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a b s t r a c t

In this study, we developed quartz crystal microbalance (QCM) nanosensor for the real-time detection of
tobramycin (TOB). Firstly, the modification of gold surface of QCM chip was performed by self-assembling
monolayer formation of allyl mercaptane to introduce polymerizable double bonds on the chip surface.
Then, TOB imprinted poly(2-hydroxyethyl methacrylate–methacryloylamidoglutamic acid) [p(HEMA–
MAGA)] film was generated on the gold surface. The nonmodified and TOB-imprinted p(HEMA–MAGA)
surfaces were characterized by using atomic force microscopy (AFM), Fourier transform infrared (FTIR)
spectroscopy, ellipsometry and contact angle measurements. The proposed method was validated
according to the ICH guideline. The linearity range and the detection limit (S/N¼3) were obtained as
1.7�10�11–1.5�10�10 M and 5.7�10�12 M, respectively. The developed method was applied to
pharmaceuticals, and food samples such as chicken egg white and milk extract for the determination
of TOB. In addition, association kinetics analysis and isotherm models were applied to the data to explain
the adsorption process that took place.

& 2013 Elsevier B.V. All rights reserved.

1. Introduction

Tobramycin (Scheme 1) is an aminoglycoside (AG) antibiotic
which is composed of amino sugars linked by glycosidic bonds to
an aminocyclitol named 2-desoxystreptamine [1]. AG drugs are
utilized to treat the infections caused by aerobic Gram-negative
and some Gram-positive microorganisms [2]. However, the use of
large amount of the AGs may result in the effects of ototoxicity and
nephrotoxicity. Hence, the monitoring of the drug in the metabo-
lism of patients is important. Tobramycin is a water-soluble AG
antibiotic. It is obtained from the fermentation of the actinomycete
Streptomyces tenebrarius and used in a variety of pharmaceuticals
such as TobraDexs and TOBIs [3]. Various analytical methods
such as chromatography have been developed for determination
of AGs [4], including thin-layer chromatography [5], gas chroma-
tography [6], liquid chromatography [7,8], liquid chromatography–
mass spectrometry [9,10], and capillary zone electrophoresis
[11,12]. But these methods have some disadvantages such as large
material consumption, personnel skill, and expensive equipment.

QCM calculates the changes of mass on quartz crystal surface
by measuring its difference of frequency in real time [13]. The QCM
technique is a selective, simple and sensitive method [14], which

has been utilized for the determination of clinical targets [15],
environmental pollutants [14,16], oxidative stress [17,18], some
proteins [19] and investigation of bimolecular interactions [20].

Although various methods are used to generate the sensitive
QCM sensor, the most effective method is the molecular imprint-
ing technique. The method relies on the molecular recognition.
It is a kind of polymerization which is formed around the target
molecule. Hence this technique forms specific cavities in the cross-
linked polymeric matrices [21]. Molecular imprinted polymers
(MIPs) have various applications such as artificial enzymes [21],
solid-phase extraction [22], bioseparation [23,24], affinity detox-
ification [25] and sensor devices [26–30].

In this study, we prepared TOB-imprinted p(HEMA–MAGA) film
on gold surface of QCM chip. The developed nonmodified and
modified surfaces were characterized by using AFM, FTIR, ellipso-
metry and contact angle measurements. After that, the developed
nanosensor was applied to some real samples for the determina-
tion of TOB spiked.

2. Experimental

2.1. Materials

TOB, kanamycin A (KAN-A), amikacin (AMIK) and gentamycin
(GEN) were purchased from Fargem Company (Düzce, Turkey) and
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used as received. The stock solution of TOB (1.0 mM) was prepared
by dissolving it in 20 mL of ultra-pure quality water and then
diluting it with ultra-pure quality water to 50 mL. The working
solutions were prepared by diluting the stock solution with 0.10 M
phosphate buffer (pH 7.5). Allyl mercaptane (CH2CHCH2SH),
HEMA, ethylene glycol dimethacrylate (EGDMA), N,N′-azobisiso-
butyronitrile (AIBN), trichloroacetic acid (TCA) and sodium
chloride (NaCl) were obtained from Sigma-Aldrich. MAGA was
obtained from Nanoreg Ltd. Şti., Ankara, Turkey. The other chemi-
cals were used as received.

