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Glucose determination based on two component self–assembled 
monolayer functionalized surface–enhanced Raman spectroscopy 
(SERS) probe 

 
Hilal Torula, Hakan Çiftçib,  Fahriye Ceyda Dudakc,Yekbun Adıgüzeld, Haluk Kulahd,e, Đsmail Hakkı 5 
Boyacıc and Uğur Tamer*a 
 
 
 

In this report, we present a new detection method for blood glucose, using gold nanorod SERS; Surface 10 
enhanced Raman scattering probe embedded in two component Self–assembled monolayers (SAMs). 

Gold nanorod particles and gold coated slide surface were modified with the two component SAMs 

consisting of 3–mercaptophenylboronic acid (3–MBA) and 1–decanethiol (1–DT). The immobilization of 

3–MBA/1–DT surface–functionalized, gold nanoparticles onto 3–MBA/1–DT modified, gold–coated 

slide surfaces was achieved by the cooperation of hydrophobic forces. Two component SAM 15 
functionalized substrates were used as the SERS probe, by means of the boronic acid and the alkyl spacer 

functional groups that serve as the molecular recognition and penetration agents, respectively. SERS 

platform surface was characterized by cyclic voltammetry, contact angle measurements, AFM; atomic 

force microscopy and Raman spectroscopy. Optimum values of the parameters such as pH, time and (3–

MBA/1–DT) molar ratio were also examined for the glucose determination. The analytical performance 20 
was evaluated and linear calibration graphs were obtained in the glucose concentration range of 2–16 

mM, which is also in the range of the blood glucose levels, and the detection limit was found to be 0.5 

mM. As a result, the SERS platform was also used for the determination of glucose in plasma samples. 

Keywords: Gold nanoparticles, Self–assembled monolayer, Boronic acid, Surface enhanced Raman 

scattering, Partition layer, Glucose 25 

Introduction 
 

Determination of glucose in body fluids is an important 
analytical challenge in diagnostic analysis, especially in the 
case of continuous monitoring of the glucose level in diabetes 30 
mellitus patients.1 Although enzymatic assays have been 
generally used for glucose determination, the most serious 
problem of this approach is the lack of enzyme stability .2,3 For 
this reason,  new molecular recognition systems for the 
detection of glucose molecule have been attracting 35 
considerable attention.2–6 A molecular recognition agent, 
phenylboronic acid, represents an ideal synthetic molecular 
receptor, for its ability to recognise the cis–diol configuration 
in saccharides and to form reversible covalent complexes with 
saccharides in aqueous media. 7-10 Phenylboronic acid 40 
derivatives have been used for saccharide sensing applications 
in various methods, utilizing piezoresistive microcantilevers7-9, 
UV–Vis absorption10, fluorescence measurements11,12, 
electrochemistry13,14, plasmonics15,16, holography and SPR17-22. 
Consequently, phenyl boronic acid probes inherently has the 45 
potential to be used as the recognition moiety for the detection 
of glucose in a complex matrix such as blood. 

SERS provides high sensitivity and selectivity when 
dealing with low volume samples and low concentration target 
analytes 23-33. However, SERS based analytical methods or 50 
sensors are still limited to research laboratories. The main 
reason is the difficult control of nanostructure surface or 
nanoparticle with Raman activity34. Because the signal 

enhancement results from an electric field in close proximity 
to a nanostructure surface and the electric field is localized 55 
between nanoparticles or metal film. In addition, the 
intensities of SERS signals are also based on the aggregation 
of nanoparticles35. There is still much effort to develop 
reliable and reproducible SERS based analytical methods. The 
determination of glucose using SERS was reported in a recent 60 
work by Van Duyne group who demonstrated the direct 
detection of glucose using SERS by partitioning the glucose 
into alkanethiolate monolayers, such as decanethiol and (1–
mercaptoundeca–1(–yl) tri (ethylene)glycol).36-39 The alkyl 
spacer functional group was used to increase the glucose 65 
permeation, during direct detection of glucose using SERS. 

