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ABSTRACT 
 
A simple wet chemical method has been successfully used to grow zinc selenide nanorods (ZnSe NRs). The 
structural characteristics were investigated through TEM and XRD. The crystal unit cell of the nanorods is found to 
be a mixture of hexagonal phase and cubic phase and the average size of the ZnSe NR ≈10 nm. The 
photoluminescence spectrum shows shallow deep level visible emission due to various defect states. The interaction 
as well as the formation of bioconjugate of Tryptophan (Trp) and Zinc Selenide nanorods is investigated using 
optical spectroscopy and HRTEM images. UV–VIS and fluorescence spectra show that a spontaneous binding 
process occurred between Trp and Zinc Selenide nanorod. A small red shift of the absorption peak of Trp is 
observed due to binding of Trp with ZnSe NRs. Zinc Selenide nano rods quench the fluorescence emission of 
tryptophan. The Stern–Volmer quenching constant, the binding constant and the number of binding sites were also 
calculated. 
 
Keywords: ZnSe nanorod; Triptophan; photoluminescence spectra; absorption spectra; high resolution transmission 
electron microscopy. 
 
 

INTRODUCTION 
 

The semiconductor nanorods exhibit structural, optical, luminescence and photo conducting properties that are very 
different from their bulk properties. It is very attractive because of their possible application in solar cell, photo 
detector, laser, LED, high density magnetic information storage and many others in semiconductor industries [ 1–7]. 
A2B6 semiconductor nanorods play an important role having application in nano devices  [8, 9,31].  ZnSe (bulk 
band gap 2.6 eV at 300 K) has huge potential in this aspect. Their growth techniques are relatively cheap. Their 
characteristic absorption of light is in the visible range. There are various methods to prepare ZnSe  nanorods [10–
19] . Some of the above mentioned methods have some draw backs. Used precursors are unstable causing 
environmental hazards and required very high temperatures. These methods are not cost effective also. In the present 
work a chemical reduction method is followed at room temperature. Sodium borohydride is used to initiate the 
reaction between ZnCl2 and selenium at room temperature. The grown samples are dispersed in ethanol to 
characterize it structurally and optically. Size dependent  tunable optical property which is of great interest in the 
NPs based drug delivery, bio-imaging, and biomedical research [20, 21,32,33]. However, before going into realizing 
these applications, it is very much essential to understand the way of interaction of bare ZnSe NPs with protein. The 
study of protein-NPs conjugation will provide us with the information of the phenomena occurring at the protein-
NPs interface at the molecular level as well as the information about conformational changes of protein occurring at 
the protein-NPs interface. Whenever NPs come in physiological fluid systems they are surrounded by the protein 
molecules. The NPs then get associated with the protein molecules and a dynamic layer of proteins is formed on the 
surface of NPs. This conjugated system is known as “NPs-protein corona.”[16]. Tryptophan (TRP), an important 
protein fluorophore and one of the 20 standard amino acids as well as an essential amino acid in the human diet, has 
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long been the subject of photophysical studies. We hereby present the interaction between TRP with a nanoparticles 
(ZnSe). The fluorescence response of Trp is associated with the Π –Π* transition of its indole functional group with 
the absorption and fluorescence wavelengths of about 278 and 348 nm, respectively [23, 24]. Trp molecule (inset of 
Fig. 6) can offer at least three major sites for interaction: (i) salt-bridge interaction involving the carboxylic group, –
COO-, (ii) charge–solvent structure interaction involving the indole ring, and (iii) amine site interaction involving 
the –NH2 group 25. In order to recognize the physical basis of the biological activity of ZnSe NRs under conditions 
of environmental exposure in a better way, we have focused our aim to analyze the formation of ZnSe NRs-
Tryptophan corona and interaction of ZnSe NRs with L-Tryptophan major spectroscopic along with microscopic 
techniques. In this paper the Absorption and fluorescence quenching technique was applied to study the interaction 
of Trp with ZnSe nanomaterials. From the plot of log [(F0 -F)/F] vs. log[Q]   and by using the  binding constants, the 
numbers of binding sites and the nature of the interacting forces among the reactants have been discussed. The TEM 
analysis showed the corona formation mechanism. 
 

