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Since the earliest civilization, diminishing the occurrence and subsequent
transmission of pathogenic microorganisms in the indoor environment
has been one of the utmost priorities to the human society. In line with in-
tensive research towards the surface disinfection through the use of sev-
eral photocatalytic processes, rare-earth doped upconverting nanophos-
phors (UCNPs) have recently drawn a great attention on the basis of their
purely optical phenomenon of directly converting visible light into ger-
micidal ultraviolet radiation (namely ultraviolet C) via the unique photo-
luminescence process namely ‘upconversion’ The efficient upconversion
of abundant visible light into ultraviolet photons in the germicidal range
and, consequently, effective biocidal action while coated onto surfaces en-
able UCNPs as a potential candidate to be used for inhibiting germ spread-
ing through the inanimate surface in public places, hospitals and so forth.
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Beyond the boundary of either de-
veloping or developed country, it
is desirable to build up a good quality
indoor environment in the living soci-
ety. To enrich this goal, it is essential
to get rid of pathogenic microorgan-
isms from the inanimate surface of
the indoor environment through the
use of sustainable and innovative dis-
infection technologies. During past
decades, several techniques on sur-
face disinfection have discussed the
benefit of various photocatalytic pro-
cesses. Photocatalysts (e.g. TiO,) have
received widespread scientific and
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public interests as they use light en-
ergy to produce redox potential and
germ-killing reactive oxygen species
(ROS; hydroxyl radicals, superoxide
radicals, etc.).[1] Utilization of light
energy in particular, ultraviolet (UV)
radiation makes such technologies a
more sustainable approach over the
use of chemical disinfectants (e.g. al-
cohols, aldehydes, phenolics, etc.) or
other energy-intensive means (e.g.
X- ray). Unfortunately, the existing
technologies associated with UV light
photocatalysts suffer from limitations
such as low efficiency of visible light
utilization. This fundamental feature
restrict their scope to utilize visible
light for antimicrobial application, i.e.
converting low energy visible light
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Figure 1. A simplified energy level dia-
gram representing energy transfer up-
conversion (ETU) by RE3+ ions, where
absorption of lower energy visible ra-
diation results into the generation of
higher energy UVC emissions. SO denotes
ground state and Sn denote excited state,
where n refers to 1, 2. Solid lines represent
absorbed or emitted photons, and dotted

lines represent non-radiative transitions.

efficiency of visible light utilization.
This fundamental feature restrict
their scope to utilize visible light for
antimicrobial application, i.e. convert-
ing low energy visible light which is
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again abundant in solar irradiation,
and indoor lighting into higher en-
ergy ultraviolet C (UVC) radiation
for killing germs from the inanimate
surface of the indoor environment.

To obtain such unconvention-
al light conversion process, rare-earth
(RE**) doped upconverting nanophos-
phors (UCNPs) play a crucial role as
UCNPs itself could directly convert
visible light into germicidal UVC ra-
diation via the photoluminescence
process of upconversion.[2] Typically,
these RE** doped nanoparticles are
composed of sensitizer(s) and activa-
tor(s) ions which are spatially distrib-
uted in an appropriate host matrix or
in a dilute host-guest system. Suc-
cessive absorption of one or more
low energy photons and/or ener-
gy transfer (ET) generally promote
the activators to the higher excited
states and concurrently lead to the
emission of higher energy radiation
(one photon emission) spanning
over a wide range, from the UVC to
NIR spectral regions[3,4] (Figure 7).

RE3* doped UCNPs can be
achieved following different synthetic
routes such as high temperature solid
state method, sol-gel, microemulsion,
co-precipitation, thermal decomposi-
tion, solvothermal, microwave irradi-
ation, and simple colloidal reactions
among others. Prior to employ in dis-
infection technology, it is essential to
design sophisticated nanophosphors
that would allow utmost upconver-
sion efficiency and enable UVC emis-
sions under low-power sunlight or
ambient indoor light conditions. Such
advances can be achieved through
a proper choice of RE¥* content, pre-
cisely tailoring the shape and size
of the nanophosphors, low vibra-
tional host matrices, among others.
Thus, the UVC radiations originated
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Scheme 1. Upconversion phosphor for light-activated antimicrobial activity. Simplified
energy diagram represents upconversion (excited-state absorption, ESA) of visible light from
S0 (ground state) to S1 and S2 (excited state) to emit a UVC photons to killing pathogenic

microorganisms from the inanimate surface.

from well-designed UCNPs play a piv-
otal role towards germ-killing activ-
ity from the inanimate surface of the
indoor environment (Scheme 1). The
UVC emissions are well known mu-
tagenic agent that cause irreversible
and heritable changes (mutations) in
the cellular genetic material. Brief-
ly, the UVC emission is pronouncedly
absorbed by microbial, deoxyribonu-
cleic acid (DNA) and ribonucleic acid
(RNA) of the germs, causing covalent
linkages between nucleic acid compo-
nents to produce a variety of photo-
products that inhibit transcription.[5]
Based on this mechanism, upon visible
light irradiation, the engineered nano-
phosphors while either coated onto
surfaces as powders or fabricated in
the form of ceramics, display self-ster-
ilizing and anti-biofilm properties. Bio-
cidal efficacy and biofilm inhibition are
generally determined via kinetic viabil-
ity assays and scanning confocal laser
microscopy, respectively, using various
test microorganisms. Thus, inanimate
surfaces which can inherently remain
pathogen free are a long sought-after
tool for inhibiting pathogen trans-
fer in hospitals and public areas.[2]

Overall, the present topic
advances the scientific understand-
ing of many aspects of upconver-
sion materials that brings benefits
to the field of applying upconver-
sion phenomenon into sustainable
cost-effective  technology. There-
fore, the future generation of our
society should take more interest in
the fundamental development of
the current topic so that our society
can have a better understanding in
improving the quality of the indoor
environment. Specially, after current
Pandemic situation such an interdis-
ciplinary learning has more relevance
and promises towards monitoring
healthy indoor environments.
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