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ABSTRACT
In this paper, CdTe nanorods (NRs) have been glywan simple cost effective chemical
reduction route. The grown CdTe NRs are charaeeritructurally by X-Ray diffraction
(XRD) and transmission electron microscopy (TEMheTgrown CdTe (NRs) are
characterized optically by Optical Absorption, Riominescence (PL) study. The XRD
pattern confirmed mainly cubic phase of CdTe NR& N#ve studied the interaction as
well as the formation of bioconjugate of bovineuseralbumin (BSA) with CdTe NRs by
applying the HRTEM images and the fluorescence cjieg approach in combination
with the Stern-Volmer and Hill equations. The phatainescence spectrum shows
shallow deep level visible emission due to varicdsfect states. UV-VIS and
fluorescence spectra show that a spontaneous bipdatess occurred between BSA and
Cadmium Telluride nanorod. A small red shift of #iesorption peak of BSA is observed
due to binding of BSA with CdTe NRs. Cadmium TatlerNRs quench the fluorescence
emission of BSA. The Stern—Volmer quenching constidre binding constant and Hill
coefficient were also calculated.

Keywords: CdTe nanorod; Bovine serum albumin; high resolutimansmission electron
microscopy; photoluminescence spectra; absorppents.

1. Introduction

Nanostructures exhibit many interesting propertgferent from their bulk properties

and it also has a tremendous potential for thest@ applications in many technical
fields including photo catalysts, gas sensorsobichl detection and imaging, solar cells,
photo detectors and UV sensors, nonlinear opticaterials, short-wavelength laser
diodes, various luminescence devices, etc [1-51 Aue to the quantum confinement,
semiconducting nanocrystals show unique extrenébrésting optical properties such
as sharp and symmetrical emission spectra, photlistaand size dependent emission
[6-7]. Generally, Gr II-VI, semiconductor nanorog@éay an important role having

application in nano devices. Among the colloidator@ds (NRs), CdTe (generally Gr-I1I

to Gr-VI) is studied because of the efficiency t& synthesis, the high quality of the
resulting sample, and the fact that the optical Gap in the visible range. Photo
luminescent semiconducting nanorods like CdTe NRave been linked with bio-
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recognition molecules such as proteins, peptidesagtd have been used in biological
medical fields [7-9] due to their unique propertiemtrolled effects compared with those
of the corresponding bulk materials. Photo lumiees®NRs have been applied the bio-
imaging/labelling [10-11]. The formation of the maads-protein conjugates provides the
information about conformational changes of proteicurring at the protein-NRs
interface. The interaction of nanorods with bio-ewilles is studied using various
methods such as liquid chromatography, dynamict ligbattering, atomic force
microscopy, circular dichroism spectroscopy andriscence spectroscopy [12-17].The
study of protein-NPs conjugation will provide ugtwthe information of the phenomena
occurring at the protein-NPs interface at the mdbeclevel. Whenever NRs come in
physiological fluid systems they will interact withe surrounding protein molecules. The
protein molecules can strongly bind to NRs andradyic layer of proteins is formed on
the surface of NRs. This conjugated system is knaa/iNRs-protein corona” [18-19].
Since the protein corona plays the important rfdeshe bio-nano interface [20] and will
finally determine the destiny of NRs, so it is sfipant of the evolution process from the
discrete protein-NRs conjugates to NR’s proteironar[21]. BSA has been one of the
most extensively studied proteins, because otiitgtural homology with human serum
albumin.

In this study, CdTe nanorods (NRs) have been grbwrchemical reduction
route. Sodium borohydride is used to initiate #ection between CdgCand Tellurium at
room temperature. The dispersed samples are charad structurally and optically. We
have been investigated the effect of interactidween bovine serum albumin with CdTe
nanorods in aqueous solution using the absordliommescence quenching technique and
TEM analysis. We carried out the binding constamis quenching constants.

2. Experimental

2.1 Materials

Bovine Serum Albumin (BSA) was purchased from Sighidrich Corporation. De-
ionized water (resistivityl8.2 #.cm and pH 6.8) used for all experiments was made
from a Milli-Q system (Millipore, Bedford, MA). BSAvas dissolved in Milli-Q water
for a stock solution with a concentration of 0.28. Anhydrous Cadmium Chloride
(CdChL), Tellurium Powder (Te), Sodium Borohydride (NapHEthylenediamine (EN,
NH,CH,CH,NH,) was purchased from Merck, India. All materialsrevesed as starting
materials without any purification.