2.2. Surface modification of the QCM chips

2.2.1. Allyl mercaptane modification of QCM chip
To modify gold surface of the QCM chip with CH2CHCH2SH, the

chip was washed with alkaline piranha solution (3:1 NH4OH:H2O2,
v/v). After the QCM chip was dipped in 10 mL of cleaning solution
for 5 min, it was washed with ethyl alcohol and dried in a vacuum
oven (200 mmHg, 35 1C) for 2 h. To let vinyl groups into the gold
surface, the chip was dipped in an ethanol/water (4:1, v/v) solution
containing 3.0 M CH2CHCH2SH and allowed to form self-
assembled monolayer for 24 h. Then, it was cleaned with ethyl
alcohol and dried with nitrogen gas.

2.2.2. Polymer preparation on QCM chip surface
TOB-imprinted p(HEMA–MAGA) film on CH2CHCH2SH modi-

fied QCM chip was prepared according to this protocol. Firstly,
2.33�10�6 mol of TOB and 4.65�10�6 mol of MAGA monomer
were mixed with 500 mL of phosphate buffer (pH 7.5) at room
temperature for 2 h. MAGA–TOB molar ratio was 2:1. After that,
5.0 mg of AIBN as initiator was dissolved in 1250 mL of HEMA and
500 mL of EGDMA and 200 mL of MAGA–TOB complex was added
into this solution to prepare stock monomer solution. The solu-
tions were passed with nitrogen gas for 15 min. Then, 20 mL of
aliquot was taken from the stock monomer solution and dropped
onto the QCM chip surface by using the spin coating method.
The method is used to deposit uniform thin films to QCM surface.
After 10 s, the QCM chip was removed from the spin coater and
polymerization was started by UV light (100 W, 365 nm). After
60 min, polymer coated QCM chip was washed with ethanol three
times, and then dried in a vacuum oven.

2.3. TOB removal from QCM chip surface

There are electrostatic interactions and hydrogen bonding
between the carboxylic acid groups of MAGA monomer and polar
groups of TOB molecules. In order to break the interactions, we used
1.0 M NaCl solution in water as a desorption agent. Firstly, the
removal study of TOB was performed via a batch system. TOB-
imprinted p(HEMA–MAGA) surface was dipped into 25 mL of deso-
rption agent. The QCM chip was washed in a bath (200 rpm) at room
temperature. After TOB removal, the QCM chip was washed with
ultra-pure quality water and dried with nitrogen gas under vacuum
(200 mmHg, 25 1C).

2.4. Characterization methods

The contact angle of the surfaces was obtained with a KRUSS
DSA100 (Hamburg, Germany) instrument. Contact angles were
measured with the Sessile Drop method by dropping one water
drop. Ten photos were obtained from different parts of QCM chips.
The calculated values for the QCM surfaces were the mean of the
10 measurements.

In order to characterize the surfaces, tapping mode AFM
was used (Nano Magnetics Instruments, Oxford, UK). QCM chip
was installed on a sample holder. 2 mm�2 mm sample area was
showed with a 128�128 pixels resolution. The scan rate was
2 mm s�1. The studies were performed in air atmosphere.

Ellipsometer measurements were also performed by using an
auto-nulling imaging ellipsometer (Nanofilm EP3, Germany) to
characterize the surface of QCM chips. The measurements have
been carried out at a wavelength of 532 nm with an angle of
incidence of 721. In the layer thickness analysis, a four-zone auto-
nulling procedure integrating over a sample area of �50�50 mm2

followed by a fitting algorithm has been performed. The measure-
ments were performed at six different points of the QCM chip and
the results were obtained as the mean value.

For FTIR measurements, TOB-imprinted p(HEMA–MAGA) nano-
sensor was put into a sample holder of a FTIR spectrophotometer
(Thermo Fisher Scientific, Nicolet iS10, Waltham, MA, USA).
The spectra were obtained in the wave number range of 650–
4000 cm�1 with 2 cm�1 resolution.

2.5. Pharmaceuticals and sample preparation

The pharmaceutical eye drops were dissolved in phosphate
buffer (pH 7.5) to obtain a concentration level within the linearity
range and filtrated by a 0.45-mm syringe filter. The pharmaceutical
preparations were done as the following.

