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Analyses of applied forces with ray tracing simulation on contour-tracking

optical tweezers toward manipulation of particles of diverse size and shape
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Numerical simulation of gradient and thermophoretic forces in optical manipulation
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[1] D. G. Kaotsifaki and S. N. Chormaic, Nanophotonics, 2022, 11, 2199-2218.
[2] K. Ide et al., ChemRxiv, 2024, DOI: 10.26434/chemrxiv-2024-10n14.

Figure. 1 (a) Initial positions
of polystyrene nanoparticles.
(b) Nanoparticle positions at t

=60s.
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Demonstration of plasmonic nanostructures capable of controlling
the direction of optical forces according to the surrounding refractive index
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Figure 1(a): Scanning electron microscope (SEM) images of gold nanorod pairs. The shorter rods are
covered by AlbOs. Fourier space images of directional scatterings measured in air (b) and in water

(b). (d) Wavelength dependence of the ratio of the light intensities in -1% direction (/_;) to those in
+1 direction (I, 1). The blue (orange) dots are measured in air (water) ambient conditions.
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[1]Y.Y. Tanaka et al., Sci. Adv. 6, eabc3726 (2020). [2] A. B. Evlyukhin ef a/., Nano Lett. 10, 4571 (2010).
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Enhancement of Optical Trapping-Induced a-Synuclein Condensate Formation
at Solution Surface by Gold Nanoparticle Conjugation
National Yang Ming Chiao Tung Univ., Taiwan?, Kobe Univ., Japan?
°Keisuke Yuzu'?, Eri Chatani?, Hiroshi Masuhara!

E-mail: yuzu@nycu.edu.tw

Optical trapping, a technique to manipulate micro- and nanoparticles by mechanical force with a
focused laser, has been developed in various research fields from optics to biology. Based on optical
trapping, we have studied on optically evolved assembly of nanoparticles on solution surface, where
nanoparticles assemble and grow beyond the laser focus areal. We have previously discovered that
lysozyme forms concentrated assembly in a supersaturated solution by optical trapping at solution surface?,
even though protein molecules are typically too small for optical trapping. In addition, we have recently
found the optical trapping-induced formation of a single liquid-like condensate of a-synuclein at solution
surface in its unsaturated condition®. Here, we attempted a more effective a-synuclein condensate formation
by conjugating gold nanoparticles (Au NPs), which have high polarizability due to surface plasmon
resonance and are thus strongly optically trapped. In the presence of 10 nm Au NP-conjugated a-synuclein,
condensate was formed with a lag time of approximately 30 sec by optical trapping. In contrast, without
conjugation, a lag time of approximately 300 sec was required (Figure 1). Moreover, the condensate formed
unstably and immediately deformed in the presence of free gold nanoparticles. These observations suggest

that the conjugation of Au NPs is effectively promotes stable condensate formation.

w/ Au NP conjugation

Before ifradiation 60 sec 180 sec 420 sec
/ .
Laser focus

w/o Au NP conjugation

Before irradiation 60 sec 180 sec 4
i .
Laser focus

Figure 1. Transmission images of a-synuclein condensate formation by optical trapping at solution
surface in the presence and absence of 1 x 10 % 10 nm Au NP-conjugated a-synuclein. Sample
solutions containing 200 uM a-synuclein, 25 mM Tris-DCI (pD 7.4), 100 mM NaCl and 7.5% PEG.

References

1. Masuhara and Yuyama, Annu. Rev. Phys. Chem. 72, 565-589 (2021)
2. Yietal, J. Phys. Chem. C 125, 18988-18999 (2021)

3. Yuzuetal., Proc. Natl. Acad. Sci. U.S.A. 121, e2402162121 (2024)
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Control of Optical Properties of Supraparticle Composed of Silicon Nanoparticles with
Temperature-Responsive Polymer
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Optical Sorting and Spectroscopy of Micro and Nanospheres Containing Carbonyl
Bonds with Mid-Infrared Optical Force
Toyota Tech. Inst.*, Kyoto Univ.?, °Yoshua Albert Darmawan’, Taiki Yanagishima?, Takao Fuji’,
Tetsuhiro Kudo®

E-mail: kudo@toyota-ti.ac.jp

Introduction Recent studies have explored the use of resonantly enhanced optical forces in the
mid-infrared (mid-IR) spectral region for sorting particles based on molecular vibrational resonance with a
single wavelength mid-IR laser. 2 Herein, we employed a tunable continuous-wave quantum cascade
laser (CW-QCL) to specifically target the carbonyl (C=0) bond vibrational mode in PMMA and
cross-linked TPM (3-trimethoxysilyl)propyl methacrylate)) micro-and nanospheres. By monitoring velocity
variation across different wavenumbers, we were able to reconstruct the mid-IR spectra of the micro- and
nanospheres (velocity spectra), demonstrating a novel approach to combine optical manipulation with
molecular-level spectroscopy.

