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Sodium dithionite is a widely used reductant in biochemical and industrial applications, yet its intrinsic instability and 
complex redox chemistry continue to pose challenges for mechanistic interpretation. One relatively underexplored aspect 
is its reactivity with nitric oxide (NO•), a small redox-active signalling molecule. While dithionite is commonly employed to 
reduce metal centres in enzymes, its potential interaction with NO• may influence experimental outcomes in aqueous redox 
systems. Here, we show that under anaerobic, near-neutral aqueous conditions, dithionite reacts with NO• leading to the 
formation of azanone (HNO, nitroxyl), the one-electron-reduced and protonated congener of nitric oxide. Formation of HNO 
is supported by direct trapping experiments using Mn(III) porphyrins and by indirect detection of N₂O, a characteristic 
product of HNO dimerization. These findings reveal a previously overlooked route for HNO generation in dithionite-
containing systems and highlight potential artefacts in biochemical experiments involving NO• and strong reductants, 
particularly in studies probing thiol reactivity or metalloprotein function.

Introduction
Sodium dithionite (Na₂S₂O₄) is widely used in industry and 

laboratory chemistry and remains a convenient reductant in 
biochemical research, particularly for accessing reduced states 
of metalloenzymes and enzyme complexes.1,2 In aqueous 
solution, this reductant can act either as the dimer S₂O₄²⁻ or 
through its radical dissociation product SO₂•⁻, which coexist in 
equilibrium (Eq. 1). The presence of the SO₂•⁻ radical in 
dithionite solutions was established by EPR spectroscopy,3 and 
the homolysis is endothermic, with an equilibrium constant that 
increases with temperature (KH ≈ 1.4 × 10⁻⁹ at 298 K).4

S2O4
2― 

kh

k―h
 2SO2

•―     (Eq.1)

The redox behaviour of dithionite solutions is therefore 
strongly dependent on concentration and speciation. Mayhew 
and co-workers rationalized the dithionite/(bi)sulfite redox 
chemistry by considering SO₂•⁻ as the effective reducing species 
and estimated a midpoint redox potential of E′ ≈ −0.66 V for the 
SO₂•⁻/HSO₃⁻ couple at pH 7 and 25 °C, with less negative values 
at higher dithionite concentrations where the dimer 
predominates.5 This chemistry is also closely linked to the 
intrinsic instability of dithionite. In the presence of oxygen, it is 
rapidly oxidized to (bi)sulfite and (bi)sulfate (Eq. 2),6,7 while 
under anaerobic conditions it decomposes to (bi)sulfite and 
thiosulfate (Eq. 3).8

Na2S2O4 + O2 + H2O→NaHSO4 +NaHSO3       (Eq.2)

2Na2S2O4 + H2O→2NaHSO3 +Na2S2O3       (Eq.3)

The kinetics of these processes are highly sensitive to pH, 
temperature, and concentration, as documented in a wide 
range of experimental studies.9–14 Consequently, the reactivity 
of dithionite must be evaluated under the specific conditions 
employed in a given experiment to ensure reliable mechanistic 
interpretation. 
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In biochemical contexts, dithionite is routinely used at 
millimolar concentrations to generate reduced metalloprotein 
states,1,15–17 including numerous nitrosylated heme proteins 
systems in which it is often assumed to be chemically non-
innocent.18–20 However, increasing evidence indicates that this 
reductant can participate directly in side reactions at higher 
concentrations.21 Moreover, dithionite has been used explicitly 
as a scavenger of nitric oxide (NO•).22 Early work by Moore and 
Gibson reported measurable reaction kinetics between 
dithionite and NO•,23 and dithionite has subsequently been 
employed to remove NO• released from proteins such as 
neuroglobin in ligand-exchange and redox studies.24,25 The 
possibility that dithionite directly consumes NO• is also relevant 
in enzymatic systems where NO• is generated in situ. For 
example, in the reduction of nitrite by cystathionine β-synthase 
(CBS), variations in dithionite concentration were shown to 
modify the observed kinetics, consistent with competition 
between CBS-Fe(II) and dithionite for NO• (Eqs. 4-6).26 
Importantly, nitrite itself is not reduced by dithionite,27 
supporting the idea that such effects arise from reactions 
involving NO• rather than upstream nitrite chemistry.

