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CdSe nanocrystals (NCs) were prepared using a colloidal solution and dispersed in polymethylmethacrylate (PMMA) matrix. 
Using spin coating technique, thin films deposited on glass substrates were prepared. Their structural and optical properties 
were investigated by X-ray diffraction, atomic force microscopy (AFM) and UV-visible absorption, respectively. The 
absorption spectra of these dispersed NCs exhibit excitonic peaks resulting from the electron-hole coupling transitions. Due 
to a quantum confinement effect, a blue shift is deduced by comparison of such transition with respect to reported bulk band 
gap. Assuming a spherical like shape for these NCs, the crystallites radius (R) was estimated by applying the effective 
mass approximation model and was about 2.92 nm. Such a weak radius value compared to Bohr radius (RB = 5.5 nm) leads 
to a strong quantum confinement regime. Moreover, the influence of this confinement effect on nonlinear optical (NLO) 
properties was also studied. Quadratic and cubic NLO properties were investigated by second and third harmonic 
generation techniques (SHG and THG) with a Q-switched Nd:YAG laser working at 1064 nm fundamental wavelength. The 

NLO susceptibilities ><2
effχ , ><3

effχ  were measured to be equal to 2.27.10-10(m/V) and 2.28.10-20(m2/V2), respectively. 
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1. Introduction 
 
II–VI semiconductors nanocrystals (NCs) have been 

intensively studied in recent years due to their interesting 
properties and potential applications. Lowering the system 
dimensions to nanometric scale give rise to very promising 
and unique properties that can be applied in 
optoelectronics and photonics devices such as laser diodes 
[1-2], frequency doublers, solar cells, electron–beam 
pumped lasers, optical devices [3] and also used as 
biological tags [4-5]. The NCs doped thin films can be 
prepared by various deposition techniques like chemical 
vapour deposition (CVD), sputtering, electro deposition, 
vacuum evaporation, sol-gel process and colloidal 
solution. These semiconducting nanoparticles have 
attracted considerable interest due to their size dependent 
physical properties [6-8]. Particularly, CdSe NCs are 
considered as a reference material for investigation of 
fundamental physical properties of II-VI semiconductors 
NCs. They are reported to be a state of matter in the 
transition region between atom and bulk solid.  

CdSe bulk exhibits band gap energy of 1.74 eV that 
corresponds to an absorption edge of 690 nm. Because of 
the quantum confinement that affects strongly the optical 
properties of the films, the CdSe NCs can display a size 
dependence of the absorption edge [9]. 

In this paper we report linear and nonlinear optical 
properties (optical absorption, generation of the second 
and third harmonic) of CdSe NCs dispersed in a PMMA 
matrix by colloidal solution and deposited on a glass 
substrate using spin coating technique. The low dimension 

of NCs size induces a quantum confinement effect leading 
to the size dependence of the band gap energy described 
well by the effective mass approximation (E.M.A) [10-11].  

 
 
2. Experimental 
 
2.1. Preparation 
 
CdSe nanoparticles doped polymer system was 

prepared by colloidal solution. A host solution was 
prepared by dissolving amorphous polymer PMMA in 
tetrahydrofuran (THF) with a concentration of 0.02 g/ml. 
This solution was stirred at 50°C for 2 hours. A guest 
solution was prepared with 0.153 g of mechanically 
crushed CdSe powder dispersed in 5 ml of THF. Finally, 
both solutions were blended together and stirred. 

Glass slabs used as a substrate were degreased, rinsed 
thoroughly with distilled water before deposition of few 
droplets of NCs CdSe doped PMMA solution. Thin films 
were deposited by spin coating technique performed under 
various conditions depending on the viscosity of the 
mixture. The rotational speed ranged from 300 to 2000 
rpm in order to control the thickness. The deposition 
principle is based on homogeneous spreading using 
appropriate conditions. 

All experiments were performed at room temperature 
and ambient pressure. The thicknesses of the films were 
mechanically measured using a Dektak stylus profiler 6 M 
(Veeco). 

