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Abstract 
 

     An approach to achieving of spatially homogeneous, ordered ensemble of 
semiconductor quantum rods in polymer film of polyvinyl butyral is reported. The 
CdSe/ZnS quantum rods are embedded to the polymer film. Obtained film is stretched 
up to four times to its initial length. A concentration of quantum rods in the samples is 
around 2×10-5 M. The absorption spectra, obtained in the light with orthogonal 
polarization, confirm the occurrence of spatial ordering in a quantum rod ensemble. 
Anisotropy of the optical properties in the ordered quantum rod ensemble is examined. 
The presented method can be used as a low-cost solution for preparing the 
nanostructured materials with anisotropic properties and high concentration of 
nanocrystals. 
 
 
1. Introduction 
 

Nanostructured materials, consisting of colloidal semiconductor nanocrystals, can be
 considered as a lowcost solution for various applications of photonics such as photovol
taic (Emin et. al. 2011) and thinfilm devices (Baker et. al. 2010), sources of polarized lig
ht (Wu et. al. 2010), light emission diodes (Anikeeva et. al. 2009), among others. A num
ber of nanostructured and functional materials grows rapidly due to recent advances in 
the technologies of colloidal synthesis that allow controlling of optical, mechanical, elect
rical, magnetic, catalytic, and electronic properties of material. 

The opt ical  propert ies of  semiconductor nanostructured material may be 
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manipulated by a variation size (de Mello Donega et. al. 2009) and shape (Peng et. al. 
2000) of its constituent nanoparticles. In particular, the shape anisotropy of CdSe 
Quantum Rods (QRs) leads to the anisotropy of its optical properties. It was calculated 
for the quantum rods with an aspect ratio greater than ca. 1.3 (Hu et. al. 2002) that the 
first electronic transition is polarized along the long axis of nanocrystals (Hu et. al. 
2002), and the high energy transitions have components with orthogonal polarization 
(Li and Wang 2003). Experimental evidences of absorption (Kamal et. al. 2012) and 
photoluminescence (Chen et. al. 2001, Chen et. al. 2002, Artemyev et. al. 2003) 
anisotropy were obtained too, but only for the QR first electronic transition. 

For all of the benefits nanostructured materials offer, their building blocks, colloidal 
nanocrystals, exhibit complex interaction between themselves, with matrix or substrate, 
that makes difficult to manipulate of nanocrystals and form the periodically ordered 
ensemble. There is a variety of approaches to nanocrystals ordering such as 
lithography techniques (Tamborra et. al. 2007), biomimetic (Dutta and Hofmann 2003), 
template- (Yin et. al. 2001) and matrix-assisted (Wu et. al. 2010, Mukhina et. al. 2012) 
approaches. 

The nanocrystal-matrix interface and the morphology of the nanostructured material 
determine the degree of nanocrystals ordering in the matrix-assisted approach. 
Modification of the nanocrystal’s surface with different types of solubilizers is required in 
most cases to achieve a good morphology of material (Mukhina et. al. 2012). However, 
chemical affinity of the material components allows to use blending without the 
nanocrystal’s surface modification. In particular, Poly (Vinyl Butyral) (PVB) exhibits a 
good chemical compatibility with CdSe/ZnS quantum dots capped with 
Trioctylphosphine Oxide (TOPO) (Kagan et. al. 1996), so, the using of the PVB matrix 
is an effective way of the CdSe/ZnS nanocrystals ordering. 

The well known matrix-assisted method to achieve macroscopic ordering in a 
particles ensemble is an ordering in the stretched polymer film. This approach was 
effectively used for ordering of dye molecules (Thulstrup et. al. 1970), liquid crystal 
molecules (Aoyama et. al. 1981) or iodine aggregates in PVB polarizer (Schuler 1979). 

In this paper we use a modification of the method of a nanoparticles ordering in the 
stretched polymer film to obtain a CdSe/ZnS quantum rod ensemble with anisotropic 
optical properties, embedded to the PVB film. 
 
2. Experimental section 
 

In this study we used semiconductor core/shell CdSe/ZnS quantum rods. The rods 
had a diameter of 5 nm with an average aspect ratio of ~ 7 and exhibit a 
photoluminescence band with a peak emission at 645 nm. Nanocrystal’s surfaces were 
capped by TOPO. 

Nanostructured material was prepared by embedding the CdSe/ZnS QRs in PVB 
film. The solution of Polyvinyl Butyral (PVB) in tetrahydrofuran was mixed with the QR 
solution in tetrahydrofuran in a volume ratio of 1:3. To achieve an elastic polymer film 
dibutyl phthalate of 3% by volume was added to the mixture as a plasticizer. Afterwards 
a casting of the mixture of QRs, PVB and dibutyl phthalate on polyethylene substrate 
was used to obtain samples of film. A low adhesion of PVB film to the polyethylene 
substrate allowed to remove the samples from the substrates after a solvent 

638



evapora
achieve 

The o
Panoram
schemat
polarize
Depolar
sample, 
related t
LSM 7
characte
microstr
microsco

 

Fig. 1 
 
3. Resu
 

To de
the nan
polymer
of the Q
of the 
tetrahyd
significa
solution,
their opt
2×10-5 M

 

ation. The r
a QR spat

optical cha
ma spectro
tic diagram
d light wa
ization of 
was carri

to a partia
710 confo
erization o
ructure ho
opy image

Schematic

lts and Di

emonstrate
nocrystals 
r material w

QR’s surfac
QRs, and

drofuran so
ant spectra
, indicates
tical chara

M. 