CBS ― Fe(II) + NO2
― + H+ →CBS ― Fe(III) +•CBS + OH―          (Eq.4)

CBS ― Fe(III) + e―→CBS ― Fe(II)                    (Eq.5)

CBS ― Fe(II) + NO•  ↔CBS ― Fe(II)NO•             (Eq.6)

From a redox perspective, reducing or hypoxic 
environments are expected to favour the conversion of NO• 
into more reduced nitrogen species. In this context, the one-
electron reduction and protonation of NO• yields azanone 
(HNO, nitroxyl).28–31 HNO exhibits chemical reactivity that is 
distinct from that of its redox congener NO• and has attracted 
considerable interest.32–41 This molecule is highly unstable, 
precluding storage and necessitating the use of donor 
compounds such as Angeli’s salt.42–44 Recent studies have 
demonstrated that NO• can be converted to HNO by relatively 
mild reductants such as hydrogen sulfide, aromatic alcohols, 
and thiols, including cysteine.45,46 In addition, an innovative 
study demonstrated the endogenous generation of HNO in 
plants, which is achieved through the reduction of NO•.46 Given 
the high reactivity of HNO towards thiols and its potential to 
alter enzymatic function,47–49 the possibility that sodium 
dithionite may directly reduce NO• becomes particularly 
relevant. In this work, we investigate the anaerobic reaction 
between sodium dithionite and NO•, combining kinetic 
measurements, spectroscopic detection, and DFT calculations 
to demonstrate that dithionite converts NO• to HNO under 
aqueous, near-neutral conditions.

Experimental section
Reagents. Sodium hydrosulfite (dithionite) was purchased from 
Sigma-Aldrich. Water-soluble manganese(III) meso-tetrakis(N-
ethylpyridinium-2-yl) porphyrin (Mn(III)TEPyP) was purchased 
from Frontier Scientific (Scheme S1). Trioxodinitrate (Angeli’s 

salt, N₂O₃²⁻) was synthesized according to published 
procedures.42,43 NO• was generated anaerobically according to 
published procedures from NaNO₂, FeSO₄, and NaBr and 
purified by passage through 0.25 M NaOH to remove higher 
nitrogen oxides.50 Milli-Q grade water and high-purity argon 
were used in all experiments. Unless otherwise stated, all 
experiments were performed at 25 °C in 0.1 M phosphate 
buffer, pH = 7.25, containing 10-4 M EDTA to avoid interferences 
or unwanted reactions by Cu(II) or other divalent cations.

Preparation of anaerobic solutions. At 25 °C, the solubility of 
molecular oxygen (O₂) in water is 1.27 mM·atm⁻¹; under 
ambient air (pO₂ ≈ 0.21 atm), this corresponds to an equilibrium 
concentration of approximately 0.26 mM.51

All aqueous solutions were rendered anaerobic by purging with 
high-purity argon for at least 30 min prior to use and were 
handled using gastight syringes and septum-sealed vessels. 
Sodium dithionite solutions were freshly prepared immediately 
before each experiment to minimise decomposition. The solid 
dithionite was degassed by repeated vacuum–argon cycles, 
then dissolved in a previously degassed buffer, and the resulting 
solutions were stored under an inert atmosphere in a Schlenk 
tube. Nitric oxide solutions were prepared by bubbling purified 
NO• gas into degassed water under anaerobic conditions to 
obtain a saturated aqueous solution. The concentration of the 
saturated NO• solution was taken as 1.94 mM at 25 °C, in 
accordance with reported solubility data.52 All kinetic 
measurements were performed under continuous stirring to 
ensure rapid homogenisation after the addition of NO•. Control 
experiments and product analysis did not indicate the 
formation of nitrite or nitrate under the anaerobic conditions 
employed.

