Accepted Manuscript MATERIALS
SCIENCE &
ENGINEERING

Studies on L-HISTIDINE CAPPED AG AND AU NANOPARTICLES FOR i
DOPAMINE DETECTION | =

CHANDRASEKARAN NIVEDHINI ISWARYA, S.C.G. KIRUBA DANIEL,
MUTHUSAMY SIVAKUMAR

PIl: S0928-4931(16)32350-5
DOI: DOI:10.1016/J.MSEC.2016.11.102
REFERENCE: MSC 7156
TO APPEAR IN: Materials Science & Engineering C
RECEIVED 25 JUNE 2016
DATE:
REVISED DATE: 13 SEPTEMBER 2016
ACCEPTED 24 NOVEMBER 2016
DATE:

Please cite this article as: Chandrasekaran Nivedhini Iswarya, S.C.G. Kiruba
Daniel, Muthusamy Sivakumar, Studies on L-HISTIDINE CAPPED AG AND AU
NANOPARTICLES FOR DOPAMINE DETECTION, Materials Science & Engineering C (2016),
DO0I:10.1016/3.MSEC.2016.11.102

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.


http://dx.doi.org/10.1016/j.msec.2016.11.102
http://dx.doi.org/10.1016/j.msec.2016.11.102

Studies on L-Histidine capped Ag and Au nanoparticles for dopamine detection

Chandrasekaran Nivedhini Iswarya'’, S.C.G.Kiruba Daniel', Muthusamy

Sivakumar! %

'Division of Nanoscience and Technology, “Department of chemistry,
Anna University-BIT campus, Tiruchirappalli-620024, India.
*Corresponding author: Tel: +91-431-240-7959 Email: muthusiva@gmail.com

“Present Address: Department of Chemical Engineering, National Institute of Technology,
Tiruchirappalli-620015, India.

Abstract

This work demonstrates the effective surface functionalization of Ag, Au and bimetallic Ag-
Au nanoparticles using L-Histidine for colorimetric detection of dopamine(DA) which plays
majorly in recognizing the neurological disorder. L-Histidine (L-His) capped Ag, Au, and
bimetallic Ag-Au nanoparticles are characterized using physico-chemical techniques. The
optical behaviour of nanoparticles has been analysed at various time intervals using UV-Vis
absorption spectroscopy. FT-IR results provide the evidence of chemical bonding between L-
Histidine and metal nanoparticles. Its structure with the capping of L-His was clearly shown
in HR-TEM images. The average size of nanoparticles has calculated from TEM image
fringes are 11 nm, 5 nm and 6.5 nm respectively, matches with crystals size calculated from
X-Ray diffraction pattern. Enhanced optical nature of nanoparticles provides the best
platform to develop a colorimetric-based biosensor for DA detection. After addition of DA, a
rapid colour change has been noted in colloids of nanoparticles. The substantial changes in
absorbance and Amax IN Metal nanoparticles respect to DA concentration have been observed
and formulated. This is one of the successive methods for trace level determination of DA
and will be going to a significant material for designing biosensor to determine DA in real

extracellular body fluids.
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1.Introduction

Recently metal nanoparticles became more eye-catching for their excellence in
detection and imaging purpose[1]. Currently, many types of research on ligand-protected
metal nanoparticles are being achieved and investigated. The interesting electro-optical
behaviourism of interconnected biomolecules and metallic nanoparticles bring more
significance in developing the biosensing materials[2-7]. Among various metal
nanoparticles, Au and Ag attract many researchers interest owing to their properties like
optical chirality, quantized charging behaviour and photoluminescence along with a wide

range of application in the field of sensing, catalysis and labelling[8-19].