SAMs offer a number of advantages as suitable platforms 
for surface modifications that serve to attach biological 
molecules onto nanoparticle surfaces.40 They form structurally 
well–defined and compact monolayers on the surfaces of the 70 
nanoparticles. The experimental procedure for the formation 
of SAMs from dilute ethanolic solution is straightforward and 
applicable to most sensor configurations. For instance, 3–
aminophenylboronic acid (APBA) was immobilised on a gold 
electrode via a SAM and the change in capacitance of the 75 
sensing surface caused by the binding between 3–APBA and 
bacteria was detected in a flow-through system, by a 
potentiostatic step method.22 This method is not specific to the 
bacteria type, it shows binding of bacteria to the 3–APBA. 
The complexation of saccharides with aromatic boronic acids 80 
produces a stable ester and the binding constant is dependent 
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 2

on the pH, electrolyte concentration and pKa of the aromatic 
boronic acid.41 Application of this method utilizing 3–APBA 
was also offered as means for a rapid detection of total 
bacteria since the cell wall of bacteria consist of 
polysaccharides with diol–groups that can chemoselectively 5 
bind to 3–APBA.42,43 In our previous study, surface 
functionalized gold nanoparticles with MUA and 4-
mercaptophenyl boronic acid (MBA) were immobilized onto 
poly(3–octylthiophene) (POT) by hydrophobic forces and the 
POT–Au–SEM electrode that have been prepared was used 10 
for glucose determination as a potentiometric non–enzymatic 
glucose sensor, which was based on the partitioning of 
glucose into the boronic acid/decanethiol layer.44 In a similar 
manner, a new conducting polymer organic electrode, poly(3–
aminophenylboronic acid–co–3–octylthiophene), was used for 15 
the determination of glucose as well, and the analytical 
performance of the sensor was evaluated with potentiomentric 
measurements.9 We also developed a sensor surface based on 
MBA terminated Ag@Au-graphene oxide nanomaterial, 
which was used for the determination of glucose, through the 20 
complex formation between the boronic acid and diol groups 
of the glucose.45  

In this work, we proposed different strategy to construct a 
SERS template for the sensitive and selective detection of 
glucose using mixed SAMs modified gold nanoparticles 25 
immobilized on mixed SAMs modified gold surfaces. The 
mixed monolayer of 3–mercaptophenylboronic acid (3–MBA) 
and decanethiol (1–DT) groups was formed on a gold–coated 
slide surface and gold nanoparticles surfaces. The 
immobilization of surface–functionalized SAM gold 30 
nanoparticles onto modified, gold–coated slide surfaces was 
achieved by the cooperation of hydrophobic force. The gold 
coated slide surface and gold nanoparticle surface was 
covered with the two components mixed layer of SAM. After 
mixing, gold nanoparticles can be immobilized to the gold 35 
coated slide surface directly due to hydrophobic surface. The 
resulting SERS platform was used for the determination of 
glucose through the complex formation between the mixed 
monolayer and glucose. The SERS platform was characterized 
by cyclic voltammetry, contact angle measurements, AFM 40 
and Raman spectroscopy. The SERS platform was also used 
for the determination of glucose in plasma samples. 

 
Experimental  
 45 
Materials 
 
Hydrogen tetrachloroaurate (HAuCl4), hexadecyltrimetyl–
ammonium bromide (CTAB), L–ascorbic acid (AA), 1–
decanethiol (DT), 4–mercaptophenyl boronic acid (4-MBA), 50 
ascorbic acid (AA), uric acid (UA) and ethanol were purchased 
from Sigma–Aldrich (Taufkirchen, Germany) and were used as 
received. Silver nitrate (AgNO3) and sodium borohydride 
(NaBH4) were purchased from Merck (Darmstadt, Germany). 
All solutions were prepared with deionized water, 18.2 55 
MΩ.cm, which was obtained free from organic matter, from a 
Millipore purification system. Blood reference material 
(Hb/glucose L-1) was purchased from Seronorm (Billingstad, 

NORWAY). Gold coated silicon wafer was purchased from 
Sigma–Aldrich (Taufkirchen, Germany). The thickness of the 60 
gold layer is 100 nm. 