Fourier Transform Infrared (FTIR) Spectroscopy 
(Transmission). Gas-phase infrared spectra were recorded in 
transmission using a fixed-volume sealed FTIR gas cell equipped 
with NaCl windows (Thermo Nicolet). The formation of nitrous 
oxide (N₂O) was monitored via its characteristic asymmetric 
stretching band at 2212 cm-1 and 2236 cm-1.53–56 In a typical 
experiment, the reaction between dithionite and NO• was 
carried out in a total volume of 10 ml of solution in 100 ml flasks. 
The dithionite solution was prepared directly in the flasks, for 
which the required amount of solid was weighed and purged by 
emptying/filling cycles with high-purity argon. The solid was 
dissolved with the required volume of the buffer, added with a 
glass syringe. The saturated solution of NO• in H2O was then 
injected and allowed to react for a specified time. 
Although N₂O exhibits significant solubility in water, the large 
headspace-to-solution volume ratio employed in the 
experimental setup (ca. 90 mL gas over 10 mL solution) 
promotes efficient partitioning of N₂O into the gas phase over 
the course of the reaction. As a result, substantial amounts of 
N₂O accumulate in the headspace and can be readily detected 
by infrared spectroscopy.
All spectra were acquired using identical total gas volumes, with 
argon employed as an inert balance when required, ensuring 
comparable pressure conditions and enabling quantitative 
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comparison between experiments. Under this setup, the 
nitrous oxide signals for each injection were compared with a 
calibration curve prepared by injecting samples of N2O 
produced in situ by the decomposition of Angeli's salt. 

Attenuated Total Reflectance Fourier Transform Infrared 
(ATR-FTIR) spectroscopy. The ATR-FTIR spectra for detecting 
the final sulfur product were recorded using a Thermo Nicolet 
8700 FTIR spectrophotometer equipped with a Smart Orbit 
detector and a diamond crystal plate. For each sample, a 
background spectrum was recorded prior to sample deposition, 
after which 50 μL of the solution was applied to the crystal 
surface. All ATR-FTIR measurements were performed under 
aerobic conditions. To identify the final sulfur-containing 
products, the reaction between dithionite and NO• was carried 
out by bubbling NO• gas into an anaerobic 0.2 M dithionite 
solution for 15 min, after which the ATR-FTIR spectrum was 
recorded.

UV-visible spectroscopy. Measurements were recorded using 
an HP/Agilent 8453 spectrophotometer in a 1 cm path length 
quartz cuvette, with the respective buffer solutions used as 
blanks. The inert atmosphere was achieved by applying a flow 
of pure argon inside the cuvette, which was perfectly sealed 
with septa.

Anaerobic degradation of dithionite. The anaerobic 
degradation of 10 mM dithionite was measured following the 
absorption at 315 nm by UV-visible spectroscopy for 6 hours, 
with spectra taken every 15 seconds. These data were analysed 
to calculate the order of reaction and the value of the rate 
constant.

System for the direct detection of HNO by trapping with 
Mn(III)TEPyP porphyrin. HNO reacts readily with Mn(III) 
porphyrins, including Mn(III)TEPyP, to form the corresponding 
nitrosylated Mn-NO complex, which is characterized by a 
pronounced blue shift of the Soret band of approximately 30 
nm.57–59 In contrast, nitric oxide does not react directly with 
Mn(III) porphyrins under these conditions. This selectivity 
makes Mn(III)TEPyP a suitable trapping agent for HNO 
detection. Importantly, the formation of the Mn-NO complex is 
a cumulative process, enabling quantitative detection of HNO 
generated over time even when its instantaneous steady-state 
concentration is low.
However, Mn(III)TEPyP is readily reduced by strong chemical 
reductants to Mn(II), which reacts rapidly with NO• to form the 
same Mn–NO species.59–61 Consequently, when dithionite, NO•, 
and the porphyrin are present in the same solution, direct 
discrimination between NO• and HNO-derived signals becomes 
impossible. To overcome this limitation, HNO generation and 
detection were spatially decoupled by performing the reaction 
between dithionite and NO• in a vessel physically separated 
from the Mn(III)TEPyP solution, followed by transfer of the 
gaseous reaction products to the porphyrin-containing solution 
for UV–visible detection. The experimental configuration used 
for this purpose is shown schematically in Figure 1.

In this setup, NO• was generated anaerobically in part 1 by 
dropwise addition of degassed water to a mixture of NaNO₂, 
FeSO₄, and NaBr. The resulting gas stream was passed through 
an aqueous NaOH solution (part 2) to remove higher nitrogen 
oxides, such as NO₂. The purified gas was then introduced into 
the reaction vessel containing dithionite (part 3), where HNO 
was generated, and finally directed into the Mn(III)TEPyP 
solution (part 4). In this final compartment, HNO was trapped 
cumulatively as the Mn-NO complex and monitored by UV–
visible spectroscopy.
This multicompartmental design decouples HNO generation 
from detection, preventing reductive interference by dithionite 
while enabling cumulative trapping of gaseous HNO prior to 
dimerization.

