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Homogeneous ZnSe nanocrystals were prepared via surfactant-assisted hydrothermal method. 
Surfactants agent CTAB was used to control the particle morphology and the growth rate. The 
structure, morphology and optical properties of ZnSe nanocrystals have been investigated by XRD, 
TEM and luminescence spectroscopy. The results indicated that the size of ZnSe nanocrystals 
ranged from 3.0 nm to 5.0 nm with cubic zinc blende structure. ZnSe nanocrystals coated by CTAB 
were revealed high dispersibility and distribution under TEM. Compared to the bulk ZnSe, the 
absorption edges and photoluminescence peaks of ZnSe nanocrystals were blue shifted to higher 
energies due to the quantum confinement effect. The emission intensity was strengthened after 
coated CTAB compared to bare sample. This was mainly due to the surface passivation. Meanwhile, 
we simply explored the formation mechanism of ZnSe nanocrystal in hydrothermal system. 
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Semiconductor nanocrystals (NCs), or quantum dots (QDs), 

have been extensively studied due to their quantum confinement 

effects which exhibit unique size dependent electronic and 

optical properties [1,2]. Narrow and intensive emission spectra, 

continuous absorption bands, high chemical and photobleaching 

stability, and surface functionality are among the most attractive 

properties of these materials, which are not available from either 

bulk materials or isolated atoms. At present, synthetic 

procedures have been developed for a few group II-VI and III-V. 

As one of the Zn-based II-VI compounds, ZnSe is a direct 

band-gap semiconductor, with one room-temperature band-gap 

energy and an emission at 2.7 eV making it a potentially good 

material for blue-diode lasers and other photoelectronic devices 

[3-5]. It is known that ZnSe nanocrystal is interesting 

luminescent material in the blue to the ultra violet range due to 

quantum confinement effect and have been widely studied for its 

fundamental properties and potential use in technological 

applications. It is used as widely tunable for light emitting diodes 

(LED) [6-8] especially a very well succedaneum for biomedical 

labeling to replace some high toxicity nanomaterials such as CdS, 

CdSe and CdTe quantum dots. For higher quality and lower 

fabrication costs, a variety of physical and chemical techniques 

have been tested to produce materials in nanoscale with 

properties required by industries. Molecular beam epitaxy (MBE) 

[9] is one of the most normal methods. Other methods such as 

metal organic chemical vapor deposition (MOCVD) [10,11] and 

vapor phase epitaxy (VPE) [12,13] were also reported. However, 

all of these methods required special device and usually included 

toxic metal organic reagents as raw material [14]. It is believed 

that the most straightforward way to synthesize ZnSe is direct 

combination of element zinc and selenium at high temperature. 

Li et al has reported a successful fabrication of ZnSe by 

hydrothermal method in specific solvents such as pyridine which 

is virulent, so it must be synthesized at glove-box [15]. Hua 

Gong et al once reported analogy method at low-temperature and 

the products presented hollow microsphere and powder [16]. In 

hydrothermal syntheses, reaction time, temperature, and mole 

ratios of the precursors and solvent were very important to the 
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formation of nanocrystals. Low temperature, high concentration, 

and short reaction time minimized the crystal size. In this paper, 

monodisperse spherical ZnSe nanocrystals were synthesized, 

which showed low surface defect concentrations and good 

luminescence properties.  

Experimental procedure 

The starting materials were Se (99.95% A.R.), Zn (90% 

A.R.), NaOH (96% A.R.), and cetyl trimethy ammonium 

bromide (CTAB). 12 mol/L NaOH aqueous solutions was 

poured into a bunsen beaker, and then CTAB was added and 

magnetically stirred until the CTAB thoroughly dissolved. The 

solution was placed into a 30 ml Teflon-lined autoclave. Zn and 

Se metal powders were directly added into the autoclave, 

adjusting CTAB content to 0%, 5%, 10% (mol), and the ratio of 

Zn:Se = 1.5. The obtained suspension solution was kept at fixed 

concentration and filled about 60% of autoclave. The autoclave 

was then sealed and heated in an oven at a rate of 3 /min. 

After heat treatment at 150 for 2 h, the autoclave was cooled 
to room temperature naturally. The products were viscous fluid, 

added some water and collected by centrifugal sedimentation, 

then washed with ionized water then absolute alcohol repeated. 

Finally, the solid power samples were dried under vacuum at 

40  in a drying chamber in the same prepared condition. The 
as-prepared solid powders were stored away from light because 

they were unstable and easily oxidized in air. 

