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In this article, we report for the first time the use of Ln3+-doped nanocrystals to detect aromatic 

amino acids (AAs) up to nanomolar concentration. Detection of AAs is important as the 

increased levels of AAs in the gastric juice samples were detected in the early phase of gastric 

carcinogenesis. In this work, we have shown that highly efficient energy transfer between Ce3+ 

and Tb3+ ions in Ce3+/Tb3+-doped CaMoO4 nanocrystals is selectively altered with the addition 

of AAs thus providing a simple resonanoce energy transfer (RET) approach to detect AAs in 

the nanomolar (nM) range. This is achieved as the absorption spectrum of AAs overlaps with 

the emission spectrum of the Ce3+/Tb3+-doped CaMoO4 nanocrystals thus reducing the energy 

transfer efficiency between Ce3+ and Tb3+ ions. This selective energy transfer process led to 

the quenching of the Tb3+ emission from the nanocrystals. The high selectivity was veryfied by 

the addition of essential or non-essential amino acids, some metal ions and molecules which 

are generally expected to coexist with AAs in our body. Moreover, the selective quenching of 

the Tb3+ ions emission is reversible with the addition of ninhydrin with recovery of almost 

90% of the initial luminescence intensity. This process has been repeated for more than five 

cycles with only a slight decrease in the sensing ability. The study was also extended to the 2D 

surface where the nanocrystals are strongly attached to a positively charged surface which 

upon dipping in AAs solution lead to the quenching of Tb3+ ions luminescence and the same 

recovered after dipping in ninhydrin solution. 

 

1 Introduction  

Aromatic amino acids (AAs) i.e. tryptophan, tyrosine and 

phenylalanine) are of interest due to their contribution to 

secondary protein structure through noncovalent binding 

interactions.1-5 AAs are important essential amino acids for 

animals to make hormones and melanine skin.6-12 Upon UV 

excitation, proteins and peptides with AAs residues are 

intrinsically fluorescent and these residues have distinct 

absorption and emission wavelengths. The fluorescence 

spectrum of a protein containing AAs, resembles that of 

tryptophan due to its high molar absorptivity (5,050 M-1cm-1). 

Early-stage gastric cancer is mostly asymptomatic and can 

easily be missed by conventional gastroscopy.13-15 To the best 

of our knowledge, there are no biomarkers for the early 

detection of gastric cancer whereas increased levels of AAs in 

the gastric juice samples were detected in the early phase of 

gastric carcinogenesis.16-18 Therefore, determination of AAs has 

drawn much attention in the field of biological and clinical 

application.19-21 

      Quantitative determination of samples containing amino 

acids is possible with analytical methods like atomic absorption 

spectrometry (AAS), inductively coupled plasma-mass 

spectrometry (ICPMS), liquid chromatography/ mass 

spectrometry (UPLC-MS), etc.22 Although these methods are 

quite sensitive they are quite expensive and time consuming. 

Alternatively, chemosensor based on organic molecules or 

metal complexes have been developed for selective detection of 

amino acids.23 Although they are quite sensitive, the organic 

molecules are not very robust to be used in device fabrication. 

They also photobleach under light and this degrades their 

efficiency. Recently, nanoparticles have been reported as a 

platform to detect amino acids.24 For example, surface plasmon 

frequency of metal nanoparticles (Au and Ag) have been tuned 

by the selective attachment of amino acids.25 In another study, 

Brett and co-workers have used screen-printed electrodes for 

the determination of amino acids, focussing particularly on 

tryptophan, following different surface modifications by carbon 

nanotubes (CNT), carbon black (CB) and copper 

nanoparticles.26  Surface modified colloidal CdS nanoparticles 

are found to be selective towards detection of cysteine in the 
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presence of other amino acids in the micromolar concentration 