Among various amino acids L-Histidine (L-His) is a one with aromatic nitrogen and
imidazole side chain. Due to its extreme biochemical importance, it is used in various
biological process and medical applications[20].The three main sites in L-His, which
participated in metal adsorption arethe carboxylic group, imidazole nitrogen atom, and amino
group[21]. Owing to the presence of this sites, L-His acts as one of the strongest metal ion
binders. Many investigations have been reported to explore the interaction of L-His with
metals and metal oxides like Cd, Fe, Zn, Co, ZnO,Fe;04[22-26].

Dopamine (DA) is a catecholamine neurotransmitter, which plays a crucial role as
chemical messengers in central nervous system, hormonal, cardiovascular and renal systems.
Recently, many attentions are paid to trace level determination of DA, because small changes
in concentration coupled with various disorders like Alzheimer’s disease, epilepsy,
Parkinson’s disease, schizophrenia, and pheochromocytoma etc. The selective and sensitive
approach for DA level determination is vital for diagnosing diseases. It has been shown that
metal nanoparticles having better sensing activity[27—-29]. Metal nanoparticles like magnetic

Fe;O,4 with Au nanoparticles have been utilized for DA sensing and detection [30].

In this present work, the detection of DA using L-His capped metal (Ag, Au)
nanoparticles has been studied by analysing the SPR peak shift after addition of DA.The
optical properties, crystalline pattern and the morphological structure of L-His capped metal
nanoparticles(Ag, Au, Ag-Au) have been investigated. And the comparative DA sensing
behaviours of synthesized metal nanoparticles has been studied at the different concentration
of DA. The relation between the wavelength of maximum absorbance (A max), absorbance,
and DA concentration are formulated based on sensing property. So for many electrodes and

colorimetry based DA sensor has been developed[31]. To our knowledge, it is a simple, easy



and handy method for detection of DA concentration using biomolecules assisted bi-metallic

nanoparticles.

2.Experimental Procedure
2.1. Materials

Aurochloric acid (HAuCl,) and Silver nitrate (AgNOs)were purchased from Sigma-
Aldrich India and used as initial precursors for synthesizing L-His capped Ag, Au, and Ag-
Au nanoparticles. L-Histidine (CgHgN3O2) and Sodium hydroxide (NaOH) were obtained
from Merck Specialities Private Limited India. All chemical reagents of analytical grade

areused as received without any further purification.

2.2. Synthesis of L-Histidine capped nanoparticles

L-His solution has been prepared by dissolving 10 mM L-His in 100mL double
distilled water (DD). By dissolving 30mM of AgNO3 and HAUCI, in 2mL DD respectively.
Like the same NaOH solution has been prepared by dissolving 25 mM of NaOH in 50 mL

DD. Finally, the preparation of three different nanoparticles has shown in table 1.

Table 1: Synthesis of nanoparticles with various parameters

Sample e L-His Ag'Solu  Au** NaOH  Colour
Name b Solution tion Solution Solution change
i L-His capped Ag 30 mL 500 uL - 10 mL Yellow
ii L-His capped Au 30 mL - 500 uL 10 mL Pink

ii L-His capped Ag-Au 30 mL 500 L 500 pL 10 mL Orange

These three different samples are maintained at 60° C, and the reaction has been terminated

after attaining the respective colour changes as noted in Table 1.

2.3. Procedure for dopamine sensing

Different concentrations of DA have been prepared by dissolving 10 uM, 15 uM, 20
MM and 25 pMin 100 pL of DD respectively and are tested against L-His based Ag, Au and
Ag-Au nanoparticles. Real-time colour change has been noted from yellow to dark yellow for
Sample i. Similarly, visible colour change from pink to violet and orange to red respectively
occurs for Sample ii and Sample iii after addition of DA at different concentration.



