070
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0070
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0070
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0070
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0070
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0070
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0070
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0070
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0070
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0070
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0070
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0075
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0075
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0075
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0075
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0075
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0075
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0075
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0075
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0075
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0075
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0075
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0075
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0075
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0075
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0075
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0075
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0075
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0075
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0075
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0075
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0075
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0075
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0075
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0075
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0075
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0080
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0080
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0080
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0080
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0080
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0080
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0080
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0080
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0080
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0080
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0080
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0080
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0080
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0080
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0080
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0080
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0080
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0080
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0080
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0080
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0080
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0085
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0085
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0085
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0085
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0085
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0085
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0085
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0085
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0085
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0085
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0085
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0085
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0085
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0085
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0085
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0085
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0085
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0085
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0085
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0085
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0085
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0085
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0085
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0085
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0085
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0085
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0085
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0085
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0085
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0085
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0085
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0085
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0085
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0085
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0085
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0085
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0090
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0090
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0090
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0090
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0090
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0090
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0090
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0090
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0090
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0090
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0090
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0090
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0090
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0090
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0090
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0090
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0090
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0090
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0090
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0090
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0090
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0090
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0090
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0090
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0090
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0090
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0090
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0090
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0090
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0090
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0090
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0090
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0090
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0090
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0090
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0090
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0095
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0095
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0095
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0095
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0095
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0095
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0095
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0095
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0095
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0095
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0095
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0095
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0095
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0095
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0095
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0095
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0095
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0095
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0095
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0095
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0095
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0095
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0095
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0095
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0095
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0095
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0100
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0100
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0100
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0100
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0100
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0100
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0100
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0100
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0100
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0100
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0100
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0100
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0100
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0100
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0100
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0100
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0100
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0100
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0100
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0100
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0100
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0100
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0105
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0105
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0105
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0105
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0105
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0105
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0105
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0105
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0105
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0105
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0105
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0105
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0105
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0105
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0105
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0105
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0105
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0105
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0105
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0105
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0105
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0105
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0105
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0105
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0105
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0105
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0105
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0105
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0105
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0105
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0105
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0110
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0110
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0110
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0110
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0110
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0110
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0110
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0110
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0110
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0110
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0110
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0110
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0110
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0110
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0110
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0110
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0110
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0110
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0110
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0110
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0110
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0110
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0110
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0115
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0115
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0115
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0115
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0115
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0115
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0115
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0115
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0115
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0115
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0115
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0115
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0115
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0115
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0115
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0115
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0115
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0115
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0115
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0115
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0115
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0115
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0115
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0120
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0120
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0120
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0120
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0120
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0120
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0120
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0120
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0120
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0120
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0120
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0120
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0120
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0120
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0120
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0120
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0120
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0120
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0120
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0120
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0120
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0120
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0120
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0125
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0125
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0125
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0125
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0125
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0125
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0125
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0125
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0125
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0125
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0125
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0125
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0125
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0125
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0125
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0125
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0125
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0125
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0125
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0125
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0125
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0125
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0130
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0130
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0130
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0130
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0130
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0130
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0130
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0130
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0130
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0130
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0130
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0130
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0130
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0130
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0130
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0130
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0130
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0130
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0130
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0130
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0130
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0130
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0130
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0135
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0135
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0135
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0135
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0135
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0135
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0135
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0135
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0135
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0135
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0135
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0135
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0135
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0135
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0135
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0135
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0135
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0135
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0135


Published in : Journal of Pharmaceutical and Biomedical Analysis (2018), vol. 147, pp. 458–
472 
DOI: 10.1016/j.jpba.2017.06.056 
Status : Postprint (Author’s version)   

 

 

28. Z.L. Wang, Transmission electron microscopy and spectroscopy of nanoparticles, in: 

Characterization Of Nanophase Materials, Wiley-VCH Verlag GmbH, 1999 (pp. 37-80). 

29. J. Liu, Scanning transmission electron microscopy of nanoparticles, in: Characterization Of 

Nanophase Materials, Wiley-VCH Verlag GmbH, 1999 (pp. 81-132). 

30. R.A. Alvarez-Puebla, E. Arceo, PJ.G. Goulet, JJ. Garrido, R.F. Aroca, Role of nanoparticle 

surface charge in surface-enhanced Raman scattering, J. Phys. Chem. B 109 (2005) 3787-

3792. 

31. ] A.T.M. Saeb, A.S. Alshammari, H. Al-Brahim, K.A. Al-Rubeaan, Production of silver 

nanoparticles with strong and stable antimicrobial activity against highly pathogenic and 

multidrug resistant bacteria, ScL World J. 2014 (2014). 

32. S.EJ. Bell, N.M.S. Sirimuthu, Quantitative surface-enhanced Raman spectroscopy, Chem. 

Soc. Rev. 37 (2008) 1012-1024. 

33. Y. Wang, E. Wang, Nanoparticle SERS substrates, in: Surface Enhanced Raman Spectroscopy, 

Wiley-VCH Verlag GmbH & Co. KGaA, 2010 (pp. 39-69). 

34. S.EJ. Bell, A. Stewart, Quantitative SERS methods, in: Surface Enhanced Raman 

Spectroscopy, Wiley-VCH Verlag GmbH & Co. KGaA, 2010 (pp. 71-86). 

35. A. Stewart, S. Zheng, M.R. McCourt, S.E.J. Bell, Controlling assembly of mixed thiol 

monolayers on silver nanoparticles to tune their surface properties, ACS Nano 6 (2012) 3718-

3726. 

36. H. Fisk, C. Westley, NJ. Turner, R. Goodacre, Achieving optimal SERS through enhanced 

experimental design, J. Raman Spectrosc. 47 (2016) 59-66. 

37. S. Mabbott, E. Correa, D.P. Cowcher, J.W. Allwood, R. Goodacre, Optimization of parameters 

for the quantitative surface-enhanced Raman scattering detection of mephedrone using a 

fractional factorial design and a portable raman spectrometer, Anal. Chem. 85 (2013) 923-

931. 

38. C. De Bleye, E. Dumont, E. Rozet, P.Y. Sacré, P.F. Chavez, L Netchacovitch, G. Piel, P. Hubert, 

E. Ziemons, Determination of 4-aminophenol in a pharmaceutical formulation using surface 

enhanced Raman scattering: from development to method validation, Talanta 116 (2013) 

899-905. 

39. S. Li, J.O. Nyagilo, D.P. Dave, J. Gao, Models and methods for quantitative analysis of surface-

enhanced Raman spectra, IEEE J. Biomed. Health. Inform. 18(2014) 525-536. 

40. P.Y. Sacré, C. De Bleye, P.F. Chavez, L Netchacovitch, P. Hubert, E. Ziemons, Data processing 

of vibrational chemical imaging for pharmaceutical applications, J. Pharm. Biomed. Anal. 

