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ABSTRACT

Engineering Plasmonic Nanorattles for Catalytic and Photothermal
Therapy Applications

By
Prem Singh

Submitted to the Indian Institute of Technology Mandi in March 2021 in partial fulfilment of the

requirements for the award of the degree of Doctor of Philosophy

Abstract:

The recent development in the design and synthesis of novel plasmonic nanostructures have drawn
significant attention due to their variety of applications in sensing, catalysis, photonics and
theranostics. Plasmonic nanorattles are the class of hollow, porous core-shell nanostructures which
are composed of a solid core and a porous, thin shell. In this context, we have designed different
plasmonic nanorattles of monometallic gold and bimetallic gold-palladium nanostructures. These,
gold (Au NRT) and palladium nanorattles (Au-Pd NRT's) comprise of an octahedral solid gold core
surrounded by a thin, porous gold or palladium shell respectively, and were synthesized following
galvanic replacement reaction of Au@Ag nanocubes. Next, the catalytic activity of these two
nanorattles, against the degradation of environmental pollutants such as p-nitrophenol and azo dyes
(Congo red and methylene blue), was demonstrated. The kinetic and thermodynamic parameters
revealed that Au-Pd NRT have higher catalytic efficiency with high-rate constant and lower
activation energy in comparison to Au NRTs. Next, we exploited these Au-Pd NRTs for ORR
applications. Compared with commercialized Pt/C, Au-Pd NRT displayed neatly comparable onset

and halfwave potential values and excellent durability upon potential cycling.

Engineering different plasmonic nanostructures with varying shapes and sizes, enables us
to tune the localized surface plasmon resonance (LSPR) peak from visible to near infra-red (NIR)
region of the electromagnetic spectrum which can further be exploited for plasmonic photothermal
therapy (PPTT) against cancer. To achieve better PPTT, NIR active (extinction in the 700 nm to
1300 nm region) plasmonic nanostructures are preferred because of the higher penetration depth of
the NIR light. Thus, we examined the comparative photothermal efficiencies of the synthesized
gold and bimetallic Au-Pd NRT. Both the nanorattles have wide range of absorbance— in the NIR I
(700 — 900 nm) region. The photothermal conversion efficiency, in the aqueous medium for AuNRT
and Pd NRT, was calculated to be 19.8 % and 35.4 % respectively. Iz vitro PTT result also suggested

that bimetallic Au-Pd nanorattles have better PTT efficiency compared to gold nanorattles.

Thesis Supervisor: Dr. Amit Jaiswal — Title: Assistant Professor in the School of Basic Sciences



ABSTRACT

With an aim to further improve the PTT efficiency of the nanorattles and explore PTT in
the second NIR window (NIR-II; 1000—1700 nm) which is much more promising due to its
superiority in penetration depth (~ 2 cm) and maximum permissible exposure limit over NIR-I
window, two capsular nanorattles of gold nanocapsules (Au Ncap) and palladium nanocapsules (Pd
Ncap) were synthesized. The photothermal conversion efficiency of the synthesized Pd Ncap was
calculated (49.2 %) and found to be higher than that of other synthesized nanorattles. I vitro studies
demonstrated that bimetallic Pd Ncap have high PPTT efficiency against the breast cancer SK-BR-
3 cells, as compared to that of monometallic Au Ncap. Further investigation also revealed that both
the nanocapsules caused apoptotic mode of cell death. Interestingly it was also observed that Pd

Ncap exhibited ROS scavenging ability.

Overall study suggested that Pd Ncap has better PTT efficiency in comparison to other
synthesized nanorattles (Au NRT, Au-Pd NRT and Au Ncap) which leads to higher in vitro
photothermal cell death at lower concentration, Further, the ROS scavenging ability of Pd Ncap
offers added advantage in preventing oxidative damage of normal healthy cells during plasmonic

photothermal therapy.

Thesis Supetvisor: Dr. Amit Jaiswal — Title: Assistant Professor in the School of Basic Sciences