2.2. Material preparation

CdTe NRs were prepared by chemical reduction metimdeported elsewhere [23].
Briefly, 603.96 mg of Anhydrous Cd£1382.8 mg of Tellurium powder and 113.49 mg
of sodium borohydride have been taken to prepidfiereht samples at the ratio 1:1:1 at
318K. Ethylenediamine (EDA) has been used as aimg@pent. Sodium borohydride
has been taken to initiate the reaction at 318ke agnetic stirring is continued for 3
hours at a constant speed. The as prepared CdTevhifRsdispersed in Millipore water
using ultrasonication for 20 mins with the variatim concentration of CdTe NRs from
150 uM to 700uM. BSA-CdTe NRs mixed solutions werepared by mixing 0.25 pM
BSA with CdTe NRs, ranging from 150 uM to 700uMhwroper ratio.
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2.3. Characterization

The X-ray diffraction (XRD) pattern on the CdTe N&amnples were recorded by a X-ray
diffractometer (miniflex Il, desktop-X-ray diffraometer) using Cu<k radiation of
wavelength. = 1.54 A for 20 ranging from 2bto 70.

For microstructural measurements, the as-prepacdite ®QIRs have been dispersed
by ultrasonicator. A small drop of dispersed CdTRsNas been taken on a thin carbon
film supported on the copper grid and kept for seime for drying. The Transmission
Electron Micro-graph of the as-prepared CdTe NRspdes has been taken using a
JEOL-JEM-2010 transmission electron microscope aipeg at 200 kV. Selected area
electron diffraction (SAED) pattern of the said asus were also performed.

A small amount of CdTe NRs samples were dispersgdcértain minutes by
ultrasonicator. Optical absorption measurementshef dispersed samples have been
studied in the range of 230 nm-700 nm using a Stien&@harmaspec 1700 UV-VIS
Spectrophotometer. Photoluminescence (PL) spectrah@ dispersed samples are
recorded using Perkin EImer LS 55 Fluorescencet8g#wtometer equipped with a 1.0
cm quartz cell with a fixed excitation wavelength2Y9 nm, and both excitation and
emission slits were set up to 5 nm. For the flu@wiuo titration experiment, 0.8 mL
solutions containing different BSA-CdTe NRs ratiombers with a fixed final BSA
concentration of 0.2pM was prepared.

3. Results and discussions

3.1. X-ray diffraction (XRD) study

The XRD pattern of the CdTe NRs is shown in figlirdrhe unit cell of the crystal was
found to be mixture of cubic phase and hexagonas@lwith the presence of the peaks
C(111), C(200), C(220), H (110), H(112), C(311)22%), H(022), C(400), C(331) and
C(420). The intensities of different diffractiongkes are different, which indicates that
the growth of various planes (direction) is diffete
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Figure 1. The XRD pattern of the sample CdTe NRs

3.2. Morphological studiesby TEM

Morphologies of the synthesized samples are shawiig2. The diameter of the

nanorods is in the order of 10nm. Figure 2 (a) shthe nanostructure of pure CdTe with
diameter 10 nm. The SAED pattern of pure CdTe rmd®rmre crystalline nature as
shown in figures 2(b). Figures 2(c) and 2(d) shdwe behavior of the BSA-CdTe

nanorods conjugates. HRTEM clearly indicates tlwat cCdTe nanorods is coated by
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shell BSA. The SAED pattern of BSA-CdTe NRs is shaw figure 2(d). This images
clearly represents that the core CdTe NRs are fudlyered with BSA along with shell
thickness of ~ 8 nm, matched with dimension of BG& nm), calculated from protein
data bank [22]. The figure 2(e) shows the sameugag with lower scaling.

100 Nmnm

50 nNnm

Figure 2. HRTEM of (a) pure CdTe NRs; (b) SAED pattern ofg@dTe NRs; (c)
CdTe-BSA conjugate; (d) SAED of CdTe-BSA conjugapCdTe-BSA conjugate.