 



105                         Linear and nonlinear optical properties of the CdSe nanocrystals embedded in PMMA matrix 
 

2.2. X ray diffraction 
 
X-ray diffraction patterns of the CdSe NCs doped 

PMMA films were measured using an X-ray 
diffractometer model D8 Advance, Bruker with Ni filtered 
Cu radiation generated at 30 kV and 30 mA (CuKα =1.542 
Ả) as the X-ray source. Film samples were cut into 
rectangular pieces (1cm×2 cm), mounted on the holder and 
used for analyses. The diffraction patterns were 
determined over a range of diffraction angles 2θ = 10 to 
85° at a rate of 2° (in 2θ ) per minute. 

 
2.3. UV spectrum 
 
The absorption spectrum of the thin films was 

recorded using a UV-visible/NIR spectrophotometer 
(Perking Elmer, model Lambda 19) in the spectrum range 
from 200 to 1000 nm.  

 
2.4. AFM measurements. 
 
The AFM images were recorded in tapping mode at a 

scan rate of 1Hz with a CP Research 
(Thermomicroscope/Veeco, Dourdan, France). The image 
processing was performed using the WSxM 4.0 program 
(Nanotec, Spain). Analysis by AFM offers the ability to 
establish elementary characteristic values such as the 
thickness of film and the surface homogeneity. 

 
2.5. Nonlinear optical properties 
 
2.5.1. SHG measurements  
 
Second order NLO susceptibility of the studied 

compounds was investigated by second  

Harmonic generation experiments in transmission. 
The experimental setup of the SHG technique is presented 
in figure 1. As a source the Nd: YAG laser (model 
Continuum Leopard D-10) was used. It provides 16 ps 
pulses of several mJ, at 1064 nm wavelength, with a 
frequency of 10 Hz. Two separating beam splitters (BS) 
are sampling one part of incidental beam on a first 
photodiode (Motorola MRD500; Phs) for synchronizing 
the acquisition, and on second photodiode (Hamamatsu 
S1226-8BK; Phc) for sampling the energy of fundamental 
beam. A system half-wave (λ/2) plate and Glan polarizer 
(P) allows, to vary the energy of the incident beam. A 
convergent lens (L), with the focal distance of 250 mm, 
allows focusing the beam on a sample with its rotation axis 
placed near the focus of this lens. Samples were placed on 
a rotational stage (model Standa 8MR180) which allows 
rotating sample with high precision. A selective filter KG3 
(F) cuts the fundamental wavelength transmitted at 1064 
nm and allow passing the harmonic generated. A second 
interferential filter FL532 permits to preserve only the 
second harmonic at 532 nm (±1 nm). This filter is placed 
inside of the photomultiplier (Hamamatsu R1828-01; 
PMT), which measures second harmonic signal intensity. 
For each sample, the measurements of the second 
harmonic signal intensity as a function of the incidental 
angle is performed on a total of 50 laser impulses for each 
angular position. The change of the incident angle is 
generally made from -50o to +50o round the normal of 
incidental beam per step of 0.2o. The angular dependence 
of the SHG intensity leads to the so-called Maker fringes 
[12-13]. The experiment was calibrated using a y-cut 
crystalline quartz plate used as standard reference for 
quadratic NLO effects in thin films. 
 
 

 

 
 

Fig. 1. SHG and THG experimental setup: BS beam splitters; Phs: synchronization photodiode; λ/2: half wave plate; P: Gland 
polarizer; Phc: control photodiode; L: convergent lens; F: selective filter (532  nm   for   SHG   and   355 nm   for   THG);  

PMT:photomultiplier  tube. 
 

2.5.2. THG measurements  
 
Third order NLO susceptibility of the studied 

compounds was evaluated by third harmonic generation 
(THG) experiments in transmission mode [14-15], (see 
figure 1). We used the same experimental arrangement as 
previously described in SHG experiment. The only 
difference for the THG measurements was the change of 
the interferential filter to 355 nm before reaching the 
photomultiplier tube. The experiment was calibrated using 

a 1 mm thick silica plate used as reference for cubic NLO 
effects in thin films. 