101 (2014) 123-140. 

41. ] N. Kumar, A. Bansal, G.S. Sarma, R.K. Rawal, Chemometrics tools used in analytical 

chemistry: an overview, Talanta 123 (2014) 186-199. 

http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0140
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0140
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0140
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0140
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0140
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0140
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0140
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0140
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0140
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0140
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0140
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0140
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0140
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0140
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0140
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0140
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0140
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0140
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0145
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0145
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0145
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0145
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0145
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0145
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0145
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0145
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0145
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0145
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0145
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0145
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0145
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0145
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0145
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0145
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0150
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0150
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0150
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0150
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0150
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0150
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0150
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0150
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0150
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0150
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0150
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0150
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0150
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0150
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0150
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0150
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0150
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0150
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0150
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0150
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0150
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0150
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0150
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0150
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0155
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0155
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0155
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0155
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0155
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0155
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0155
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0155
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0155
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0155
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0155
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0155
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0155
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0155
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0155
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0155
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0155
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0155
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0155
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0155
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0155
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0155
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0155
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0155
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0155
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0160
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0160
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0160
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0160
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0160
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0160
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0160
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0160
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0160
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0160
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0160
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0160
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0160
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0160
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0165
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0165
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0165
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0165
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0165
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0165
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0165
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0165
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0165
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0165
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0165
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0165
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0165
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0165
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0165
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0165
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0165
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0165
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0165
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0165
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0170
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0170
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0170
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0170
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0170
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0170
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0170
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0170
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0170
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0170
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0170
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0170
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0170
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0170
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0170
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0170
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0170
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0170
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0175
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0175
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0175
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0175
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0175
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0175
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0175
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0175
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0175
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0175
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0175
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0175
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0175
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0175
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0175
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0175
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0175
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0175
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0175
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0175
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0175
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0175
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0175
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0175
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0175
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0180
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0180
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0180
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0180
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0180
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0180
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0180
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0180
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0180
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0180
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0180
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0180
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0180
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0180
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0180
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0180
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0180
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0180
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0180
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0180
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0185
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0185
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0185
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0185
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0185
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0185
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0185
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0185
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0185
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0185
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0185
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0185
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0185
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0185
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0185
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0185
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0185
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0185
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0185
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0185
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0185
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0185
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0185
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0185
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0185
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0185
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0185
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0185
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0185
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0185
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0185
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0185
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0185
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0190
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0190
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0190
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0190
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0190
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0190
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0190
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0190
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0190
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0190
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0190
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0190
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0190
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0190
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0190
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0190
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0190
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0190
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0190
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0190
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0190
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0190
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0190
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0190
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0190
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0190
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0190
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0190
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0190
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0190
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0190
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0190
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0190
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0190
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0190
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0190
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0190
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0195
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0195
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0195
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0195
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0195
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0195
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0195
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0195
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0195
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0195
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0195
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0195
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0195
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0195
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0195
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0195
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0195
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0195
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0195
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0195
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0195
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0195
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0195
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0195
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0195
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0195
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0200
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0200
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0200
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0200
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0200
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0200
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0200
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0200
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0200
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0200
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0200
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0200
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0200
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0200
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0200
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0200
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0200
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0200
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0200
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0200
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0200
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0200
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0200
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0200
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0200
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0200
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0200
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0200
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0205
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0205
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0205
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0205
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0205
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0205
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0205
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0205
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0205
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0205
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0205
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0205
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0205
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0205
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0205
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0205
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0205
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0205
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0205
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0205


Published in : Journal of Pharmaceutical and Biomedical Analysis (2018), vol. 147, pp. 458–
472 
DOI: 10.1016/j.jpba.2017.06.056 
Status : Postprint (Author’s version)   

 

 

42. A. de Juan, R. Tauler, Multivariate curve resolution (MCR) from 2000: progress in concepts 

and applications, Anal. Chem. 36 (2006) 163-176. 

43. M.B. Mamian-Lopez, RJ. Poppi, Standard addition method applied to the urinary 

quantification of nicotine in the presence of cotinine and anabasine using surface enhanced 

Raman spectroscopy and multivariate curve resolution, Anal. Chim. Acta 760 (2013) 53-59. 

44. M.B. Mamian-López, RJ. Poppi, Quantification of moxifloxacin in urine using surface-

enhanced Raman spectroscopy (SERS) and multivariate curve resolution on a 

nanostructured gold surface, Anal. BioanaL Chem. 405 (2013)7671-7677. 

45. IJ. Hidi, M.Jahn, K. Weber, T. Bocklitz, M.W. Pletz, D. Cialla-MayJ. Popp, Lab-on-a-chip-

surface enhanced Raman scattering combined with the standard addition method: toward 

the quantification of nitroxoline in spiked human urine samples, Anal. Chem. 88 (2016) 9173-

9180. 

46. W. WindigJ. Guilment, Interactive self-modeling mixture analysis, Anal. Chem. 63 (1991) 

1425-1432. 

47. S. Gourvénec, C. Lamotte, P. Pestiaux, D.L. Massart, Use of the orthogonal projection 

approach (OPA) to monitor batch processes, AppL Spectrosc. 57 (2003) 80-87. 

48. M. Boiret, D.N. Rutledge, N. Gorretta, Y.M. Ginot, J.M. Roger, Application of independent 

component analysis on Raman images of a pharmaceutical drug product: pure spectra 

determination and spatial distribution of constituents, J. Pharm. Biomed. Anal. 90 (2014) 78-

84. 

49. A. Farkas, B. Nagy, B. Démuth, A. Balogh, H. Pataki, Z.K. Nagy, G. Marosi, Variable clustering 

and spectral angle mapper-orthogonal projection method for Raman mapping of compound 

detection in tablets, J. Chemom. 31 (2017)(e2861-n∕a). 

50. M. Boiret, A. de Juan, N. Gorretta, Y.M. Ginot, J.M. Roger, Distribution of a low dose 

compound within pharmaceutical tablet by using multivariate curve resolution on Raman 

hyperspectral images, J. Pharm. Biomed. Anal. 103 (2015)35-43. 

51. ] Y. Gut, M. Boiret, L Bultel, T. Renaud, A. Chetouani, A. Hafiane, Y.M. Ginot, R. Jennane, 

Application of chemometric algorithms to MALDI mass spectrometry imaging of 

pharmaceutical tablets, J. Pharm. Biomed. Anal. 105(2015)91-100. 

52. A. Farkas, B. Vajna, P.L. Sóti, Z.K. Nagy, H. Pataki, F. Van der Gucht, G. Marosi, Comparison of 

multivariate linear regression methods in micro-Raman Spectrometric quantitative 

characterization, J. Raman Spectrosc. 46 (2015) 566-576. 

