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We developed simple and inexpensive methods to create porous metal
nanoparticles, films, and foams. To examine how these structures interact with light, we mapped the
three-dimensional (3D) structures of porous gold nanoparticles with electron tomography. Then we
used 3D models and computer simulations to formulate a simple theoretical framework to explain the
optical properties of porous metals. These results showed that porous metals can behave as
photocatalysts to facilitate the photodegradation of organic molecules. Additionally, we developed a

technique to coat macroporous metal foams with mesoporous silver, and used these hybrid foams to
collect and identify microplastics which are a prevalent pollutant in marine environments.
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Figure 3
a Particle interacts with light primarily
via the electric field. d As pore size increases, the dipole (D) and
A quadrupolar (Q) modes spatially overlap and
i hybridize to create strong plasmon modes
E T\ o ‘ which are good for photocatalysis.
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strongly to the time-dependent variations
in the E-field.

o= 1 1 1 1
400 500 600 700 800 900

Wavelength (nm)

Q) AYPR—FR Au 7“/#%0):‘6%#}?;4%& 7T X L BREN O SRR O SCIRIZ IS VT
A7V RE—REF@EFOT7 X E— R (T205, KR 774 hE—F) X0 H58))



IRENS A BT D720 AR ERDATRENDR DV £, S BIT. T BITRRE O MRS AL
D B LT D B RO R BEO i 03 & 2 ikl CHRTET B 78| FRERE 7 il SR
ZH 6T TT, AT, BOSY. @RER, BLOTT X2 BEOES (BLUZ0
TERAEC DB & DA E BT D720, AEMEZERICBWTHEETT,

TR DA 2 DB ERD T
DIz x&*~w4im—(m)®77X%/%@
M%%Twﬁfkbfﬁmbibtoma . B
2T 2EBREGEME TH U | %#A@#
MENTWDT YY1 (Figure 4a), A= BN
T R ORI R E 2 BIZ2TE 5 120 nm RO A
ViR—F 2 AuTF kiF (Tmeso—Aul20]) O JtftyE
REZ T DIX, ECSA THEE SN DI RKOREFEE
FfH, 7600 nm THNA 7Y v RTTXEVE— 2K
FEL. ME ORI E—7 om L B -l RicdH 5 7=
T LT, =R % g3 5 7= 012, FELALIMEDOE , i
#£ 120 nmAu 7~/ k¥ (Tnonporous Aul20]) ZAHEH L 300 400 500 600 700 800 900
F L7, FEDA V-Au120 BLXOIELFE Aul20 % Wavelength (nm)
15mg/L DME EIRA L, SEIFRMEEE (Lo =

Figure 4

~ Meso-Au120
= Nonporous Au120
ME

633 nm
785

s

Absorbance (a.u.) Q)

450, 633, 785 m) DX A A— FTHHFELELE, & BT ee—w o
MROSEHEE, 435 m O MEUDEE—2 VGt ggfen T B
BF L E L7z (Figure 4b), F7-, —R#HER]: In(C/Co) S ——— L Ll
= —kt ZHWTHEERLAZHE LE L, EEE o 1.0 o

633 1 O Kneona 1 E, 6.74 X 10° min!' &kdBIE o N

L7z, HZFE Aul20 NP DA IBEHICEEIIE ¢ 1.5 R
FIHT, Lex = 633 nm T O ILARMEME ﬁj\ﬁzlzfi\knonporous k. . =6.74 x 10°min ‘O"»__O
w= 1.48 X 10° min ! CHAFLE L, I RXEy 201 T .
BNED o MR A 4.5 fRICHIIN L2 Z L, Au Koo z
f IR 2 BB L CH, ZHESMEDOREZ R L ~ 50 100 150 200 250 300
TWET, TIHDORERIT, AV R—T AEELFD Time (min)

T RIS T T A RIS & L, HEZ LM
T RIFC AT L VIR RRISRF (T7bb, I, IEE, RIGHR, 5 L UM 4
BRTE5 2 LERLTOET, ZIMOREL, QROEMILOR L B, 77 2% L3
DY L EIRIROFTI “EONRE bz LET (4],