Experiment A 5.6 - 6.4 um (1782-1562 cm™) CW-QCL was introduced into an attenuated total reflection
(ATR) setup to generate an evanescent field on a silicon prism surface. The evanescent field can exert
optical force and accelerate micro- and nanospheres along the laser propagation direction. We employed
microspheres containing carbonyl bonds with an absorption peak at 1750 - 1650 cm™. The trajectories and
velocities of individual microspheres were recorded using a camera, and the obtained videos were analyzed

using the Trackpy Python package.

. . . 0.06
Results and Discussion We have experimentally demonstrated = PMMA velocity
— 0.84 = TPM velocity ©
the optical force spectroscopy of PMMA and TPM micro- and z _F’rgjr';m 004 &
. . ) . =1 ' T @
nanospheres using a mid-infrared evanescent field that excites — 2
o]
. . .. [72]
the carbonyl group’s vibrational modes. The velocities of the 0-022
manipulated PMMA and TPM spheres at different laser
. T T T 0.0
wavenumbers, along with their velocity spectra, correlate well 1800 1750 1700 1650 1600

Wavenumber (cm™)
with the absorbance spectra obtained from conventional Figure 1. Velocity spectra of PMMA and

- TPM microspheres in the evanescent
ATR-FTIR spectrometers, as shown in Fig. 1. Notably, the fijeld and their respective ATR-FTIR

relative magnitudes and peak positions of the spectra are spectra.
accurately reproduced, allowing us to sort carbonyl bonds with different bond environments. This
demonstrates that optical chromatography can identify carbonyl groups in diverse environments and
enables single-particle mid-infrared spectroscopy by analyzing the macroscopic motion of the spheres.
References

1) A. Statsenko, Y. A. Darmawan, T. Fuji, T. Kudo, Phys. Rev. Appl. 18, 054041 (2022).

2) Y. A. Darmawan, T. Goto, T. Yanagishima, T. Fuji, T. Kudo, J. Phys. Chem. Lett. 14, 7306-7312 (2023).
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Mid-Infrared Molecular Vibrational Resonance Optical Manipulation:
The Effect of Reflection with Blued-Detuned Laser
BREIK' WK® ®B& #HE' #FLI7Y 3227 FA—+),
e K¥E? B &X' OIfk #5h'
Toyota Tech. Inst.}, Kyoto Univ.?, T. Goto!, Y. A. Darmawan?, T. Yanagishima?, T. Fuji*, °T. Kudo*
E-mail: kudo@toyota-ti.ac.jp

FARSMEIIT PRI & L CaIb TR Y | /ARy IS | JELDBREE DD 28 A8
IRARIN AR Y F)V ETRERENVE LTHND, —KIOt~v=t 2 b— 3 VOFETIE, 7]
BT RN DN AR T 5 2 E B EFTH D OITK L, EFR < T RIMERIC ST 2557
RSB 2R LR e~ =2 L —3 a VORIEEZBIME L TWA[L 2], ZHVE TOWZET
1. DR D FEOMR (2 U 7. TPM, PMMA, R YU 2AF L2 E2 %l L, K 9.3 um
DHFFNL—F—T, U & TPM AT % Si-O-Si & A Hhke L, 2R 1 Ok s & 30 5t
FECIEAFIT 5 2 &2 A Lz, /RIS U7 B & rEelic 3 2 5l b 5,
SIS S BIRITRB W TR BRI D Z LIFEEREAFHTH Y . ABFFETIX
WEZzD Likb L7z 89 um O L—H—I1T K 2 FEER 2TV A0 O gt sl BE 2 78 L 72, 4 1(a)
DIRANRIXA 7 bV E 0 PR 8.9 um (Z31F 2 2V I ORI E 9.3 um D b DIZH AT/
SNZ ERbND, K LR T X DI, Wk & WO I R BfR IC B D L AT
RRIOER L BLSHIET D, LrL, v U ki 1% 8.9um L — — Tk L7 & < OAFIENE
oA, TRELE D L X HEDRZ ERH L E o7 (K 1), HAOT —X EE LT DR
Fla 2 M), X 1(c-e)l LMk S L= khi + O Z R L7cb D TH Y | 89um L—HF—ZFIH L7
F7 IR0z Ak S VD, T OJRIEIRL DO A XN R DIF EBFICHND, ¥
A R—=/VIEENZ K DR ) OFH R AT, B & MO AHRER AT ~D 2 & T, FHHGHEHE
E—7 L0 b EFREANCBIT D EREEL TWD 2 ElbhoTo, AEIL, /FEE LIRS