Fig.1 - Anaerobic multicompartmental system for the detection of 
HNO by trapping with Mn(III) porphyrins. The experimental setup 
consists of four physically separated compartments that decouple HNO 
generation from detection. (1) Nitric oxide (NO•) is generated 
anaerobically from NaNO₂/FeSO₄/NaBr. (2) The gas stream is passed 
through an aqueous NaOH solution (0.25 M) to remove higher nitrogen 
oxides. (3) Purified NO• reacts with sodium dithionite (3.3 mM), leading 
to the formation of reduced nitrogen species. (4) Gaseous products are 
transferred into a Mn(III)TEPyP solution (1 M), where HNO is trapped 
cumulatively as the Mn–NO complex and detected by UV–visible 
spectroscopy.

Computational details. All the geometries presented in this 
work were optimized without any constraints under the Density 
Functional Theory (DFT) formalism using the meta-GGA r2-SCAN 
exchange-correlation density functional with the Ahlrichs’ def2-
TZVPP basis set.62 London dispersion interactions were also 
employed through Grimme’s D4 correction.63 Solvent effects 
were simulated using Truhlar’s Universal Solvation Model 
(SMD).64 This level of theory will be referred to as r2-
SCAN(D4)/Def2-TZVPP(SMD). Frequency calculations were also 
performed under the harmonic oscillator model to ensure that 
the optimized geometries are true minima or a transition state. 
A true minimum is characterized by the absence of imaginary 
frequencies, while one imaginary frequency indicates a 
transition state. All quantum chemical calculations were 
performed using the ORCA 5.0.3 version.65
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Results and discussion
Direct HNO detection. As described in the Materials and 
Methods section, Mn(III) porphyrins such as Mn(III)TEPyP 
selectively react with HNO to form the corresponding Mn–NO 
complex, which accumulates over time and exhibits a 
characteristic blue shift of the Soret band of approximately 30 
nm.57–59 This cumulative trapping behaviour enables the 
detection of low steady-state fluxes of HNO generated in the 
gas phase.
When the gas mixture produced in the multicompartmental 
system shown in Fig. 1 was bubbled into the Mn(III)TEPyP 
solution, a progressive spectral transformation was observed. 
After 40 min of contact with the NO•/N₂ gas stream, an 
isosbestic point was clearly evidenced together with the growth 
of a new Soret band at 434 nm, characteristic of the Mn–NO 
complex (Fig. 2A). The continuous increase of this band over 
time reflects the cumulative formation of the Mn–NO• species 
and confirms the generation of HNO from the reaction between 
dithionite and NO•.
Control experiments were performed to validate the specificity 
of the detection system. In the absence of NO•, achieved by 
bubbling N₂ through the system while omitting the NO• 
generation vessel (Fig. 2B), no formation of the Mn–NO 
complex was observed, even after 120 min of continuous gas 
flow. Similarly, when the dithionite-containing vessel was 
removed and a NO•/N₂ mixture was passed directly through the 
system (Fig. 2C), no spectral changes associated with Mn–NO 
formation were detected. These controls demonstrate that 

both NO• and dithionite are required to generate HNO under 
the experimental conditions employed.

End nitrogen product detection. HNO undergoes dimerization 
to form hyponitrous acid (H₂N₂O₂), which subsequently 
decomposes to nitrous oxide (N₂O) and water. This process 
follows second-order kinetics (k = 8 x 106 M-1s-1), 30 such that the 
rate of N₂O formation depends strongly on the instantaneous 
local concentration of HNO. Consequently, even when the rate 
constant for dimerization is relatively large, the effective rate of 
N₂O formation can be low under conditions where HNO is 
generated slowly, and its steady-state concentration remains 
small. While HNO has signals in the IR range,66,67 it is challenging 
to detect using this technique due to its short lifetime. Because 
N₂O is a gaseous species readily detected by infrared 
spectroscopy, exhibiting a characteristic asymmetric stretching 
band in the 2212–2236 cm⁻¹ region,53–56 it is commonly 
employed as an indirect marker for HNO formation. 53–55 To 
monitor N₂O formation during the reaction between sodium 
dithionite and NO•, the anaerobic reaction was carried out, and 
the amount of N₂O released to the gas phase was quantified 
using an Angeli’s salt calibration. During the reaction between 6 
mM dithionite and 400 μM NO• (4 μmol), the amount of N₂O 
detected in the headspace increases with time following an 
initial induction period (Fig. 2D).

