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Surface plasmon resonance of ultrathin Au nanorods of controlled length
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Model-potential-free determination of interaction potential between
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Coherent acoustic phonon vibration of hexagonal Pd nanosheets and
Ag/Pd/Ag sandwich nanoplates

(Kwansei Gakuin Univ.) oLi Wang, Takuya Sagaguchi, Tomoki Okuhata,
Motohiro Tsuboi, Naoto Tamai

[Introduction] Pd and its hybrid nanostructures have attracted attention over the last decade owing
to their unique catalytic and plasmonic properties. The electron and phonon properties directly govern
conversion efficiencies in applications by using these nanostructures as energy collectors and
photocatalysts. We report the dynamic processes of electron-phonon scattering and coherent acoustic
phonon vibration of hexagonal Pd nanosheets and Ag/Pd/Ag sandwich nanoplates by transient
absorption spectroscopy. Our results represent an understanding of electron and phonon kinetics of Pd
and its hybrid nanostructures, including the spatially confined electron scattering and the

transformation of phonon vibrational mode.

[Experimental] Hexagonal ultrathin Pd nanosheets and Ag/Pd/Ag sandwich nanoplates were
synthesized following the procedures reported in the literatures."” Pd nanosheets were prepared in an
aqueous solution of Palladium(Il) acetylacetonate by using carbon monoxide as both reducing agent
and surface-confining agent. Ag/Pd/Ag nanoplates were achieved by epitaxial growth of Ag shells,
reduced from AgNO; with methanal solution, on both sides of Pd nanosheets. Eleven sandwich
nanoplates were prepared and named as Ag/Pd/Ag A ~ K with increasing the Ag contents. Transient
absorption spectroscopy was performed with 800 or 400
nm excitation and detected in near-IR or visible region,
corresponding to the LSPR of the samples. Numerical

calculations were conducted for the simulations of LSPR

and structural mechanics.

Pd nanoplate

Ag/Pd/Ag .\/
Ag/PdiAgd

Inu:nin\
Ag Cuntents

Figure 1 TEM images of Pd nanosheets (a)
and Ag/Pd/Ag sandwich nanoplates with

Figure 1d. Edge length and thickness of Pd nanosheets tWo different Ag contents labeled as
Ag/Pd/Ag A (b) and Ag/Pd/Ag J (c).

were estimated to be 27.3 = 3.0 and 1.8 + 0.3 nm. With Schematics of the three nanostructures (d).

[Results and discussion] TEM images of hexagonal

ultrathin Pd nanosheets and two typical Ag/Pd/Ag

sandwich nanoplates are shown in Figures la-c. The

schematics for the three kinds of samples are plotted in



adding a little amount of Ag source into Pd nanosheet solution, Ag ions were reduced and Ag
nanospheres were formed on the surfaces of Pd nanosheets, which cannot form a complete Ag shell as
shown in Figure 1b for Ag/Pd/Ag A. With more increasing the Ag content, continuous Ag shells were
formed on Pd nanosheets as shown in Figure 1c for Ag/Pd/Ag J. The edge lengths of all the nanoplates
were similar to that of Pd nanosheets while the thicknesses became larger with increasing Ag contents,

which were determined by inductively coupled plasma mass spectroscopy.

As shown in Figure Za, (a) Pd nanosheets () ~ Pd nanosheet
8 |- 1050 - ) 5
electron-phonon coupling e o
g £ 1000
I £ j
constant of Pd nanosheets =
:'o 4l Ag/PdiAg nanoplates 2
17 By~ = -
Gpq. 8.7x10°" Wm™~K x S a
Pd-nanosheet ( ) < £ 500 - - ~
v 2t 2 / W
became larger as compared to <0 Ag/PA/Ag - Az 20 nm
0 Lo 1 L ) b L i L ;) ]
17 0 5 10 15 20 25 0 30 60 90 120
X
the bulk Gpg (5.0x10 /M, Time / ps

Wm~K™"), which results from Fig. 2 Dependence of effective electron-phonon coupling constant Geg on
. the molar ratio of Ag and Pd from the experimental data and the calculated
spatially ~ confined electron regylts (a), and dynamics of the bleach peak in TA spectra of Pd nanosheets

. . and Ag/Pd/Ag J sandwich nanoplates with ~20 nm Ag shell thickness (b
scattering.” Effective G.y of & g p g (b)