WEIZB T DA NI ORET, BT KRT 22 L 200 ORLIEERTH D,
11

o
o

(a) Silica = 101(B) e Silica | 10
TPM— o
0.5 9.3 ym PMMA — 9 g Slhci"“ 0 %
Q04| w8 5 % | E-10 (c) 2.8 um
Q E7 = R =3 10
= 3 > % =
© = 6 2 LB | &
£03 > ,-'\"\(‘ o 0 P
o} 5o = e
3 O 4 PMMA BOum A | B 10 (d) 1 pm
< 0.2 0] — '/.- PMMA, 9.3 pm & a 10 mﬂ\w
>3 .44 TPM, 89 um W | ==
0 2| mn T o o
- ilica, 8.9 pm ] i —_
0 e S (1) #PMMA Silica, 9.3 :m ® =10 (e) 500 nm . . 93|.|m
7 8 9 10 11 12 0 0.1 0.2 03 -60 —-40 -20 0 20 40 60
Wavelength (um) Absorbance X position (um)

B 1 (a) AMKLT DARSMRIN A b V(KL DEAEITAT 2.8 pm), () Mok D EE & WS o BfR
P, (c-e) M RICHIT DU Ak 1 (EAE 2.8 um, 1 um, 500 nm) A3 Jelfins S 7z & & OBUE,

[1] A. Statsenko, Y. A. Darmawan, T. Fuji, T. Kudo, Phys. Rev. Appl. 18, 054041 (2022).
[2] Y. A. Darmawan, T. Goto, T. Yanagishima, T. Fuji T. Kudo, J. Phys. Chem. Lett. 14, 7306 (2023).
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Since Ashkin's pioneering work on the trapping of microparticles using a strongly focused beam, optical
manipulation has been extensively studied. However, manipulating nanoscale materials that are small and
interact weakly with light poses challenges that require further enhancement of optical forces. One promising
approach to address this challenge is the optical resonance effect (ORE), which increases optical forces by
illuminating the material with light resonant with the excitation energy of a material's excited state [1]. While
the application of ORE has traditionally been limited to singlet states, recent experimental successes in
utilizing ORE in triplet states have been reported, resulting in a significant increase in the efficiency of optical
manipulation [2]. Specifically, the study focused on Phenalenone molecules embedded to polystyrene spheres,
with their energy-level structure is illustrated in Figure 1. States |1) and |3) correspond to the ground and
excited states of the singlet states, respectively, while states |2) and |4) correspond to the ground and excited
states of the triplet states. A key feature of this system is that triplet-state electrons are efficiently quenched
by oxygen in the medium, rapidly relaxing to the ground state. Using a chemical stimulus to reduce the
oxygen concentration and extend the lifetime of the triplet state |2), we demonstrated for the first time an
enhancement of ORE, further improving the efficiency of optical manipulation.

In a previous study, we reported qualitative agreement between experimental results and theoretical
predictions for this mechanism [3]. However, that study provided only a phenomenological explanation for
the observed decrease in optical force under high-intensity excitation light, which was attributed to the
saturation of triplet-state electron populations [4]. In this presentation, we hypothesize that this decrease is
caused by triplet-triplet annihilation (TTA) and propose a new theory for optical manipulation incorporating
TTA effects. The new theory explains the reduction in triplet-state electron populations and the corresponding
decrease in optical force, which could not be captured by conventional theories. Building on these insights,
we will also discuss changes observed when switching the light source from a CW laser to a pulsed laser,
proposing a more efficient optical manipulation method. This study provides crucial insights for further

enhancing the efficiency of ORE-based optical

manipulation using triplet states. 1) Trapping laser
[1] T. Iida and H. Ishihara, Phys. Rev. Lett. 90, 057403 (2003). 488 nm | 30 ps triplet state
[2] R. Bresoli-Obach, S. Nonell, H. Masuhara, and J. Hofkens, 13)

