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We report the polarizing behavior of aligned Ni nanoparticles (NPs) having average diameter of 165� 15 nm in
∼210 μm thick polyvinyl alcohol (PVA) matrix in the frequency range of 0.2–1.6 THz. The NPs have been prepared
via a wet chemical route and then aligned in PVA film by using an external magnetic field. When the polarization of
THz electric field is parallel to the NPs alignment direction, a strong THz absorption is observed whereas a mini-
mum THz absorption is noticed for the corresponding perpendicular configuration. Degree of polarization is calcu-
lated to be 0.9� 0.08. Considering the good polarizing performance, ease of preparation, durability, and low

With the advent of new compact devices for generating
and detecting high-power THz radiation [1–3] and the
simultaneous advancement in bridging the THz gap [4],
the application of THz spectroscopy has increased by
leaps and bounds in various fields of research [5–12].
With such a dramatic advancement comes the great de-
mand of high-quality quasi-optic components like phase
shifters, filters, polarizers, etc. For several applications
like THz ellipsometry [13,14] polarizers are the most
important optical components as the accuracy of these
measurements strongly depends on the polarization
degree of the electromagnetic waves. Although much
importance has been paid in characterizing and manipu-
lating THz beams, preparation of a high-performance
robust and durable THz polarizer still remains as a
challenging job.
Several kinds of THz polarizers have been demon-

strated in the last few years based on different technol-
ogies. The most traditional THz polarizers are the planar
structured metallic wire grids (MWG) [15], which, how-
ever, requires special fabrication methods to prepare.
Such polarizers are often not inherently achromatic
and suffer from considerable loss. Recent advancements
in wire-grid polarizers include metallic line pattern
fabrication on substrates using photolitholragpy [16]
and nanoimprint technology [17]. MWGs often exhibit
high extinction coefficients but they suffer drawbacks
of structurally tuned architecture that is not expandable
to broadband THz operation. Fragility and expensive lith-
ographical technique also limit the wide application of
MWGs. The applications of Brewster’s angle polarizers
[18] are limited by specified incident angels whereas
liquid crystal polarizers [19] can provide good perfor-
mance in a narrow frequency range (0.2–1.0 THz). The
latest development in THz polarization is the advent of
aligned single walled carbon nanotube (SWNT) polar-
izers [20–22] based on the anisotropic character of
aligned SWNTs in THz frequency range, which exhibits

high degree of polarization (DOP) and good extinction
coefficient [ER ∼20 dB] over a broad frequency range
(0.2–2.0 THz). However, their applications are limited
by fragility of the system and expensive preparation pro-
cedure. The observed anisotropic optical properties are
of direct consequence of the confined carriers in the one-
dimensional (1D) structure of aligned SWNTs. In this
context, it is interesting to investigate similar phenome-
non in magnetic nanoparticles (NPs) and nanowires in
which confined motion of carriers can be observed in
1D. The additional advantage offered by such materials
is the easy alignment in applied magnetic field delivering
the required anisotropic behavior [23]. In the present
Letter, we explore the idea of using aligned magnetic
nanostructures (Ni NPs) in polyvinyl alcohol (PVA) ma-
trix as a potential robust polarizer in the THz frequency
range. The novelty of the work lies in the simple prepa-
ration procedure as well as the robustness and durability
of the polarizer obtained in this manner.

Ni NP were synthesized using a simple chemical route
as described in [23]. As observed from the scanning elec-
tron microscope (SEM) image of Ni NP dispersed on a
silicon wafer, the NPs are circular in shape with an
average diameter of 165� 15 nm [Fig. 1(a)].