53. M. Prochazka, Bioanalytical SERS applications, in: M. Prochazka (Ed.), Surface-Enhanced 

Raman Spectroscopy: Bioanalytical, Biomolecular and Medical Applications, Springer 

International Publishing, Cham, 2016, pp. 61-91. 

http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0210
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0210
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0210
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0210
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0210
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0210
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0210
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0210
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0210
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0210
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0210
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0210
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0210
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0210
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0210
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0210
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0210
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0210
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0210
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0210
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0215
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0215
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0215
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0215
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0215
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0215
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0215
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0215
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0215
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0215
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0215
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0215
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0215
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0215
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0215
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0215
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0215
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0215
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0215
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0215
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0215
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0215
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0215
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0215
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0215
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0215
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0215
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0215
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0215
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0215
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0215
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0220
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0220
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0220
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0220
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0220
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0220
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0220
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0220
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0220
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0220
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0220
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0220
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0220
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0220
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0220
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0220
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0220
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0220
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0220
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0220
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0220
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0220
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0220
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0220
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0220
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0220
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0225
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0225
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0225
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0225
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0225
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0225
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0225
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0225
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0225
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0225
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0225
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0225
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0225
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0225
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0225
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0225
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0225
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0225
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0225
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0225
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0225
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0225
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0225
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0225
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0225
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0225
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0225
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0225
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0225
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0225
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0225
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0225
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0225
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0225
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0230
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0230
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0230
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0230
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0230
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0230
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0230
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0230
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0230
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0230
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0230
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0235
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0235
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0235
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0235
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0235
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0235
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0235
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0235
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0235
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0235
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0235
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0235
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0235
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0235
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0235
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0235
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0235
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0235
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0235
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0235
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0235
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0235
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0240
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0240
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0240
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0240
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0240
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0240
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0240
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0240
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0240
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0240
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0240
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0240
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0240
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0240
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0240
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0240
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0240
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0240
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0240
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0240
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0240
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0240
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0240
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0240
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0240
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0240
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0240
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0240
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0240
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0240
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0240
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0240
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0240
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0240
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0240
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0240
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0240
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0245
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0245
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0245
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0245
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0245
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0245
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0245
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0245
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0245
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0245
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0245
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0245
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0245
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0245
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0245
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0245
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0245
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0245
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0245
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0245
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0245
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0245
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0245
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0245
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0245
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0245
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0245
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0245
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0245
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0245
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0245
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0245
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0245
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0250
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0250
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0250
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0250
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0250
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0250
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0250
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0250
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0250
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0250
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0250
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0250
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0250
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0250
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0250
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0250
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0250
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0250
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0250
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0250
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0250
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0250
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0250
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0250
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0250
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0250
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0250
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0250
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0250
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0250
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0250
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0250
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0255
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0255
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0255
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0255
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0255
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0255
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0255
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0255
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0255
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0255
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0255
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0255
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0255
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0255
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0255
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0255
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0255
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0255
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0255
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0255
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0255
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0255
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0255
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0255
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0255
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0255
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0255
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0255
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0260
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0260
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0260
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0260
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0260
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0260
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0260
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0260
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0260
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0260
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0260
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0260
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0260
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0260
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0260
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0260
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0260
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0260
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0260
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0260
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0260
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0260
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0260
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0260
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0260
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0260
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0260
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0260
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0265
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0265
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0265
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0265
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0265
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0265
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0265
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0265
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0265
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0265
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0265
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0265
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0265
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0265
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0265
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0265
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0265
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0265
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0265
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0265
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0265


Published in : Journal of Pharmaceutical and Biomedical Analysis (2018), vol. 147, pp. 458–
472 
DOI: 10.1016/j.jpba.2017.06.056 
Status : Postprint (Author’s version)   

 

 

54. International Conference on Harmonisation (ICH) of technical Requirements for Registration 

of Pharmaceuticals for Human Use, Tpoic Q2 (Rl ), in: Validation of Analytical Procedures: 

Text and Methodology, Geneva, 2005. 

55. M.G. Caglayan, H. Torul, F. Onur, U. Tamer, SERS-based assays for sensitive detection of 

modafinil, J. Raman Spectrosc. 46 (2015) 802-806. 

56. E. Massarini, P. Wästerby, L Landström, C. Lejon, O. Beck, P.O. Andersson, Methodologies for 

assessment of limit of detection and limit of identification using surface-enhanced Raman 

spectroscopy, Sens. Actuator B-Chem. 207 (Part A) (2015) 437-446. 

57. I. Izquierdo-Lorenzo, S. Sanchez-CortesJ-V. Garcia-Ramos, Adsorption of beta-adrenergic 

agonists used in sport doping on metal nanoparticles: a detection study based on surface-

enhanced Raman scattering, Langmuir 26 (2010)14663-14670. 

58. I. Izquierdo-Lorenzo, S. Sanchez-CortesJ-V. Garcia-Ramos, Trace detection of 

aminoglutethimide drug by surface-enhanced Raman spectroscopy: a vibrational and 

adsorption study on gold nanoparticles, Anal. Methods 3 (2011)1540-1545. 

59. I. Izquierdo-Lorenzo, I. Alda, S. Sanchez-CortesJ-V. Garcia-Ramos, Adsorption and detection 

of sport doping drugs on metallic plasmonic nanoparticles of different morphology, 

Langmuir 28 (2012) 8891-8901. 

60. F. Inscore, C. Shende, A. Sengupta, H. Huang, S. Farquharson, Detection of drugs of abuse in 

saliva by surface-enhanced Raman spectroscopy (SERS), AppL Spectrosc. 65 (2011 ) 1004-

1008. 

61. ] C.D.L. Albuquerque, RJ. Poppi, Detection of malathion in food peels by surface-enhanced 

Raman imaging spectroscopy and multivariate curve resolution, Anal. Chim. Acta 879 (2015) 

24-33. 

62. J.L Li, D.W. Sun, H. Pu, D.S. Jayas, Determination of trace thiophanate-methyl and its 

metabolite carbendazim with teratogenic risk in red bell pepper (Capsicumannuum L.) by 

surface-enhanced Raman imaging technique, Food Chem. 218 (2017) 543-552. 

63. C. Sun, L Zhang, R. Zhang, M. Gao, X. Zhang, Facilely synthesized polydopamine 

encapsulated surface-enhanced Raman Scattering(SERS) probes for multiplex tumor 

associated cell surface antigen detection using SERS imaging, RSC Adv. 5 (2015) 72369-

72372. 

64. G. Zito, G. Rusciano, G. Pesce, A. Dochshanov, A. Sasso, Surface-enhanced Raman imaging 

of cell membrane by a highly homogeneous and isotropic silver nanostructure, Nanoscale 7 

(2015) 8593-8606. 