129 ps (ISC)
Adv. Optical Mater. 10, 2200940 (2022). )
[31Y. Umekawa, T. Horai, R. Bresoli-Obach, and H. Ishihara, 405 nm
The 71st JSAP Spring Meeting, Oral presentation 23p-
12B-8 (2024). 1)
[4] M. A. Baldo, C. Adachi, and S. R. Forrest, Phys. Rev. B 62, Rusiation lnse
10967 (2000). Fig. 1 Energy level structure of Phenalenone
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Stimulated Emission
(TN 22
OFx BX, M) &2, FH W, AR —
Dept. of Mater. Eng. Sci., Osaka Univ.
°Takao Horai, Yoshiki Umekawa, Masaaki Ashida, Hajime Ishihara

E-mail: horai.t@opt.mp.es.osaka-u.ac.jp

T RLAIB) < EEIL~ A 7 wRLAI8) < YEE & B U THRD T/h S W72, il 2 IR IR OB
B CRZE LT EBEZAT O eI E LM S E M ER H D, ZOHRMOTZOIZ, R/fE
K77 AEHBIC L > THERZEBRIE L FIE (110, ETOBBZ XL —|0 & 4505
SHDLFE RIZENER SNTND, ZiLHDOFEIC K D MEERIER, BERMIZITT 2 R0k
& D WITEELB G AR LTV D3, T, Fox 3R LT, FRIC K 2 e EREICE
HLTWS, AEKTIE, D 1 2L LT, FEKHIC KD KB 2R LIS EREIC B S %
HThH, ZORBINILIANCT 2 SBEERAIIZIRE L TV edy 3] EERIC S EFES - [4],

FEHMHIC L DR 2RI AT D RERFED 1 D%, WINAAFIORELZ [ TE 570, &
BRED L —H—RE T THOREMIRM LAV EICh D, —H T, BREDL—F—%2BE+ 25
&L RMBMENAE S T EOGA IR GAE R I T E VIR D S, L L, B
R L OBRRENE X 20NV FLERT /XA YEL K (NV-ND) BRLOLAITIZZDZ
EXRBEIC R B2, DRETE D Fx O 7 v—7"Clx, - 2RIkt e 2 B4 L7z EC. Laguerre-
Gaussian £ — 24 (LG B —24) ZHH32 2 & TREKNDBA T, v — Al m o721 Tl
EIHE G S EE S IR &I 2 & Z2BEmIICIREL T [5]. Lo LRRIFGaESTE L
TEY., BROKFTEORENNHENTH LN OV TERMRFERIIIT- CWRNoT, £
T CAHFZE T, EAE 50nm O NV-ND (2xF LT LG B —2A% AV, ZENRO T T, Kpkh
(2 & 2 [BlREE) O SR EERAICRRFERTRE ChH 5 2 & 2 E TR LT,

ARETHETLHRELT, [=1BL W0 = -106E LG B —2%[F—J7mo b BE L (GRE
XN 600mW, 500mW) ., i LG B — A X D REEE & L2 BT, 1= 10##E LG b —
LEWET D BREE : 500mW), Z OS5 TF TIEREOKF TH-TH NV-ND BNAEHIZ L - T
3 WITHIICRE U O &4, BICHEKHIC L - CRESES A KR 2 2 L 28 v I a b
— g NS THLNI Lz, ITEDF VRO b7 v &2 7 OEM & BREHUE [6]. ASHE R
IFEBRINCBIIIFTRE TH D Z L3R S D, ABIORERIE. T WHE ORI HAES) 0 K e il
FIEOEBRITHERSS LD TH D,