Z ORMFE BRI 2020 4F 4 AICBAESUE L7228, COVID-19 /R0 F 2w 712k » TR& A
WL RS ZT=0E, EICHREO ABARRE EENNAOFHEH CREZmd7-2 L TL
tc% TH TN BN OLFEFEE XD | R E RKRIRICIEA T2 7201 i@ 3 2 g %
ﬁﬁb@#%%<@¢%%ﬁwibto_®¢% X0 BT D O TRIZ BT < O
NELNE Lz, BlzIE, ZHEET kit T AZ—Z2 W77 X B#ET7Laxy 7 2
YOREY R[], TT R SN ER 2R D 72O D C02 FEIEITEERD 72 9O D [FINL
KR L —H—FEBROBEIE6], MOF 23BRg L L TFEHT 57 I X Bt o+ —[7], BLW
BES 7 XE U HRE U TRE T O MXene/ @B/ ~A 7V » ROBMRABEFFE8] 72 & T3, £/,
ZHMEBICB T ARy b L7 bu VAR D 72 O FUE O R E D FE
BRAEITWE LT CRIEH),

FRLE, A EA F K OSEEAMBER IZRT 5 A VR — T A OB ERIT H DI
@%ﬁ/XTATmﬁw:&#b#Dibto%@tw BRIREE S AT DB GITHATE,
7T XE CEE) O EAMBAER OO t&ﬁ<ﬁﬁ¢%¢éﬁbw@ﬁ®%/f T AKEIE
PR LIEOE Lz, AL, @ﬁ#ﬁ B~ o707 T72AF v 7 (WP) GYP 200l
Loodh o7tz WIEREICE T D WP ZfifE, kb, BLOMEETZ 25 LWEEHD X VR
— 7 A BHEEDIERREZMRET L E LT,

(6) BEHR~ I aR—TFRA-X Y R—F7 ZAEREEDIER : A VR — T A& D A RE 2
M ESEA7-0, Fxr OLRENREZRH L FY20-FY22 ORF%E X 0 & iR E 72 eI M & FFEvE
RO D EEICHBIEE L, AX LT F—AF, HEBHEKa 2 FTEL 04 B TRE§E
IREMTT, TR 4+ — L BT A Y R—T AR EEEST D HEZBRE L E LT Figure
ba), R (Ag) ZIBATERHEHAIT, 77 XE=v 7 Ag MEFEFMEN BV 532 nm L —H— %1



ZTHERT ~ VMBI E R > T F@WE5
W22 T LT, Ag Rl A IR#ET
DT, TV = MEREH
WTBUKME Ta—T 4 7% L
% L7-, Figure 5b 3. Xt hEZ
74 —I2LD Ag 7H—LDH
BTHY SEMERIT~ 7 nR—7F

diazonium

eleclmchemlcal
o g modification

reduction

AT F—nI CEBHALE : 160 u m) Hydrophobic coating |‘=reser;fes Ag®

+ facilitates trapping of microplastics

BLOAYR=T X Ag il (P [ xmyome
A28 mm) ZRLTWET 9], g

(6) BEHSAMAe 7+ — L ET
DHEEEA=a2—-F Xy VU
— 27 Z AW ARED SERS
LB~ A 70 TSTRF v
(TMP]) D : kv T o~ Ut yo P W
A7 a7 T AT v 7O EHNITRET= &)/7 IRBRTETN, ~A 70T TFTRAF v I
DOHEEDNSA F 7 4 NV LPWE, BIODMR L =AW kO RRAELAH LB L TW5

