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The detection and imaging of hydro-
gen peroxide (H2O2) in complex 

biological environments is very impor-
tant because of the involvement of this 
destructive oxidant in signaling and cel-
lular development. Cellular imbalance of 
H2O2 has been connected to aging and 
various severe diseases, including cancer, 
cardiovascular disorders, and Alzheimer’s. 
A nanosensor for the detection of H2O2 
in intracellular environments has been de-
veloped by researchers at The University 
of Adelaide, Australia, by combining 
fluorescent nanodiamonds and organic 
fluorescent probes. The hybrid peroxy-
nanosensor exhibits unprecedented pho-
tostability and is capable of ratiometric 
detection of H2O2.
 Carboxy peroxyfluor-1 (PF1) is an or-
ganic fluorescent probe designed to track 
H2O2, and is one of the two fluorescent 
components of the newly synthesized 
hybrid material, as reported in a recent 
issue of Scientific Reports (doi:10.1038/
s41598-017-15772-0). The probes are at-
tached on the surface of nitrogen-vacancy 
(NV) nanodiamonds, which are nontoxic 
nanoparticles that have been engineered to 
contain high concentrations of NV centers. 
These NV centers are fluorescent point de-
fects consisting of a nitrogen atom (which 
substitutes a carbon in the lattice) and an 
adjacent lattice vacancy. 
 Upon binding to H2O2, carboxy-
PF1 increases the intensity of its green 

fluorescence emission. But like other or-
ganic fluorescent probes that are often used 
to identify biomolecules and indicate their 
position under the light of a fluorescence 
microscope, carboxy-PF1 suffers from 
photobleaching or fading, a phenomenon 
during which the fluorescence glow of 
even the most photostable among these 
molecules is reduced under continuous il-
lumination. Scientists have tried to prevent 
damage of the fluorophores by reducing 
the intensity of the light source or the dura-
tion of light exposure. These approaches, 
however, usually limit the time of the ex-
periments and the resolution of the col-
lected images.
 By combining the probes with the 
NV nanodiamonds, which are photosta-
ble even under intense illumination and 
of which far-red fluorescence remains 

mostly unchanged by interactions with 
biomolecules, the researchers created a 
biocompatible and highly photostable 
peroxynanosensor (PNS) that is trackable 
at any moment and does not photobleach.
 To follow the PNS in a cell, the sample 
is monitored while being continuously ex-
cited at 550 nm. The nanodiamonds emit 
stable fluorescence around 700 nm. For 
the detection of H2O2, the surface bound 
carboxy-PF1 fluorophores are excited at 
490 nm. In the presence of H2O2, they 
emit strongly at 520 nm.
 “We have been able to significantly 
extend the time scale of bio-imaging 
performed with carboxy-PF1, via a re-
duction in laser exposure,” says Patrick 
Keith Capon, co-author of the study and 
doctoral candidate. “By using the fluores-
cent nanodiamond to track the location 

Fluorescent nanodiamonds 
detect H2O2

(a) Structures of organic fluorophores PF1 and carboxy-PF1. (b) Scheme of peroxynanosensor (PNS) 
imaging. The nanodiamond is excited at 550 nm and emits stable fluorescence around 700 nm enabling 
long-term imaging. (c) Scheme of H2O2 sensing by PNS. The surface bound fluorophores (carboxy-
PF1) are excited at 490 nm. In the absence of H2O2 it is mostly nonfluorescent and becomes highly 
fluorescent (520 nm) upon exposure to H2O2. Credit: Malcolm Purdey.  
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of the zeolite support and a solution of 
rhodium(III) nitrate. After impregna-
tion, the samples were dried in a vac-
uum overnight, and then reduced in a 
mixture of hydrogen and helium at high 
temperatures. “This way we can anchor 
the rhodium as single isolated rhodium 
(I) cation species on the zeolite walls,” 
Flytzani-Stephanopoulos explains. 
Washing then removes unattached rho-
dium nanoparticles. 
 Creating the titanium catalyst in-
volved deposition–precipitation, using 

an aqueous solution of Rh(III) nitrate. 
The desired amount of the rhodium 
solution was added dropwise into 
the titanium dioxide suspension, and 
heated under slightly basic conditions 
for three hours. The solids were then 
filtered and the slurry was exposed to 
UV radiation. “During the irradiation 
process, Rh cations are anchored on 
certain surface sites of the titanium di-
oxide,” and excess rhodium particles 
can be later washed off, Flytzani-
Stephanopoulos says. 

 “Perhaps the most exciting aspect of this 
work is the discovery that the catalytically 
active sites are dispersed rhodium com-
plexes, rather than rhodium nanoparticles, 
as many chemists might have expected,” 
Hermans writes. The study “therefore links 
homogeneous organometallic chemistry—
which typically involves the reactivity of 
individual metal complexes—with solid-
phase (heterogeneous) catalysis, and il-
lustrates the importance of understanding 
catalysts at the atomic scale.”

Doug Main
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of our hybrid system, we eliminated 
photobleaching of the attached fluoro-
phore, thus extending its measurement 
lifetime,” he adds. 
 The researchers evaluated the sensitiv-
ity of PNS to H2O2 by exposing it to the 
oxidant in a pH 7.5 phosphate buffered 
saline at 37°C for 45 min. They found 
that the fluorescence of the nanosensor 
was proportional to the concentration of 
H2O2, while that of NV nanodiamonds 
alone remained unchanged over the same 
concentration range.
 To study the photostability of PNS, M1 
polarized macrophages were used.  These 
are white blood cells that produce high 
levels of reactive oxygen species, includ-
ing H2O2, and are associated with pro-
inflammatory processes. A comparative 
study with the free organic fluorophores 
PF1 and ratio-PF1 was also conducted. 

The experiments confirmed that PNS may 
be imaged by the red NV nanodiamond 
fluorescence in macrophage cells with-
out photobleaching the H2O2 sensing ele-
ment, while the organic fluorophores PF1 
and RPF1 are photobleached by imaging 
only five times in half an hour.
 Capon talks of their surprise, during 
in vitro experiments that aimed at measur-
ing the ability of PNS to sense H2O2 over 
an extended period, when they inadver-
tently added the PNS to the cell culture 
media on day two of the differentiation 
process. “This provided us with the op-
portunity to assess any impact on macro-
phage growth, and we observed that the 
sensor is suitable for use during macro-
phage cell growth and differentiation. I 
think this is an exciting outcome as we 
can study dynamic cell processes with our 
new system,” he says.

 According to Capon, the team believes 
that this technique could be extended to 
other fluorophores. They are also looking 
to optimize the nanodiamond surface at-
tachment into a robust, broadly applicable 
protocol. 
 Mark Hutchinson of the Australian 
Research Council Centre of Excellence for 
Nanoscale BioPhotonics sees this develop-
ment as a game changer in bioassay devel-
opment and validation. “Usually, a probe 
sensor is delivered in excess with the goal 
that a fraction of it reaches the correct cellu-
lar or anatomical compartment for a signal 
to be visualized. If the signal is observed, 
this is a success. However, if the signal is 
not seen, we can’t differentiate between a 
false negative or a true negative result,” he 
says, adding that this technology will allow 
for validation and targeted assessment.  

Eva Karatairi
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