Fig.2 – Direct detection of HNO by cumulative trapping with Mn(III)TEPyP. A) UV–visible spectra of Mn(III)TEPyP recorded at different times 
during bubbling of the NO•/N₂ gas mixture generated in the system shown in Fig. 1, showing the progressive formation of the Mn–NO complex 
with a characteristic Soret band at 434 nm. B) Control experiment in which N₂ was bubbled through the system of Fig. 1 with the NO• 
generation vessel (part 1) omitted. C) Control experiment in which a NO•/N₂ gas mixture was bubbled through the system of Fig. 1 with the 
dithionite-containing vessel (part 3) omitted. D) Formation of N₂O (μmol) as a function of reaction time during the reaction between dithionite 
(6 mM) and NO• (400 μM).
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During the initial ca. 10 min of the experiment, the detected 
N₂O signal remains approximately constant. This induction 
period is attributed to a combination of factors, including the 
second-order dependence of HNO dimerization on its local 
concentration, the partitioning of N₂O between the aqueous 
phase and the gas phase, and the time required for N₂O 
generated in solution to transfer into the headspace. Moreover, 
the delayed formation of N₂O is discussed below in terms of 
intermediate species and competing pathways that are 
consistent with both the experimental kinetic data and the 
computational results.
After this initial period, a steady increase in the amount of N₂O 
detected is observed. Under these conditions, the minimum 
amount of N₂O detected was 1.1 μmol, corresponding to a 
detection limit of 1.6 ppm, while 1.8 μmol of N₂O was detected 
in the headspace after 35 min of reaction. Considering the 
reaction stoichiometry, this observation indicates that 90% of 
the nitrogen initially introduced as NO• is recovered as N₂O, 
identifying N₂O as the dominant nitrogen-containing end 
product detected under these conditions.
While alternative pathways cannot be excluded, the combined 
detection of N₂O as the predominant nitrogen product and the 
kinetic behaviour observed provide independent support for 
the involvement of HNO as a key intermediate in the reaction 
between dithionite and NO•.

End sulfur products detection. The identity of the final sulfur-
containing products formed during the reaction between 
sodium dithionite and NO• was investigated by ATR-FTIR 
spectroscopy. In a first step, reference ATR-FTIR spectra of 
several sulfur species that could plausibly arise from dithionite 
transformation under the experimental conditions were 
recorded (Fig. S1). These reference spectra were subsequently 
compared with that obtained after reaction of dithionite with 
NO•.
The reaction was carried out by passing a flow of freshly 
generated NO• through a 0.2 M aqueous sodium dithionite 
solution for 15 min. The resulting reaction mixture was then 
analysed by ATR-FTIR spectroscopy. Among all sulfur-containing 
species examined, sodium metabisulfite (Na₂S₂O₅) was the only 
compound whose ATR-FTIR spectrum matched that of the 
reaction mixture, with coincident band positions and relative 
intensities (Fig. 3). This spectral agreement identifies sodium 
metabisulfite as a major end sulfur product of the reaction 
between sodium dithionite and NO• under the conditions 
employed. 

Fig.3 - Comparison between the ATR-FTIR spectrum of sodium 
metabisulfite (orange, 0.2 M) and that obtained after reaction of 
sodium dithionite (light blue, 0.2 M) with NO•, showing coincident band 
positions in the characteristic S–O stretching region.

Based on the combined nitrogen and sulfur product analyses, a 
global reaction consistent with the experimental observations 
can be proposed, in which dithionite is converted into 
metabisulfite with concomitant formation of N₂O as the 
nitrogen-containing end product (Eq. 7). The mechanistic 
implications of this transformation are discussed in detail 
below.