 
Gold coated slide surface modification 
 
The SAMs of 3–MBA and 1–DT were prepared by immersing 65 
the gold–coated slide surface into a 3–MBA and 1–DT mixture 
solution for 24 h. The concentration of 3–MBA and 1–DT in 
ethanol was 10 mM, each. After the immobilization process, 
modified gold–coated slide surface (AuSAMs) was rinsed 
three times with ethanol, to remove excess 1–DT or 3–MBA.   70 

 
Synthesis of gold nanorods and surface modification 
 
Gold nanorods were prepared by the previously reported seed–
mediated growth technique, with slight modifications.46 To 75 
prepare rod shaped gold nanoparticles, 4.75 mL of 0.1 M 
CTAB, 250 µL of 0.01 M HAuCl4, and 60 µL of 4x10–3 M 
AgNO3 were mixed, respectively. After that, 250 µL of 0.1 M 
ascorbic acid was added dropwise to the resulting solution. 
Then, 5 µL seed solution was added to the stock solution, and 80 
this final mixture was stirred for 10 seconds, and allowed to 
stay for 3 hours at room temperature. The seed solution was 
prepared by mixing 7.5 mL of 0.1 M CTAB solution with 250 
µL of 0.01 M HAuCl4 solution. Once mixed 600 µL of 0.01 M 
ice–cold NaBH4 was added to the resulting solution and 85 
allowed to stand for 5 min, to form the seed solution.  

Gold nanorods solution was centrifuged to remove excess 
CTAB from the surface of gold nanorods. After sonication for 
one hour, the precipitate was centrifuged and washed with 
deionized water, and the procedure was repeated four times. 90 
Based on the TEM images (Supplemental material, Figure S1), 
the rod shaped gold nanoparticles have an average diameter of 
22 ± 3 nm and average length of about 53 ± 4 nm.The resulting 
particles were dispersed overnight, with a 2 mL ethanol 
solution containing 10 mM 1–DT and 10 mM 3–MBA, under 95 
constant stirring, and cleaned three times with ethanol solution, 
to remove the excess 1–DT and 3–MBA. 

 
Preparation of SERS platform 
 100 
Au SAMs surfaces dipped into gold nanoparticle (AuNPs) 
SAMs containing 2 mL ethanol solution, for 5 min, for 
immobilization of AuNPs SAMs on to Au SAMs surface, by 
the aid of hydrophobic forces. The resulting platform (Au 
SAMs–AuNPs SAMs) (Scheme 1) was cleaned three times 105 
with ethanol, to remove the excess nanoparticles. Au SAMs–
AuNPs SAMs surface was characterized by cyclic 
voltammetry. A Gamry potentiostat (model reference 600,) 
was used to perform cyclic voltammetry measurements. 

Au, Au SAMs and Au SAMs–AuNPs SAMs surfaces were 110 
visualized with AFM (XE-100E; Park Systems Corp., Suwon, 
Korea). The measurements were performed in the non-contact 
mode, by using 910 M-NSC14/Cr Au-type cantilevers, with 
0.3 to 0.5-Hz scanning speed. Prior to the AFM measurements, 
the surfaces were washed with ultrapure water and allowed to 115 
dry in air.  
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 3

The static contact angles of water drops on the Au SAMs 
and Au SAMs–AuNPs SAMs surfaces were measured at room 
temperature, with an automatic contact angle analyzer, 
combined with flash camera equipment (model DSA 100, 
Krüss, Germany). All the contact angles presented here were 5 
an average of five measurements. 
 