Ag/Pd/Ag nanoplates reduces with increasing Ag shell thickness, finally approaching to the bulk Ga,
(0.25 x 10" Wm™ K™).* The contribution of each component to the G. was explained with a reduced
density of state near Fermi level in Pd nanosheets owing to the quantum confinement effect associated
with their 1.8 nm ultrathin thickness. The dynamics of bleach peak of Pd nanosheets and Ag/Pd/Ag
nanoplates were obtained by Gaussian fitting to the TA spectra. The results for Pd nanosheets and
Ag/Pd/Ag J are shown in Figure 2b. Combined with the numerical calculations of structural mechanics,
coherent acoustic phonon vibration of ultrathin Pd nanosheets was assigned to a fundamental
breathing mode, similar to the vibration of benzene molecule. The period increases with increasing Ag
shell thickness. For Ag/Pd/Ag nanoplates with 20 nm Ag shell thickness, the vibrational mode was
ascribed to a quasi-extensional mode. The results show the mode transformation of the coherent
acoustic phonon vibration with the geometric variation of Pd nanosheets and Ag/Pd/Ag nanoplates.
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Chemically-synthesized highly-symmetric nanoporous
silver microparticles for 3D surface-enhanced Raman
spectroscopy

(Kwansei Gakuin Univ.) Sanpon Vantasin, Yoshito Tanaka Yasutaka Kitahama,
Wang Mengtfan, Kanet Wongravee, Harnchana Gatemala, Yukihiro Ozaki, Sanong Ekgasit

[Introduction] Recently, many developments of 3D SERS substrates have been made because
they provide feasible aspects such as large surface area and large numbers of hotspots. These
two properties produce very strong SERS signal and versatility in structural adjustment. Since
SERS imaging is a technique which yields detailed SERS information in spatial dimension, it
is an ideal tool for the characterization and application of 3D SERS substrate. However, 2D
SERS imaging does not fully utilize the three dimensionality of 3D substrate. In this study, a
suitable 3D SERS substrate for 3D SERS imaging was synthesized, and 3D imaging was used
to explore the SERS properties the nanoporous, highly symmetric SERS substrate.

[Experiment] AgCl microparticles are prepared from controlled precipitation reaction between
AgNO; and NaCl by using NH3 as a regulating agent. The various concentrations of the three
species can be used to govern the shape of the resulting AgCl particles into hexapod, octapod,
octahedron, and caged octahedron. The hexapod AgCl particles were then converted into
nanoporous silver microparticles by in-place galvanic reduction using Zinc plate in NaCl
solution. The resulting Ag particles retained the hexapod shape, but acquired nanoporousity,
which enables SERS effect. Elemental analysis with energy-dispersive X-ray spectroscopy
(EDX) confirmed that the particles are 99.99% silver." 3D SERS imaging was done using 514

nm laser and PATP as the probe molecule.

[Result and Discussion] The nanoporous silver microparticles exhibits high SERS
enhancement. PATP down to 10® M concentration can be easily detected.” SERS
enhancement pattern in 3D closely resembles the 3D hexapod geometry of the particles,
which is very regular and very symmetric.” This allows the enhancement pattern to be very
predictable. Since the enhancement is regular, when the particles are embedded in a real-life
sample and the irregularity in signal from 3D imaging is detect, this is certainly come from

the inhomogeneity of the sample.



The capability of 3D SERS using the silver nanoporous particles in the detection of the
inhomogeneity in polymer blend and double layer polymeric system, have been demonstrated
in this study. Compared to the normal 3D Raman, which has worsened Z-axis spatial
resolution due to the refraction at the polymer interface, the signal in each point of 3D SERS
is confined to the volume near the surface of the polymer. Therefore, the signal from specific
small region or layer can be acquired with much less averaging in Z axis. Thus, the

inhomogeneity can be easily detected.

[Conclusion] Highly-symmetric nanoporous silver microparticles have been synthesized by
purely chemical method. The particles provide highly regular 3D SERS enhancement pattern.
This regular pattern allows the detection of the inhomogeneity in polymer blend and double

layer polymer.

Fig 1. SEM image, optical image, top- and side- view 3D SERS image (using 1074 cm™ PATP band
area) of symmetric nanoporous silver particles

(1) Gatemala, H.; Thammacharoen, C.; Ekgasit, S. 3D AgCl Microstructures Selectively Fabricated via Cl—-
Induced Precipitation from [Ag(NH3)2]+. CrystEngComm 2014, 16 (29), 6688.

(2) Wongravee, K.; Gatemala, H.; Thammacharoen, C.; Ekgasit, S.; Vantasin, S.; Tanabe, I.; Ozaki, Y.
Nanoporous Silver Microstructure for Single Particle Surface-Enhanced Raman Scattering Spectroscopy.
RSC Adv 2015, 5 (2), 1391-1397.

(3) Vantasin, S.; Ji, W.; Tanaka, Y.; Kitahama, Y.; Wang, M.; Wongravee, K.; Gatemala, H.; Ekgasit, S.;
Ozaki, Y. 3D SERS Imaging Using Chemically Synthesized Highly Symmetric Nanoporous Silver
Microparticles. Angew. Chem. Int. Ed. 2016, 55 (29), 8391-8395.
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