65. T. Firkala, A. Farkas, B. Vajna, I. Farkas, G. Marosi, Investigation of drug distribution in tablets 

using surface enhanced Raman chemical imaging, J. Pharm. Biomed. Anal. 76 (2013) 145-

151. 

http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0270
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0270
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0270
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0270
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0270
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0270
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0270
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0270
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0270
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0270
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0270
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0270
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0270
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0270
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0270
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0270
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0270
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0270
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0270
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0270
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0270
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0270
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0275
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0275
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0275
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0275
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0275
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0275
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0275
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0275
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0275
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0275
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0275
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0275
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0275
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0275
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0275
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0280
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0280
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0280
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0280
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0280
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0280
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0280
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0280
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0280
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0280
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0280
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0280
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0280
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0280
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0280
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0280
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0280
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0280
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0280
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0280
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0280
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0280
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0280
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0280
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0280
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0280
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0280
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0280
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0280
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0280
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0280
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0285
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0285
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0285
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0285
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0285
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0285
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0285
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0285
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0285
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0285
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0285
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0285
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0285
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0285
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0285
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0285
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0285
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0285
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0285
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0285
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0285
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0285
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0285
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0285
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0290
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0290
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0290
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0290
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0290
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0290
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0290
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0290
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0290
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0290
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0290
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0290
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0290
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0290
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0290
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0290
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0290
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0290
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0290
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0290
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0290
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0290
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0290
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0290
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0295
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0295
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0295
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0295
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0295
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0295
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0295
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0295
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0295
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0295
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0295
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0295
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0295
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0295
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0295
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0295
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0295
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0295
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0295
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0295
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0295
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0295
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0295
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0300
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0300
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0300
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0300
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0300
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0300
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0300
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0300
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0300
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0300
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0300
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0300
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0300
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0300
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0300
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0300
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0300
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0300
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0300
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0300
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0300
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0300
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0300
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0300
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0305
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0305
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0305
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0305
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0305
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0305
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0305
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0305
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0305
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0305
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0305
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0305
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0305
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0305
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0305
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0305
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0305
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0305
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0305
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0305
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0305
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0305
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0305
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0310
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0310
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0310
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0310
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0310
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0310
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0310
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0310
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0310
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0310
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0310
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0310
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0310
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0310
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0310
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0310
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0310
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0310
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0310
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0310
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0310
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0310
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0310
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0310
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0310
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0310
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0315
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0315
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0315
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0315
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0315
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0315
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0315
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0315
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0315
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0315
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0315
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0315
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0315
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0315
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0315
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0315
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0315
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0315
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0315
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0315
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0315
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0315
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0315
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0315
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0315
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0315
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0315
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0315
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0315
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0315
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0315
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0320
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0320
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0320
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0320
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0320
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0320
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0320
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0320
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0320
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0320
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0320
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0320
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0320
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0320
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0320
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0320
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0320
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0320
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0320
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0320
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0320
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0320
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0320
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0320
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0325
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0325
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0325
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0325
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0325
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0325
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0325
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0325
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0325
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0325
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0325
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0325
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0325
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0325
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0325
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0325
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0325
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0325
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0325
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0325
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0325
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0325
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0325
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0325
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0325
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0325
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0325


Published in : Journal of Pharmaceutical and Biomedical Analysis (2018), vol. 147, pp. 458–
472 
DOI: 10.1016/j.jpba.2017.06.056 
Status : Postprint (Author’s version)   

 

 

66. T. Firkala, A. Farkas, B. Vajna, Z.K. Nagy, G. Pokol, G. Marosi, I.M. Szilagyi, Quantification of 

low drug concentration in model formulations with multivariate analysis using surface 

enhanced Raman chemical imaging, J. Pharm. Biomed. Anal. 107 (2015) 318-324. 

67. C. De Bleye, P.Y. Sacré, E. Dumont, L Netchacovitch, P.F. Chavez, G. Piel, P. Lebrun, P. Hubert, 

E. Ziemons, Development of a quantitative approach using surface-enhanced Raman 

chemical imaging: first step for the determination of an impurity in a pharmaceutical model, 

J. Pharm. Biomed. Anal. 90(2014) 111-118. 

68. M.B. Mamián-López, RJ. Poppi, SERS hyperspectral imaging assisted by MCR-ALS for 

studying polymeric microfilms loaded with paracetamol, MicrochemJ. 123 (2015) 243-251. 

69. J.D. Torrey, T.L. Kirschling, LF. Greenlee, Processing and characterization of nanoparticle 

coatings for quartz crystal microbalance measurements J. Res. NatL Inst. Stand. TechnoL 

120 (2015) 1-10. 

70. I. Izquierdo-LorenzoJ-V. García-Ramos, S. Sanchez-Cortes, Vibrational characterization and 

surface-enhanced Raman scattering detection of probenecid doping drug, J. Raman 

Spectrosc. 44 (2013) 1422-1427. 

71. ] R. Pérez, A. Rupérez, JJ. Laserna, Evaluation of silver substrates for surface-enhanced 

Raman detection of drugs banned in sport practices, Anal. Chim. Acta. 376 (1998) 255-263. 

72. C. Levene, E. Correa, E.W. Blanch, R. Goodacre, Enhancing surface enhanced raman 

scattering (SERS) detection of propranolol with multiobjective evolutionary optimization, 

Anal. Chem. 84 (2012) 7899-7905. 

73. A. Subaihi, L Almanqur, H. Muhamadali, N. AlMasoud, D.I. Ellis, D.K. Trivedi, K.A. Hollywood, 

Y. Xu, R. Goodacre, Rapid, accurate, and quantitative detection of propranolol in multiple 

human biofluids via surface-enhanced Raman scattering, Anal. Chem. 88 (2016) 10884-

10892. 

74. C. Muehlethaler, M. LeonaJ-R. Lombardi, Review of surface enhanced Raman scattering 

applications in forensic science, Anal. Chem. 88 (2016) 152-169. 

75. C.A.F. de Oliveira Penido, M.T.T. Pacheco, I.K. Lednev, L. Silveira, Raman spectroscopy in 

forensic analysis: identification of cocaine and other illegal drugs of abuse, J. Raman 

Spectrosc. 47 (2016) 28–38. 

76. K. Faulds, W.E. Smith, Detection of drugs of abuse using surface enhanced Raman scattering, 

in: Infrared and Raman Spectroscopy in Forensic Science, John Wiley & Sons, Ltd, 2012 (pp. 

357–366). 

77. R.A. Sulk, R.C. Corcoran, K.T. Carron, Surface-enhanced Raman scattering detection of 

amphetamine and methamphetamine by modification with 2-mercaptonicotinic acid, Appl. 