Na2S2O4 +2(NO•) →Na2S2O5 + N2O      (Eq.7)

Kinetics of the reaction by UV-visible spectroscopy
As discussed above, dithionite concentration can be 
determined from the UV-visible spectrum (Fig. 4). Taking these 
data into account, the absorbance at 315 nm of a dithionite 
solution was measured every 180 s, from the addition of a 
specific volume of an aqueous solution of NO•. From these 
measurements, kinetic traces describing the decay of dithionite 
concentration upon reaction with NO• were obtained. 
Under conditions where NO• was not present in large excess 
relative to dithionite, the decay of the dithionite concentration 
could be reasonably described by a pseudo-first-order 
behaviour (Fig. 4B,C), with an apparent rate constant of 1.7 × 
10⁻³ s⁻¹ (k′ₕ, Eq. 8). A mechanistic scenario compatible with this 
behaviour involves the slow generation of sulfur-centered 
radical species, such as SO₂•⁻, followed by rapid reaction with 
NO• (Eq. 9, Fig. 5). Since reactions between radical species are 
typically fast and may approach diffusion-controlled limits,68–71 
this behaviour is consistent with pseudo-first-order kinetics 
when NO• is not present in excess. This description, however, 
does not imply that this pathway is exclusive under all 
experimental conditions. For example, under these conditions, 
we disregard the dimerization reaction between the SO2•- 

radical monomers because the SO2•- radicals themselves are 
present at such a low concentration that they would most likely 
react with excess NO•. The rate equations for these reactions 
are:
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S2O4
2― 𝑘h´2SO2

•―           (Eq. 8)

SO2
•― + NO• + H3O+ 𝑘2SO2 +HNO + H2O          (Eq.9)

― d [S2O4
2―]

dt = 𝑘h´[S2O4
2―]           (Eq.10)

d [SO2
•―]

dt = 1
2

𝑘
h´

[S2O4
2―] ―  k2[SO2

•―][NO•]    (Eq.11)

So, if we apply steady state to Eq.11, since the monomer is 
formed by homolysis and is consumed by reaction with NO•, 
and we rearrange,

0 = 1
2

𝑘
h´

[S2O4
2―] ―  𝑘2[SO2

•―][NO•]       (Eq. 12)

𝑘h´[S2O4
2―] =  2k2[SO2

•―][NO•] = v            (Eq. 12´)

As derived from the mechanism, the rate equation is 
compatible with an order 1 in dithionite (Fig. 5). As noted above, 
HNO undergoes dimerization forming H₂N₂O₂ (equation 13), 
which typically decomposes to yield N₂O and H₂O.54

2HNO→𝑐𝑖𝑠 ― H2N2O2→𝑐𝑖𝑠 ― HN2O2
― + H+               (Eq.13)

 In this context, the kinetics results of Fig. 4 are consistent with 
what is observed in Fig. 2D for N2O production. Another 
reaction that could be present in the medium is the reaction 
between HNO and NO• to form the radical HN2O2•, with N2O 
and NO2– as the initial products, ultimately leading to the final 
products. However, no formation of NO₂⁻ was detected by ion 

exchange chromatography under the experimental conditions 
employed, indicating that this pathway is unlikely to contribute 
significantly under these conditions. It is important to remark 
that the planar intermediate H₂N₂O₂ exhibits two isomers, 
designated as cis-ON(H)N(H)O and trans-ON(H)N(H)O, due to a 
specific double bond character between the nitrogen atoms. 
Once the dimer is formed, cis-trans isomerization becomes 
kinetically prohibited. However, the formation of the N2O 
product occurs via two primary pathways involving cis-
hyponitrous acid and its conjugate base. Furthermore, under 
aqueous, near-neutral conditions, there is a clear preference for 
the anionic pathway.72

In contrast, when NO• was added in excess with respect to 
dithionite, the kinetic behaviour changed markedly. In this case, 
attempts to fit the initial portion of the kinetic traces using 
simple linear or exponential models were unsuccessful, even 
within the first seconds after the reaction started (Fig. S2 and 
Fig. S3). This behaviour indicates that the reaction cannot be 
adequately described by a single elementary rate law (zero-, 
first-, or second-order) when the relative concentrations of the 
reactants change. These observations are consistent with the 
involvement of multiple, rapidly interconverting nitrogen- and 
sulfur-centered intermediates, whose relative contributions 
depend on the experimental conditions. Accordingly, a more 
detailed and phenomenological treatment of the kinetic data 
was required (see SI Fig. S4–11). 