range.27 Mirkin and co-workers developed DNA-gold 

nanoparticle based colorimetric competition assay for the 

detection of cysteine with detection limit 100 nM.28 In another 

study the visual detection of D-amino acids is achieved through 

the anti-aggregation of 4-mercaptobenzoic acid modified gold 

nanoparticles (AuNPs) in the presence of D-amino acid 

oxidase. The limit of detection in this method is found to be 75 

nM for D-alanine.29 Li et al. have shown CdSe quantum dot for 

the detection of methionine. A linear increase in the 

fluorescence intensity of CdSe is noted upon methionine 

addition in the concentration range 10-7 to 10-4 (M). The 

detection limit is close to 4.5 µM. In the same study for 

phenylalanine the detection limit was found to be 3.2 µM.30 

Although nanoparticles of gold, CdS and CdSe are quite robust, 

they show broad absorption thus affecting the sensitivity of the 

detection. Moreover, they possess size dependent optical 

properties thus demanding the use of monodispersed 

nanoparticles. Alternatively, Ln3+-doped nanoparticles possess 

sharp luminescence signals which are less affected by the 

ligand environment.31-33 In addition, they possess longer 

luminescence lifetime which can be used as an additional tool 

for the detection. Recently, there is a surge in the interest 

towards these nanoparticles due to their use in sensing and 

bioimaging applications.34,35 To the best of our knowledge, 

there is only one report on the use of Ln3+ emission for the 

selective detection of amino acid. In this work quantitative 

detection of cysteine/homocystein is achieved using Ln-doped 

nanoparticles  which show emission via upconversion.36 The 

reported detection limit for cysteine is close to 28.5µM. Thus it 

is challenging to develop highly luminescent Ln-doped 

materials which can detect aromatic amino acids in the nM 

concentration range. 

      In this article, we have shown that the strong green 

emission from Tb3+ ions via energy transfer from Ce3+ ions is 

selectively quenched in the presence of AAs. This is achieved 

as the absorption of the AAs overlaps with the emission band of 

Ce3+ ions. The quenching is found to be very selective as hardly 

any effect of other analytes was observed. Moreover, the 

quenching of the Tb3+ emission is reversible by the addition of 

ninhydrin. The quenching and recovery cycles can be 

performed for multiple times without much reduction in the 

emission efficiency. 

2 Experimental sections: 

2.1 Materials: Tb2O3, Ce(NO3)3.6H2O (from Sigma-Aldrich), 

ammonium heptamolybdate tetra hydrate 

[(NH4)6Mo7O24.4H2O], CaCl2 (from Merck), deionizer water, 1 

(M) HNO3 (Merck, 70% pure), sodium dodecyl sulphate (SDS) 

from Merck were used for the synthesis. Glucose, sucrose, 

citric acid (from Sigma-Aldrich), KCl, Cu(NO3)2.3H2O (from 

Merck), Zn(acac)2.2H2O, Fe(NO3)3.9H2O (from Sigma) and 

tryptophan, tyrosine, phenylalanine, histidine, arginine, leucine, 

isoleucine, lysine, methionine, proline, glycine, alanine, 

cysteine, serine, ninhydrin (from SRL) were used for sensing 

measurements. 

2.2 Synthesis:  

Water dispersible Ce3+/Tb3+-doped CaMoO4 nanocrystals were 

synthesized using microwave procedure. Briefly, the 

stoichiometric amounts of Tb2O3 was converted into their 

corresponding nitrates by dissolving in 1 M HNO3 whereas 

CaCl2, (NH4)6Mo7O24.4H2O and SDS were used as received. In 

a typical procedure, a (NH4)6Mo7O24.4H2O/H2O stock solution 

was prepared by dissolving 1 mmol (NH4)6Mo7O24.4H2O in 25 

ml H2O at room temperature. A mixture of CaCl2 ( 0.96 mmol, 

106.58 mg), Tb (NO3)3 ( 0.01 mmol, 4.36 mg), Ce(NO3)3 (0.03 

mmol, 13.03 mg) SDS ( 1 mmol, 288.38 mg) were added to 15 

ml H2O under vigorous stirring at 60° C temperature, forming a 

transparent solution. A 2 ml of (NH4)6Mo7O24.4H2O/H2O stock 

solution was slowly added into the mixture and stirring was 

continued for another 10 min. Subsequently the transparent 

solution was transferred to a 10 ml vial used for microwave 

synthesis using Anton Parr Monowave 300 microwave reactor. 

The vial was tightly sealed with Teflon cap and then microwave 

heated at 90° C for 10 minutes. Finally, the light yellow 

coloured precipitate was collected by centrifugation and 

washed thrice with ethanol, followed by deionized water to 

remove any unreacted reactants.  