Spectrosc. 53 (1999) 954–959. 

http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0330
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0330
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0330
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0330
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0330
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0330
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0330
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0330
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0330
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0330
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0330
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0330
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0330
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0330
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0330
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0330
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0330
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0330
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0330
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0330
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0330
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0330
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0330
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0330
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0330
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0330
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0330
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0330
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0330
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0330
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0330
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0330
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0330
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0330
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0335
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0335
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0335
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0335
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0335
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0335
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0335
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0335
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0335
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0335
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0335
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0335
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0335
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0335
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0335
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0335
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0335
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0335
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0335
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0335
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0335
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0335
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0335
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0335
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0335
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0335
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0335
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0335
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0335
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0335
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0335
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0335
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0335
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0335
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0335
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0335
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0335
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0335
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0335
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0340
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0340
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0340
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0340
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0340
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0340
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0340
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0340
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0340
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0340
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0340
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0340
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0340
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0340
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0340
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0340
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0340
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0345
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0345
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0345
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0345
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0345
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0345
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0345
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0345
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0345
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0345
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0345
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0345
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0345
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0345
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0345
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0345
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0345
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0345
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0345
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0345
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0345
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0350
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0350
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0350
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0350
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0350
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0350
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0350
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0350
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0350
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0350
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0350
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0350
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0350
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0350
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0350
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0350
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0350
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0350
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0350
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0355
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0355
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0355
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0355
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0355
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0355
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0355
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0355
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0355
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0355
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0355
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0355
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0355
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0355
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0355
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0355
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0355
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0355
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0355
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0355
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0355
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0355
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0355
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0355
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0360
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0360
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0360
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0360
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0360
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0360
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0360
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0360
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0360
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0360
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0360
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0360
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0360
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0360
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0360
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0360
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0360
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0360
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0360
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0360
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0360
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0360
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0360
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0365
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0365
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0365
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0365
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0365
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0365
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0365
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0365
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0365
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0365
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0365
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0365
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0365
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0365
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0365
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0365
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0365
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0365
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0365
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0365
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0365
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0365
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0365
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0365
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0365
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0365
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0365
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0365
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0365
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0365
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0365
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0365
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0365
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0365
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0365
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0370
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0370
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0370
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0370
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0370
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0370
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0370
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0370
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0370
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0370
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0370
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0370
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0370
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0370
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0370
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0370
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0375
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0375
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0375
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0375
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0375
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0375
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0375
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0375
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0375
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0375
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0375
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0375
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0375
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0375
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0375
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0375
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0375
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0375
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0375
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0375
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0375
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0375
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0375
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0375
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0375
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0375
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0375
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0375
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0375
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0375
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0380
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0380
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0380
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0380
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0380
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0380
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0380
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0380
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0380
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0380
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0380
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0380
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0380
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0380
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0380
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0380
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0380
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0380
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0380
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0380
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0380
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0380
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0380
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0380
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0380
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0380
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0380
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0380
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0380
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0380
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0385
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0385
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0385
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0385
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0385
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0385
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0385
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0385
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0385
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0385
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0385
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0385
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0385
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0385
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0385
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0385
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0385
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0385
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0385
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0385
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0385
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0385
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0385
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0385


Published in : Journal of Pharmaceutical and Biomedical Analysis (2018), vol. 147, pp. 458–
472 
DOI: 10.1016/j.jpba.2017.06.056 
Status : Postprint (Author’s version)   

 

 

78. Z. Han, H. Liu, B. Wang, S. Weng, L. Yang, J. Liu, Three-dimensional surface-enhanced Raman 

scattering hotspots in spherical colloidal superstructure for identification and detection of 

drugs in human urine, Anal. Chem. 87 (2015) 4821–4828. 

79. C. Andreou, M.R. Hoonejani, M.R. Barmi, M. Moskovits, C.D. Meinhart, Rapid detection of 

drugs of abuse in saliva using surface enhanced raman spectroscopy and microfluidics, ACS 

Nano 7 (2013) 7157–7164. 

80. N.D. Kline, A. Tripathi, R. Mirsafavi, I. Pardoe, M. Moskovits, C. Meinhart, J.A. Guicheteau, S.D. 

Christesen, A.W. Fountain, Optimization of surface-enhanced Raman spectroscopy 

conditions for implementation into a microfluidic device for drug detection, Anal. Chem. 88 

(2016) 10513–10522. 

81. A. Stewart, S.E.J. Bell, Modification ofAg nanoparticles with mixed thiols for improved SERS 

detection of poorly adsorbing target molecules: detection of MDMA, Chem. Commun. 47 

(2011) 4523–4525. 

82. S. Mabbott, A. Eckmann, C. Casiraghi, R. Goodacre, 2p or not 2p: tuppence-based SERS for 

the detection of illicit materials, Analyst 138 (2013) 118–122. 

83. S. Mabbott, O. Alharbi, K. Groves, R. Goodacre, Application of surface enhanced Raman 

scattering to the solution based detection of a popular legal high 5,6-methylenedioxy-2-

aminoindane (MDAI), Analyst 140 (2015) 4399–4406. 

84. M. Sanles-Sobrido, L. Rodriguez-Lorenzo, S. Lorenzo-Abalde, A. Gonzalez-Fernandez, M.A. 

Correa-Duarte, R.A. Alvarez-Puebla, L.M. Liz-Marzan, Label-free SERS detection of relevant 

bioanalytes on silver-coated carbon nanotubes: the case of cocaine, Nanoscale 1 (2009) 153–

158. 

85. S. Farquharson, C. Shende, A. Sengupta, H. Huang, F. Inscore, Rapid detection and 

identification of overdose drugs in saliva by surface-enhanced Raman scattering using fused 

gold colloids, Pharmaceutics 3 (2011) 425–439. 

86. K. Dana, C. Shende, H. Huang, S. Farquharson, Rapid analysis of cocaine in saliva by surface-

enhanced Raman spectroscopy, J. Anal. Bioanal. Tech. 6 (2015) 1–5. 

87. J. Meng, X. Tang, B. Zhou, Q. Xie, L. Yang, Designing of ordered two-dimensional gold 

nanoparticles film for cocaine detection in human urine using surface-enhanced Raman 

spectroscopy, Talanta 164 (2017) 693–699. 

88. E.L. Izake, Forensic and homeland security applications of modern portable Raman 

spectroscopy, Forensic Sci. Int. 202 (2010) 1–8. 

89. Z. Han, H. Liu, J. Meng, L. Yang, J. Liu, J. Liu, Portable kit for identification and detection of 

drugs in human urine using surface-enhanced Raman spectroscopy, Anal. Chem. 87 (2015) 

9500–9506. 