The crystal structure of the samples was examined by X-ray 

diffractometer (XRD) with Ni-filtered CuKα radiation at room 

temperature. The scanning speed and step for measurements 

were 3°/min, and 0.02° in the range of (2θ=10-80°). The size and 

shape of the samples were characterized by transmission electron 

microscopy (TEM). The optical properties sample was measured 

by LAMBDA 950 Uv-vis spectrometer (Perkin Elmer. PE) and 

the photoluminescence spectra under ultraviolet (UV) region 

were measured by a Xe lamp (FLS-920T) at room temperature. 

Results and discussion 

Figure 1 shows the XRD patterns for ZnSe NCs with 

different nominal content of CTAB at 0, 5%, 10% and marked as 

A, B, C respectively. The result indicated that all products were 

single phase and no peaks characteristic of impurity phases were 

observed, which indexed to the phase of ZnSe with a cubic 

blende ZnSe (JCPDS card, No.05-0522, a=5.667 Å), The typical 

broadening of the three diffraction peaks were observed, which 

indicated that the size of the ZnSe was very small and three peaks 

at 27.33°, 45.65° and 53.94° corresponded to the (111), (220) and 

(311) planes of cubic ZnSe, respectively. The average diameter 

of the ZnSe particles can be calculated using Scherer’s formula: 

/ cosd k, � �  

Where λ is the wavelength of the X-rays and equals 1.54056 

Å, k = 0.89, β is the half-peak width of the diffraction peak, and θ 

is the Bragg angle. The average diameter of the three samples 

was obtained according to above equation: A = 4.50 nm, B = 4.15 

nm and C = 3.84 nm.  

Figure 2 gives the TEM image and electron diffraction 

pattern of ZnSe NCs (The scale is 10 nm). The results showed 

that the nano size ZnSe particles produced by this method were 

spherical. Figure 2a was the sample without CTAB and we can 

observe that a majority of products were aggregated (sample A). 

Figure 2b displayed the image that CTAB concentration at 5% 

(sample B), compared to sample A, the particles were separated 

by adsorbed CTAB layer and the dispersibility of the particle 

was improved. The reason can be explained that CTAB is 

adsorbed on particle’s surface in the solution. When the content 

of CTAB increased to 10% (Sample C), all particles were 

monodisperse and micelles were formed with the cation head 

pointing outwards in NaOH solution, so Zn2+ and Se2- should 

react at the out-layers of the micelles to form ZnSe; that is why 

under TEM, hollow particles were observed. Moreover, the 

surface defects diminished and the surface of particles grew 

much more intact (see Fig. 2c). The images demonstrated that 

ZnSe nanocrystals with uniform and narrow-dispersed size 

distribution without aggregation were synthesized successfully. 

Electron diffraction technique confirmed the zinc-blende 

crystalline structure of the ZnSe nanocrystals with the (111), 

 
FIG. 1. XRD patterns of ZnSe nanocrystals: (A) without CTAB. (B) 5 mol% 

CTAB. (C) 10 mol% CTAB. 
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(220) and (311) diffraction rings in the electron diffraction 

pattern. According to Fig. 2, we conclude that the optimum 

content of CTAB was about 10%. It is reported that oleic acid 

played multiple roles in the formation of ZnSe NCs by acting not 

only as the reaction and shape controller but also as the 

stabilizing agent [17]. We can deduce that CTAB played similar 

roles by acting as the shape controller and growth speed indicator 

[18]. Surfactant CTAB can shielding the hydrophobic parts 

within the micellar interior, with the increases of surfactant 

concentration, the self-organization of micelles will produced 

[19]. It is indicated that another role of CTAB was to decrease 

the whole surface tension, making surface energy of the whole 

system reduce and improve the dispersibility of ZnSe 

nanocrystals. Figure 3 presents the histogram based on the TEM 

image (sample C), which revealed that the particle diameter 

ranged from 3.0.5.0 nm and the results was consistent with the 
calculated result measured by XRD.  

Controlling the diameter is an important research objective 

for the NCs materials because diameter has a great effect on the 

luminescence properties. In the process of preparing ZnSe 

through hydrothermal synthesis employed Zn and Se as source 

materials and NaOH as hydrothermal medium, we concluded the 

forming mechanism as follows, when reactant concentration 

obviously increased, the solution was over-saturated, 

accelerating the velocity of nucleation and sharply increasing the 

quantity of the critical core. Meanwhile, reactant consumption 

also multiplied as there was no redundant reactant to consume; 

hence, the critical core growth was inhibited, as a result the grain 

size of product was smaller. At the same time, during the course 

of allegro formation of crystals, surface defects may increase by 

 

FIG. 2. TEM image and selected area electron diffraction pattern of ZnSe nanocrystals. 