2.3 Characterization: 

The X-ray diffraction (XRD) patterns were collected using the 

Rigaku (Japan); SmartLab) model; diffractometer attached with 

D/tex ultra detector and Cu Kα source operating at 35 mA and 

70 kV. Scan range was set from 10-70° 2θ with a step size of 

0.02° and a count time of 2 s.  The samples were well powdered 

and spread evenly on a quartz slide. The transmission electron 

microscopy (TEM) images were taken on a JEOL (Japan); JEM 

2100 F model; UHR-FEG-TEM  using a 200 kV electron 

source. Samples were prepared by placing a drop of aqueous 

dispersion of the nanocrystals on a carbon coated copper grid 

and the grid was dried under air. Room temperature optical 

absorption spectra of all the samples were recorded on a Hitachi 

(Japan); (U4100) model; spectrophotometer. The samples were 

taken in a 3 ml quartz cuvette (path length, 1 cm). The 

photoluminescence (PL) spectra were measured on a Horiba 

Jobin Yvon Fluorolog CP machine (USA); iHR 320  model; 

spectrometer equipped with 450 W Xe lamp. The excitation and 

emission light were dispersed using Czerny-Turner 

monochromator with an optical resolution of 1 nm. The emitted 

photons were detected using a Hamamatsu R928 detector. The 

output signal was recorded using a computer. The PL lifetime 

measurements were performed with the Horiba Jobin Yvon 

Fluorolog CP machine (USA); iHR 320 model; equipped with a 

pulsed Xe source operating at 25 W. 
 

3 Results and Discussion: 

Water dispersible Ce3+/Tb3+-doped CaMoO4
 nanocrystals were 

synthesized using a procedure recently developed by our 
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group.37 The high dispersibility of the nanocrystals is achieved 

through a bilayer coating of sodium dodecyl sulphate (SDS) 

over the surface of the nanocrystals. The average size of the 

nanocrystals is ~ 100 nm and they are spherical in shape as 

evident from TEM image shown in Fig. 1A. The formation of 

tetragonal phase CaMoO4 is confirmed by the XRD pattern 

shown in Fig. 1B along with the peaks indexed to the 

corresponding hkl planes. All diffraction peaks are matched 

with the standard pattern of tetragonal CaMoO4 crystals.  

 

 

 

 

 

 

 

 

 

Fig.1 (A) TEM image and (B) XRD pattern of Ce3+/Tb3+-doped 

CaMoO4 nanocrystals. The vertical lines in (B) is the standard XRD 

pattern of CaMoO4 nanocrystals (ICSD PDF Card No.: 01-085-1267).  

       

The PL and excitation spectra of 0.1 wt% Ce3+/Tb3+-doped 

CaMoO4 nanocrystals are shown in Fig. 2. The excitation 

spectrum obtained by monitoring Tb3+ emission at 542 nm 

shows an intense broad band around 280 nm which corresponds 

to the transition from ground state (2F5/2) to the excited 4f5d 

state of Ce3+ ions. Upon Ce3+ (280 nm) excitation, Ce3+/Tb3+-

doped CaMoO4 nanocrystals show strong emission at 540 nm 

along with weak emissions near 488, 585 and 620 nm which are 

assigned to 5D4→
7F5,

 5D4→
7F6, 

5D4→
7F4 and 5D4→

7F3 

transitions, respectively. This clearly suggests an energy 

transfer from Ce3+ to Tb3+ ions in Ce3+/Tb3+-doped CaMoO4 

nanocrystals.38 The luminescence lifetime of the 5D4 state of 

Tb3+ ion in Ce3+/Tb3+doped CaMoO4 nanocrystals is about 1.97 

ms as calculated from the decay analysis (shown in Fig. S4). 

The intense luminescence signal and longer lifetime of Tb3+ 

ions in Ce3+/Tb3+-doped CaMoO4 nanocrystals are further 

supported by the quantum efficiency of the nanocrystals. The 

calculated quantum yield is about 27% which is measured using 

quinine sulphate as the reference standard. The details of the 

measurement and calculations are given in Fig. S1. 

   

 

 

 

 
 
 
 
 
 
 
 
Fig.2 Photoluminescence (PL) and excitation spectra of 0.1wt% 
Ce3+/Tb3+-doped CaMoO4 nanocrystals. 