EXPERIMENTAL SECTION 
 
Anhydrous ZnCl2 (99.999%) (360 mg), selenium powder (99.999%) (208 mg) and stoichiometric amount of sodium 
borohydride (98%) (150 mg) were purchased from Alfa-Aesar to prepare sample.  Ethylene-di-amine (99%) used as 
capping agent. Sodium borohydride were taken to initiate the reaction at room temperature. The reaction was carried 
out at 300C. The stirring was continued for three hours at a particular speed.  The Tryptophan solution with 
predetermined concentration of Tryptophan was prepared by using triple distilled water, deionized with a Milli-Q 
water purification system from Millipore, U.S.A. The pH and the resistivity of freshly prepared water were 6.8 and 
18.2MΩ cm, respectively. The so prepared ZnSe NRs were dispersed in Millipore water using ultra sonication for 
15 min. The concentration of the ZnSe was varied from 100 µM to 700µM.  Trp-ZnSe NRs mixed solutions were 
prepared by mixing 50 µM Trp with ZnSe NRs, ranging from 100 µM to 700µM with proper ratio. X-ray diffraction 
was carried using Rigaku X-ray diffractometer system over 20 < 2θ < 80 using Cu-kα radiation of wavelength 
λ=1.54Å. For further structural characterization transmission electron microscopy images were taken in a JEOL 
JEM-2100F microscope with the accelerating voltage of 200 kV. For TEM study a very small amount of the powder 
sample was first dispersed in water by ultra-sonication . A drop of that solution was taken on a carbon coated grid 
for TEM imaging. The room temperature PL spectrum was recorded in PERKIN ELMER LS- 55 with a Xenon 
lamp with the excitations of 330nm. The optical absorption spectra of the samples were taken by using Shimadzu- 
Pharmaspec-1700 UV-VIS, after ultra-sonication of the samples in water. 
 

RESULTS AND DISCUSSION 
 

Absorption Spectra 
The tryptophan exhibits absorption peak at ~278 nm (Fig. 1(a)) due to the Π-Π* transition of aromatic amino acid 
residues. The UV visible spectra presented in Figures 2 illustrate the effect of binding of ZnSe NRs with with Trp. 
In fig. 1(b)- (f)  our results showed that the tryptophan absorbance  (278 nm) increases in increases with CZnSe . The 
increase in intensity of absorbance of Trp in the presence of ZnSe may be due to binding ofTrp with ZnSe NRs and 
the formation of the ground state complex [26]. 
 

 
Figure 1:  Absorption spectra of (a) pure Tryptophan(100 µM),(b) Tryptophan with 200 µM ZnSe NRs ,(c) Tryptophan with 300  µM  
ZnSe NRs, (d) Tryptophan with 400 µM ZnSe NRs,(e) Tryptophan with 500 µM ZnSe NRs,(f) Tryptophan with 600 µM ZnSe NRs;  

Inset shows absorption spectra of pure ZnSe NRs(0.01 mg/mL) 
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X-ray diffraction (XRD) 
A typical XRD pattern of the ZnSe NRs is shown in figure 2. The unit cell of the crystal was found to be mixture of 
hexagonal phase and cubic phase with the presence of the peaks (111), (220), (311), (400), (331). Furthermore, the 
intensities of different diffraction peaks are different, which indicates that the growth of various planes (direction) is 
different. 
 