 
 
3. Results and discussion 
 
3.1. X-ray diffraction analysis 
 
The X-ray diffraction (XRD) patterns of CdSe-

PMMA guest host films (see figure 2) point the 
nanometric scale of the incorporated CdSe particles and its 
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wurtzite (hexagonal) structure belonging to the 6mm space 
group. The crystallites are preferentially oriented with the 
(002) planes parallel to the substrate surface. Table 1 lists 
the characteristic lines versus 2θ of the compound. The 
XRD patterns exhibit sharp peaks at 2θ equal to: 23.589°, 
24.990°, 26.746°, 41.620° which correspond respectively 
to the (100), (002), (101), (110) hexagonal phase 
(wurtzite) diffraction planes. By comparing this result, 
with the XRD patterns of CdSe powder assigned by a 
standard JCPDS database file n° 08-0459. One can notice 
a shift of peaks and also a considerable broadening, 
indicating low dimensions of the incorporated 
nanocrystallites CdSe in the PMMA matrix. 

This broading of the peaks is an evidence of the small 
size of the CdSe particles. The average radius of the 
dispersed particles in the PMMA matrix was estimated 
using the Scherrer formula (E 1) in which the crystallites 
are assumed to possess a spherical shape. 

 

( )θθ
λ

cos
89.02

Δ
=R                (1) 

 
R is particle radius, λ corresponds to CuKα tube 
wavelength emission, θ is the diffracted angle and ∆θ the 
full width at half maximum (FWHW) in radians of the 
peak. The calculated average value of the size of the 
particles was about 8.56 nm (Table 2) justifying hence the 
nanometric size of the particles. 
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Fig. 2. X-ray diffraction patterns of CdSe-PMMA 

nanocomposite thin film. 
 

Table 1. XRD data of CdSe NCs doped PMMA and pure 
CdSe powder. 

 

2θ (°) 
(CdSe-
PMMA) 

Intensity 
(%) 
CdSe-
PMMA 

2θ (°) 
(CdSe 
powder) 
(wurtzite) 

Intensity (%) 
CdSe 
powder 

Diffraction 
planes 

23.589 100 24.04 75 (100) 

24.990 82.7 25.54 85 (002) 

26.746 18.9 27.31 35 (101) 

41.620 85.4 42.02 100 (110) 

Table 2. CdSe NCs Radius calculation using the Scherrer 
formula (E 1). 

 

2θ (°) Diffraction 
planes 

Δθ (°) Full 
width at half 
maximum 
(FWHM) 

Radius size 
(nm)  
(R) 

23.589 (100) 0.490 9.353 

24.990 (002) 0.462 9.451 

26.746 (101) 0.641 6.981 

41.620 (110) 0.620 8.481 

 
 

3. 2. Optical analysis of the CdSe NCs-PMMA  
          system 
 
3. 2.1. Absorption 
 
The absorption spectrum represents a signature of the 

studied material. Polymethylmethacrylate polymer was 
used as host matrix because of its transparency in the 
visible wavelength range. Figure 3 shows the optical 
absorption spectrum of the CdSe NCs-PMMA system 
versus the wavelength. The observed spectrum exhibits 
absorption band edges at 535 nm, and excitonic absorption 
peaks at 500 nm and .470 nm. That dependent upon the 
size of the CdSe NCs .Furthermore the absorption edge 
shifts to the shorter wavelengths. Such trend is in good 
agreement with the work of T. Arai et al [16]. From the 
data of Murray et al [9], the edge around 550 nm in the 
absorption spectrum corresponds to CdSe nanoparticles 
with a diameter of 3.7 nm. The optical band gap energy 
that is related to the position of the lowest absorption 
maxima was evaluated from the minimum of the second 
derivative of the absorption spectrum [17-18]. Optical 
band gap energy increases with a corresponding decrease 
of crystallite size. By this method, E*=2.31eV was 
obtained for the first allowed transition energy that 
corresponds to the optical band gap energy, attributed to 
the ground state (1S3/2, 1 Se), i.e. the lowest electron–hole 
energy between the quantized interior states of NCs 
(HUMO-LUMO), which we refer to as band-edge exciton. 