 
 
Surface Plasmon Resonance measurements 10 
 
Binding of glucose to Au SAMs and Au SAMs–AuNPs SAMs 
surfaces was investigated by SpreetaTM SPR sensor (Texas 
Instruments, Dallas, TX, USA), combined with three-channel 
flow cell and 12-bit DSP control box. The flow of the reagents 15 
was controlled by syringe pumps (Goldman Pump, Biasis Ltd. 
Sti., Ankara, Turkey) and four-way switching valves 
(Upchurch Scientific, Oak Harbor, WA, USA). Self-assembled 
monolayer (SAM) was formed on the gold coated sensor 
surfaces by incubating the sensor overnight, with 10 mM 1–DT 20 
and 10 mM 3–MBA, in absolute ethanol. After establishing the 
baseline with borate buffer (pH 9.0), four different 
concentrations of glucose, ranging from 2.8 µM to 22.2 µM, 
were injected to the sensor surface, at a flow rate of 25 µl min-

1. The binding curves were generated by taking the difference 25 
of the binding measurement and the control measurement, in 
which the glucose solutions were injected to blocked surface. 
The curves were fitted to a simple Langmuir binding model, in 
order to determine the binding constant between the boronic 
acid and glucose. 30 

 
Glucose measurements using SERS platform 
 
DeltaNu Examiner Raman microscope (Deltanu Inc., Laramie, 
WY, USA) with a 785–nm laser source, a motorized 35 
microscope stage sample holder, and a CCD detector was used 
to determine the glucose concentration. Varying concentrations 
of 10 µL glucose solutions were dropped on the Au SAMs–
AuNPs SAMs surface and after letting it dry on the surface for 
5 min, this surface was rinsed three times with water to remove 40 
the unbound glucose molecules. Then, SERS spectrum was 
acquired in the 500–1800 cm−1 range. During the 
measurements, a 20 X objective was used and the laser spot 
diameter was approximately 30 µm. Samples were measured 
with 140 mW laser power, for 30 s acquisition time. Baseline 45 
correction was performed for all measurements. Spectral 
intensity was obtained from five different locations of the 
substrate and was averaged. The change in intensity values of 
the fundamental peaks of Au SAMs–AuNPs SAMs surface 
was monitored both before and after the addition of glucose. 50 

The addition of organic solvents to serum results in the 
precipitation of high molecular weight proteins, leaving the 
low molecular weight molecules behind, in solution. In this 
study, acetonitrile (ACN) was used for the precipitation of 
major serum protein components. Blood reference material 55 
(500 µL) was transferred to a centrifuge tube and 1500µL of 
ACN was added into the tube. The protein precipitate was 
pelleted by centrifugation at 12000g, for 10 min, at room 

temperature. The supernatant was transferred to a clean tube. 
Five different concentrations of glucose, ranging from 0 to 60 
8mM, were prepared with 0.1 M borate buffer (pH 9.0) and 
100 µL of the supernatant was added to each tube. The final 
volume of the samples was completed to 1000 µL with 0.1 M 
borate buffer (pH 9.0). The prepared sample solutions were 
vortexed to mix the constituents. They were then dropped on 65 
Au SAMs–AuNPs SAMs surface and after letting it dry on the 
surface for 5 min, the surfaces washed three times with water 
to remove the unbound glucose molecules. Then, SERS 
spectrum was acquired in the range of 500–1800 cm−1. 

 70 
Results and Discussion 
 
Design strategy for glucose sensor 
 
The schematic of the surface composition of the SERS 75 
platform for the determination of glucose is shown in Scheme 
1. The gold chip surface was modified with mixed monolayer 
of 3–MBA and 1–DT and the gold nanorod particles that were 
modified with mixed SAM were embedded to the surface by 
hydrophobic force. Alkyl groups and boronic acid are needed 80 
for the penetration of glucose molecules into the sensing 
surface since an alkanethiolate group can act as a partition 
layer and phenylboronic acid groups as a complex forming 
agent on the resulting substrates.9 Accordingly, the use of 
multi–component SAM of 3–MBA and 1–DT on gold chip 85 
surface provided the direct and enhanced immobilization 
efficiencies of gold nanorod particles.  