2Ly, WEETT, BFEOMRITIEIL, —MICKR & = X N300 5 BME e o3 BER I 2 2022
ELET, BEMEGE Y +— L E2ER L TV DERC, SEIER WP 2HWTENR LB IRENAIR
FCMP L. 77 AEL 2N LTI 2027 2 F LI £ LTz, MBS LIS
i%ﬁﬁﬁ%ﬁMLfMP%ﬁ%L BROKME R W X AR 1O O WG & /MRS 2 F 3
(Figure 6a), FtHFIKIIFET NVIE, A VY R—T ANEREOTHNEZELS $5HZ L E R L TWE
T, BEEMZAEL. 7T XU R E N L CRFTICERIR b L ET, B2 a2 0Q) T
BAFE L=y — L LIRS E W TR FEREEET VB L, ZHLERHBE R < JRE LT EKE &
T 2 HEERLE L,

1.25em

ZD L) RBRWEKSG D00 T < EGELE I, RmmiR T
< U6 (SERS) L REIEN D I r B RIC Lo Tk & E T
(Figure 6b), N OHOERZMHEH LT, MAKFBIONE I £
BiEEmE o 6 EO~A 70T I72AF v R AF Lo, R
UXFNAZ I L —F, Ay, RVFL, 772, R
TFL T L7 HL—1) OSERSIEEZMELE L7, SERS A7
FVITIEFRICEHET, HEOERVAEI E—7 085D, WP DIRA
Ll 5 OIXNEgE T LIz, B MRS T =2 —F Ry NT—7
WM%éiéi&\ﬁ@m&m;mmbfﬁiﬂ®%/7w®%m
BT 2EERREL TT LR E L, bl THOEE]
CIREN DRI A D= XL EMHA LT, NN B AST—HHRA 2 b
MO BUR A REHCEHMI L. > — 4 ANDOEEDE Y & Bk 1F
%%%M%T%éio ITBHHATDO N ZREELELEZ, 20 N
%7 70— |lEKETLHZ LT, SESELTHRF-BNELET D

ATH, @A%% SHETED oI EL09]), B
iﬁf:m7)/b%m%mmf RFEH T A M EZ MR RS MPs
DRI L LT A AT CWET, ZORMFE B A8 L SERS
T, ZALMEA IR & OIS 2 AR BN & . T OHGERZ IS LU Ot o A~
FAZERL, EMICBWE B L B2 bR EZRETH~E, TATTHERL %
L7219],

BIESD 77U v MR ZE FAWT, RFEM A N EIZ 2N WP &Rt 2 ibd 2% %
ToTWET, ZORMIEBAZE U T, ZHESRE L ICET 2 AR L | 2 0MaE%
il & B B CICHT 5 Z SI2 k0 #BICHim & R B a2 B R EZSEET 2T AT T I
RERERLHY F LI,

Figure 6

<5 k>
[1] Baumberg, J.; Faraday Discussions, 214, 2019, 501-511.
(2] Lv, H.; Xu, D.; Henzie, J.; et al.; Chemical Science, 10, 2019, 6423-30

[3] Negishi, Y.; Nobusada, K.; Tsukuda, T.; JACS, 127, 2005, 5261-70.

[4] Nugraha, A.; Guselnikova, 0.; Henzie, J.*; et al.; Chem. Mat. 34, 2022, 7256-70.
[56] Votkina, D.; Petunin, P.;:-*Henzie, J.; et al.; ACS Catalysis, 13, 2822-33.

[6] Wang, S.; Jiang, B.; Henzie, J.; et al.; Nature Communications, 14, 2023, 2534.
[7] Gumilar, G.; Henzie, J.; et al. J. Mat. Chem. A, 10, 2022, 6662-78.

[8] Tang, Y; ---Henzie, J.*; et al. ACS Sust. Chem & Eng., 11, 2022, 168-76.

[9] Guselnikova, O.;:-*Henzie, J.*; et al.; Nature Communications, 15, 2024, 4351.



10 10 10 2

Nugraha Asep Sugih Guselnikova Olga Henzie Joel Na Jongbeom Hossain Md Shahriar A. Dag 34

Omer Rowan Alan E. Yamauchi Yusuke

Symmetry-Breaking Plasmonic Mesoporous Gold Nanoparticles with Large Pores 2022

Chemistry of Materials 7256 7270
DOl

10.1021/acs.chemmater.2c01125

Votkina Darya Petunin Pavel Miliutina Elena Trelin Andrii Lyutakov Oleksiy Svorcik 13

Vaclav Audran Gerard Havot Jeffrey Valiev Rashid Valiulina Lenara I. Joly Jean-Patrick

Yamauchi Yusuke Mokkath Junais Habeeb Henzie Joel Guselnikova Olga Marque Sylvain R. A.