 To investigate the sensing ability, the Ce3+/Tb3+-doped 

CaMoO4 nanocrystals were exposed to the 5 X 10-8 (M) 

aqueous solution of AAs. The emission spectra shown in Fig. 3 

clearly indicate that upon addition of AAs solution, the 

intensity of the Tb3+ emission decreases dramatically. To verify 

that the observed quenching of the Tb3+ emission upon addition 

of AAs is quite selective, we added both essential and non-

essential amino acids like, histidine, leucine, isoleucine, lysine, 

methionine and glycine, alanine, cysteine, proline, serine and 

arginine with 5 X 10-8 (M) concentration to the nanocrystal 

dispersion. There is hardly any change in the intensity of the 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. PL spectra of Ce3+/Tb3+-doped CaMoO4 nanocrystals after 

mixing with different analytes including AAs. Inset represents the 

change in the emission intensity of Tb3+ ions in a bar diagram. 

 
Tb3+ emission is noticed. Similarly, we added other ions and 

molecules (having same 5 X 10-8 (M) concentration) such as 

glucose, citric acid, K+, Fe3+, Cu2+ which are generally expected 

to coexist with AAs in the body. Again, there was no change 

observed in the luminescence intensity of the Tb3+ ions. The 

above results are shown as bar diagram in the inset of Fig. 3. 

     To examine the effect of interference by other ions and 

molecules on the quenching of emission intensity of Tb3+ ions 

by tryptophan, a control experiment was performed where an 

equimolar mixture of tryptophan along with other analytes 

(except tyrosine and phenylalanine) were added to the aqueous 

dispersion of Ce3+/Tb3+-doped CaMoO4 nanocrystals. The results 

indicate that quenching of the PL emission intensity by 

tryptophan is not affected in the presence of interfering ions and  

molecules (shown in Fig. 4). The results of interference study 

for other two AAs (tyrosine & phenylalanine) are shown in Fig. 

S2. 

 

 
  
 
 
 
 
 
 
 
Fig. 4. Interference study of Ce3+/Tb3+-doped CaMoO4 nanocrystals 

dispersion containing both tryptophan and other analytes (except 

tyrosine and phenylalanine). 
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     We believe the reason for the decrease in the intensity of the 

Tb3+ emission is due to efficient energy transfer occurring 

between Ce3+ ions and AAs. This is reasonable to assume as the 

absorption spectra of AAs overlaps with the PL spectrum of the 

Ce3+-doped CaMoO4 nanocrystals (shown in Fig. 5). Although 

the overlap region is small, the absorption coefficients of the 

AAs particularly tryptophan (ε = 5,050 M-1cm-1) are large 

enough to absorb the energy from excited Ce3+ ions.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Fig. 5. Uv-vis absorption spectra of (a) phenylalanine (b) 

tryptophan (c) tyrosine. (d) Emission spectrum of Ce3+-doped CaMoO4 

nanocrystals.  

 

Furthermore, a decrease in the Ce3+ emission intensity (at 340 

nm) is observed for the Ce3+-doped CaMoO4 nanocrystals upon 

AAs addition, whereas the corresponding excitation spectra of 

Ce3+ ions are unaffected. These results clearly confirm 

occurrence of the energy transfer between Ce3+ ions and AAs. 

The excitation and emission spectra of Ce3+-doped CaMoO4 

nanocrystals in the presence of AAs are shown in Fig. S3. We 

believe that the observed energy transfer is likely due to short 

separation between the Ce3+ and AAs present in the 

nanocrystals. Assuming that the Ce3+ ions are close to the 

surface of the nanocrystals, the maximum distance between 

Ce3+ ions and AAs is about 4 nm (distance of the SDS bilayer). 

This distance is within the FRET distance observed between 

dyes and Ln3+-doped nanoparticles.39 In fact for systems 

involving Ln3+ ions, the FRET distance is about 10 nm.40 

Moreover, the energy transfer between Ce3+ and AAs is 

supported by the decrease in the lifetime of Tb3+ emission from 

1.97 ms to 934 µs in the presence of tryptophan. The 

corresponding values for tyrosine and phenylalanine are 507 

and 277 µs, respectively (shown in Fig. S4). We emphasize that 

the difference in the lifetime values between the three aromatic 

amino acids can be used as a tool to differentiate between them. 