90. O. Alharbi, Y. Xu, R. Goodacre, Detection and quantification of the opioid tramadol in urine 

using surface enhanced Raman scattering, Analyst 140 (2015) 5965–5970. 

http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0390
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0390
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0390
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0390
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0390
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0390
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0390
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0390
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0390
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0390
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0390
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0390
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0390
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0390
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0390
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0390
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0390
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0390
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0390
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0390
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0390
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0390
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0390
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0390
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0390
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0390
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0390
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0390
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0390
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0390
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0390
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0390
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0390
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0390
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0390
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0395
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0395
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0395
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0395
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0395
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0395
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0395
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0395
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0395
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0395
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0395
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0395
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0395
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0395
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0395
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0395
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0395
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0395
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0395
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0395
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0395
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0395
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0395
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0395
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0395
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0395
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0395
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0395
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0395
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0395
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0400
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0400
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0400
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0400
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0400
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0400
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0400
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0400
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0400
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0400
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0400
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0400
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0400
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0400
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0400
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0400
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0400
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0400
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0400
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0400
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0400
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0400
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0400
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0400
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0400
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0400
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0400
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0400
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0400
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0400
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0400
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0400
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0400
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0400
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0400
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0400
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0400
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0405
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0405
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0405
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0405
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0405
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0405
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0405
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0405
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0405
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0405
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0405
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0405
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0405
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0405
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0405
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0405
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0405
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0405
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0405
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0405
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0405
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0405
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0405
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0405
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0405
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0405
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0405
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0410
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0410
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0410
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0410
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0410
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0410
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0410
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0410
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0410
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0410
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0410
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0410
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0410
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0410
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0410
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0410
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0410
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0410
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0410
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0410
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0410
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0410
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0410
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0410
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0415
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0415
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0415
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0415
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0415
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0415
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0415
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0415
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0415
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0415
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0415
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0415
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0415
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0415
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0415
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0415
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0415
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0415
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0415
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0415
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0415
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0415
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0415
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0415
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0415
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0415
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0415
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0415
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0415
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0415
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0415
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0420
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0420
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0420
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0420
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0420
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0420
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0420
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0420
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0420
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0420
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0420
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0420
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0420
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0420
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0420
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0420
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0420
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0420
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0420
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0420
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0420
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0420
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0420
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0420
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0420
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0420
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0420
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0420
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0420
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0420
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0420
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0420
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0420
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0425
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0425
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0425
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0425
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0425
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0425
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0425
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0425
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0425
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0425
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0425
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0425
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0425
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0425
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0425
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0425
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0425
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0425
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0425
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0425
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0425
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0425
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0425
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0425
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0425
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0425
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0425
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0425
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0425
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0425
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0430
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0430
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0430
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0430
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0430
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0430
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0430
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0430
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0430
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0430
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0430
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0430
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0430
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0430
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0430
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0430
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0430
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0430
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0430
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0430
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0430
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0430
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0430
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0430
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0430
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0430
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0435
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0435
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0435
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0435
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0435
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0435
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0435
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0435
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0435
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0435
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0435
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0435
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0435
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0435
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0435
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0435
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0435
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0435
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0435
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0435
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0435
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0435
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0435
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0435
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0435
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0435
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0435
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0435
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0435
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0435
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0435
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0440
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0440
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0440
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0440
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0440
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0440
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0440
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0440
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0440
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0440
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0440
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0440
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0440
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0440
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0440
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0440
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0440
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0440
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0445
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0445
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0445
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0445
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0445
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0445
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0445
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0445
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0445
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0445
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0445
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0445
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0445
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0445
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0445
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0445
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0445
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0445
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0445
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0445
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0445
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0445
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0445
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0445
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0445
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0445
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0445
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0445
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0445
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0445
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0445
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0445
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0450
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0450
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0450
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0450
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0450
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0450
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0450
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0450
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0450
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0450
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0450
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0450
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0450
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0450
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0450
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0450
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0450
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0450
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0450
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0450
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0450
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0450
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0450
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0450


Published in : Journal of Pharmaceutical and Biomedical Analysis (2018), vol. 147, pp. 458–
472 
DOI: 10.1016/j.jpba.2017.06.056 
Status : Postprint (Author’s version)   

 

 

91. T. Mostowtt, B. McCord, Surface enhanced Raman spectroscopy (SERS) as a method for the 

toxicological analysis of synthetic cannabinoids, Talanta 164 (2017) 396–402. 

92. R. Dong, S. Weng, L. Yang, J. Liu, Detection and direct readout of drugs in human urine using 

dynamic surface-enhanced Raman spectroscopy and support vector machines, Anal. Chem. 

87 (2015) 2937–2944. 

93. K. Qian, L. Yang, Z. Li, J. Liu, A new-type dynamic SERS method for ultrasensitive detection, 

J. Raman Spectrosc. 44 (2013) 21–28. 

94. S. Li, Y. Zhang, J. Xu, L. Li, Q. Zeng, L. Lin, Z. Guo, Z. Liu, H. Xiong, S. Liu, Noninvasive prostate 

cancer screening based on serum surface-enhanced Raman spectroscopy and support 

vector machine, Appl. Phys. Lett. 105 (2014) 091104. 

95. X. Li, T. Yang, S. Li, D. Wang, Y. Song, K. Yu, Different classification algorithms and serum 

surface enhanced Raman spectroscopy for noninvasive discrimination of gastric diseases, J. 

Raman Spectrosc. 47 (2016) 917–925. 

96. S.E.J. Bell, L.A. Fido, N.M.S. Sirimuthu, S.J. Speers, K.L. Peters, S.H. Cosbey, Screening tablets 

for DOB using surface-enhanced Raman spectroscopy, J. Forensic Sci. 52 (2007) 1063–1067. 

97. S.C. Pînzaru, I.E. Pavel, SERS and pharmaceuticals, in: Surface Enhanced Raman 

Spectroscopy, Wiley-VCH Verlag GmbH & Co. KGaA, 2010 (pp. 129–154). 

98. A. Jaworska, S. Fornasaro, V. Sergo, A. Bonifacio, Potential of surface enhanced Raman 

spectroscopy (SERS) in therapeutic drug monitoring (TDM). a critical review, Biosensors 6 

(2016) 47. 

99. L. Zhang, Y. Jin, H. Mao, L. Zheng, J. Zhao, Y. Peng, S. Du, Z. Zhang, Structure-selective hot-

spot Raman enhancement for direct identification and detection of trace penicilloic acid 

allergen in penicillin, Biosens. Bioelectron. 58 (2014) 165–171. 

100. M. Hernandez, E. Corda, J.V. Garcia-Ramos, C. Domingo, P. Sevilla, SERS of the anti-

inflammatory drug piroxicam adsorbed on the surface of silver or gold colloids as 

nanocarrier model, J. Raman Spectrosc. 47 (2016) 402–407. 