2.4. Characterization

Optical absorption spectra have been recorded using a JASCO V-650
spectrophotometer in theUV-Visible wavelength range of 200nm-900 nm and images of
respective colour changes during reactions has been photographed with a Canon digital
camera. The surface morphology has been studied using Atomic force microscope (AFM
Park System,100XE) at different magnifications range with silicon nitride cantilever tip
height 10-12 nm in the contact mode. TEM samples are prepared by dropping solution onto a
carbon coated copper grid (3 mm, 200 mesh), and images have been captured with Tecnai
(FEDhigh -resolution transmission electron microscope (HR-TEM). Thecrystallinity and
phase changes have been obtained by Rigaku Ultima 11l X-ray diffraction (XRD) with Cu-K
o radiation (1.500 A, 40 kV, 30 mA). The fingerprints of functional group bindings are
recorded in the spectral range of 400cm™ - 4000 cm™ using a PerkinElmer FTIR

spectrophotometer.

3. Results and discussion
3.1. Spectral characteristics

UV-Vis spectra for different nanoparticles are measured at different time intervals
during the experimental procedure are shown in Fig. 1. The surface plasmon resonance (SPR)
peak of L-His capped Ag [Fig. 1(A)] nanoparticles and L-His capped Au [Fig.1(B)]are at 415
nm and 539 nm respectively. Whereas for L-His capped Ag-Au nanoparticles [Fig. 1(C)], the
broad SPR peak exhibits in the range of 430-540 nm confirms the presence of both Ag and
Au nanoparticles. Similarly, there is an existence of L-His peak in all three synthesised
nanoparticles at 282 nm,283 nm,279 nm, respectively shows the capping behaviour of L-His
above the nanoparticles. This proves the L-His acts as both capping and reducing agent. As
time increases, nucleation starts and further growth of nanoparticles taken place which is
directly related to the absorption as well as yield. After attaining the growth, absorption gets
saturated with the maximum yield at 60 min, 120 min and 60 min for Ag, Au, and Ag-Au
nanoparticle respectively shown in Fig.S1(see supplementary). This show the ions get
reduced completely and further capping agent prevents the aggregation of respective

nanoparticles.

The available chemical bonds and its bindings between L-His and metal nanoparticles
have been studied using Fourier transform infrared spectroscopy. In the spectrum of L-His
Fig 2(A), the absorption position at 675-750 cm™, 1124 cm™, 1404 cm™, 1490 cm™,



1640 cm™, 2080 cm™, 3200-3500 cm™ corresponds to bending vibration (8) of sp> CH group,
stretching vibration (v) of CN in imidazole group, symmetric stretching (vs) mode of COO
group, symmetric NH bend, v(C=C), v(N-H) and v(O-H) of H,0O, respectively[32-34]. In
Fig 2(B), the presence of COO™ group at 1404 cm™in L-His has been shifted slightly to 1385
cm™?, 1384 cm™, and 1388 cm™ in L-His capped Ag, Au, Ag-Au nanoparticles respectively,
indicates the interaction of carboxylic group of one L-His molecule with amine group
presents in neighbour L-His molecule. Whereas the vibrations in the spectral position 1124
cm™ and 1490 cm™ in L-His are absent in metal nanoparticle spectra, proves the adsorption of
L-His on the metal surface through amine group and nitrogen atom present in the imidazole
group. This result indicates the binding as well as the capping of L-His over metal

nanoparticles.

3.2. XRD Characteristics

XRD pattern of L-His capped Ag, Au, Ag-Au nanoparticles has shown in the Fig. 3.
This graph shows diffraction pattern of L-His capped Ag nanoparticles having a face-
centered cubic lattice matches with JCPDS No: 01-087-0597.Similarly, the XRD pattern of
L-His capped Au nanoparticle matches with the JCPDS No: 00-002-1095 and having a cubic
system of the face-centered lattice. Whereas inthe diffraction pattern of L-His capped Ag-Au
nanoparticles, some peaks marked with (#) are matches with the JCPDS No: 00-041-1402
corresponds to the Ag hexagonal systems having primitive lattice. While some others are
matches with the JCPDS No: 00-004-0784, which corresponds to the Au cubic systems
having a face-centred lattice. The mean crystal size has calculated using Debye - Scherrer’s
formulae D = 0.9A/BcosO where A is the used x-ray wavelength and B is Full Width at Half
Maximum (FWHM). The average crystal size of L-His capped Ag, Au. Ag-Au nanoparticles

are calculated as 9.76 nm, 5.83 nm, and 6.71 nm respectively.