     To verify whether the selective quenching of Tb3+ 

luminescence upon addition of AAs to Ce3+/Tb3+-doped 

CaMoO4 nanocrystals is reversible, we titrated the AAs 

complexed Ce3+/Tb3+-doped CaMoO4 with 15 X 10-6 (M) 

ninhydrin. Upon addition of ninhydrin, there is a gradual 

increase in the Tb3+ luminescence suggesting that the 

quenching is reversible. It is clear from Fig. 6 that more than 

90% of the initial intensity is recovered when tryptophan was 

used as quencher. The recovery studies for other two AAs 

(tyrosine and phenylalanine) are shown in Fig. S5 and S6. The 

luminescence quenching and recovery studies were performed 

for multiple cycles and the study reveals that the nanocrystals 

retained its initial luminescence intensity even after five cycles.  

The inset in Fig. 6 shows the PL intensity (550 nm) of the 

Ce3+/Tb3+-doped CaMoO4 nanocrystals, when alternately 5 X 

10-8 (M) tryptophan and 15 X 10-6 (M) ninhydrin were added 

for five regeneration cycles. The corresponding plots for the 

other two AAs (tyrosine and phenylalanine) are shown in Fig. 

S7 and S8, respectively. The observed luminescence recovery is 

likely due to the formation of  complex between Aas and 

ninhydrin. The carbonyl group of the ninhydrin reacts with the 

amine group present in the amino acid and forms a Schiff base 

complex.41 This is likely to change the absorption properties of 

the complex thus reducing the energy transfer efficiency 

between cerium ions and aromatic amino acids. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. PL spectra of AAs complexed-Ce3+/Tb3+-doped CaMoO4 

nanocrystals after the gradual addition of ninhydrin. (A) Luminescence 

spectra of Ce3+/Tb3+-doped CaMoO4 nanocrystals (B) after addition of 5 

X 10-8 (M) tryptophan solution (C) after addition of 5 X 10-6 (M) and 

(D) 15 X 10-6 (M) ninhydrin. Inset shows regeneration of intense 

luminescence signal of Tb3+ ion after alternate addition of 5 X 10-8 (M) 

tryptophan and 15 X 10-6 (M) ninhydrin. 

 

     To understand the nature of the quenching (static or 

dynamic), we have performed concentration dependent study 

(Stern-Volmer i.e. S-V plot). Interestingly, we observed a 

positive deviation in the S-V plot of Ce3+/Tb3+-doped CaMoO4 

nanocrystals in the presence of AAs as quencher (see Fig. S9) 

indicating the result of static component together with a 

dynamic component. The fractional intensity, I0/I, is given by 

the product of both static and dynamic quenching.42 Therefore 

 I0/I = (1+Ks [Q]) (1+Ksv [Q]) = 1+K1[Q] + K2[Q]2 ................(1) 

where K1 = (Ksv + Ks) and K2 = (Ksv X Ks) are the dynamic and 

static quenching constants, respectively. Using the above 

equation, we measured the values of Ksv and Ks, which are 

found to be imaginary. For this reason, the above equation is 

not valid for the present case. Thus, the sphere of action static 

quenching model has been used. In accordance with this model, 

static quenching occurs only when the quencher molecules are 

very near to, or in contact with, fluorescent molecules at the 
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moment of its excitation. This is explained by the fact that only 

a certain fraction, W of the excited state is actually quenched by 

the collision mechanism. The rest fraction (1-W) of the excited 

states is deactivated almost instantaneously positioned in the 

proximity at the time the molecules are excited. Therefore, we 

have used the following modified form of the S-V equation. 

                                        I0/I = {1 + Ksv[Q]}/W................. (2) 

The additional factor W is expressed as  

                                        W = exp (-V [Q]).................. (3) 

Where V is the static quenching constant, and it represents an 

active volume element surrounding the excited state. Here, W 

depends on the quencher concentration [Q]. At high quencher 

concentrations, the S-V plot deviates from a linear character 

and equation 1 can be rewritten as 

[1-(I/I0)] / [Q] = Ksv (I/I0) + (1-W) / [Q].............. (4) 

Fig. 7A shows the plot of [1 - (I/I0)]/[Q] versus I/I0 for 

Ce3+/Tb3+-doped CaMoO4 nanocrystals in the presence of AAs. 