Freshly prepared Ni NPs were washed several times
with ethanol and deionized (DI) water and stored in
DI water followed by strong ultrasonication. 1 g PVA
was dissolved in 10 ml DI water at 80°C temperature
to prepare a clean solution. Freshly prepared NP solution
was then mixed with the clear PVA solution. The homo-
geneous solution containing PVA and Ni NP was poured
in a petridish and kept under the influence of an external
magnetic field (>6kOe, i.e., saturation field for Ni) for
several days to align the NP in the PVA solution along
the magnetic field lines [Fig. 1(a), inset]. The average
thickness of the PVA film has been estimated to be
210 μm� 10 μm. Under the influence of the applied
magnetic field the NPs get aligned, and the film is then

maintenance, this aligned NP system is a perfect candidate to emerge as a potential THz polarizer.
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exposed to the THz field in parallel and perpendicular
orientations [Fig. 1(b)]. An optical image of the aligned
NP in PVA film is shown in Fig. 1(a) (inset). The advan-
tage of PVA as a choice of the matrix is twofold: (i) it has
an uncharacteristic optical response in the THz fre-
quency range (n ∼ 1.6 and α � 40 cm−1 at 1 THz), and
(ii) it provides robustness to the polarizer. THz measure-
ments were carried out in a commercial THz spectropho-
tometer (TERA K8, Menlo Systems). A 780 nm Er doped
fiber laser having pulse width of <100 fs is used to excite
a dipolar type PC antenna which produces a THz radia-
tion having bandwidth up to 2.5 THz (> 60 dB). The ra-
diation transmitted through the sample was then focused
on a similar antenna and detected coherently. The fre-
quency dependent power and phase of the transmitted
pulse is obtained using Fourier analysis of the measured
electric field amplitude ETHz�t�. Polarization of ETHz
depends on the pump beam polarization and the bias
voltage direction in the THz antennas.
Figure 2(a) depicts the time-domain THz waveform

transmitted through a bare PVA reference film and
aligned NPs in PVA film by rotating the long axis of
the aligned NP system 0° (parallel), 30°, 60°, and 90°
(perpendicular) to the polarization axis of ETHz. In the
perpendicular orientation (θ � 900), the time-domain
THz waveform is almost identical to that of the reference
bare PVA film showing minimum THz absorption in this
configuration. However, for θ � 00, THz transmission
through the sample is significantly reduced. The aniso-
tropic transmission of the sample is better displayed in
frequency domain [Fig. 2(b)] wherein transmittance,
T (� j�ES∕ER�j2 where ES , ER are the complex THz elec-
tric fields in the frequency domain for the sample and

reference, respectively) is plotted. The corresponding ab-
sorbance is given by A � −log10T . As observed from the
Fig. 2(b), the transmittance is ∼0.98 between 0.2 and
0.6 THz followed by a gradual decrease down to 0.65
at 1.6 THz with an average value of ∼0.86 for the
perpendicular orientation, whereas it remains ∼0.09 in
the entire frequency region for the parallel orientation.
The observed anisotropic nature of the transmittance
is due to the 1D character of confined carriers and pho-
nons in aligned NP structure. This can be explained in the
following manner: Fig. 1(a) (inset) reveals a wire-like
structure of the aligned NP in PVA film, and the calcu-
lated width of the wire-like structure is ∼40 μm and
the average pitch is ∼210 μm, which is of the same order
of magnitude as that of THz wavelength. So, the conduc-
tion electrons effectively follow a 1D path through the
wire-like structures. When THz polarization is parallel
to the symmetry axis of the structure, THz photons can
interact with the conduction electrons inside the wire-
like structure and hence cannot pass through the polar-
izer producing a minimum in the transmission. No such
interaction occurs in the perpendicular orientation and a
maximum in transmission is observed. A regular increase
in the transmittance with increasing the angle of orienta-
tion [Fig. 2(b)] strongly supports this argument. In addi-
tion, ideally the periodicity or pitch, of the grid of parallel
lines should be as small as possible, but to be efficient as
a polarizer the pitch must be about 3 times less than the
wavelength of the light to be polarized. Here, the condi-
tion is reasonably satisfied for frequencies between 0.2
and 0.6 THz (1500 and 500 μm). However, at larger
frequencies the condition does not satisfy anymore and
the efficiency of polarization reduces [24]. This is clear
from the frequency dependence of transmission for the
light polarized at 90° in Fig. 2(a).

