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An i ntroduction t o t he Nanoscale t hemed collection on emerging quantum t echnologies at t he nano-

scale, featuring high-quality research on quantum materials and devices for computing, sensing, i maging

and communication.

Quantum t echnologies merge t he prin-
ciples o f q uantum m echanics w ith
advanced t echnologies, paving t he way
for t  ransformative a  dvancements i  n
various f  ields. T  hese t  echnologies
encompass q    uantum c   omputing,
quantum c   ryptography, q   uantum
sensors, q   uantum c   ommunication,
quantum s  imulation, a  nd q  uantum
metrology, among others. Materials and
structures at the nanoscale play a pivotal
role in enabling these advancements.

In r ecent decades, nanoscience a nd
nanotechnologies have made significant
progress, e nabling r emarkable a chieve-
ments f rom f undamental r esearch t o
practical a  pplications i  n q  uantum
technologies. This progress has opened
up e ntirely new horizons i n t he f ield.

The topics covered in this themed collec-
tion c an b e l oosely c ategorized i nto
quantum t echnologies a nd n anoscale
manipulation, q uantum materials a nd
nanofabrication, and quantum phenom-
ena and characterization for applications
in quantum computing, quantum com-
munication, and quantum sensing.

Quantum computing i s a r evolution-
ary t echnology t hat harnesses t he prin-
ciples of quantum mechanics to perform
computations e xponentially f aster t han
classical c omputers. A dvancements i n
nanoscale q uantum c omputing h ave
focused on developing s table a nd c on-
trollable q ubits, l aying t he f oundation
for t  he r  ealization o  f l  arger-scale
quantum computing systems.

Quantum s ensing a nd i maging i s a 
rapidly g  rowing f  ield t  hat u  tilizes
quantum m  echanics p  rinciples t  o
develop advanced s ensors and i maging
technologies. N   anoscale q   uantum
sensing a nd i maging t echniques h ave
focused o n c reating h ighly s ensitive
sensors, s uch a s q uantum d ots a nd
monolayer s emiconductors, c apable o f
emitting s ingle p hotons f or p recise
imaging at the nanoscale level.

Quantum c ommunication e xplores
the u se o f q uantum mechanics p rin-
ciples t o e stablish s ecure c ommuni-
cation channels. Recent developments in
nanoscale q  uantum c  ommunication
have r esulted i n more e fficient a nd
reliable devices, i ncluding single-photon
detectors t hat e  nable a  ccurate a  nd
efficient detection of individual photons.

The r apid s ynthesis a nd f abrication
of nanoscale materials and structures

play an instrumental role in the develop-
ment o f q uantum t echnologies. T wo-
dimensional materials l ike t ransition
metal dichalcogenides (TMDs), quantum
dots, a nd nanowires have e merged a s
key components for quantum technology
applications. Q   uantum d   ot-based
devices, c apable o f e mitting s ingle
photons, hold promise f or r evolutioniz-
ing c omputing, while n anowires o ffer
unique p  roperties f  or u  ltra-sensitive
sensing, i  ncluding a  pplications i  n
medical diagnostics and biosensing. The
exceptional v  ersatility o f t  wo-dimen-
sional TMDs and t heir heterostructures
lies i n t heir ability t o provide a r emark-
able degree of multi-tunability t o t heir
quantum e ffects, making t hem h ighly
promising candidates for applications i n
quantum technologies.

The applications of quantum t echno-
logy are diverse, and nanoscale quantum
technology presents i nnovative prospects
for n  umerous f  ields. Q  uantum d  ot
research, e xemplified i n t his c ollection,
represents an active area within quantum
technology. While i t i s not p ossible t o
cover a ll n oteworthy a reas w ithin t he
limited s pace, t he g uest e ditors e xpress
gratitude t o a ll a uthors f or t heir high-
quality contributions. Appreciation i s also
extended t  o t  he e  ditorial t  eam o  f
Nanoscale f or t heir guidance and support
throughout t he c reation p rocess. I t i s
hoped t hat r esearchers i n physics, opto-
electronics, b iology, a nd o ther r elevant
disciplines will benefit from these articles
and u tilize t hem a s a s pringboard t o
advance the development of practical next-
generation quantum technologies.
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