3.3. Microscopic analysis

Fig.4 gives the topographical image of L-His capped Ag, Au, Ag-Au nanoparticles
have taken in 2 x 2 um scale using AFM in contact mode at atip height of 10 nm. Then
surface scanning of nanoparticle has been done for several contact times. Fig 4(A) confirms
the spherical shape of L-His capped Ag nanoparticles with a size less than10 nm. And the
presence of L-his keeps the nanoparticles in same uniformity with proper distance. This
proves the L-His acts as a capping over the nanoparticles, which prevents particle

aggregation. The particle size has measured using line profile determination is in the range



between 10-16 nm. Likewise, the Fig 4(B) shows the irregular spherical form of L-his
functionalized Au nanoparticles. Average particle size from line profile data is nearly to 7
nm. And the height of the nanoparticles is nearly to 2 nm. The image further confirms the
spatial uniformity between nanoparticles is due to the presence of L-His. Similarly, Fig 4(C)
provides the 2D and 3Dinformation of L-His functionalized bimetallic Ag-Au nanoparticles.
It clearly reveals the spherical nature of nanoparticles. Moreover, few nanoparticles of big
size around 300 nm show the aggregation between Ag and Au nanoparticles i.e. bimetallic
nature. And the height of those lies nearly to 7 nm. This is because of agglomeration is seen
between two different metal nanoparticles. Here, the particle size lies in the range between 5-
12 nm.

HR-TEM images provide an additional information regarding the morphological
appearance of nanoparticles in presence of L-His (Fig. 5). From the Fig 5(A), it is clearly
seen that dark colour same sized Ag nanoparticles are capped and interconnected by light
colour L-His materials. Also, this type interaction resembles in L-His capped Au and Ag-Au
nanoparticles, which are shown in Fig. 5(D) and 5(G). Similar kind of interconnection
between metal nanoparticles and aminoacids has been reported[35,36].Both Ag and Au
nanoparticles are in different size, distributes randomly in the image(Fig. 5(H). And these
metals are held together with the help of L-His.Fig. 5(B),5(E)and 5(H) shows the images in
scale range of 10 nm for L-His functionalized Ag, Au, bimetallic Ag-Au nanoparticles
respectively. The average size of nanoparticles is determined using particle size distribution
(Fig. 5(C), 5(F) and 5(1)). The mean particle diameter is found to be 11 nm, 5 nm, and 6.5 nm

respectively.

From selected area electron diffraction (SAED) pattern, the crystalline nature of
samplesis confirmed. The calculated lattice fringe spacing values are matched with the
standard JCPDS data respectively (Fig. 6). This once again proves the crystallinity structure
of nanoparticles. The particle size has calculated from HR-TEM slightly greater from the
crystal size calculated using XRD. This because of the group of crystals forms a particle. Fig
6(A),6(B) and 6(C) provides the image capture at the scale of 5 nm and SAED pattern

respectively.

3.4. Formation mechanism

The alkaline environment is provided by NaOH, to enhance the electron donating

property of L-His.Fig.7. shows products of L-His in alkaline solution are imidazole, carbon



dioxide, ammonia, formic acid, and sodium nitrate has been reported[37]. The pH of the
initial solution is 11 (basic) whereas for thefinalsolution, it reduces due to the formation of
formic acid. Finally, metal nanoparticles are formed because of redox reaction between metal
ions and L-His. Excess L-His in the solution forms capping over metal nanoparticles which

prevent aggregation. This shows both capping and reducing activities of L-His.