 
FIG. 3. Histogram based on the TEM (sample C) image. 
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the reason that there wasn’t enough time for the surface atoms 

arrayed neatly. The result reflected that the surfactant CTAB 

sharply decreased surface defect, making surface smooth. 

Meanwhile, a growth mechanism of the ZnSe nanocrystals was 

proposed, the reactions in the hydrothermal solution can be 

formulated as the following: 

2
2 4 2

2
2 2

2 2
4 2 2

Zn+2H O+2OH [Zn(OH) ] H (1)

Se 2OH H Se 2H O                (2)

[Zn(OH) ] Se H ZnSe 4H O  (3)

� �

� �

� �

5 � 6

� � 5 �

� � 5 �

 

Zn and Se react with NaOH respectively and are dissolved 

in the hydrothermal solution. Then Se is reduced to Se2- by H2 

generated in reaction (1). In order to completely reduce Se to Se2-, 

the excessive Zn powders are used to generate enough H2 and 

maintain sufficient reducing ambient in the hydrothermal system. 

That is the reason in the experiment of prepared ZnSe 

nanocrystals the ratio of Zn:Se is1.5. 

Figure 4 gives the excitation spectrum of uncoated solid 

power sample (sample A) and Fig. 5 presents the emission 

spectra of ZnSe NCs, respectively. Monitored by 390 nm 

emission, a main broad band in the 200. 280 nm range peaking 
at around 245 nm in the excitation spectrum which assigned to 

the higher excited state transitions of ZnSe NCs were observed 

[20] (In the measurement, we collected the spectrum range from 

200 to 400nm. But after 300nm, there were no other absorption 

peak in spectra so the spectra were ending at 310nm in picture). 

As shown in Fig. 5, when excited by 245 nm, four emission 

bands from 300 to 650 nm with maxima at about 390 nm, 467 nm, 

560 nm and 590 nm were observed. The first maximum at 390 

nm is the exciton emission. The exciton emission can be 

attributed to the direct recombination of the electron-hole pair, 

an electron-hole pair will be generated when an intrinsic NC is 

excited by photons with energy higher than its band gap. The 

direct recombination of the electron-hole pair, typically being 

quantum confined in the case of nanocrystals [21], gives the 

well-known band edge emission at 390 nm which related to the 

higher excitonic states. The results were in accordance with the 

other results [22,23]. As a shoulder on a broad peak at 390 nm, 

the second band centered at 467 nm is attributed to band edge 

emission of few bigger particles. Two much broader peaks in the 

region of 550.650 nm were usually assigned to self-activated 
luminescence, probably as a result of some donor-acceptor pairs 

related to Zn-vacancy and interstitial states [24,25]. 

In ZnSe NCs surface, there were large quantity of dangling 

bonds which can induce defects and adatoms, in such 

circumstances, surface levels were formed because over half of 

atoms migrated to surface and became surface atoms which 

caused NCs have large specific surface area. Energy that excited 

to surface level was lower than that of to conduction band, so 

electrons were easily excited to surface level, and then came 

back to valence band to recombination with hole, causing surface 

state emission [26]. ‘‘Self-purification’’ mechanisms are often 

claimed to reasonably this effect, as the distance a defect must 

move to reach the surface of a nanocrystal is very small. 

Self-purification can be explained through energetic arguments 

and is an intrinsic property of defects in semiconductor 

nanocrystals. The formation energy of defects in nanocrystals 

increases as the size of the nanocrystals decreases [27]. The 

surface dangling bond states that lie within the band-gap 

typically quench the PL intensity. Surface passivation usually 

reduces the number of the surface dangling bonds [28]. It is 

observed that with the CTAB concentration increasing, the band 

edge emission intensity increased slightly because hackly 

surface was modified to some extent after being caped by CTAB. 

 
FIG.4. The excitation spectrum of uncoated sample A. 