RIS

HIE AT, 2021 H IR Yrenfe! I+ quvs! § e areufa’ @ Surfy & forw
9 Rig
EIR

"JARP 3R YHIT AN SUAR IEYANT & oI @rviie Aikeed 31 i3
AE TEI—Ya YK [hAT 74T |

A H, T WISHING el B YT U9 WINO & &5 d g Ui IR S
= SRl 1 Hded, ISRD, YSTI TAT YhTel b SU=R H IRy &1 sapfya fdan
2| WISHITG TARCe Wi, SRR "G U &1 @ 7, RH 3R & Udh 91T 319 3R
qEY AT TP 3R Udell iR @rRgell wa 9 [T g 21 ' s wwd §, 91 fafves
UBR & -HNCed P [zl fHar, d § e W@l @1 oarg 9 (Au NRT) 3R a1
fgenfeas wol ok FofeTd (Au-Pd NRT) & fffd 2| wduem, ol & fAffd (Au NRT) 3R
W@l 3R TifSTd | AT (Au-Pd NRT) “HRced @ ufshar &1 weeifvd fear, 5 b
AARS S 9T FCYSIHR [N BT AT 3R qIET AN W07 AT eIl SI™ B uaiell 3R IR
URd BT AT| B9 SAD UTAK], HB YIAGRY UguHI o b WRI—=1sgIfhrat iR Tail Ioid
(BT Tt 3R HRAA iell) & &R0 & foly g9 Q1 FIReed @ SaRG IfAfafe $1 fFeroT
far | & 39 ords 9§ I8 91 A {5 deafdd fgunka® Au-Pd NRT @ ISR &
Au NRT &1 a1 H 31fere ol T2 QM1 &1 Il &% 3R a9 AFGUS] BT ATHAT BT D
g g8 W1 9 f& Au-Pd NRT &) SORE &AdT & SR IAD! Sd SRS AR 3iR
HH Alha Foil o | §9d d18, A1 ORR 3WANT & fo¢ Au-Pd NRT &1 Fefor fasam | gam
Au-PANRT @1 fagd SRS o afoiisgs Pr/C A @, foad g1 @1 Rerfast =aspraar
3R o T Reifds A ok S emafdiedr va e ot | ek faftm el gum 9
@I A 3 TF-—Wg FATT 77 GO SORS DI AT BT AR SIBRT IUANT & oIy
Rerfrs delts IOR® & wu H S v |

T3S 3G g MBRI & AT A~ HINS 4T FREmsil &I AR
B SolagHTcd WagH & dfaRad (NIR) &3 & Mde g drell wi 9d8 @™




gfcea™ (LSPR) & RRER &I MM & § He™ dril 8, [odT dax & foly oA
TR AU SUER (PPTT) # SUANT fhar S aar 2 | NIR T &1 1f¥id Jaer Tevrs s
@ BRU TABT JER PPTT & U & & forg worfiswar & o g1 &4 giiferw 09
AR B SaTIdRar Bl &, fordT NIR fddas 700-1300 nm &5 9 |Afha 81| 39 UK,
8 Au NRT 3R Au-PANRT & JAHS YHTRT AU &HAT DI S BT | QFT 4T Ve
@I FgeTaEar NIR 700-900 nm & #ed Afsha T | Au NRT 3R Au-PANRT & folg et
qEgH H UHRT AU gl AR 19.8 UReid SR 35.4 uftra ol Mg | @M aRaeia
PPTT 9RO A I8 Wl W Tl © {6 Au-PANRT &1 $H¥R PIRIBRAT Bl ARA I &Fdl Au
NRT ¥ 378 off |

NIR- I @I 3rUem NIR- 11 &5 &1 (e Te-ar (T 2 HeMIex) d Jfftdhdd 31wy
AW B9 @ BRO $HBT PTT # i wfismdr ) Il ¥ | 39a UTan, 99 JdReed @l
PIT q&rcl H goR oM & oed 9 &l A= geR & 91 duged [Ffd fey, [ear
sraeyahdr fgea NIR-IT (1000 nm -1700 nm) & # off | 79 39 9=+ ¥, W@l & fAffa (Au
Ncap) T w07 R Uaifesd 9 FHT (Pd Neap) 91 e & Ufhar & d¥aifa o,
ST & faRe S/ 9RT Wof AfT &7 o7 iR 98l 1T 9ol a1 UelfS$aq a1 udell foayof
B B AMBR P AT | 3HD TR, TAF M1 SIS & THRT AU HUARYT SEAT dT T Bl
3R UrT & Pd Ncap (49.2 URerd) &1 q&dl Au Neap (38.6 UfoR) & a1fdd off | |m
a1 # W1 Pd Neap @1 W9 &8 SK-BR-3 IS8T BT AR BT &40 Au Neap
S gHEd e gl TS | s T2 g V@1 b Pd Neap 7 gRifbarfiar sifesdioe gt
(ROS) &1 &H &R &I | &war yafRia @t o |

9 I W U8 YA BT 8 fF Pd Neap @ Uar1 dMg ewar iR M
gRaefig SK-BR-3 HIRIGRIT B JHTer ard #egd o AR &1 gAdl dffd 3 eaifyd
TANE (Au NRT, Au-Pd NRT, Au Ncap) @1 o1 7 31fde off | g9 sfaRad, Pd Neap
@ U ROS T ®H $HA @l &dl |l e, S oA-d UHel aud SUaR & QR
SfRNSIET T & BRI WR HIRTHIRT BT B9 arell &fad &I it Ja ot 2|
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