In the present work, we have used Fe(CN)6 
44 as a redox 

probe, to evaluate the entirety of resulting SERS platform and 
cylic voltammetry was employed to study the electron transfer 90 
process on the SAMs modified electrodes and gold coated 
slide, which covered with the SAMs (Scheme 1), cannot touch 
the solution directly due to hydrophobic surface. Figure 1 
shows the voltammogram of ferrocyanide redox reaction taken 
from the mixed monolayer of 3–MBA and 1–DT surface. It 95 
was observed that multi–component SAMs completely block 
ferrocyanide redox reaction showing the full coverage of 
SAMs on gold surface (Figure 1, voltammogram c). Figure 1a 
shows the typical behavior of forrocyanide on bare gold 
electrode. On the other hand, after interaction of gold nanorod 100 
particles, a CV of ferrocyanide redox reaction was observed as 
shown in Figure 1 (voltammogram b) indicating that 
ferrocyanide molecules could penetrate into the monolayer and 
the electron could transfer through the SAMs via tunneling 
process due to presence of gold nanoparticles embedded in 105 
SAMs. 

Contact angle measurements were used for the 
characterization of SERS platform surfaces in terms of 
hydrophobicity. Fundamentally, the more hydrophobic the 
surface is, the smaller is the contact area of a water droplet on 110 
it and therefore, the larger is the value of the contact angle. The 
boronic acid end–groups of modified surfaces lead to 
characteristic changes in the polarity of the surfaces. Therefore, 
we performed contact angle measurements to quantify the 
corresponding changes after modification with gold nanorod 115 
particles as well. As expected, gold surface is hydrophilic and 
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water contact angle of the bare gold surface is 8.51° 
(Supplemental material, Figure S2a). Contact angles of 
AuSAMs (Supplemental material, Figure S2b) and Au SAMs–
AuNPs SAMs (Supplemental material, Figure S2c) surfaces 
were found to be 74.9° and 58.3°, respectively. The change in 5 
the contact angle values according to the SAM type on the gold 
surface indicated that the surface modification has occurred 
and the surface hydrophobicity increases with the addition of 
the decanethiol. When the mixed monolayer modified gold 
nanorod particles were added on the AuSAMs surface, the 10 
numbers of boronic acid end–groups were increased and the 
resulting contact angle value was decreased.  

We carried out the experiments regarding the stability of 
the prepared sensor. We did not observe any SERS signal 
intensity change within the two months using the prepared 15 
SERS probe. The intensity change of SERS peak was 
demonstrated in the Figure S3.  

The detailed characterization of gold nanorod particles 
used in this study was reported in our previous study.44 The 
functional group on the nanoparticle is an important factor 20 
affecting the immobilization efficiencies of gold nanorods onto 
the gold chip surface. AFM measurements were also 
performed to demonstrate the existence and appropriate 
immobilization of AuNPs SAMs on Au SAMs surface. It can 
be seen in Figure 2a that the roughness increased slightly after 25 
the self-assembly of 3-MBA and 1–DT monolayers on the 
surface (Figure 2b). The addition of AuNPs SAMs to Au 
SAMs surface result in considerable increase in roughness and 
the size of the knobs is consistent with the size of the AuNPs 
SAMs size (Figure 2c). AFM images show that nanoparticles 30 
on the AuSAMs surface had a homogenous distribution. 

 
Interaction between glucose and SERS platform 
 
To explain the glucose penetration to the platform surface 35 
SERS measurements were carried out.  Significant SERS peaks 
were observed at 698, 1000, 1024, 1070, 1184, 1290, 1490, 
1583 cm–1 on Au SAMs–AuNPs SAMs surfaces as shown in 
Figure 3. The Raman band appeared at 698 cm–1 and small 
peaks at 1024 cm–1 were due to C–S stretching mode and the 40 
peak at 1000 cm–1 was due to phenyl groups.47,48 The peaks at 
1290 and 1490 cm–1 were attributed to C–C and C=C 
stretching modes of the phenyl groups, respectively.49 Raman 
bands at 1070 cm–1 and 1184 cm–1 illustrated the B–OH and 
B–C stretching modes, respectively.50 45 

