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Fluorometric determination of nitrite through its catalytic effect
on the oxidation of iodide and subsequent etching of gold
nanoclusters by free iodine
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Abstract
Amethod for sensitive detection of nitrite is presented. It is found that the red fluorescence of gold nanoclusters (with excitation/
emission maxima at 365/635 nm) is quenched by traces of iodine via etching. Free iodide is formed by oxidation of iodide by
bromate anion under the catalytic effect of nitrite. This catalytic process provides a sensitive means for nitrite detection. Under the
optimal conditions, fluorescence linearly dropos in the 10 nM to 0.8 μM nitrite concentration range. The limit of detection is
1.1 nM. This is a few orders of magnitude lower than the maximum concentration allowed by authorities.
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Introduction

In biology, nitrite plays an important role in the generation of
nitric oxide (NO) and other bioactive nitrogen oxides that are
crucial for blood flow regulation, cell signaling and responses
to hypoxia [1]. In food industry, nitrite is capable of inhibiting
the growth of some bacteria, as well as giving meat an attrac-
tive color [2, 3]. However, blood red cells are combined with
nitrite, which results in a decreased ability of carrying oxygen.
Intake of unusually high amount of nitrite will lead to methe-
moglobinemia, with related symptoms like blood pressure de-
crease, heart rate increase, and even death in some cases [4].
Recent studies also show that under acidic conditions (e.g. as
in gastric juice), this species can be converted into N-nitroso

compounds related to cancer, and thus is listed as “probably
carcinogenic to human” by the World Health Organization
(WHO) [5, 6]. Strict regulations should be observed in the
applications of this species in food industry and other fields.
Monitoring of nitrite is usually performed with ion chroma-
tography [7], photometry [8], fluorescence [9], electrochem-
istry [10], etc. In these detection schemes, sensitivity or selec-
tivity is sometimes a problem, and usually complicated pro-
cesses or instrumentations are required. Therefore, further de-
velopment of detections with higher performances would be
great interest in the field of analysis.

Fluorescent measurements are now among the schemes
providing the highest sensitivity. For their advantageous char-
acteristics such as high luminescence, good stability and com-
patibility, nano-sized materials are frequently adopted in the
fluorescent analyses [11]. Gold nanoclusters (AuNCs) are a
type of ultra-small entities, and metallic cores comprise limit-
ed number (a few to tens) of gold atoms. Some of these
AuNCs are highly luminescent under suitable radiations, and
thus are applied in the construction of various fluorescence
probes. Most of these detection methods are based on direct
interaction of the targets with the AuNCs, such as those from
copper ion, hydrogen peroxide, mercury, etc. [12, 13]. These
interactions provide one-to-one signal from the processes, and
usually limited sensitivities are rendered [14].

Instead of one-to-one scheme, a popular strategy in analy-
sis is based on catalysis. The introduction of a catalyst brings
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in multiple responses and usually much improved sensitivity
can be obtained [15]. In this work, nitrite ion itself was found
capable of catalyzing an oxidation reaction, and this property
was coupled to the characteristic of the gold nanoclusters. Due
to the cycling of nitrite in the catalytic process, a fluorescent
kinetic assay was developed for nitrite measurement. This
scheme rendered a limit of detection down to the nanomolar
level.

Materials and methods

Chemicals and materials

Chloroauric acid tetrahydrate (HAuCl4•4H2O), potassium
bromate (KBrO3), sodium nitrite (NaNO2) and potassium io-
dide (KI) were purchased from Sinopharm Chemical Reagent
Co., (Shanghai, China http://www.shreagent.com/). Bovine
serum albumin (BSA) was from Suzhou Yacoo Chemical
Co., (Suzhou, China http://www.yacoo.com.cn/). All other
chemicals were of analytical grade and used as received.
Double-distilled water was used throughout the procedure.

Instruments and apparatuses

Fluorescence signals were obtained on an F-2500
fluorospectrophotometer (Hitachi, Japan http://www.hitachi.
com/) with a xenon lamp excitation. The slit widths of both
excitation and emission were kept at 10 nm and 20 nm
respectively, and a bias voltage of 700 V was applied onto
the photomultiplier tube (PMT). Ultraviolet-visible absorption
spectra were measured with a TU-1900 UV–vis spectropho-
tometer (PGeneral Instruments, China, http://www.pgeneral.
com/). Microscopic images of the nanoclusters were taken
under a Tecnai G220 transmission electron microscope
(TEM, 200 kV) (FEI, Unites States, http://www.fei.com/).
Dynamic Light Scattering spectrum was measured with a
BI-200SM laser light scattering spectrometer (DLS, 22 mW)
( B r o o k h a v e n , U n i t e s S t a t e s , h t t p s : / / www.
brookhaveninstruments.com/).