 
 

Figure 2: The XRD pattern of the sample ZnSe NRs 
 
Fluorescence Spectroscopy 
Figure 3(A) shows the emission spectra of pure ZnSe nanorods. The photoluminescence spectrum shows shallow 
deep level visible emission around 400 nm due to various defect states. The ZnSe NRs-Trp binding kinetics 
equilibrium has been analyzed by fluorescence quenching measurements. The addition of ZnSe NRs of different 
concentrations (CZnSe) with Trp results a change in the maximum fluorescence emission spectrum intensity (Imax), 
suggesting the occurrence of fluorescence quenching process (Fig. 3(B)) [28-30]. The quenching occurs via the 
adsorption and interaction of the Tryptophan residues accessible to the metallic surface of the ZnSe NRs. A small 
red shift (~4 nm) of Trp emission with CZnSe also signifies the unfolding as well as denaturation of Trp in the 
presence of ZnSe NRs. The binding constant K along with the number of binding sites (n) between Trp and ZnSe 
NRs are 1.94X103 M-1 and 2.11 respectively. This indicates that a positive cooperative take place [27].  In favor of 
positive cooperative reaction, n›1, reveals that once one Trp molecule is bound to the NPs, its affinity for the 
nanoparticle gradually increases in a superliner fashion. Schematic of the Trp-ZnSe NPs binding  is shown in Figure 
6. 

 
Figure 3: Emission spectra of (A) pure ZnSe NRs ,(B)(a) pure Tryptophan(50 µM)  (b)Tryptophan with 200 µM ZnSe NRs , 

(c) Tryptophan with 300 µM ZnSe NRs, (d) Tryptophan with 400 µM ZnSe NRs,(e) Tryptophan with 500 µM ZnSe NRs, 
(f) Tryptophan with 600 µM ZnSe NRs ; (C) F0/F vs Q(µM); (D) ln [(F 0-F)/F] vs ln[Q] 
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TEM  
Figure 4 (a) shows the nanostructure of pure ZnSe with diameter 10 nm. Figure 4(b),2(c)2(d) shows the behavior of 
the ZnSe nanorods inside Trp molecules.  HRTEM of 4(d) and 5(a) clearly indicate that core ZnSe nanorod is coated 
by shell Tryptophan. The SEAD pattern of pure ZnSe   nanorods are crystalline [fig.5(b)] in nature but when they 
are coated by Trp molecules they shows amorphous in nature [fig.5(c)].  This images (fig. 4 and fig.5) clearly 
represents that the core ZnSe NRs are fully covered with Trp along with shell thickness of ~ 8 nm, matched with 
dimension of Trp (~8 nm), calculated from protein data bank [22]. Schematic of the Trp-ZnSe NPs conjugation is 
shown in Figure 6. 
 

 
Figure 4: HRTEM of (a) pure  ZnSe NRs; (b) ZnSe-Tryptophan conjugate ; (c)  ZnSe-Tryptophan conjugate ; (d) core ZnSe coated with 

shell Tryptophan  
 
 

 
 

Figure 5: (a) HRTEM of core ZnSe with shell Tryptophan; (b) SAED of pure ZnSe NRs; (c) SAED of ZnSe-Tryptophan conjugate 
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Figure 6. Schematic representation for interaction and conjugate formation of ZnSe NRs and Tryptophan; Inset shows structure of L-
Tryptophan 

 
CONCLUSION 

 
In conclusion, we have synthesized Zinc Selenide nanorods of average diameter ∼10 nm using a simple wet 
chemical method. The XRD pattern of the as synthesized samples shows a mixture of hexagonal phase and cubic 
phase. The emission quenching of the nanoprods-Trp system showed a strong interaction phenomenon. The 
interaction between ZnSe nanorods with Tryptophan showed positive cooperative reaction phenomenon. The TEM 
picture along with SAED pattern of the NRs-Trp indicates that the NRs are completely covered by Tryptophan 
molecules. The present investigation provides important insight into the interaction of the physiologically important 
protein fluorophore Tryptophan with semiconductor ZnSe nanorods and possesses potential applications in 
biotechnology. 
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