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Abstract — Anisotropic optical properties of 

CdSe/CdS dot-in-rods loaded in a capillary tube are 

demonstrated, suggesting nanorods’ alignment with a 

microfluidic approach. Polarized emissions from 

photoluminescence and whispering gallery mode 

lasing show promising applications for lighting and 

displays. 
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Semiconductor nanocrystals demonstrated high 

photoluminescence (PL) efficiency with wide 

emission wavelength tunability by simply tailoring 

the size, structure or chemical composition.[1] 

Given their larger absorption cross section, narrow 

emission spectra, and better photostability 

compared to organic dyes, semiconductor 

nanocrystals are widely used as fluorescence 

materials in bio-labeling, LED down-converting, or 

direct LED applications. Their atomic like states 

improve the temperature insensitivity, promising a 

very attractive material for lasing applications.[2] 

Elongate semiconductor nanocrystals, such as 

nanorods, exhibit anisotropic optical properties due 

to asymmetry of intrinsic wurtzite lattice structure 

[3] and extrinsic shapes. The CdSe seeded CdS 

rods, CdSe/CdS dot-in-rods (DRs) have been 

synthesized recently and displayed high PL 

efficiency, tunability, large absorption, and large 

Stokes shift. [4] Due to the quasi-type-II band 

alignment, Auger recombination in CdSe/CdS DRs 

is suppressed and gain lifetime increases 

remarkably.[5] Furthermore, colloidal nanocrystal 

laser enabled by single exciton gain mechanism 

was demonstrated [6] with this material. As nature 

of asymmetric nanocrystals, the single DR also 

shows anisotropic photoluminescence [7] and 

absorption [8]. But the random distribution of DRs 

in previous laser experiment [6] would not make 

use of these anisotropic optical properties. Many 

efforts have been paid to develop nanorod 

superlattices to exploit anisotropic optical 

properties in a macroscopic scale. [7, 9, 10] Here, 

we developed a method to align DRs 

macroscopically to make a new anisotropic gain 

medium with desired properties of nanocrystals.[11] 

By drying DRs solution which is loaded in a 

capillary, the microfluid induces shear flow and 

aligns nanorods along the flow direction.[12] 

Multilayers of aligned DRs are deposited on the 

side wall of the capillary and form an anisotropic 

gain medium incorporated within optical micro-

ring cavity.[11] 

We adopt two methods to examine the optical 

anisotropy of aligned DRs in a capillary (Fig. 

1).[11] Firstly, the DRs loaded in a capillary are 

excited by varying linear polarized light, and a 

detector collects the PL spectra (Fig. 1a) to show 

the anisotropic absorption. Secondly, the same 

sample is illuminated by circular polarized light, 

and by tuning the polarizer in front of PL collection, 

polarization dependent PL is recorded (Fig. 1b). 

Fig. 1c shows PL intensities as functions of 

excitation and emission polarization angles. The 

results show both anisotropic absorption and 

emission of DRs in a capillary with a peak at   
 90 degree (parallel to the capillary axis) and 

minimized at    0 degree (normal to the capillary 

axis). The experiment data can be well fitted with a 

function: I=E
2
sin

2
θ+C, where E is electric field, C 

is background constant. For a single nanorod of 

wurtzite lattice structure, the transitions along the 

c-axis have larger possibility, which leads to higher 

absorption and emission. Therefore, the 

polarization spectroscopy results suggest the DRs 

in capillary tube align parallel to the tube, with c-

axis along the axis of the capillary. Meanwhile, 

control experiments with spherical quantum dots 

were conducted to rule out the influence of cavity 

behavior and polarization dependent response of 

the detector. The degree of optical anisotropy in 

emission and absorption of DRs in the capillary, 

characterized by polarization difference ratio 
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Figure 1. Two schemes for examining polarization 

dependent absorption and emission. (a) Linear polarized 

light excitation (anisotropic absorption): tuning 

polarization orientation of excitation and monitoring the 

PL intensity. (b) Circular polarized light excitation 

(anisotropic emission): tuning a polarizer in front of 

detector and monitor the PL intensity. (c) Normalized PL 

intensities as functions of polarization angle for two 

different schemes.   

For stimulated emission from the DRs in 

capillary, more DRs are deposited onto the inner 

wall of capillary to achieve enough gain.[11] The 

sample was pumped with a pulsed laser (1 ns pulse 

width and 532 nm wavelength). After passing 

through a quarter wave plate, the circular polarized 

laser beam excites the sample as in Fig. 1 (b). 

When the excitation is below threshold of 12 mJ, 

the PL of the structure is observed as normal DRs’ 

spontaneous emission (FWHM of 34.7 nm). With 

above threshold excitation, the stimulated emission 

within the micro-ring cavity clearly shows narrow 

whispering gallery modes with equal spacing and 

stable positions (Fig. 2a). The emission intensities 

show a well-defined threshold behaviour for both 

polarizations. The power transfer function was 

fitted very well with “soft threshold” 

approximation (Fig. 2b).[13] Another observation 

is the polarization difference ratio built up with 

increasing pumping power as shown in Fig. 2 (b). 

The result suggests the competition between the 

preferred polarization of align DRs and the 

polarization of dominant cavity modes. 

In conclusion, we show alignment of nanorods 

in a large scale.[11] The degree of anisotropic 

absorption and emission from DRs in capillary was 

measured. In addition, the anisotropic stimulated 

emission with well-defined lasing modes was 

demonstrated. The results can be utilized for 

lighting and display applications. 

ACKNOWLEDGMENT 

This work is supported by the Singapore Ministry 

of Education through the Competitive Research 

Programme (CRP) under Projects No. NRF-CRP6–

2010–02 and NRF-CRP5–2009–04). 

 
Figure 2. Stimulated emission from DRs in capillary. (a) 

Spectra of DRs’ emission with excitation below and 

above threshold. (b) Power transfer function for emission 

from orientation parallel (90°) and perpendicular to the 

capillary (0°). Evolution of polarization difference ratio 

with pump power (crossed circles). 
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