The interaction of boric and boronic acid derivatives with 
saccharides is well documented.51 Boronic functional groups 
participate in complexing with compounds containing vicinal 
diols, through reversible ester formation.  In our previous 
study, we demonstrated that the alkyl groups are needed to 50 
penetrate the glucose molecule onto SAM film surface.44 The 
main advantage of the decanethiol is to provide as a partition 
layer near the film surface for the effective preconcentration of 
glucose. A control experiment using only boronic acid 
functional group displayed less signal change in SERS 55 
response (data not shown). For this reason, the two component 
mixed monolayer of SAM functionalized substrate was used as 
the SERS probe. With the addition of increasing glucose 

concentration on the Au SAMs–AuNPs SAMs surface, B–OH 
peak intensity at 1070 cm–1 was decreased as shown in Figure 60 
3. The decrease of Raman band intensity revealed that glucose 
was partitioned into the platform surface and formed a 
complex with the phenylboronic acid group. The result also 
showed that the Au SAMs–AuNPs SAM surface can be used 
as a glucose sensor by SERS measurement.  65 

Immobilization of AuNPs SAMs on Au SAMs surface 
provides high SERS signals upon binding of glucose to sensing 
surface. In order to reveal this signal enhancement, binding 
affinities of glucose to Au SAMs and Au SAMs–AuNPs SAMs 
surfaces were determined using SPR sensor. The binding 70 
affinity of glucose to the sensing layer obtained from SPR 
measurements confirm the result that glucose bind to Au 
SAMs–AuNPs SAMs surface with a higher affinity than 
binding to the Au SAMs surface. Different concentrations of 
glucose solutions (pH 9.0, 100 mM borate buffer) were 75 
injected both to the Au SAMs surface (Figure 4a) and Au 
SAMs–Au NPs SAMs surface (Figure 4b), and the binding 
data were consistent with simple 1:1 Langmuir interaction 
model. The affinity constant of glucose-boronic acid complex 
on Au SAMs–AuNPs SAMs surface was calculated as 7.7×104 80 
M-1, which is three fold higher than the constant that was 
obtained for the Au SAMs surface (2.5×104 M-1). This 
enhanced affinity can be the result of immobilization of AuNPs 
on the SPR chip surface, as AuNPs are known to increase the 
sensitivity of SPR systems52 and increase the surface area of 85 
interaction, which may lead to a better orientation of the 
surface constituents for binding. There was no binding when 
the glucose solutions were injected to the gold surface 
modified with only 1–DT showing the selective binding of 
glucose to boronic acid group (data not shown). The binding 90 
constant of glucose-boronic acid complex on 3-MBA modified 
gold surface (3.1×104 M-1) was close to the one obtained from 
glucose on the Au SAMs surface (data not shown). This result 
indicates that partition of glucose was not observed in SPR 
system, probably because of the continuous flow in SPR. 95 

The complexing produces a stable boronate anion, and a 
proton within a pH range of 6–10. The binding constant for 
boronic acid-sugar complex increases at higher pH values.8 
The  effect of pH on binding of 4 mM glucose to Au SAM–
AuNPs SAM surface was examined within the pH range of 100 
7.0–10.0, in 100 mM borate buffer and maximum glucose 
response was obtained at pH 9 (Supplemental material, Figure 
S4a). The effect of surface-incubation duration of the glucose 
solution on the peak intensity (∆I) at 1070 cm–1 was examined, 
within the time range of 2–20 min (Supplemental material, 105 
Figure S4b). In case of incubation durations longer than 10 
min, the peak intensity was almost constant. Optimum duration 
of the incubation was found to be 5 min and used throughout 
the study. An analysis time of 5 min is long when compared 
with non-enzymatic electrochemical glucose sensing methods. 110 
However, this incubation time is critical for the developed 
system due to the partition of glucose which provides higher 
sensitivity and selectivity. 