[1] ACS Photonics 11,321 (2024). [2] Adv. in Phys.: X 6, 1885991 (2021). [3] Phys. Rev. Lett. 109, 087402 (2012).
[4] Chem. Sci. 14, 10087 (2023). [5] Opt. Express 28, 14980 (2020). [6] Nano Lett. 21, 6268 (2021).
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HEZ WX 7 VWE OSBHEFEER 28D, IER IS TND, v (7 A — L
YA XD 7 AR L TE, EBRIZE > THBRZEREI L TW DA [1], 7/ A— A XD
X T VIE O FEBRRVL IR L L THRR REE TR V. RfERIE Y T X' G E v
IBEE, < OBERIRENITOI TS 2], Ll FBATHHE CHIEL RN 2 BRI, B2 iX
WRABER I 72 & DR PRI 2SI R U CAE L D0 FTEED I RIT, Pasteur /3T A — & LIETN
HNRTA=ZIZEDREZIDIAL Z L TRMlic L TE 7z, £ 2 TURT, Fxld, IFRoFI7 1
WE O ZE RS 2 B0 AN T EDERIL 21T 72 o 72 [3], BURRIZIE, FET DX T 450
FTh D Troger MHIRNLT 4 ) ¥ BERZHEEBIMG L L TETMET HZ LT, 5
BRINDAF B CD A7 bV E DR ZATV, R D Z SISOV THMEEL 72, Ll B
im ClIFHA/EA Hamiltonian & U C—[ drP(r) - E(r,t) &2 5 2, #AGIC X200 R2AE T Dbl %
1ToTe, &2 TAFRTIX, HAEM Hamiltonian (ZHAKIZ X 220K © — [ drM(r) - B(r, ) 5 &
L. &0 —fREG7BERRICHRR Lz, FR9R L2 BRR Tl oiids L OWHMEIZIERATRICRIL S e
BRURSZH, MRS R, 7 VS RIZE > TR, ot - Wik & B - B354 B O
BIRET DHHLA T D720, JAE s T2 EORERIEENA AL LR WIGETHEATE 2,

AFER TIE, JEoE L7-BE5 & Uik~ DNERE L2 BEER O i 217 9, Bl 21X Troger HAL
RN T 4 ) oo F ZRR 22 BB T — A P BRE R FICH LT, oo 22 REE
EEZIVUIHEFEILSFHMETZ 2 Z ENHALNIT2D . UaiOEGRS R WVIEEIZ /2> Tnd ED
FERDBIFHNTND, L L—FH T, BRI FE—AL ERREL LD LIFRGFFESNTAY &
v 472 EERGE LTZGEE I, AL X AR NEETCE RN E LN o7, ZHUT
PR LB OBEEMNZRRT 56D THY . BRTIEF T ANERICB D THE & 2 H
9 CD, ORD A7 hVENEART MAOBRIZOWT bHEmT 5 TETH D,

[1] G. Tkachenko and E. Brasselet, Nat. Commun. 5, 3577 (2014).

[2]Y. Zhao, A. A. E. Saleh, and J. A. Dionne, ACS Photonics 3, 304 (2016).

[3] T. Horai, H. Eguchi, T. Iida, and H. Ishihara, Opt. Express 29, 38824 (2021).
[4] H. Kubo, et al., J. Phys. Chem. Lett. 12, 686 (2021).
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Lysozyme Crystallization Induced by Optical Forces with a Focused Laser Beam and
X-ray Crystallography
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B R EERRICERN L —F— 2T D & REIC R RFTANC X 7 RN EA- L,
B R EOREREBHER IND [1]. ZOFTIET, MR ERMER O O AR IR TE D REZE
MHEZ BR & LIcBilc /e # 7 BOfEbFIEE LTHEREZED T D, EITHFETIE. 1R
JE ER2 I S D BAKEIRE W22 R BORER LR ETH Y | TR L —F— DRI
ZRED & v R BRI OIREE B35 X7 BRGSO SEIT B 2 5 BIIKIR & L TH LM
INTWVRV, £ TAFRETIZ, =V FUIIEBSRY V' F— A (HEWLYKEKR I L OVEKER
(IR L —F =2 L, L—P—IREEICER L7z HEWL fSdh 0 X B sn i E i 247 9
Z L2k, FESTT O HEWL O 2y %2 574 L 7=,