Synthesis of the nanoclusters

Gold nanoclusters were synthesized with a one-pot reduction
[16]. In this process, the protein BSA functioned as both the
reducing agent and the stabilizer (the detailed description of
the synthesis was provided in the Electronic Supporting
Material (ESM)).

Fluorescence detections

All detections were performed under room temperature. The
gold nanoclusters synthesized above were first diluted 30-fold

with double-distilled water. In 1.5 mL centrifuge tubes,
100 μL nitrite samples at various concentrations were respec-
tively mixed with both 120 μL sulfuric acid (0.01 mol·L−1)
and 50 μL potassium bromate (0.01 mol·L−1). Then 150 μL
iodide (0.01 mol·L−1) was added into the tubes, and the mix-
tures were diluted to 1 mL with double-distilled water. After
60 min incubation, an aliquot of 100 μL of the diluted AuNCs
was then added to the mixtures. After another 15 min incuba-
tion, the mixtures were taken for related fluorescence mea-
surements, and fluorescent intensities at 635 nm were collect-
ed under the 365 nm excitation.

Results and discussions

Gold nanoclusters and its direct responses
toward nitrite

Among the nano-sized fluorescence probes, gold nanoclusters
can be conveniently synthesized through a one-pot process
[16]. Under an alkaline condition, BSA reduced trivalent gold
into atoms, while at the same time this protein stabilized the
so-formed metallic core. From the transmission electron mi-
croscope image (Fig. S1)and the dynamic light scattering
spectrum (Fig. S2), these nanoclusters were found with diam-
eter around 2.5 nm. In the UV-vis spectra as compared with
bare BSA, a new absorption peak showed up around 365 nm
(Fig. S3). Once excited, emissions were found with maxima at
440 and 635 nm respectively.

This kind of nanocluster has been intensively reported for
sensing various targets, from small ions to large biomolecules
as proteins and DNAs [17, 18]. The most popular route for
these detection methods are based on the interaction between
the targets and the nanoclusters. Reactions with either the
metallic cores or the stabilizers often lead to fluorescence
spectrum change (increase, decrease in the intensities or the
peak shift), and the changes are applied in the subsequent
quantification of the analyte. Some reported showed that ni-
trite ion directly quenched the AuNC fluorescence [19], how-
ever, for the AuNCs here, such kind of response was not
observed: upon applying a nitrite sample with relatively high
concentration onto our nanoclusters, no obvious fluorescence
change was found (Fig. S4).

Detection of nitrite through catalysis

Instead of direct interaction, catalytic reactions are promising
by virtue of bringing in multiple responses and amplified sig-
nals. One example is ELISA (enzyme linked immunosorbent
assay) for immunoassays: the incorporation of an enzyme
through the antibody-antigen reaction allows for further catal-
ysis of the substrate and generation of amplified signals. In
order to construct a similar design, it was better to make nitrite
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function as the catalyst for some specific reactions. For the
target reaction to be catalyzed, the iodide-to-iodine conversion
(I−→ I2) was a good candidate. This redox couple (I2 +
2e−↔2I− Eo = 0.54 V) comes with a good reversibility and
has been widely applied in analytical chemistry (iodimetry
and iodometry). Our previous results showed that the BSA-
AuNC fluorescence is not affected by iodide, but iodine com-
bines with iodide and formed a powerful etchant (I3

−/I−) to-
ward gold atoms (inside the metallic core of the AuNCs). This
etching comes from the oxidative property of iodine together
with the strong binding from iodide as a ligand [15]. Because
of the high dependency of the nanoclusters’ fluorescence on
their metallic cores, this etching brings abouta significant fluo-
rescence quenching [16]. This kind of response provides a
sensitive means for iodine detection, and has been applied in
related substance measurement. If nitrite catalyzes this kind of
reaction, an amplified response might be achieved with an

improved sensitivity. From some other reports, similar cataly-
sis did happen with nitrite [20]. For the desired iodide-to-
iodine conversion, an oxidant was required. Different candi-
dates were tested, and bromate (BrO3

−) was found suitable
[21, 22]. Neither bromate or iodide were found with signifi-
cant influence on the AuNC fluorescence (Fig. S5). Before
applying onto gold nanoclusters, iodide-bromate solutions
with and without nitrite were compared. After 60 min incuba-
tion, the one with nitrite gave a pale brown color (from the
elemental iodine generated), while the one without nitrite did
not (figure not shown). The production of iodine was also
visualized with the subsequent dark-blue color through an
introduction of starch (Fig. S6). This large difference came
from the rather limited reaction rate between bromate and
iodide under the experimental condition, as well as the catal-
ysis from nitrite. Because of the small amount of nitrite added
(10 μM, while both iodide and bromate were at mM level), it
indicated that a sensitive detection was possible through this
strategy.