The effect of the mixed SAMs (1–DT /3–MBA ) molar 
ratio that was incubated on the gold nanorod surface, on the 115 
decrease of the peak intensity (∆I) at 1070 cm–1 was examined 
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(Supplemental material, Figure S5b). The highest peak 
intensity, hence the best response was obtained in case of 1–
DT /3–MBA  (1/3) molar ratio. When the MBA concentration 
was increased, glucose interaction with the boronic acid groups 
was increased. Optimum molar ratio was found to be 1–DT /3–5 
MBA  (1/3). The effect of the 1–DT /3–MBA molar ratio that 
was incubated on the gold coated slide surface, on the decrease 
of peak intensity (∆I) at 1070 cm–1 was also examined 
(Supplemental material, Figure S5a). As shown in Figure S5, 
the best response was obtained in case of 1–DT /3–MBA (1/1) 10 
molar ratio. With the decrease of 1–DT concentration was 
decreased amount of modified AuNPs interacting with Au 
SAMs surface by hydrophobic force and observed glucose 
response was decreased.    

The peak intensity of B–OH at 1070 cm–1 was decreased as 15 
a function of increasing glucose concentration in the buffer 
solution that was incubated on the surface, as shown in Figure 
3b. Calibration curves were constructed using the standard 
addition method and the calibration curve was plotted with the 
changes of the peak intensities (∆I) of B–OH versus varying 20 
glucose concentrations (2–16 mM) (Figure 5). The SERS 
response between 2 mM and 16 mM was linear, and the 
detection limit was found to be 0.5 mM, for glucose. The 
comparison was made between the current systems and 
developed SERS technique as shown in Table 1. Although the 25 
observed LOD value of SERS based technique was found to be 
high compared to the other sensing systems in the literature, 
the linear range of SERS based technique presents wider linear 
detection range. The reproducibility of the method was verified 
by successive tests for the determination of 4 mM glucose, and 30 
the relative standard deviation (RSD) was found as 4.42 % 
(n=4).  

It is well–know that glucose coexists with other species in 
blood sample and it is important to develop a SERS method for 
selective determination of glucose in the presence of other 35 
interferences. Here, SERS response of proposed platform was 
examined in the presence of possible interference, namely 
ascorbic acid (AA), uric acid (UA), and dopamine (DA). The 
physiological level of glucose is about 50 times higher than 
that of interfering species. Therefore, 4 mM glucose was added 40 
to the solutions, along with different concentrations of 
interfering agents ranging between 0.1 mM and 0.4 mM, and 
glucose response was determined through the peak intensity of 
B–OH at 1070 cm–1.  Interfering agents in this range had a 
small effect on the peak intensity at 1070 cm–1 (Supplemental 45 
material, Figure S6). The changes in intensity of SERS signal 
of B-OH were found to be 14%, 22% and 13% for UA, DA and 
AA respectively. These results showed that the proposed SERS 
based detection method can be used for selective detection of 
glucose in the presence of up to 0.4 mM UA, AA and DA.  50 

 
Application in serum sample 
 
In order to establish the accuracy of the proposed procedure, 
the method has been applied to the determination of glucose in 55 
the certified blood reference material. After appropriate 
dilution, we tested the concentration of glucose of blood 
reference material, using the standard additions method, as 

shown in Figure 5. The calibration graph was used for direct 
determination of blood glucose. The concentration of glucose 60 
in the reference material was found as 5.20±0.40 and the 
certified value for glucose was 6.17±0.11. Within a 95% 
confidence interval, the glucose concentration value calculated 
experimentally from the calibration graph and the certified 
glucose concentration value of the sample in the product data 65 
sheet are not statistically different. The compatibility between 
the two results proves the reliability of this sensor for 
determination of the glucose concentration in real samples. So, 
the proposed method provided a new potential platform for 
developing a SERS-based, non–enzymatic sensor for glucose 70 
determination. 