101. S.Y. Long, Z.P. Chen, Y. Chen, R.Q. Yu, Quantitative detection of captopril in tablet and blood 

plasma samples by the combination of surface-enhanced Raman spectroscopy with 

multiplicative effects model, J. Raman Spectrosc. 46 (2015) 605–609. 

102. J. Song, Z.P. Chen, J.W. Jin, Y. Chen, R.Q. Yu, Quantitative surface-enhanced Raman 

spectroscopy based on the combination of magnetic nanoparticles with an advanced 

chemometric model, Chemom. Intell. Lab. Syst. 135 (2014) 31–36. 

103. K.R. Ackermann, T. Henkel, J. Popp, Quantitative online detection of low-concentrated 

drugs via a SERS microfluidic system, ChemPhysChem 8 (2007) 2665–2670. 

104. I.J. Hidi, M. Jahn, K. Weber, D. Cialla-May, J. Popp, Droplet based microfluidics: 

spectroscopic characterization of levofloxacin and its SERS detection, Phys. Chem. Chem. 

Phys. 17 (2015) 21236–21242. 

http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0455
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0455
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0455
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0455
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0455
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0455
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0455
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0455
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0455
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0455
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0455
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0455
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0455
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0455
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0455
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0455
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0455
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0455
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0455
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0455
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0455
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0455
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0455
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0460
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0460
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0460
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0460
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0460
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0460
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0460
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0460
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0460
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0460
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0460
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0460
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0460
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0460
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0460
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0460
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0460
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0460
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0460
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0460
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0460
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0460
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0460
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0460
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0460
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0460
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0460
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0460
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0460
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0460
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0460
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0465
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0465
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0465
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0465
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0465
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0465
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0465
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0465
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0465
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0465
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0465
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0465
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0465
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0465
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0465
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0465
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0465
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0465
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0465
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0465
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0465
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0465
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0470
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0470
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0470
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0470
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0470
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0470
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0470
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0470
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0470
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0470
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0470
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0470
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0470
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0470
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0470
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0470
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0470
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0470
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0470
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0470
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0470
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0470
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0470
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0470
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0470
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0470
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0470
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0470
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0470
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0470
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0470
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0470
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0470
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0470
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0470
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0470
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0470
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0470
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0470
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0470
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0475
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0475
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0475
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0475
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0475
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0475
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0475
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0475
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0475
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0475
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0475
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0475
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0475
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0475
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0475
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0475
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0475
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0475
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0475
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0475
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0475
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0475
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0475
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0475
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0475
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0475
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0475
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0475
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0475
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0475
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0475
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0475
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0480
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0480
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0480
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0480
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0480
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0480
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0480
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0480
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0480
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0480
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0480
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0480
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0480
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0480
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0480
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0480
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0480
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0480
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0480
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0480
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0480
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0480
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0480
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0480
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0480
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0480
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0485
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0485
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0485
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0485
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0485
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0485
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0485
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0485
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0485
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0485
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0485
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0485
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0485
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0485
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0485
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0485
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0485
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0485
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0485
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0485
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0485
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0490
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0490
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0490
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0490
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0490
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0490
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0490
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0490
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0490
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0490
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0490
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0490
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0490
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0490
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0490
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0490
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0490
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0490
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0490
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0490
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0490
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0490
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0490
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0490
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0490
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0490
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0490
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0495
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0495
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0495
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0495
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0495
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0495
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0495
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0495
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0495
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0495
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0495
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0495
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0495
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0495
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0495
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0495
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0495
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0495
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0495
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0495
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0495
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0495
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0495
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0495
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0495
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0495
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0495
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0495
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0495
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0495
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0495
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0495
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0495
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0495
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0495
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0495
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0495
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0495
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0500
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0500
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0500
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0500
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0500
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0500
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0500
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0500
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0500
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0500
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0500
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0500
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0500
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0500
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0500
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0500
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0500
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0500
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0500
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0500
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0500
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0500
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0500
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0500
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0500
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0500
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0500
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0500
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0500
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0500
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0500
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0500
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0500
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0500
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0500
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0505
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0505
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0505
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0505
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0505
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0505
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0505
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0505
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0505
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0505
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0505
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0505
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0505
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0505
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0505
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0505
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0505
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0505
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0505
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0505
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0505
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0505
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0505
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0505
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0505
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0505
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0505
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0505
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0505
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0505
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0505
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0505
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0505
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0505
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0505
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0510
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0510
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0510
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0510
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0510
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0510
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0510
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0510
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0510
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0510
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0510
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0510
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0510
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0510
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0510
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0510
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0510
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0510
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0510
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0510
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0510
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0510
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0510
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0510
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0510
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0510
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0510
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0510
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0510
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0510
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0510
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0510
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0510
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0515
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0515
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0515
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0515
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0515
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0515
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0515
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0515
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0515
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0515
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0515
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0515
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0515
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0515
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0515
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0515
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0515
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0515
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0515
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0515
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0515
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0520
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0520
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0520
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0520
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0520
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0520
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0520
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0520
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0520
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0520
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0520
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0520
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0520
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0520
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0520
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0520
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0520
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0520
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0520
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0520
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0520
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0520
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0520
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0520
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0520
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0520
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0520
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0520


Published in : Journal of Pharmaceutical and Biomedical Analysis (2018), vol. 147, pp. 458–
472 
DOI: 10.1016/j.jpba.2017.06.056 
Status : Postprint (Author’s version)   

 

 

105. I.J. Hidi, M. Jahn, M.W. Pletz, K. Weber, D. Cialla-May, J. Popp, Toward levofloxacin 

monitoring in human urine samples by employing the loC-SERS technique, J. Phys. Chem. C 

120 (2016) 20613–20623. 

106. F. Gao, Y. Hu, D. Chen, E.C.Y. Li-Chan, E. Grant, X. Lu, Determination of Sudan I in paprika 

powder by molecularly imprinted polymers - thin layer chromatography - surface enhanced 

Raman spectroscopic biosensor, Talanta 143 (2015) 344–352. 

107. D. Li, L. Qu, W. Zhai, J. Xue, J.S. Fossey, Y. Long, Facile on-Site detection of substituted 

aromatic pollutants in water using thin layer chromatography combined with surface-

enhanced Raman spectroscopy, Environ. Sci. Technol. 45 (2011) 4046–4052. 

108. R. Huang, S. Han, X. Li, Detection of tobacco-related biomarkers in urine samples by surface-

enhanced Raman spectroscopy coupled with thin-layer chromatography, Anal. Bioanal. 

Chem. 405 (2013) 6815–6822. 

