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Modulating electron-phonon interaction in metals

Achieving low-frequency . Electron scattering from

Aligning states in a quantum . .
Sning 1 phonons with surfaces . surfaces

well with fermi level

800 nm? Pb

.~ islands on Cu Polycrystalline

Au
nanoparticles

50 nm Sn nanowires
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111, 8712—
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Our approach

Dense network of nanoscale crystalline interfaces

Metal nanoparticles embedded inside a metallic matrix @ @ O@

Challenge

Not achieved: Bottom-up assembly of ‘Metal’ with nanoparticles

Electron tunneling effects: Coulomb blockade, Variable Range hopping, Activated transport

Surface Capping Agents-Ligands
Nanoparticle —%—
Tunelling gap
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Assembly of nanoparticles

Au nanoparticles
Phys .Rev. B 89, 155117 (2014)



Our approach: A bi-metallic nano-hybrid

Core-shell nanoparticles

g

Surface capping

— /Ligands Near identical lattice
constants of Au and Ag
OQ Q QQ QQ :4.078 A and 4.085 A
—J— Cookie structure



Chemical route - The process flow ACS Appl. Electron. Mater. 2023, 5, 5, 2893-2901
Ag(NP) — Au hybrid

Chemical
aggregation

Chemical
Reduction

precursor

o A

 Heat treatment
* Chemical treatment

Ag precursor

Chemical
aggregation

Film for transport measurements Ligand removal and cross-linking



Temperature-dependance of electrical resistivity
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Tag: AGNP radius ~1 —3 nm

d: AgNP distance ~3 — 6 nm

* Homogenous metallic transport
« Saturation of resistivity for F > 0
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Resistivity - interface correlation
N 0- swuis1agmst 92sd s VliviizieaA yq

T r,, ~1nm 309 7 - F =05 1 ¢ Tae~lnm
30 - s - ' 304 ® I =05
s o ® o AuNP film
nﬂd | 1 « Aufilm %
20 - 1 [l 50 —
(w0 ; 20 1 } | v/

10 - {'g{é é . } % . + 10__ .

v %
-0 e
O I |} l |} I v 10 l L) I I I O I |} I |} I |}
0.0 0.2 04 1.0 1.5 2.0 0.0 0.2 0.4
F 7 pg (00) Frr, (nm)
. T'ag ea Increasing residual resistivity with

Ll

O O oV + 4V - overall interface area of Ag |
O, O O

_ :O O O tinu 19q 3A 1o 6916 906h19inI o
O 1\ somulov Mott-loffe-Regel limit!




The Mott-loffe-Regel (MIR) Limit and ‘bad metals’
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Resistivity saturation
The Mott-loffe-Regel (MIR) Limit and ‘bad metals’

-2lstam ‘boop’ nihogansiidillsism Isnoiinsvnol

4 F=07 :pnilquod nonorg-no1tosls 1o Mot nezzisnu1d Moolé
N °x Rgim
[.‘\Rb (*—9—1I)(I-%9) T\GT].E( - ) - 8()\ )S (T)DSQ] 24Q + 04 =Qq

g 24 ‘Doaq + 0Q = (T)M(\
(:1]' .
2
Q
Q F=0.3

0 100 200 300 0 50 100 150 200 250 300

T (K) T (K)



Resistivity saturation
The Mott-loffe-Regel (MIR) Limit and ‘bad metals’

Two-channel transport
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Point-contact spectroscopy - A primer
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Point-contact spectroscopy - A primer
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Point-contact spectroscopy - A primer

Jqol

1 = dafl :JosInoo-inioq orlf 16 sonsiziesA <
"

Q
b+
\( 3h(3)p Vs ho8 ab I
(U9)g+Z22 v+ (o)p) 202 = 2R <
H{_/ \ v )
Migdal-Eliashberg function Background
Resembles Phonon DOS