Taking into account the first transition energy of the 
film E* (CdSe-PMMA) = 2.31 eV and the band gap energy 
of the bulk CdSe Eg = 1.74 eV [19], the quantum 
confinement energy ΔE was estimated by the relation ΔE = 
E* - Eg and is equal to 0.57 eV. From this variation of 
energy, the particle size can be calculated. The size effects 
can be deduced from Schrödinger’s equation in quantum 
mechanical theory for which the exciton can be described 
by the Hamiltonian, 
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The wave function and the energy states of the exciton 

can be determined. From the wave function, the energy of 
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the lowest excited state is given by the model of the 
effective mass approximation with a contribution of 
coulomb interaction developed by Kayanuma [20] and  
Brus [21] 
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where )(* RE  the optical band gap energy and Eg is the 
bulk band gap energy. The second term involving the 
electron and hole effective masses me

* and mh
* 

respectively, corresponds to the exciton kinetic-energy. ε 
is the dielectric constant of the material. The third term 
involving ε arises due to the Coulomb attraction between 
the electron and the hole, and the last term is due to the 
spatial correlation between the electron and the hole and is 
generally small compared to the others terms. 

For CdSe: me
*= 0.13 m0, mh

*= 0.45 m0 [22], ε = 10 and 
m0 is the free electron mass. The average radius of NCs 
inside the thin film is estimated to be 2.92 nm. 

Such result shows that the decreasing of the 
crystallites size leads to an enhancement of the optical gap 
energy. By comparing the CdSe NCs average size to the 
Bohr radius of the exciton which is about rB = 5.5 nm, we 
obtain R < rB corresponding to a strong confinement 
regime. This result is in good agreement with those 
reported by Murray et al [9] and Miroslav Šimurda et al 
[23]. 
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Fig. 3. Absorption spectra of CdSe-PMMA nanocrystals. 
The average size of CdSe nanocrystals was estimated to 

be 2.92 nm. Exciton absorption peaks at 470, 500 nm and 
the absorption band edge at 535nm. 

 
 

3. 2.2. Principle of the second harmonic generation 
 
The second harmonic generation (SHG) consists in 

generating a wave of twice frequency 2ω starting from an 
incident beam of frequency ω. In fact, the second 
harmonic generation represents an optical interaction in 

which two photons of energy hν (in our case 
1064 nmωλ =  and (hν = 1.17eV) interacting with the 

nonlinear material are combined to form a new photon of 
energy 2hν (here 2 532 nmωλ =  and 2hν = 2.34 eV). 
This method has been especially developed in order to 
determine the value of second order nonlinear 
susceptibility of a non-centrosymmetric material by 
measuring the change in second harmonic intensity versus 
the incidence angle (see figure 8). Actually, when the 
incidence angle is varied, the length of the optical pathway 
within nonlinear material is varied as well. When the 
thickness of the material d is higher than the coherence 
length Lc, the wave’s constraint and free interfere to each 
other and the intensity of second harmonic signal can pass 
through a series of maxima and minima called the Maker 
fringes [24]. 

 
 

 

 
 
 
 

Fig. 4. An example of second harmonic signal as function 
of the incidence angle θi. 

 
 

 
Maker fringes become closer with the increase of 

incidence angle iθ  since the interaction length is rising 

in a nonlinear manner with iθ  while the fringe intensity 
is going down, since the losses caused by reflexion are 
increasing with the increase of iθ . 

The Maker’s fringes characterise the change in the 
length of the interaction length when this is subjected to a 
rotational movement (see figure5). The interaction length 
(L) is given by the following relation: 
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Where d denotes the thickness of the material and n0 

is the refractive index of the medium. 
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Fig. 5. The principle of SHG technique. 

 
The change in interaction length determines a change 

in the phase mismatch ΔΨ  between the waves 
constrained and free. In isotropic media the refractive 
index show a normal dispersion, and then ω2n  > ωn . 