By calculating the slope and intercept, the Ksv and V values are 

obtained. The dynamic and static quenching constant values for 

Ce3+/Tb3+-doped CaMoO4 nanocrystals in the presence of 

tryptophan are 2.4 X 105 M-1 and 12.1 X 105 M-1, respectively. 

The corresponding values for tyrosine and phenylalanine are 

listed in the Table S1 in the supporting information. The 

sensitivity of the nanocrystals is evaluated using 3σ/k (where σ 

is the standard deviation of the blank measurements (n= 7), k is 

the slope of the linear calibration curve) and is found to be 2.09 

X 10-8 (M), 2.72 X 10-7 (M), 9 X 10-6 (M) for tryptophan, 

tyrosine and phenylalanine, respectively. For comparison, the 

linear range and detection limit (LOD) obtained from our 

method are listed in Table S2 (shown in the Supporting 

Information) along with the corresponding values obtained 

from some other methods. It is clear from the data that the AAs 

detection via lanthanide-doped nanocrystals is comparable to 

other methods. 

 

 

 

 

 

 

 

 

 

 

Fig. 7. (A) Plot of [1 - (I/I0)]/[Q] vs I/I0 for Ce3+/Tb3+-doped CaMoO4 

nanocrystals in the presence of (a) tyrosine, (b) tryptophan and (c) 

phenylalanine. (B) PL quenching and recovery cycles from the 

Ce3+/Tb3+-doped CaMoO4 nanocrystals deposited glass slide upon 

successive immersion of the slide into AAs and ninhydrin solutions 

respectively. The corresponding digital images are also shown. 
 

     To examine the feasibility of the developed nanocrystals for 

use in a sensing device, the nanoparticles were deposited onto a 

2D surface and tested. Briefly, the negatively charged 

Ce3+/Tb3+-doped CaMoO4 nanoparticles were deposited onto a 

commercially available positively charged glass slide. The 

slides were dried and immersed into a solution containing 5 X 

10-8 (M) AAs. The PL emission of Tb3+ ions decreased when in 

contact with AAs solution. Subsequently, the PL was recovered 

by immersing the same glass slide into 15 X 10-6 M ninhydrin 

solution. The immersion cycles were repeated for more than 

five times and observed that the slides were active up to five 

cycles for AAs detection, and thereafter observed a slight 

decrease in the luminescence efficiency. The corresponding 

snapshots of the ON and OFF states of the green luminescence 

after immersing the device into ninhydrin and AAs solutions, 

respectively, are shown in Fig. 7B. A presentation of the above 

experiment is shown in Fig.8.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.8 Schematic illustration of the attachment of nanocrystals on a 

positively charged glass slide and the luminescence changes of the 

same after dipping into AAs solution followed by immersing into 

ninhydrin solution.  

Conclusions 

Water dispersible SDS coated Ce3+/Tb3+-doped CaMoO4 

nanocrystals were prepared by microwave procedure. Upon 

Ce3+ (280 nm) excitation, Ce3+/Tb3+-doped CaMoO4 

nanocrystals show strong emission at 540 nm along with weak 

emissions near 488, 585 and 620 nm characteristics if Tb3+ 

ions. The emission intensities were selectively quenched upon 

addition of AAs like tryptophan, tyrosine and phenylalanine. 

This is attributed to the reduction in the efficiency of energy 

transfer from Ce3+ to Tb3+ ions caused by strong absorption of 

the Ce3+ energy by AAs. Thus the resonance energy transfer 

(RET) serves as a tool to selectively detect AAs upto 

nanomolar concentration. This luminescence quenching is very 

selective as the addition of other analytes (essential/non-

essential amino acids, metal ions and molecules) hardly 

affected the emission intensity of the Tb3+ ions  emission. 

Moreover, the detection of AAs was found to be reversible with 

the addition of ninhydrin. More than 90% of the initial intensity 

of the Tb3+ was recovered upon ninhydrin solution. Moreover, 

the selectivity and recoverability of the nanocrystals is tested on 

a 2D surface, which suggests that the material is suitable for 

device fabrication. This work may provide a novel strategy to 

fabricate a device for the detection of different amino acids. 
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