3.3 UV-vis spectroscopy study

The figure 3(a) shows the optical absorption specfrpure CdTe NRs. The figure 1(b)
shows the optical absorption spectra of BSA — CidRs. The BSA exhibits absorption
peak at 279 nm due to tREIT* transition of aromatic amino acid residues [ZHje UV
visible spectra presented in Figures 3(b) illusttae effect of binding of CdTe NRs with
bovine serum albumin. In fig. 3(b) our results skdwhat the BSA absorbance (279 nm)
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increases in increases withode The increase in absorbance intensity of BSA & th
presence of CdTe may be due to binding of BSA @idiie NRs and the formation of the
ground state complex [25].
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Figure 3. Absorption spectra of (a) pure BSA with 0.25 pMdaBSA — CdTe NRs
complex with 0.25 uM of BSA and 150, 250, 300, 4800 uM of CdTe NRs, (b) Pure
CdTe NRs

3.4. Fluor escence quenching study
Fluorescence spectroscopy is responsible for thestoBSA-CdTe NRs formation. We
employed the fluorescence quenching method [2628]&0 study binding kinetics of the
interaction of BSA-CdTe NRs. Figure 4(a) shows é&mission spectra of pure CdTe
NRs. The photoluminescence spectrum shows shakbep tkvel visible emission around
575nm due to various defect states. The CdTe NRS{B&Iing kinetics equilibrium has
been analyzed by fluorescence quenching measuremEgigiure 4(b) shows the emission
spectra of pure BSA and BSA-CdTe NRs complex. Tibige shows that a quenching of
the intensity of the emission of the peaks is ngprenched with the increasing addition
of CdTe NRs of different concentrations. [28-30EFTdbserved fluorescence quenching
probably arises from the energy transfer occurbegveen BSA and CdTe NRs. The
guenching occurs via the adsorption and interaaifadhe bovine serum albumin residues
accessible to the metallic surface of the CdTe NRe. quenching of fluorescence can be
described by the Stern-Volmer equation

Fo/F=1+Ksy [C]
where, I and F are the fluorescence intensities in theradgsand presence of quencher
respectively. Ky is the Stern-Volmer quenching constant. [C] is¢bacentration of the
guencher. The Stern-Volmer quenching constant wiich measure of the quenching
efficiency, has been calculated to 1.39 X M". The relation between the fluorescence
intensity and the quencher concentration is follbg the equation given below [26, 27,

28, 30]
Fo—F
ln(o—) = InK, + nln[C]
where, kK is the binding constant and n is the Hill coeéfit. The Hill equation can be
used to analyze the quenching data with more $igmf parameters. By plotting of
In[(Fo-F)/F] vs log[C], the binding constant,k&and Hill coefficient (n) can be calculated
from the y-intercept and gradient of the straidgm.|
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The binding constant and Hill coefficient (n) between BSA and CdTe Niks 2.74 X
10* M * and 0.90 respectively. In addition, we can get Hfile coefficient (n) which
describes the degree of cooperativity in liganddinig to a surface [31]. If n > 1, the
binding of a ligand is enhanced if there are alyegttier ligands adsorbed to the surface.
If n < 1, the binding of a ligand is weak if thexee already other ligands adsorbed to the
surface. In cases where n = 1, the binding of anligis independent of other ligands
already at the surface. Our results indicate thaégative cooperative take place [24].
According to the result, association energy pettigar progressively decreases with
further BSA adsorption. The binding of BSA — CdTRBd\conjugates is weak.
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Figure 4. Emission spectra of (a) pure CdTe NRs ,(b) pura B&h 0.25 uM, and BSA
— CdTe NRs complex with 0.25 uM of BSA and 150,,281m0, 400, 500, 600, 700 uM of
CdTe NRs; (c) FF vs C(uM); (d) In [(B-F)/F] vs In[C].

3. Conclusion

We have synthesized and characterized Cadmiumritidltnanorods chemically.The
average diameter is 10 nm. The interaction of b®véerum albumin- CdTe NRs
conjugates is studied through structurally andaafiti. The emission quenching of the
nanorods-BSA system showed a strong interactiongrhenon. The interaction between
CdTe nanorods with BSA showed negative cooperatigetion phenomenon. The TEM
picture indicates that the NRs are completely ceddry BSA molecules. This provides
good insight into the interaction of the proteinditophore BSA with semiconducting
CdTe nanorods. This study gives opportunity foreptiall applications in biotechnology.
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