removed s
tial orderin

aracteristics
ofluorimete
m in Figure
s measure
the excita

ed out wit
l polarizati

ocal lase
of the m

omogeneity
es at 645 n

c diagram o

scussion 

e the possi
were emb

were obtain
ce was not 
d PVB, po
olution and
al shift of t
s that emb
acteristics. 

amples we
ng. 
s of the sa
er. The set
e 1. Trans
ed with a 
ation radia
h an optic
ion of the 
r scannin

microstructu
y was tes
m, obtaine

of experim

bility of the
bedded in 
ned by ble
required d

olymer ma
d embedd
the QR ab
bedding of 

The QR c

ere stretch

amples we
tup used f

smission sp
polaroid to

ation and 
cal fiber for

light passi
ng lumine
ure of th
sted by a
ed with 405

mental setu

e stretched
the PVB 

ending of th
due to the 
atrix. Abs
ed in the 

bsorption b
f nanocrys
concentrati

ed up to fo

re obtaine
for the me
pectra in t
o estimate 
the radiat
r preventio
ing throug
escent m
he nanost
n analysis

5 nm excita

p for abso

d polymer 
film. The 

he compon
chemical a
orption sp
PVB film 

band in the
tals in the
ion in the 

our times it

d using a 
easuremen
he vertical
the degre

ion, transm
on of the in
h a monoc

microscope 
tructured 
s of the 
ation from 

rption mea

induced or
samples 

nents in so
affinity of T
pectra of 

are show
e film, as c
e PVB film
film was to

ts original 

Lumex Flu
nts is show
lly and ho
ee of QR o
mitted thro
nstrumenta
chromator.

e was u
material. 
QR lumin
diode lase

asurements

rdering of t
of nanost

olution. Mod
TOPO, a so

the QRs 
wn in Figur
compared 

m does not
o be calcu

length to 

uorat-02-
wn in the 
rizontally 
ordering. 
ough the 
al effects 
. A Zeiss 
sed for 
Sample 

nescence 
er. 

s. 

the QRs, 
tructured 
dification 
olubilizer 
both in 

re 2. No 
with the 

t change 
ulated as 

639



Fig
embed
 
Lumin

Figure 3
demons
the poly
assisted

 

Fig. 3 2
PVB fil

 
To es

its initial
were m
spectra,
direction
 

g. 2 Absorp
dded in PV

nescence 
3 were rec
trates an a

ymer film w
d approach

2D lumines
lm. The ex

shown.

stimate the
 length, th

measured i
 which we

n of the sam

ption spect
VB film (2), 

microscop
orded to e
absence of
with embe

h to orderin

scent confo
xcitation/reg
. The inset

e degree of
e absorpti
in polarize
ere obtaine
mple stretc

tra of the Q
the spectr

py images
examine ho
f the QR a

edded QRs
ng of nanoc

ocal micros
gistration w
t depicts ph

f the QR o
on spectra
ed light. F
ed in the 
ching. 

QRs in tetr
rum of QR 

of the QR
omogeneit
aggregates
s allows to
crystals. 

scopy ima
wavelength
hotography

ordering in 
a of the QR
Figure 4 s
light polar

ahydrofura
in solution

Rs embedd
ty of the o
s. The obse
o use PVB

ges of the 
hs are 405
y of the sa

the PVB fi
Rs embedd
shows the 
rized paral

an solution
n was multi

ed in the 
btained m
erved spat
B as a ma

QRs embe
/645 nm. S
mple of film

lm stretche
ded in the 

compone
lel and pe

n (1) and 
iplied by 2

PVB film s
aterial. Th
tial homog
atrix in the

edded in th
Space bar 
m. 

ed up to fo
stretched 

ents of ab
erpendicula

5. 

shown in 
he Figure 
eneity of 
e matrix-

he 
is 

our times 
PVB film 
bsorption 
ar to the 

640



Fig. 4 Absorption spectra of the QRs embedded in the stretched PVB film: (1) 
component polarized parallel to the direction of stretching; (2) component 

polarized perpendicular to the direction of stretching. 
 

The degree of absorption anisotropy 

ܲ ൌ
ሺ஽‖ି஽⟘ሻ

ሺ஽‖ା஽⟘ሻ
	                                                                   (1) 

is calculated using the absorption spectra shown in Figure 4, where ܦ‖ and ܦ⟘are the 
components of absorbance with the polarization direction that are parallel and 
perpendicular to the direction of the sample stretching, respectively. The degree of 
absorption anisotropy for the first electronic transition was calculated to be 16-25 %. 
 
4. Conclusions 
 

The samples of the nanostructured material with a high concentration of the 
QRs, viz. 2×10-5 M, were obtained using the matrix-assisted approach for embedding 
the CdSe/ZnS QRs in the PVB film. An absence of nanocrystals aggregates, confirmed 
by the confocal luminescent microscopy method, indicates a relatively high spatial 
homogeneity of a QR ensemble. The stretching of polymer matrix was used to estimate 
possibility of the QRs ordering in the PVB film. Anisotropy of the optical properties of 
the ordered QR ensemble, which was obtained in the stretched PVB film, was 
examined by a method of absorption spectroscopy. The degree of absorption 
anisotropy was calculated to be 16-25 % for several samples of the material. Such a 
high degree of spatial ordering of an QR ensemble in the stretched PVB film let us 
considered the obtained nanostructured material as a good solution for a variety of 
photonics applications as well as a useful instrument for investigation of anisotropy of 
the optical properties of the colloidal semiconductor nanocrystals. 
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