One of the most important parameters of a polarizer is
its DOP, which is defined as DOP � �A∥ − A⊥∕A∥ � A⊥�,
where A∥ is the absorbance for θ � 00 and A⊥ is that for
θ � 900. An ideal polarizer should offer a DOP � 1.
Figure 3(a) depicts the DOP of the aligned NP as a func-
tion of frequency and an average DOP of 0.90� 0.08 has
been obtained suggesting a good polarization effect in
this frequency region. It could be noted here that
MWG and aligned SWNT often offer a higher DOP
[20,22]; however, considering the ease of preparation
without deploying any sophisticated lithographic tech-
nique the observed DOP is of considerable interest.
The other two important parameters for a good polarizer
are reduced linear dichroism (LDr) and extinction coef-
ficient (ER). LDr is defined as LDr � �LD∕A0� where
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Fig. 1. (a) SEM image of Ni NPs dispersed on a silicon wafer.
Optical image of the aligned Ni NPs in a PVA matrix is shown in
the inset. (b) Schematic representation of Ni NP alignment in
PVA matrix in presence of an external magnetic field. Parallel
and perpendicular configurations of the sample (optical image)
with respect to the polarization of the THz pulse.

Fig. 2. (a) Time-domain THz amplitudes passing through bare
PVA film (reference), PVA film containing the aligned NPs in the
0° (parallel), 30°, 60°, and 90° (perpendicular) configurations
with respect to the THz pulse. The corresponding power spec-
tra are shown in the inset. The obtained transmittance profiles
of the sample in all these configurations are shown in (b).

Fig. 3. (a) DOP of the sample as a function of frequency. The
inset shows the corresponding ER profile. (b) Reduced linear
dichroism (LDr) and nematic order parameter (S) of the sample
as a function of frequency.



LD � A∥ − A⊥ and A0 � �A∥ � 2A⊥∕3� LD is a measure
of the degree of alignment of NPs in PVA matrix, whereas
LDr is normalized by the unpolarized, isotropic absorb-
ance (A0) of the system [25]. From microscopic theory
LDr can also be expressed as LDr � 3�3 cos2 α − 1∕2�S
where α is the angle between the transition moment
and the long axis of the sample (assumed to be 0 for
the present sample) and S is the nematic order parameter
which describes the degree of alignment of the sample;
S � 0 when the NPs are randomly oriented while for per-
fectly oriented NPs S � 1. An ideally aligned polarizer
should offer LDr � 3 and S � 1. We plot LDr and S as
a function of frequency [Fig. 3(b)]. The average value
of LDr is found to be 2.59� 0.25 and that of S is 0.86�
0.11 in this frequency range. Keeping in mind that
anisotropy is entirely due to confined motion of carriers,
the obtained average DOP of the present polarizer con-
cludes that the alignment of the NPs inside the matrix is
not perfect which is also reflected from the measured
nematic order parameter, S < 1. The extinction ratio
(ER) as defined by ER � −log10�T⊥∕T∥�, is plotted in
Fig. 3(a) (inset). The average ER value is obtained to
be ∼11.08� 0.56 dB in the frequency range of 0.5–
1.6 THz. This value is in comparable interest with that
obtained in commercially available polarizer (25 dB)
[16] or SWNT polarizers (10–37 dB) [20,22].
In summary, we demonstrate an easy route to prepare

a robust and durable THz polarizer with an average
DOP of 0.90� 0.08 and nematic order parameter of
0.86� 0.11. The alignment of NPs could easily be tuned
by using more uniform external magnetic field, which
could increase the nematic order parameter and DOP
and consequently its polarizing behavior. Considering
its good polarizing performance, easy and cheap prepa-
ration process, durability, robustness, and low mainte-
nance, aligned magnetic NP offers a bright prospect to
emerge as a popular THz polarizer.
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