In this reaction, bromate functioned as the oxidizing agent
toward iodide, (Br2 + 2e−→ 2Br− Eo = 1.08 V), and iodine
(I2) was generated with a total reaction as:

BrO−
3 þ 6I− þ 6Hþ→Br− þ 3I2 þ 3H2O

Under the strong oxidant bromate, nitrite ion was first ox-
idized into nitrate [23]:

3NO−
2 þ BrO−

3→3NO−
3 þ Br−

BrO−
3 þ 5Br− þ 6Hþ→3Br2 þ 3H2O

The subsequent oxidation of iodide generated the iodine
required for the nanocluster etching, while nitrate was reverted
into nitrite through the reduction from iodide:

Br2 þ 2I−→2Br− þ I2
NO−

3 þ 2I− þ 2Hþ→NO−
2 þ I2 þ 5H2O

Scheme 1 Illustration of the nitrite detection.

Fig. 1 Fluorescence spectra of the gold nanoclusters without (a) and with
1 μMNO2

− (b). 0.5 mM KBrO3 and 1.0 mM KI in 1.2 mM H2SO4 were
first incubated with/without nitrite for 60 min. The mixtures were then
applied onto AuNCs for 30 min incubation. The fluorescence responses
were obtained with 365 nm excitation
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During such a kind of process, nitrite ions accelerated the
oxidation of iodide into iodine.

For the catalytic property of nitrite in the above iodine
generation process, it was possible to construct a method for
nitrite detection (Scheme 1). In this design, with excessive
reactants (bromate and iodide), nitrite recycled for a continu-
ous production of iodine, and the further interaction with
AuNCs would bring in quenching as the fluorescence signal.

Upon applying bromate-iodide samples with and without
nitrite onto gold nanoclusters respectively, an obvious differ-
ence occurred between the fluorescence spectra of related
nanoclusters. As compared the one where nitrite was absent,
the one with nitrite rendered a much enhanced fluorescence

quenching (Fig. 1). This large difference was further taken for
nitrite analysis.

Optimization of the experimental conditions

The following parameters were optimized: (a) Kind of acid;
(b) concentration of sulfuric acid; (c) concentration of iodide;
(d) concentration of potassium bromate; (e) catalytic time and
incubation time. Respective text and Figures on optimizations
are given in the Electronic Supporting Material (FigS7-S11).
In short, the following experimental conditions were found to
give best results: (a) Best acid: sulfuric acid; (b) Best surfuric
acid concentration: 1.2 mM; (c) Best iodide concentration:

Fig. 2 a Fluorescence responses
to NO2

− samples at different
concentrations (from a to h: 0, 10,
20, 50, 80, 300, 500, 800 nM
NO2

−). b The Stern-Volmer plot
of the fluorescence quenching.
Nitrite samples were first incu-
bated with 0.5 mM KBrO3 and
1.5 mM KI under 1.2 mM H2SO4

for 60 min, and then the produced
mixtures were applied onto
AuNCs for 15 min incubation.
The fluorescence responses were
obtained with 365 nm excitation

Table 1 Analytical performances
of different detection schemes Detection material Linear range Limit of detection Reference

Electrochemistry

CaFe2O4(CFO) clusters 0.016–1921 mM 6.6 nM [24]

NiHCF/PDAP 0.1–130 μM 0.0151 μM [25]

AuCuNCNs 0.01–4.0 mM 0.2 μM [26]

Spectrophotometry

Ru(npy)([9]aneS3)(CO)](ClO4) 1–840 μM 0.39 μM [27]

Fluorimetry

N-CQDs 0.2–20 μM 40 nM [28]

N-CNDs 0–1.0 mM 1.0 μM. [29]

PEI-CdS QDs 0.1–100 μM 65 μM [30]

PA 0.1–10 μM 43 nM [31]

CQDs 10–400 μM 0.48 μM [32]

DAFFM DA 0.5–1.5 μM 33 nM [33]

BSA-AuNCs 10–800 nM 1.1 nM This work
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1.5 mM; (d) Best potassium bromate concentration: 0.5 mM;
(e) Best catalytic time and incubation time: 60 min, 15 min.