When both absorption and diffusion are absent, the 
intensity of the second harmonic obtained for sample 
depends on the phase mismatchΔΨ : 

4

c

nk L L L
Lω

π π
λ

⎛ ⎞ ⎛ ⎞Δ
ΔΨ = Δ = =⎜ ⎟ ⎜ ⎟

⎝ ⎠ ⎝ ⎠
     (5) 

with  

2n n nω ωΔ = −  and 
24( )CL

n n
ω

ω ω

λ
=

−
     (6) 

where ωλ  denotes the length of fundamental wave and 

cL - the coherence length equal to the distance at which a 
phase mismatch equal to π  is accumulated between the 
constraint and free waves of the second harmonic. 
Jerphagnon and Kurtz are the first who published a 
theoretical description of the fringes [25] observed initially 
by Maker in 1962 [24]. They considered that the intensity 
of the second harmonic induced by propagation of the 
fundamental wave through a nonlinear material on the 
emerging phase is given by the relation: 
 

Ψ= 2
2 sin)(II M θω                      (7) 
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Denotes the interference factor between the constraint 

and free waves, and ( )cL θ  the coherence length 

depending on the angles ωθ  and ωθ 2 . 

The overlapping of Maker fringes, )(I M θ , is given 
by: 
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Where )(deff θ  is the projection of the effective 
nonlinear coefficient on the electric field of the 
fundamental wave )(t θω  and )(T θω2  are related to the 
transmission coefficients (Fresnel coefficients) at the 
frequencies ω  and ω2 , respectively. If the component of 
the second harmonic wave (polarized horizontally – p, 
parallel to incidental plane) is observed and of the 
fundamental wave is polarized vertically (s) (perpendicular 
to incidental plane), the transmission coefficients are given 
by the following relations: 
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In the case of polarization p of the fundamental wave, 
they are: ωω

ω θθ
θθ
coscosn

cos)(t
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                 (12) 
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By choosing the polarization states for input and 

output wave, it is possible, by using an appropriate 
theoretical model, to tune the value of effective nonlinear 

coefficient deff until the partitions of fringes 
experimentally obtained are well fitted. 
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In this way, we obtain some information on the 
interference order, and thus, on the coherence length. For 
calibration of the experimental setup 0.5 mm Y-cut quartz 
has been used as reference material (d11 = 0.5 pmV-1, Lc ≈ 
20.5 µm) [26]. 

In the case of a nonlinear material thin layer deposited 
on a centrosymmetric substrate with different refraction 
indices, we have to take into account the modification of 
the transmission coefficients through a layer/substrate 
interface which replaces the layer/air interface, while the 
substrate/air interface is added. The new transmission 
coefficient for a second harmonic wave is written as 
follows: 

 

[ ]{ }' /
2 2 2( )

( )
air substrat

substrat air
n n

T T Tω ω ωθ
→

= × ,          (14) 

 
where: 
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either by replacing in equation (14) for a polarization s of 
the fundamental wave: 
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or by replacing in equation (16) for a polarization p of the 
fundamental wave: 
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3. 2.2. 1. Theoretical models  
 
The main literature models exhibit their particular 

specificity depending on the type of sample to be 
characterized: powder, solution, thin layer, bulk material, 
etc. 

 
3. 2.2. 2. Kurtz and Perry model 
 
The simplified model of Kurtz and Perry [27], 

developed for microcrystalline powders, is based on the 
comparison of macroscopic NLO properties of the sample 
studied to those of a reference material (generally a brown 
powder called POM (3-methyl-4-nitropyridine-1-oxide)): 

 
2 2

2 2
POM POM

I
I

ω

ω

χ
χ

< >

< > = ,                (18) 

where 2χ< >  and 2
POMχ< >  denote the second order nonlinear 

susceptibilities of studied material and POM ( 2
POMχ< > = 

12.0 pmV-1 [28]), respectively, while 2I ω  and 2
POMI ω  are 

the maximal intensities of the second harmonic signal of 
the studied material and POM, respectively. 

The major inconvenience of this model is the strong 
crystallinity influence during the measurements of second 
harmonic signal intensity. Actually, the size of the 
crystallites influences the phase accord and, consequently, 
the second harmonic signal intensity. In this case, it is 
indispensable to know exactly the crystallite size. 

