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Scope of Research

We are focusing on the precise synthesis of inorganic nanopar-
ticles by controlling the primary (size, shape, composition, etc.) 
and secondary (spatial arrangement) structures to tune properties 
such as electron confinement, carrier oscillation, spin, and cataly-
sis. These high-quality inorganic nanoparticles are applied to both 
high-performance nanodevices (e.g., single electron transistor, 
plasmon waveguide, and nanocomposite magnet) and photo-ener-
gy conversion materials (e.g., overall water splitting and solar cell).
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Topics

Photo-induced Carrier Dynamics of Nearly 
Stoichiometric Oleylamine-protected Copper 
Indium Sulfide Nanoparticles and Nanodisks

Copper indium sulfide (CuInS2) nanocrystals (NCs) are 
nontoxic and inexpensive, making them attractive for use in 
high-efficiency solar cells. However, direct observations of 
the photo-induced carrier dynamics of CuInS2 NCs to exam-
ine the relationship between carrier dynamics and structural 
parameters, with the aim of optimizing NC properties for 
specific applications, are limited. Here, we synthesized 
nearly stoichiometric oleylamine-protected CuInS2 NCs 
using two convenient one-pot methods to produce CuInS2 
nanoparticles and nanodisks. Transient absorption measure-
ments using femtosecond laser flash photolysis revealed 
that the use of oleylamine as a protecting ligand leads to 
the formation of vacancy-doped NCs. The rapid decay of 
the photogenerated excitons in the oleylamine-protected 
NCs was not sensitive to the crystal structure or shape of 
NCs, and could be explained by defect trapping and energy 
transfer to the hole-based localized surface plasmon reso-
nance in the oleylamine-protected NCs. Our results confirm 
that careful selection of a protecting ligand is important to 
obtain CuInS2 NCs with optimized properties for specific 
applications.

Simple Surfactant Concentration–Dependent 
Shape Control of Polyhedral Fe3O4 Nanopar-
ticles and Their Magnetic Properties

Magnetite (Fe3O4) is one of the most studied magnetic 
nanoparticle (NP) materials, with uses in magnetic reso-
nance imaging (MRI), drug delivery, biosensors, magnetic 
separation, and medical diagnostics. Characteristic magnet-
ic features of Fe3O4 NPs depend strongly on their shape and 
size because of shape- and size-determined differences in 
surface states such as exposed crystal planes and specific 
surface area of NPs. In this study, we developed a facile 
solution approach to synthesize a series of polyhedral Fe3O4 
NPs with sizes between 20 and 200 nm using cetylpyridini-
um chloride (CPC) and oleic acid (OAc) as surfactants. The 
concentrations of CPC and OAc in the reaction solution 

play an essential role in the shape and size evolution. 
The shape of Fe3O4 NPs is tuned simply by the amount of 
CPC. Cubic Fe3O4 NPs surrounded by six {100} planes are 
obtained in the absence of CPC. Increasing the CPC con-
tent during synthesis causes the shape of the resulting Fe3O4 

NPs to change from cubic to truncated cubic, cuboctahedral, 
truncated octahedral, and finally octahedral. During this 
evolution, the predominantly exposed planes of the Fe3O4 
NPs vary from {100} to {111}. The shape control results 
from the synergistic effect of the chloride anions, pyridin-
ium cations, and long-chain alkyl groups of CPC. The size 
of the cubic Fe3O4 NPs can also be tuned from 50 to 200 
nm by changing the concentration of OAc. These polyhe-
dral Fe3O4 NPs clearly exhibit shape- and size-dependent 
magnetic properties, including saturation magnetization, 
remanent magnetization, and coercivity.

Figure 1. TEM images (a) and decay profile of photogenerated excitons in 
the CuInS2 nanoparticles and nanodisks (b). Figure 2. TEM images of (a) cubic, (b) truncated cubic, (c) cuboctahedral, 

(d) truncated octahedral, and (e,f) octahedral Fe3O4 NPs synthesized by 
varying only the amount of CPC. Insets show the {100} and {111} planes 
in red and blue, respectively.