Fosinoo avi

Sample Tip
. / Electron phonon coupling constant: 4 =2 [ ” g(e) de
s I dR,,
v - «—(~ 732 - A = (Const) X o (eV > hwp)
IR, 0¥ i g
o 22.8 o ‘ Au ]
S ] l
dy 3 ; _
81 S eV' 2244 LA+TA |
g, ph ho | [ '
[>>d ’ [<<d 22.0 7 : : S — S S
pc pc T T T T T 1 0 10 (%%V) 30 40
Ballistic Diffusive B0 20 A0 0 102050 Solid State Commun., 43, 765, 1982



Point contact spectroscopy of nhanohybrid films
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Electron-phonon coupling in metallic nanohybrid films
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https://arxiv.org/abs/2405.14684v1

Role of nanoscale
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Summary

* Bottom-up metal-nanocomposite
« Unconventional metallic transport. Bad metals

 Buried interfaces of Ag and Au significantly enhance the electron-phonon
coupling in noble metals, which have intrinsically the weakest coupling

Questions?

* Origin of high values of EPC

 Existence of metallic state in strong EPC regime

* No crossover to Anderson insulator even for strong disorder
 Possible coexistence of localized and itinerant electrons?

Stay tuned for Arindam’s talk on 26 July for more details and results!

Thank you for your attention
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Scaling of electron-phonon scattering rate
Ignore any non-phonon temperature-dependent scattering

p(T) = po + Pe—pn(T)

m 4 kg
—| ‘ | Pe-ph = nezre_ph're‘ph(T) = X (AT)

Disorder
I'>0p Planckian bound — Point contact
‘e 4
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£ 3- '
G
S 11
Q 1- p(T)—p(0)  psec  PmiIr
F=0
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0 100 200 300 0 2000 4000 6000
T (K) AT (K)

[0 Bound in scattering rate at ultra-high coupling regimes
SK, TK Maji, .. A. Ghosh (arXiv:2405.14684v1) 0 Universality of a two-channel transport



https://arxiv.org/abs/2405.14684v1

Role of nanoscale interfaces
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Structure
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Motivation

Not achieved: Bottom-up assembly of ‘Metal’ with nanoparticles
Electron tunneling effects: Coulomb blockade, Variable Range
hopping, Activated transport

Surface Capping Agents-Ligands
Nanoparticle %

Assembly of nanoparticles

+—>

Tunelling gap



Motivation

Not achieved: Bottom-up assembly of ‘Metal’ with nanoparticles _
Electron tunneling effects: Coulomb blockade, Variable Range A Core-shell nanoparticles
hopping, Activated transport
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Do 5 ;: E ;; Surface capping
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A bi-metallic nano-hybrid
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Structure

Area #1

20’ nm

Experiment log

A Integrated Spectra

Intensity (Counts)

X

. Spectra from Area #1

Spectrum

Energy (keV)



CTAB in
Aqueous
Medium (0.1 M)

A~ 40°C
—

NaOH (0.1 M)

NH,Br (1 M)

Kl (0.1 M)
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— | AgNO, (1 mM)
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—_—

NaBH,(0.1 |—| HAuCI, (1 mM)

Addition of IPA
(Reaction Stopped):
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Resistivity - interface correlation
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Resistivity saturation

The Mott-loffe-Regel (MIR) Limit and
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Metal Nanoparticles-A primer:
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Nanoparticles

» Metal
Nanoparticles
~1—-100nm

High Surface to
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The Mott-loffe-Regel (MIR) Limit and ‘bad metals’
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Chemical route - The process flow ACS Appl. Electron. Mater. 2023, 5, 5, 2893-2901
Ag(NP) — Au hybrid

Chemical
Reduction

Ag precursor Ag nanoparticles

L5255

« « Heat treatment ‘

* Chemical treatment

precursor

Film for transport measurements Ligand removal and cross-linking Clustering



Resistivity saturation

The Mott-loffe-Regel (MIR) Limit and ‘bad metals’

MIR Limit: k.l = 1 piir = 24.6 uQ-m
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