 
3. 2.2. 3. Lee model 
 
The simplified model of Lee et al. [29] is used for thin 

layers and is based on comparison of macroscopic NLO 

properties of the sample under study to those of 0.5 mm 
thick Y-cut quartz, taking into account particularly of the 
film thickness, d, and its coherence length of quartz ,c ql : 
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with:   
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where 2χ< >  and 2

qχ
< >  denote second order nonlinear 

susceptibilities of the studied material and quartz 
( 2

qχ
< > = 1.0 pm V-1 [30]), respectively, 2I ω  and 2

qI ω  - 
the second harmonic intensities of studied material and 
quartz, respectively, ωλ  - the wavelength of fundamental 

beam ( 1064 nmωλ = ), ( )qn ω  and (2 )qn ω  the refractive 
indices of quartz at the wavelength of the fundamental and 
the second harmonic beam, respectively ( )(ωqn = 1.534 at 

1064nm and )2( ωqn = 1.547 at 532 nm [26]). 
 

3. 2.2. 4. Model of Herman and Hayden 
 
The model used in this study for characterization of 

bulk materials and thin layers is the model developed by 
Herman and Hayden in 1995 [31]. This model has been 
chosen since, contrary to previous two models, has the 
advantage to explicit of the second harmonic intensity by 
taking into account the materials’ absorption. The second 
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harmonic wave (polarized horizontally - p) from the 
fundamental wave polarized vertically – s for nonlinear 

isotropic material may be expressed as follows [31, 32]: 

 

( )( ) [ ]
4 2 21 2 25 2 2222

2 1 22 2 2 2 2
2 2
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               (21) 

 
where the reflexions are neglected and Iω  and λ  denote 
the light intensity and the wavelength of the fundamental 
wave, respectively, 2

effχ< >  - effective second order 

nonlinear susceptibility, L  - the film thickness, s
aft1 , p

fst 2  

and p
sat 2  - transmission coefficients (system air-film-

substrate-air) for fundamental and second harmonic 
beams. The phase angles Φ  and Ψ may be expressed in 
the form: 
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where ωθ  and 2ωθ  denote the angles between 
fundamental and the second harmonic beams, respectively, 
nω  and 2n ω - the refraction indices of the fundamental 

and of harmonic waves, respectively, ωκ  and 2ωκ  - the 
extinction coefficients of the nonlinear material at the 
angular frequencies ω  and 2ω , respectively. 

Using the Lee model the second order nonlinear 
optical susceptibility of the CdSe-PMMA nanocomposite 
system was determined from the SHG signal intensity 
recorded versus the incident angle varying from -50° to 
50° (Fig. 4). For a constant input intensity and no 
dispersion, the effective quadratic nonlinear susceptibility, 

><2
effχ  of the thin film sample is related with that of the 

reference plate by following equation (24) [29] ,[33, 36]:  
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In which we assume df << lc(f) and dq >> lc(q).  

df is the sample thickness assumed to be thinner than 
the coherence length lc(f) and dq is the thickness assumed 
to be thicker than the quartz substrate coherence length 
(lc(q) ). ( )

MI ω2  Represents the SH intensity at the 
maximum of the envelope function (locus of the Marker 

fringe peaks).  ( ) ( )f

MI
ω2 , ( ) ( )q

MI
ω2  are the SH intensity 

maxima for the NCs doped film and quartz plate 
respectively. 

From the experimental results, we obtained ><2
effχ  

=2.27.10-10 (m/V). This value is two orders larger than the 
reference material (1 pm/V) [37] and 4 times larger than 
that for the CdSe bulk material (52 pm/V) [38]. Our results 
are in line with the work of Katarzyna et al [39]. This 
result suggests a large influence on the quantum 
confinement due to the low dimensionality of the 
crystallites. 
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Fig. 6. SHG signal intensity dependence versus the 
incident angle of the fundamental beam for the CdSe-
PMMA nanocomposite thin film (thickness=120 nm). The 
dotted curve represents  the  experimental  data  and  the  
                            solid line the fitted curve  
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Fig. 7. SHG signal intensity of the signal versus incident 
angle of the fundamental beam of the reference 
(quartz).The dark points are the experimental values of 
the SH intensities, The solid line is  the  line  obtained  by  
                    fitting the experimental values. 
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3. 2.3. Principle of the third harmonic generation 
 