3.5. Dopamine sensing activity

The shift in SPR of nanoparticles after addition of DA at various concentration has
shown in Fig 8. The SPR peak of L-His capped Ag nanoparticles [Fig 8(A)] shift accordingly
to DA concentration. This because of changes were seen in nanoparticles morphology (size
and shape) after addition of DA[38].And a visible colour changes has beenobserved inthe
sample | from light yellow to dark yellow. The inset in Fig. 8(A) shows the photograph of
samples taken before and after addition of DA.Light yellow colour belongs to clear L-His
capped Ag nanoparticles and dark yellow goes to DA added L-His functionalized Ag
nanoparticles. It is clearly seen that shift in SPR peak of L-His capped Ag nanoparticles from
425 nm to 430 nm, 445 nm, 475 nm and 485 nm respectively for 10 uM, 15uM, 20 uM and
25 uM of DA concentration. And this depicts the increasing DA concentration, shift the SPR
peak towards red wavelength region.Fig.8(B) shows the plot between the logarithmic value of
DA concentration with Amax and themaximum absorbance of L-His capped Ag nanoparticles
withDA. This spectral data provides,the increase in DA concentration into L-His capped Ag
nanoparticles increases the wavelength as well as maximum absorbance. Therefore the
logarithmic value of DA concentration is directly proportional to both the maximum
absorbance and Amax. These parameters are related to the equation

Amax = 143.2(log[DA])? + 1522 log[DA] + 4460 (1)
Alymax = 5.09(log[DA])? + 51.23 log[DA] + 128.9 2

where Amax IS the wavelength in nm corresponding to the maximum

absorbance,Al.maxiS maximum absorbance value and [DA] concentration of Dopamine.

Similarly, Fig. 8(C) gives the SPR peak shift of L-His capped Au nanoparticles from
530 nm to 425 nm for all concentration of DA. Here the addition of DA shifts the SPR to the
blue region, whereas the concentration of DA has no effect on SPR shift. The inset in Fig.
8(C) provides the photograph of sample ii taken before and after addition of DA are pink and
light red respectively.In Fig. 8(D), the increasing DA concentration in L-His capped Au



nanoparticles increases the maximum absorbance value. But A max has no effect on DA
concentration. Therefore the logarithmic value of DA concentration is directly proportional to
the maximum absorbance.And the relation is noted down in theequation based on obtained
graph.

Mnax = 425 3)
Alymax = 0.25 (log[DA])? + 2.54 log[DA] + 6.81 4)

Effect of DA concentration in L-His capped Ag-Au bimetallic nanoparticles has
shown in Fig. 8(E). The SPR peak shiftsfrom a broad hump region 450-520 nm to 435 nm,
425 nm, 420 nm and 410 nm for 10 uM, 15 uM, 20 pM and 25 uM of DA concentration
respectively. This depicts the blue region SPR shift has taken place while adding DA of
different concentration to the nanoparticles.In Fig.8(F), the increase in DA concentration into
L-His capped Ag-Au nanoparticles increases the maximum absorbance but decreases the A
max- 1he logarithmic value of DA concentration is directly proportional to the absorbance unit
at amaximum wavelength, whereas inversely proportional to the wavelength of maximum
absorbance.And here relation between the DA concentration with that of maximum

absorbance and Amaxwasgiven by

Amax = —120.5 (log[DA])? + 1206 log[DA] - 2886 (5)

Alumax = 0.24log[DA] + 1.32 (6)

4. Conclusion

A simple and efficient strategy for the synthesis of Ag, Au, and bimetallic Ag-Au
nanoparticles interconnected with L-His has discussed. Since the
role of L-His as both reducing and capping agent are clearly proved with FT-IR spectra and
HR-TEM. The synthesised colloidal solution are stable in normal environmental condition.
The optical absorption peak confirmed the formation of metal nanoparticles. The average
diameter of L-His capped Ag, Au, Ag-Au nanoparticles are 11 nm, 5 nm, and 6.5 nm
respectively has been calculated from TEM images and also matches with the XRD
crystalline size. The imidazole group of L-His is attached to the surface of nanoparticles,
which confirmed from FT-IR spectrum. This shows the formation of hydrogen bonds
between the free group of L-His and results in a network pattern. Detection of DA has been