109. X. Li, H. Chen, Q. Zhu, Y. Liu, F. Lu, Analysis of low active-pharmaceutical-ingredient signal 

drugs based on thin layer chromatography and surface-enhanced Raman spectroscopy, J. 

Pharm. Biomed. Anal. 131 (2016) 410–419. 

110. A. Lucotti, M. Tommasini, M. Casella, A. Morganti, F. Gramatica, G. Zerbi, TLC - surface 

enhanced Raman scattering of apomorphine in human plasma, Vib. Spectrosc. 62 (2012) 

286–291. 

111. E.d.B. Santos, E.C.N.L. Lima, C.S.d. Oliveira, F.A. Sigoli, I.O. Mazali, Fast detection of 

paracetamol on a gold nanoparticle-chitosan substrate by SERS, Anal. Methods 6 (2014) 

3564–3568. 

112. L.F. Sallum, F.L.F. Soares, J.A. Ardila, R.L. Carneiro, Determination of acetylsalicylic acid in 

commercial tablets by SERS using silver nanoparticle-coated filter paper, Spectroc. Acta A 

133 (2014) 107–111. 

113. A. Sivanesan, E.L. Izake, R. Agoston, G.A. Ayoko, M. Sillence, Reproducible and label-free 

biosensor for the selective extraction and rapid detection of proteins in biological fluids, J. 

Nanobiotechnol. 13 (2015) 43. 

114. V. Rana, M.V. Can˜ amares, T. Kubic, M. Leona, J.R. Lombardi, Surface-enhanced Raman 

spectroscopy for trace identification of controlled substances: morphine, codeine, and 

hydrocodone, J. Forensic Sci. 56 (2011) 200–207. 

115. F. Taplin, D. O’Donnell, T. Kubic, M. Leona, J. Lombardi, Application of raman spectroscopy, 

surface-enhanced Raman scattering (SERS), and density functional theory for the 

identification of phenethylamines, Appl. Spectrosc. 67 (2013) 1150–1159. 

116. S. Mabbott, E. Correa, D.P. Cowcher, J.W. Allwood, R. Goodacre, Optimization of parameters 

for the quantitative surface-enhanced Raman scattering detection of mephedrone using a 

fractional factorial design and a portable raman spectrometer, Anal. Chem. 85 (2013) 923–

931. 

http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0525
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0525
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0525
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0525
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0525
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0525
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0525
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0525
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0525
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0525
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0525
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0525
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0525
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0525
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0525
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0525
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0525
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0525
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0525
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0525
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0525
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0525
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0525
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0525
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0525
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0525
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0525
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0525
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0525
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0525
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0525
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0530
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0530
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0530
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0530
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0530
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0530
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0530
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0530
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0530
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0530
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0530
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0530
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0530
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0530
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0530
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0530
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0530
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0530
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0530
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0530
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0530
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0530
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0530
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0530
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0530
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0530
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0530
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0530
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0530
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0530
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0530
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0530
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0530
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0530
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0530
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0530
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0535
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0535
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0535
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0535
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0535
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0535
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0535
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0535
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0535
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0535
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0535
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0535
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0535
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0535
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0535
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0535
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0535
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0535
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0535
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0535
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0535
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0535
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0535
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0535
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0535
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0535
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0535
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0535
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0535
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0535
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0535
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0535
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0535
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0535
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0535
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0535
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0535
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0540
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0540
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0540
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0540
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0540
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0540
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0540
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0540
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0540
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0540
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0540
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0540
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0540
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0540
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0540
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0540
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0540
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0540
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0540
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0540
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0540
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0540
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0540
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0540
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0540
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0540
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0540
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0540
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0545
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0545
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0545
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0545
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0545
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0545
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0545
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0545
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0545
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0545
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0545
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0545
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0545
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0545
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0545
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0545
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0545
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0545
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0545
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0545
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0545
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0545
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0545
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0545
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0545
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0545
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0545
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0545
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0545
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0545
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0545
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0545
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0550
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0550
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0550
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0550
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0550
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0550
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0550
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0550
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0550
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0550
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0550
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0550
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0550
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0550
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0550
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0550
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0550
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0550
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0550
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0550
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0550
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0550
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0550
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0550
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0550
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0550
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0550
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0550
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0555
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0555
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0555
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0555
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0555
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0555
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0555
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0555
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0555
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0555
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0555
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0555
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0555
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0555
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0555
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0555
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0555
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0555
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0555
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0555
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0555
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0555
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0555
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0555
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0555
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0555
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0560
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0560
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0560
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0560
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0560
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0560
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0560
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0560
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0560
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0560
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0560
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0560
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0560
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0560
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0560
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0560
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0560
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0560
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0560
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0560
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0560
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0560
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0560
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0560
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0560
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0560
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0560
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0565
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0565
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0565
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0565
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0565
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0565
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0565
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0565
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0565
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0565
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0565
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0565
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0565
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0565
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0565
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0565
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0565
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0565
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0565
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0565
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0565
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0565
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0565
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0565
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0565
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0565
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0565
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0565
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0565
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0565
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0565
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0570
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0570
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0570
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0570
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0570
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0570
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0570
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0570
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0570
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0570
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0570
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0570
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0570
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0570
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0570
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0570
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0570
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0570
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0570
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0570
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0570
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0570
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0570
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0570
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0570
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0570
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0570
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0570
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0570
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0575
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0575
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0575
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0575
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0575
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0575
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0575
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0575
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0575
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0575
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0575
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0575
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0575
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0575
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0575
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0575
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0575
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0575
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0575
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0575
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0575
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0575
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0575
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0575
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0575
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0575
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0575
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0575
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0575
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0575
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0575
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0580
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0580
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0580
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0580
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0580
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0580
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0580
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0580
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0580
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0580
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0580
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0580
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0580
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0580
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0580
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0580
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0580
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0580
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0580
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0580
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0580
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0580
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0580
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0580
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0580
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0580
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0580
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0580
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0580
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0580
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0580
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0580
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0580
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0580
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0580
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0580
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0580
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0580


Published in : Journal of Pharmaceutical and Biomedical Analysis (2018), vol. 147, pp. 458–
472 
DOI: 10.1016/j.jpba.2017.06.056 
Status : Postprint (Author’s version)   

 

 

117. S.E.J. Bell, N.M.S. Sirimuthu, Rapid, quantitative analysis of ppm/ppb nicotine using surface-

enhanced Raman scattering from polymer-encapsulated Ag nanoparticles (gel-colls), 

Analyst 129 (2004) 1032–1036. 

 

http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0585
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0585
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0585
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0585
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0585
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0585
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0585
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0585
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0585
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0585
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0585
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0585
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0585
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0585
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0585
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0585
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0585
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0585
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0585
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0585
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0585
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0585
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0585
http://refhub.elsevier.com/S0731-7085(17)31137-8/sbref0585