Third Harmonic Generation (THG) technique consists 

in generating a wave of triple frequency 3ω starting from 
an incident beam of frequency ω. In fact, similarly to the 
SHG, generation of the third harmonic represents an 
optical interaction in which three photons of energy hν (in 
our case, λω=1064 nm and hν=1.17eV) interact with 
nonlinear medium generated a new photon of energy 3hν 
(in our case, λ3ω =355 nm and 3hν=3.51eV).We used for 
this investigation the Lee theoretical model 

The effective nonlinear cubic susceptibility ><3
effχ  of 

the NCs thin doped thin film is related with that of the 
reference sample through equation (25). [29] 
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Where lc(s) is the coherence length of the silica plate 

and ( ) ( )f
MI ω3 , ( ) ( )s

MI ω3  are the TH intensity maxima for 
the thin film and the silica plate respectively. Using the 
equation (25) we calculated the values of ><3

effχ  = 2.28×10-20 
(m2/V2) (see figure 8). This value is two orders higher than 
the reference (see figure 9)  material (2×10-22 m²/V²) [40] 
and is also attributed to the quantum confinement effect. 
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Fig. 8. THG signal intensity dependence versus incident 
angle of the fundamental beam for the CdSe-PMMA 
nanocomposite thin film (thickness=120 nm). The full 
squares curve represents the experimental data and the  
                        solid line  the fitted curve. 
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Fig. 9. Intensity of the signal THG versus incident angle of the 

reference silica. 
 

 
3. 3. Atomic force microscopy images  
 
The surface morphology was examined by AFM and 

showed that the matrix PMMA exhibits some 
homogeneous porosity and is able to accept the 
incorporation of the crystallites of CdSe (see figure 10). 
The roughness of the CdSe-PMMA film surface was 
quantified by the parameter RMS defined as the root 
means square average between the height deviations and 
the mean line/surface [41], taken over the evaluation 
length/area (i.e. over the scanned surface). A value of 
RMS = 6 nm was found. The AFM images (see figure 11), 
clearly show that the crystallites of CdSe are incorporated 
in the matrix and the film presents some homogeneous 
distribution over a wide range of the surface (see figure 
11). The thickness of the film was estimated with AFM to 
be around 80-120nm (see figure 12) and confirmed the 
results obtained from the Dektak 6M stylus profiler 
(Veeco). 
 

 
 

Fig. 10. AFM images of PMMA surface NCs 
incorporated in PMMA 
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Fig. 11. AFM images of CdSe NCs incorporated in PMMA. 
 
 

 
 

Fig. 12. AFM image use for estimation of the thickness 
(80-120 nm) CdSe-PMMA film. 

 
 

4. Conclusions 
 
The preparation of CdSe NCs using colloidal solution 

and their well incorporation in a PMMA matrix is reported 
and supported by complementary investigations. These 
CdSe NCs exhibit both a blue shift and discrete energy 
states at low crystallites size. A strong quantum 
confinement was established. Additionally, second and 
third order NLO investigations were performed using SHG 
and THG experiments and the corresponding NL 
susceptibilities ><2

effχ and ><3
effχ  compared to those of the 

reference materials. In both cases, large values were 
obtained ><2

effχ  = 2.27.10-10 m/V and                                      
><3

effχ  = 2.28 10-20 m2/V2. It has been shown that the 
reduction in size of the materials from bulk scale to the 
nanoscale semiconductor would lead to a large 
enhancement on the second and third optical nonlinearity. 
This enhancement of NL susceptibilities is potentially 

attributed to the quantum confinement effect of nanosized 
CdSe. We performed additional studies on other NCs 
semiconductors belonging to the same family II-VI (ZnSe, 
ZnO, and ZnS). The results regarding the second and third 
order susceptibility show the same behaviour. The  
increase is more pronounced for materials with larger 
energy gap. These features make the CdSe-PMMA thin 
films a very promising nonlinear optical material for 
devices and applications in optoelectronic and 
nanophotonic fields. 
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