 

FIG. 5. The emission spectra of ZnSe nanocrystals: (A) without CTAB. (B) 5 

mol% CTAB. (C) 10 mol% CTAB 
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Accordingly, a decrease in PL intensity was observed for 

nanocrystals with no CTAB owing to more defects in those 

nanocrystals (sample A). In this study, the CTAB capping layer 

was used not only as a passivation medium, but also to promote 

dispersivity of nanocrystals, which make the surface perfect and 

smooth, so band edge emission improved by reason that more 

electrons were excited to conduction band. The smooth surface 

and improved dispersity could be reflected in TEM. The 

luminescence peaks, covering a wavelength region of 

approximately 350. 450 nm, are extremely narrow, the FWHM 
(full width at half maximum) of the all emission spectrum was 

under 40 nm. These values demonstrate clearly that a large size 

distribution is obtained [29]. 

Figure 6 displays the absorption spectra of ZnSe NCs (inset 

gives the optical absorbance with wavelength), the optical 

absorption increased sharply at wavelength 380 nm due to the 

direct transitions of the band gap of ZnSe and a slight 

wavelength shift from 380 nm to 375 nm was observed with the 

CTAB increased, this might be related to the decrease of grains, 

which also reflected that CTAB can control the particle growth 

rate. Meanwhile, there was a weak band appears at about 430. 
440 nm, we can interpreted it as non-uniformity of particles. 

From TEM image, we can see that not all particles were arranged 

form 3. 5 nm, and the absorption band of which particles was in 
380 nm. Beside, there were few bigger particles, whose 

absorption band would red-shifted, so we observed weak 

absorption, this results was in accordance with the emission 

spectrum. The quantum confinement effect can be qualitatively 

explained using the effective mass approximation (EMA), when 

the NCs size was smaller than exciton Bohr radius, the electrons 

and holes were independently confined, and Coulomb 

interaction was then a perturbation, so the electron–hole 

transition energy to the i th excited state of the NCs was 

determined by formula 

2 2 2

2

1 1 1.8
E ( )

2e g
e h

h e
E E Eg

R m m R
�

7
 �  � � �  

Where h is Planck’s constant; Eg is the band gap energy of ZnSe 

NCs, R is the radius of ZnSe NCs, me is the effective masses of 

electrons, mh is the effective mass of holes, and ε is the dielectric 

constant or relative permittivity of ZnSe. The second term on 

the right hand side shows that the effective band gap is 

inversely proportional to R2 and increases as size decreases. On 

the other hand, the last term in Eq indicates the Coulomb 

interaction energy, which decreases the energy of electron-hole 

pair state [30]. Consequently, we could calculate the size of 

ZnSe NCs that was base on an infinite confinement spherical 

well potential model. The parameters used for the calculation 
were: Eg = 2.7 eV, me = 0.16 m0, and mh =0.75 m0 (m0 is the mass 

of electron). Accordingly, considering the Coulomb interaction, 

the particle size was calculated ranges from 2.8 to 5.3 nm, in 

reasonable agreement with the XRD and TEM results. Figure 6 

inset shows the (αhν)2 versus hν graph. The direct absorption 

band gap of the ZnSe nanoparticles can be determined by fitting 

the absorption data to the equation (as shown in the inset of Fig. 

6)  

1 2( ) /B h Eg h� � � �  

 In which hν is the photon energy, α is the absorption 

coefficient Eg is the absorption band gap and B is a constant 

relative to the material. The absorption coefficient can be 

obtained from the equation 
2.303A

d
�   where A is the 

absorbance and d is the thickness of the sample. Extrapolation 

of these curves on energy axis for zero absorption coefficients, 

gives the value of optical band gap energy. The band gap was 

found to be 3.2 eV for sample which showed blue shift of 0.5 eV 

from the standard band gap for bulk ZnSe (2.7 eV) [31]. 

Conclusions 

In summary, spherical, low surface defect, homogeneous 

distribution and luminescence ZnSe nanocrystals were 

successfully prepared by environment friendly method. The 

 
FIG. 6. UV-vis absorption spectra of ZnSe nanocrystals: (A) without CTAB. (B) 

5 mol% CTAB. (C) 10 mol% CTAB, inset is plots of (αhν)2 vs hν of ZnSe 

nanocrystals 
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ZnSe nanocrystals were stable with diameters ranging from 2.5 

to 5.0 nm derived in this work. The emission peaks were at 390 

nm, which was strengthened after being encapsulated by CTAB. 

The optical absorption studies showed that the ZnSe NCs has 

optical band gap of 3.2 eV. Finally, we believe this work will be 

guidance on the foundation study of nanocrystals luminescence. 
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