TOBRADEXs contains 3.0 mg/mL TOB, 1.0 mg/mL dexametha-
sone and 0.01% benzalkonium chloride as preservative. TOBIs

contains 60 mg/mL TOB and 11.25 mg NaCl. In addition, synthetic
preparations were prepared by mixing excipients and labeled
amounts (3.0 mg and 60 mg) of TOB. Then, the mixture was
transferred to a 50-mL volumetric flask.

The two different food samples such as chicken egg and milk
were bought from local supermarket. The extraction and dilution
procedures of the samples were as follows: 5.0 mL of milk sample
was mixed with 1.0 mL of TCA (10% m/v) by a vortex mixer for 25 s
and centrifuged at 4500 rpm for 15 min. The supernatant was
transferred to another centrifuge tube and the precipitate
was treated twice as mentioned above. The collected supernatant
was centrifuged again at 4500 rpm for 5 min and filtrated by a
0.45-mm syringe filter. The filtrate was directly used as the sample
solution. The filtrate was diluted with phosphate buffer (pH 7.5)
for analysis.

Chicken egg white was efficiently stored at �20 1C. 1.0 g
samples and 10 mL of phosphate buffer (pH 7.5) were mixed for
2 min and centrifuged at 4500 rpm for 15 min. The supernatant
liquid was diluted with phosphate buffer (pH 7.5) for analysis.

2.6. Procedure of the analysis

The real time determination of TOB was performed using a
QCM system (RQCM, INFICON Acquires Maxtek, NY, USA) in an
insulation cabinet (Supplementary materials, Fig. SM1) for avoid-
ing temperature and pressure fluctuation effect on the sensor
response. After the TOB-imprinted p(HEMA–MAGA) surface was
washed with ultra-pure quality water (5.0 mL) with 1.0 mL min�1

of flow-rate, pH 7.5 of phosphate buffer (5.0 mL) (1.0 mL min�1 of
flow-rate) was applied to obtain the steady resonance frequency

Scheme 1. Chemical structure of TOB.
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(f0). After that, TOB solutions with different concentrations in
0.1 M phosphate buffer (pH 7.5) (5 mL) were applied to the QCM
system (1.0 mL min-1 of flow-rate). Frequency shifts were mon-
itored and evaluated via software supplied by manner fracture.
The desorption studies were carried out using 1.0 M NaCl solution
(5.0 mL) with 1.0 mL min�1 of flow-rate. After that, the TOB
imprinted QCM chip was washed with ultra-pure quality
water and 0.1 M phosphate buffer (pH 7.5). The steps of adsorp-
tion–desorption–regeneration were repeated for each TOB con-
centration.

3. Results and discussion

3.1. Characterization of TOB imprinted QCM nanosensor

TOB-imprinted p(HEMA–MAGA) film QCM nanosensor was
characterized by using FTIR spectroscopy, AFM, ellipsometry and
contact angle. Before TOB removal from QCM chip surface, the
specific bands of the polymeric structure such as O–H stretching of
TOB at 3310 cm�1, saturated C–H stretching of TOB at 2918 cm�1,
carboxyl–carbonyl stretching at 1738 cm�1 and amide–carbonyl
absorption at 1621 cm�1 have been observed in Fig. 1A. In
addition, N–H bonding peak at 1540 cm�1 corresponded to amide
vibration of MAGA. The characteristic frequencies for C–H groups
at 1375–1429 cm�1 result from bonding vibration in the template
molecule (TOB).

The measurement of ellipsometry was also performed and the
harmony between AFM and ellipsometry is clear. The surface
deepness of TOB imprinted QCM nanosensor is 12.8071.40 nm
(Fig. 1B). Hence we can say that a homogeneous and monolayer
film formation has been achieved.

As seen in Fig. 1C, contact angle values of unmodified and allyl
mercaptane modified QCM surfaces were obtained as 79.1471.48
and 70.3472.04, respectively. The decrease in surface contact
angles indicated that hydrophilicity or polarity of surface increased.
The contact angle value of TOB-imprinted p(HEMA–MAGA) film on
CH2CHCH2SH modified QCM chip was obtained as 63.2273.12.
The increase of hydrophilic character of surface is expected due to
the hydrophilic structure of MAGA monomer containing two
carboxylic acid groups.