achieved by UV-Vis Absorption spectra, provides the various SPR peak shift corresponds to



the different concentration of DA in nanoparticles. The further relation has formulated

between wavelength and absorbance with concentration of DA. Hence, this basic finding

would be utilised for further identification of imbalanced DA concentration in body fluids,

which cause serious neuro disorder.
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Fig 1: UV-Vis absorption spectra recorded at different reaction intervals (A) L-His capped
Ag nanoparticles, (B) L-His capped Au nanoparticles, and (C) L-His capped Ag-Au.

Fig 2: (A) FT-IR spectrum of L-His, L-His capped Ag, Au, and Ag-Au nanoparticles. (B)
The magnified graph to show symmetric stretching of N-H and COO™

Fig 3: XRD pattern of L-His capped Ag, Au, and Ag-Au nanoparticles.

Fig 4: AFM 2D and 3D images of L-His capped Ag (A), Au (B) and Ag-Au (C) nanoparticles

in the scale of 2 um.

Fig 5: HR-TEM images of L-His capped Ag nanoparticles (A)&(B), L-His capped Au
nanoparticles (D)& (E), L-His capped Ag-Au nanoparticles(G) & (H) respectively in 50 nm
and 10 nm scale range. Particle size distribution histogram for L-His capped Ag (C), Au (F)
and Ag-Au (1) nanoparticles.

Fig 6: HR-TEM images and SAED pattern for L-His capped Ag (A), Au (B) and Ag-Au (C)

nanoparticles.
Fig 7: Formation mechanism of L-His capped Ag nanoparticle.

Fig 8: UV-Vis spectra of DA added at various concentration of (A) L-His capped Ag
nanoparticles, (C) L-His capped Au nanoparticles, (E) L-His capped Ag-Au nanoparticles
and (B), (D), (F) shows the graph between Logarithmic concentration of DA with wavelength

and absorbance intensity of L-His capped Ag, Au, and Ag-Au respectively.
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Fig 1. UV-Vis absorption spectra recorded at different reaction intervals (A) L-His capped
Ag nanoparticles, (B) L-His capped Au nanoparticles, and (C) L-His capped Ag-Au

nanoparticles.
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Fig 3: XRD pattern of L-His capped Ag, Au and Ag-Au nanoparticles.



Fig 4: AFM 2D and 3D images of L-His capped Ag (A), Au (B) and Ag-Au (C) nanoparticles

in scale of 2 um.
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Fig 5: HR-TEM images ofL-His capped Ag nanoparticles (A)&(B), L-His capped Au
nanoparticles (D)& (E), L-His capped Ag-Au nanoparticles (G) & (H) respectively in 50 nm
and 10 nm scale range. Particle size distribution histogram for L-His capped Ag(C), Au(F)
and Ag-Au (1) nanoparticles.
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Fig 8: UV-Vis spectra of DA added at various concentration of (A) L-His capped Ag
nanoparticles, (C) L-His capped Au nanoparticles, (E) L-His capped Ag-Au nanoparticles
and (B), (D), (F) shows the graph between Logarithmic concentration of DA with wavelength
and Absorbance intensity of L-His capped Ag, Au and Ag-Au respectively.
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HIGHLIGHTS:

1.

L-Histidine (L-His) functionalized Ag, Au and bimetallic Ag-Au nanoparticles were
prepared by the simple method and its properties were studied

L-His based Ag, Au, Ag-Au nanoparticles have characterized by spectroscopy, XRD
and microscopic studies.

Enhanced optical nature of nanoparticles provides the best platform to develop a
colorimetric-based biosensor for dopamine (DA) detection

For qualitative determination of dopamine, SPR of metal nanoparticles plays a major
role.

This basic finding can be utilized for further identification of imbalanced DA

concentration in body fluids which cause serious neuro disorder.