AEFE LT, 028—0.50M Mk RY U AZETe 0.1 M HEEERRENK (pH4.7 3 XU pD 5.1)% A
VT 40 mg/mL HEWL /K36 KX OVE KRR 2 8 U7z, IR 1064 nm @ Nd:YVO4 L —% — %]
SEBERIZE AL, 100 fFHRI L X IO 13N LV BT AERFEER NS 2—3 um L
DRI L —F —JEHREE 500 mW DT 60 /7K L7z (Fig. 1 (a)), L —F—HHFICHERED
AERITERD BRI T3, b—F—F 7% | FEE LA FEIRUT 07 C© HEWL A5 b 03 sl S
72 LW —RIBEAR CIE | BBLUMEIC HEWL S8R L2 2 & s, b——HEHT R
FEEm AR AERRT D 2 L&D TS (Fig. 1 (b)), ER SN E 30%vv) 7 ) a—LzETe
I AFTaT s Xy MNEIR T CHBRELEE A L%, SRV —IHE 7S~ + h o7
77 b U —TXBET — & 2 U Lz, HEWL KA £ 7213 EARRIE T AR Lz L ——4
71 2 HH®OHEWL fdh, 38 X O —F — RG> O ERK L7z lxh U ORISR 217 -
72o TXTOHEWL O5y FAE#EIZBW T, EHEBRT 251249 0.1 A OEHEFECERAD
HDHIENTE, ARINIZEHICBIT 20 FEEILR—Ch b Z Lmani, b—F—MH
(CEVFENZHEWLEE (5 (b)

e VRS REAT I 40 72
HCHD . HEWL AV E—— - ()

L BRI A LTz Ot ens fpri 47 oreD 51 d : i
i f O 4y FAHEIE I A2 R >

M RS — Y —R Near-infrared CW laser (: 1064 nm)

5z X A2 HEWL 4+ ™48 Fig. 1 (a) Schematic image of HEWL crystallization induced by near-infrared

- . CW laser irradiation. (b) HEWL crystals 3 days after laser irradiation (left)
BN Z E IS E ang without laser irradiation (right). The laser power is 500 mW. The NaCl
7o, concentration is 0.46 M.

100 um

[1] T. Sugiyama, S. Wang, J. Photochem. Photobiol. C, 52, 100530 (2022).
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Dynamic optical matter of gold nanoparticles prepared by optical trapping in plastic
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Dept. Appl. Chem.1 and Dept. Biol. Sci. Tech.2, National Yang Ming Chiao Tung Univ., Taiwan1,2
O Pin-Hsun Huangl, Mu-En Lil, Chi-Shan Lu2, Chih-Hao Huangl, Henryk Witek1, Peng-Chin
Tsai2, Hsin-Ni Wu2, Ming-Chia Li2, Hiroshi Masuharal
E-mail: s9605dianel@gmail.com

Optical trapping, which uses a tightly focused laser beam to confine tiny objects, enables precise
manipulation of materials and the exploration of microscopic phenomena. In our recent studies, we observed
a dynamic behavior of gold nanoparticles (Au NPs) at the glass/solution interface. We identified a dynamic
optical binding network as the basis for the "optical trapping and swarming"! of Au NPs, which expands
perpendicular to the linear polarization of the trapping laser, now described as "dynamic optical matter"?.

Using microchannels, we aimed to compress and precisely control the morphology of Au NPs in optical
trapping and swarming, exploring applications of dynamic optical matter. Polycaprolactone (PCL) plastic
patterns were fabricated via Melt Electrospinning Writing (MESW)3. Microchannels with variable widths
and heights of a few micrometers confined the 400 nm Au NPs. When irradiated with a 1064 nm laser, the
Au NPs formed dynamic optical matter within the pattern structures. After 3 minutes of irradiation, the optical
matter evolved into a dumbbell-shaped morphology show dynamic fluctuations and migration of Au NPs
(Fig. 1a). The plastic patterns allowed morphology control, enabling compression or extension of the optical
matter (Fig. 1b, 1¢). This study shows how microchannels can flexibly manipulate optical matter, facilitating
the formation of various structures such as disk-like, dumbbell-shaped, and triangular assemblies. This
control over optical trapping and dynamic optical matter offers a new way for creating customizable optical

structures.
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Figure 1. Linearly polarized laser irradiates for 3 minutes. The arrows represent the laser polarization
direction. (a) The dynamic optical matter in free space. The dynamic optical matter in plastic microchannel

with width of (b) 3.2 um and (c) 2.4 pm.

1. T. Kudo, S.-J. Yang, H. Masuhara, Nano Lett., 2018, 18, 5846-5853

2. Burns, M. M., Fournier, J., & Golovchenko, J. A., Adv. Sci., 1990, 249, 4970
3. Brown, T.D., Dalton, P.D. and Hutmacher, D.W., Adv. Mater., 2011, 23: 5651-5657.
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