AFM images of QCM surfaces were obtained in noncontact
mode (Fig. 1D). The values of surface deepness for unmodified,
CH2CHCH2SH modified and TOB-imprinted p(HEMA–MAGA) film
on CH2CHCH2SH modified QCM chips are 2.4870.45, 7.1071.17
and 16.972.07 nm, respectively. These results indicate that allyl
mercaptane modification of QCM chip was achieved homoge-
neously. In addition, the surface deepness of the TOB-imprinted
p(HEMA–MAGA) film increased. This result confirmed that poly-
merization could be accomplished on the QCM chip.

3.2. Validation for proposed QCM method

3.2.1. Effect of pH
A series of 0.10 M phosphate buffer with different pH was

tested in the presence of 0.054 nM TOB. The binding to QCM
surface increases gradually up to pH 7.5. This situation is related to
the structure of MAGA monomer. MAGA monomer is based on
glutamic acid and has two pKa values (pKa1: 2.10, pKa2: 4.07).
The increase in pH value caused the carboxylic acid groups of
MAGA monomer to load negatively. These negative groups inter-
acted efficiently with –OH groups of TOB. Hence, the affinity of
sensor–analyte increased. When pH exceeds 7.5, the concentration
of the anion form of TOB increases. Hence the binding to QCM

Fig. 1. (A) FTIR spectra of the TOB imprinted p(HEMA–MAGA); (B) ellipsometry image of TOB imprinted QCM nanosensor; (C) contact angles measurements of
(i) nonmodified; (ii) CH2CHCH2SH modified; (iii) TOB imprinted p(HEMA–MAGA) film on QCM chip; and (D) AFM images of (i) nonmodified; (ii) CH2CHCH2SH modified;
(iii) TOB imprinted p(HEMA–MAGA) film on QCM chip.
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surface could be difficult. Hence, pH 7.5 was selected as optimum
pH (Fig. 2).

3.2.2. Stability of TOB
The stock solutions of TOB were hidden at two different

temperatures such as 4 1C for 20 days (long-term stability) and
25 1C for 24 h (short-term stability). The QCM responses were
obtained and no important differences were found in TOB con-
centrations. These results indicate that TOB is highly stable.

3.2.3. Linearity range
The sensorgrams with increasing TOB concentration (Fig. 3)

demonstrate that the mass shift increased linearly with concen-
tration. Data of the calibration curves are given in Table 1. As
clearly seen in Fig. 3, the QCM response was gradually measured in
respect to increase in TOB concentration. This situation is directly
related to basic adsorption phenomena which describes concen-
tration difference between liquid and solid phases. These phases
drive analyte molecules through the surface to interact with
specific ligands/cavities. It should be mentioned here, the correla-
tion between frequency shift and mass accumulation on the
surface is clearly seen in this figure (inset shows frequency shift
vs. time relation for the sensor).

3.2.4. Precision and accuracy
Three different concentrations of TOB (0.022, 0.070 and

0.120 nM) in the linear range were evaluated in six independent
series on the same day and six consecutive days. The relative
standard deviation (RSD) values changed from 1.25 to 2.27 for
intraday and from 1.25 to 3.18 for interday precision. The low RSD
values showed that the proposed method has good precision [31].
In addition, both results obtained for intraday and interday
accuracy (bias) were r3.00% [31].

3.2.5. Recovery
In order to evaluate the effect of excipients on the proposed

method, synthetic tablet solutions were prepared as mentioned in
Section 2 and analyzed by the developed method. The recovery
values are between 98.22% and 102.43% with RSDo2.00. In
addition, the recovery values for milk and egg samples are
presented in Table 2. Closeness of the results to 100.00% showed
that recovery of the method was very good for pharmaceuticals
(TOBRADEXs and TOBİs) and food samples.

3.2.6. Selectivity of TOB-imprinted QCM nanosensor
The sensorgrams of drug solutions and synthetic preparations

were identical with sensorgrams of standard solutions containing
0.054 nM TOB (Fig. 4A and B). In addition, to confirm the
selectivity of the TOB imprinted QCM nanosensor against TOB in