Postnikov Pavel

Uncovering the Role of Chemical and Electronic Structures in Plasmonic Catalysis: The Case of 2023

Homolysis of Alkoxyamines

ACS Catalysis 2822 2833
DOl

10.1021/acscatal .2c04685

Tang Yi Yang Chenhui Xie Yangyang Kang Yunging Que Wenxiu Henzie Joel Yamauchi Yusuke 11

Tailored MXene Nanoarchitectonics: MXene with Mesoporous Nitrogen-Doped Carbon Confined 2022

Ultrafine Molybdenum Carbide Nanodots for Efficient Electrocatalytic Hydrogen Evolution

ACS Sustainable Chemistry & Engineering 168 176
DOl

10.1021/acssuschemeng.2c05106

Gumilar Gilang Henzie Joel Yuliarto Brian Patah Aep Nugraha Nugraha Igbal Muhammad Amin 10

Mohammed A. Hossain Md. Shariar A. Yamauchi Yusuke Kaneti Yusuf Valentino

Performance enhancement strategies for surface plasmon resonance sensors in direct glucose 2022

detection using pristine and modified UiO-66: effects of morphology, immobilization technique,

and signal amplification

Journal of Materials Chemistry A 6662 6678

DOl
10.1039/d1ta08741j




Tang Yi Yang Chenhui Xu Xingtao Kang Yunging Henzie Joel Que Wenxiu Yamauchi Yusuke

12

MXene Nanoarchitectonics: Defect- Engineered 2D MXenes towards Enhanced Electrochemical Water
Splitting

2022

Advanced Energy Materials

2103867 2103867

DOl
10.1002/aenm. 202103867

Lim Hyunsoo Kim Dabum Kim Yena Nagaura Tomota You Jungmok Kim Jeonghun Kim Hyun-Jong Na 8
Jongbeom Henzie Joel Yamauchi Yusuke
A mesopore-stimulated electromagnetic near-field: electrochemical synthesis of mesoporous 2020

copper films by micelle self-assembly

Journal of Materials Chemistry A

21016 21025

DOl
10.1039/D0TA06228F

Guselnikova Olga Trelin Andrii Kang Yunging Postnikov Pavel Kobashi Makoto Suzuki Asuka 15
Shrestha Lok Kumar Henzie Joel Yamauchi Yusuke

Pretreatment-free SERS sensing of microplastics using a self-attention-based neural network on 2024
hierarchically porous Ag foams

Nature Communications 4351

DOl
10.1038/s41467-024-48148-w

Joel Henzie

Creating High Anisotropy Hierarchical Metals

Kaunas Technological University (Lithuania)

2022




Joel Henzie

Controlling Materials-Space in Inorganic Materials

Advanced Materials and Technologies 2021 (https:/advancedmaterials.ktu.edu)

2021

Joel Henzie

Making Catalysts More Efficient using Nanoarchitectonics

MANA International Symposium

2021

Joel Henzie, Olga Guselnikova

Hierarchical porous metals

Materials Oceania 2023

2023

Ravi Nandan, Joel Henzie

Rational Design of Single-phase Multi-metal Mesoporous Nanostructures for a Sustainable Future

Materials Oceania 2023

2023




Joel Henzie

Coupling Hybrid Plasmonic-photonic Resonances with Mechanical Vibrations in Long-Range Self-assembled Nanoparticle Arrays

Materials Oceania 2021

2021

Yusuke lIde, Joel Henzie, Kenya Kani,Yusuke Yamauchi

2022

Springer Nature

274

System-Materials Nanoarchitectonics (ISBN: 978-4-431-56911-4)

School of Engineering Professor

(Yamauchi Yusuke)

(10455272) (13901)