 
Conclusion 
 
SERS is a highly sensitive and selective method that can be 75 
utilized for rapid and quantitative detection of glucose.  A 
simple, SERS-based approach for the determination of glucose 
concentration is presented in this paper. This work reports our 
improvements in the SERS measurements of glucose, based on 
a 1–decanethiol group that acts as a partition layer on 80 
hydrophobic substrates and the phenyl boronic acid group, 
serving as a complexing agent for preconcentrating glucose. 
We have successfully demonstrated the feasibility of a SERS 
sensor for sensitive glucose detection, by the use of non-
enzymatic reactions. Results concluded that the SERS sensor 85 
can be used for glucose determination in the presence of 
interferences as well. Serum sample analysis was also 
performed for glucose detection in the certified blood reference 
material and the results were in good agreement with the 
reported value in the reference material. Based on these results, 90 
it is demonstrated that the developed sensor can be used for the 
detection of glucose in blood.  
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Figure Captions 
 
Table 1. The comparison between the current systems in the literature and proposed SERS technique 
Figure 1. The cyclic voltammograms of 100 mM ferrocyanide in water taken from the mixed monolyer of 3-MBA and 1–DT surface, 
scan rate: 100 mV/s. a) Bare gold electrode b) AuSAM–AuNPsSAM surfaces and c) AuSAM surface.  5 
Figure 2. AFM images of a) Au surface,b) Au SAM and c) Au SAM–Au NPs SAM surfaces.  
Figure 3. Raman spectrum of a) Au SAM–Au NPs SAM surface b) The decrease of the peak intensity at 1070 cm–1 when increasing 
glucose concentration was added to the Au SAM–Au NPs SAM surface.  
Figure 4. SPR sensorgrams (gray lines) obtained for the binding of glucose in borate buffer at pH 9.0, to the a) Au SAMs and b) Au 
SAMs-Au NPs SAM,surface, which were fitted to the 1:1 Langmuir interaction model (black lines). All runs are overlaid for glucose 10 
concentrations at 2.8, 5.6, 11.1, and 22.2 µM. 
Figure 5. Calibration curve obtained from change in the B–OH SERS signal at 1070 cm–1, by varying the concentrations of glucose in 
buffer and blood reference material which were incubated on the surface. 
Schemes 
Scheme 1. Schematic illustration of the Au SAM–AuNPs SAM surface 15 
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Table1.  
 
 

Applied techniques LOD of glucose The linear ranges for glucose 

Fluorescence Spectroscopy53 8 µM 0.01 mM to 0.1 mM 

Non-Enzymatic Glucose Biosensor54 0.1 µM 0.4 µM to 12 mM 

Electrochemical Impedance Spectroscopy55 0.016 mM 0 mM to10 mM 

Fluorescence Spectroscopy56 0.005 mM 0.01 mM to 0.5 mM 

Gas Chromatography/Mass Spectroscopy57 0. 3 µM 0.05 mM to1 mM 

HPLC–ELSD58 0.4 µM 1.1 mM to 11 mM 

Triosmium carbonyl cluster−boronic acid - SERS 59 0.1 mM 0.1 mM to 10 mM 

Gold nanoparticle-coated zinc oxide nanowires - SERS 60 0.25 mM 0.9 mM to 30 mM 

Gold nanostar@SiO2 core–shell nanoparticles - SERS 61 16 µM 25 µM to 25 mM 

1-dodecanethiol coated Ag nanocubes - SERS 62 - 0 mM to 250 mM 

Gold colloids modified by horseradish peroxidase and 

glucose oxidase - SERS 63 
0.46 mM 0.50 mM to 32 mM, 

Developed SERS technique 0.5 mM 2 mM to 16 mM 

 
 5 
 
 
 
 
 10 
 
 
 
 
 15 
 
 
 
 
 20 
 
 
 
 
 25 
 
 
 
 
 30 
 
 
 
 
 35 
 
 
 
 
 40 

Page 10 of 16Analytical Methods

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

A
na

ly
tic

al
M

et
ho

ds
A

cc
ep

te
d

M
an

us
cr

ip
t



 10 

Figure 1. 
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Figure 2. 
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Figure 3. 
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Figure 4. 
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Figure 5. 
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Scheme  1. 
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