milk and egg samples in the presence of KAN-A, AMIK and GEN
as competitors (Fig. 4C), the samples were applied to the nano-
sensors. The selectivity coefficients (k) and relative selectivity
coefficients (k′) values are given in Table 3. TOB imprinted QCM
nanosensor was 10.0, 12.0 and 11.11 times more selective for TOB
than GEN, AMIK and KAN-A, respectively. The results show that
because of selective cavities in the polymer structure, TOB
imprinted QCM nanosensor has higher adsorption capacity
(Δm values) for TOB in comparison to GEN, AMIK and KAN-A. To
display the specificity of TOB imprinted QCM nanosensor, non-
imprinted QCM nanosensor (NIP) was also prepared and the
signals of nonimprinted QCM nanosensor to TOB, GEN, AMIK and
KAN-A were obtained as 0.024, 0.022, 0.030 and 0.023 mg cm�2,
respectively (Fig. 4D). The selectivity coefficients for nonimprinted
QCM nanosensor in respect to GEN, AMIK, and KAN-A were
calculated as 1.1, 0.8, and 1.2, respectively. The results for relative
selectivity constants showing selectivity gained by imprinting
process display that TOB imprinted QCM nanosensor was 9.1,

Fig. 2. Effect of pH on QCM response of TOB imprinted nanosensor.

Fig. 3. Effect of concentration on QCM response of TOB imprinted nanosensor
(1) adsorption, (2) desorption, and (3) regeneration. (Inset) frequency shift vs. time
relation depending on concentration.

Table 1
Data of the calibration curves for the proposed
methods (n¼7).

Regression equation y¼2.785xþ0.211a

Standard error of slope 0.54
Standard error of intercept 0.37
Correlation coefficient (r) 0.9985
Linearity range (nM) 0.017–0.150
LOD (nM) 0.006
LOQ (nM) 0.017

a y¼axþb; y, mass shift (mg cm�2); x, TOB
concentration (nM); a, slope; b, intercept; LOD,
limit of detection; and LOQ, limit of quantification.

Table 2
The recoveries of TOB in milk and egg samples (n¼7).

Sample Added TOB (M) Found TOB (M) Recovery (%)

Milk – 4.12(70.04)�10�11 –

1.0�10�11 5.03(70.01)�10�11 9873
4.0�10�11 7.98(70.04)�10�11 9872
6.0�10�11 9.80(70.06)�10�11 9772

Egg white – 8.42(70.07)�10�11 –

1.0�10�11 9.14(70.03)�10�11 9772
4.0�10�11 11.91(70.03)�10�11 9673
6.0�10�11 14.07(70.02)�10�11 9873

M.L. Yola et al. / Talanta 120 (2014) 318–324 321



15.0 and 9.3 times more selective in comparison to GEN, AMIK and
KAN-A, respectively.

In addition, the regression equations of the standard addition
curve for TOBRADEXs, TOBİs, milk and egg were found to be y¼
2.742xþ7.814, y¼2.803xþ8.219, y¼2.703xþ9.477 and y¼2.821x
þ10.841, respectively. There was no important difference between
slopes of calibration and standard addition curves. The results
indicated that no interference occurred during QCM detection
processes.

3.2.7. Ruggedness
The effect of QCM response of two different analysts for

0.054 nM TOB was investigated. The data were evaluated by the
Wilcoxon test and there was no crucial difference between the
results of the two analysts (p40.05). Hence, we can say that the
developed QCM method is rugged.

3.2.8. Repeatability of the TOB imprinted QCM nanosensor
In order to show the repeatability of TOB imprinted QCM

nanosensor, six equilibration–adsorption–regeneration cycles

were repeated by 0.054 nM TOB. As seen in Fig. 5, TOB imprinted
QCM nanosensor has demonstrated repeated mass shift during the
cycles.

3.2.9. Fabrication reproducibility and stability of the TOB imprinted
QCM nanosensor

The fabrication reproducibility was evaluated with six different
QCM chips that were prepared independently by the same
procedure as in Section 2.2.2. The RSD is 0.88% for mass shift
measuring in 0.054 nM TOB which demonstrates the reliability of
the fabrication. In addition, the stability of TOB imprinted QCM
nanosensor was also investigated. After 45 days, the value of mass
shift is approximately 97.18% of the original value.

Fig. 4. Comparison of selectivity of QCM sensors. The QCM responses of (A) synthetic preparation, tablet and standard solution (0.054 nM TOB) for TOBRADEXs on TOB
imprinted nanosensor; (B) synthetic preparation, tablet and standard solution (0.054 nM TOB) for TOBIs on TOB imprinted nanosensor; (C) TOB, GEN, AMIK and KAN-A
(each of 0.054 nM) on TOB imprinted nanosensor; and (D) TOB, GEN, AMIK and KAN-A (each of 0.054 nM) on nonimprinted QCM sensor.