Analytical performances

Nitrite samples at different concentrations weremeasuredwith
the developed method (Fig. 2a). Through related Stern-
Volmer plot, the quenching efficiency is found linear to the
NO2

−concentration from 10 nM to 0.8 μM, the linear regres-
sion formula is F0/F = 1.09085 + 0.00154 [NO2

−] (where F
and F0 were the fluorescence intensities in the absence and
presence of nitrite respectively) with a correlation coefficient
R2 = 0.9961 (Fig. 2b). The limit of detection (LOD) of the
method is estimated to be 1.1 nmol·L−1 (LOD= 3σb/b, where
σb is the standard deviation of the blank samples and b is the
slope of the Stern-Volmer plot). This value is a few orders of
magnitude lower than the maximum contaminant levels in
drinking water regulated by U.S. Environmental Protection
Agency (EPA) (1 mg·L−1 as N, approximately 70 μM of ni-
trite). Also, this performance is among the best from previous
reports (Table 1) [24–33]. To test the reproducibility of the
detection, seven replicate measurements of a NO2

− sample at
10 nMwere performed. The relative standard deviation (RSD)

from the result (1.49%) indicates an excellent repeatability of
the detection scheme.

To verify the specificity, species with similar structures and
possible coexisting ones were tested along with nitrite.
Among these, ferric ion is the only one that bring in some
minor influence at even much higher concentration
(1.0 μM), which was a reasonable due to its oxidative prop-
erty. All other species show no obvious interference (Fig. 3).
This kind of excellent selectivity might be attributed to the
unique catalysis from nitrite during the process.

Analysis of water samples

To demonstrate the applicability of the developed method,
water samples from different sources were analyzed. Tap wa-
ter was provided bythe water supply pipeline, lake water was
collected fromDushuhu Lake (Suzhou, China), and rain water
was from rainfall. All these samples were filteredusing
0.22 μm filter, diluted with the double-distilled water. Then
200 μL of the processed practical samples were taken and
analyzed according to the previous procedure. A recovery
study was performed by adding a nitrite standard into the
samples and measuring these with the same procedure.
Satisfactory recoveries within the range from 96.5% to

Fig. 3 Fluorescence quenching from different species. The concentration
of NO2

− was 100 nM, while that of Cl−, Na+, CO3
2−, Br−, CH3COO

−,
HPO4

2−, H2PO4
−, NO3

−, K+, Mn2+, Mg2+, Co2+, ascorbic acid (AA) and
uric acids (UA) were 10 μM, Zn2+ and Ca2+ were 2 μM, Fe3+ and Cu2+

were 1 μM. Samples were first incubated with 0.5 mM KBrO3 and

1.5 mM KI under 1.2 mM H2SO4 for 60 min, and then the produced
mixtures were applied onto AuNCs for 15 min incubation. All fluores-
cence responses were obtained with 365 nm excitation and collected at
635 nm

Table 2 Results of the analyses of different water samples

Sample NO2
− detected/μM Standard added/ μM Standard detected/ μM Recovery/% Spectrophotometry/μM

Lake water 3.24 ± 0.29 1.00 1.04 104.0 3.47 ± 0.25

Rain water 0.514 ± 0.041 0.200 0.193 96.5 0.484 ± 0.037

Tap water 1.94 ± 0.17 0.600 0.587 97.8 2.10 ± 0.15

Microchim Acta (2019) 186: 619 Page 5 of 7 619



104.0% were obtained (Table 2). To further validate the reli-
ability of the results, a reference spectrophotometric method
was applied for the same samples [34] (detailed steps provided
in the Electronic Supporting Material). The results obtained
by the method are found in good accordance with those from
the reference method (Table 2). Also an analysis on nitrite
water for seasoning meat was also found satisfactory
(Table S1). All these data indicate a high reliability and po-
tential applicability of this method.

Conclusions

The catalytic property from nitrite was combined with the
property of gold nanoclusters, and a sensitive means for nitrite
detection was developed. Because of the catalysis from the
analyte involved in the scheme, both high sensitivity and good
selectivity were obtained. The practical applicability of this
method was validated through successful detection of real
samples. The studies have demonstrated that this method has
a good potential for further practical applications.
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