Table 3
The selectivity coefficients (k) and relative selectivity coefficients (k′) values of TOB
imprinted QCM nanosensor.

MIP NIP k′

Δm k Δm k

TOB 0.300 – 0.024 – –

GEN 0.030 10.0 0.022 1.1 9.1
AMIK 0.025 12.0 0.030 0.8 15.0
KAN-A 0.027 11.11 0.020 1.2 9.3

Fig. 5. Repeatability of TOB imprinted QCM nanosensor: (A) adsorption and (B)
desorption.
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3.3. Mathematical analysis of the TOB imprinted QCM nanosensor

QCM nanosensor data were analyzed for the determination of
kinetic and equilibrium isotherm parameters such as forward and
reverse binding constants, ka (mg mL�1 s-1) and kd (s�1), forward
and reverse equilibrium constants, KA (mg mL�1) and KD

(mL mg�1). For this purpose, pseudo-first-order kinetic analysis
and four different equilibrium isotherm models, Scatchard, Lang-
muir, Freundlich, and Langmuir–Freundlich, were applied to the
TOB imprinted QCM nanosensor data [29]. Linear form of applied
model can be given as follows:

Equilibrium kinetic analysis : dΔm=dt ¼ kaCΔmmax

�ðkaCþkdÞΔm ð1Þ

Scathard : Δmeq=½C� ¼ KAðΔmmax�ΔmeqÞ ð2Þ

Langmuir : Δm¼ fΔmmax½C�=ðKDþ½C�Þg ð3Þ

Freundlich : Δm¼Δmmax½C�1=n ð4Þ

Langmuir�Freundlich : Δm¼ fΔmmax½C�1=n=ðKDþ½C�1=nÞg ð5Þ
where KD is the equilibrium dissociation constant and 1/n is the
Freundlich heterogeneity index. The Scatchard, Langmuir, Freun-
dlich, and Langmuir–Freundlich isotherms were evaluated to
investigate the interaction between TOB imprinted QCM nanosen-
sor and TOB molecules (Tables 4 and 5). It was seen that the
Langmuir isotherm was the best model (R2¼0.9890). According to
the Langmuir model, a monolayer on a homogeneous surface is
formed. The binding sites have the same adsorption affinity which
is energetically [32]. Δmmax was calculated as 0.5230 μg cm�2.
This value is close to the experimental value (0.5450 μg cm�2). KA

and KD values were calculated as 55.56 nM and 0.018 nM�1,
respectively.

4. Conclusion

We developed QCM nanosensor for the determination of TOB
in pharmaceuticals, milk and egg white samples. After the gold
QCM surface was modified with allyl mercaptane, TOB-imprinted
p(HEMA–MAGA) film was formed on the gold surface. The non-
imprinted and TOB-imprinted p(HEMA–MAGA) surfaces were
characterized by using AFM, FTIR, ellipsometry and contact angle
measurements. According to the results, allyl mercaptane and
TOB-imprinted p(HEMA–MAGA) modification of QCM chip were

achieved homogeneously. In addition, a monolayer on a homo-
geneous surface is formed according to the Langmuir model.
Hence a fast and simple nanosensor was prepared in this study
which can offer new developments for detecting aminoglycoside
antibiotics in the future.

Novelty statement

In the present work, we have combined the advantages of
quartz crystal microbalance, molecular imprinting and pharma-
ceutical biosensor for real-time detection of tobramycin in food
samples, egg and milk. For this aim, tobramycin molecules have
been imprinted on polymeric nanofilms on the QCM sensor chip
via the molecular imprinting approach. The coordination of
template molecules have been achieved by using 2-hydroxyethyl
methacrylate and N-methacryloyl-L-glutamic acid (polymerizable
derivative of L-glutamic acid) as functional monomers whereas
ethylenglycol dimethacrylate has been used as cross-linker. The
nanosensor has been characterized by several methods, i.e. the
Fourier transform infrared spectroscopy, ellipsometry, contact
angle measurements, and atomic force microscopy. Tobramycin
detection has been studied from aqueous solution to optimize
working condition and calculate sensor parameters. It would be
first report for the tobramycin detection with molecular imprinted
QCM nanosensor.

Appendix. Supplementary material

Supplementary data associated with this article can be found in
the online version at http://dx.doi.org/10.1016/j.talanta.2013.10.064.
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