Fig.4 - A) UV-visible absorbance spectra of 56 µM dithionite at different times after addition of a 100 µM anaerobic NO• solution. B) The decay of the 
dithionite concentration due to its reaction with NO•. C) The natural logarithm of the dithionite concentration over time. UV–visible spectra were 
continuously acquired at 5 s intervals over the entire reaction time; for visual clarity, only representative points are displayed in the plots.
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Fig. 5. Proposed mechanism. These results are interpreted in terms of 
a reaction network of chemically compatible pathways rather than a 

single, strictly sequential mechanism. See also Fig. S6

In addition, the equilibrium constant (KH) was estimated by 
computational analysis with dimer and monomer alone or in the 
presence of Na+, K+, and Ca2+. Although the equilibrium constant 
(KH) was slightly lower in the presence of the cations, there were 
no significant differences between them, the error being within 
1% for all.
Moreover, the Solvent Kinetic Isotope Effect (SKIEs) was 
analysed (see SI for a detailed discussion). Although the kinetics 
observed when D2O was used instead of H2O showed that the 
effective rate of dithionite consumption by NO• was 
accelerated due to the solvent change (kH2O/kD2O ≈ 0.60, see Fig. 
6), the concentrations of the protonated species present are 
very low at the pH of the experiments. However, the SO2•- 
radical could interact more strongly with D2O since the 
deuterium bridging (with D2O) is stronger than its H2O 
counterpart. Consequently, the intermediate stabilizes, which 
results in an increase in the net reaction rate (k1). 
In addition, N₂O formation also showed an inverse isotope 
effect, with a similar ratio (H₂O/D₂O ≈ 0.62 at 30 minutes, Fig. 
S12A). While isotopic substitution in HNO itself could, in 
principle, influence downstream chemistry, calculations 
comparing the dimerization of HNO vs DNO suggest only a 
minor energetic difference (Fig. S12B). Taken together, these 
observations suggest that the dominant origin of the inverse 
isotope effect lies in the initial stages of the mechanism and is 
then propagated to the final N₂O readout. This interpretation is 
consistent with the rate-controlling step identified by the 
kinetic analysis (Eq. 12/12′), while HNO dimerization is expected 
to be fast under the conditions employed.

Fig.6 - D2O vs H2O experiments. A) [Dithionite] vs. time after mixing 100 
µM of NO• with 118 μM of dithionite under anaerobic conditions using 
H2O (orange) or D2O (blue) as solvent. 

One important aspect to consider is the reaction between 
dithionite and O2.71,73–75 Although all the experiments were 
carried out in a strictly anaerobic manner, traces of this gas may 
remain in the system, so the possibility that this reaction is 
present should be analysed. This is a very fast reaction, leading 
to the rate-limiting step being the dissociation of the dithionite 
(Eq.1).6,7 If the UV-visible spectrum of an anaerobic solution of 
dithionite is analysed at the moment when oxygenated H2O is 
added, an instantaneous disappearance of the band 
corresponding to the absorption maximum of dithionite at 315 
nm is observed. The solubility of O₂ in water is 1.46 mM at 0 °C, 
1.27 mM at 25 °C, and approximately 1.09 mM at 35 °C, 
corresponding to slightly more than 50 % of the solubility of 
NO• (1.94 mM).51,76 However, O₂ solubility scales with its molar 
fraction in the gas phase. Under normal atmospheric conditions 
(pO₂ = 0.21 atm), the effective solubility is reduced to 
approximately 0.25 mM. Although NO• is diluted by adding it to 
the dithionite solution, O2 is also diluted. For this reason and 
considering the strict anaerobic conditions used in the 
experiments, the reaction between dithionite and oxygen was 
not included in the kinetic analysis.
Finally, analysis does not include the decomposition of 
dithionite per se, since the rate at which it occurs is negligible 
compared to the rate at which it reacts with NO. The anaerobic 
decomposition kinetics of dithionite were measured at a pH of 
7.25 and room temperature (Fig. S13 and Fig. S14). The data are 
consistent with a second-order reaction, with a rate constant of 
22.92 M–1 min-1. Although it is not possible to directly compare 
this data with those reported in the bibliography, due to the 
variability of the experimental conditions (concentration, 
temperature, and pH), in general, there is an agreement that 
the reaction is slow at pH levels above 6 and at low dithionite 
concentrations. 13 Consistent with this behaviour, deviations 
from the general kinetic trends were observed under conditions 
of extreme pH values and low dithionite concentrations. 
However, as the reaction rate under these conditions is 
significantly reduced, these effects were considered negligible 
in the general analysis of the reaction between dithionite and 
NO•.
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Computational Results
To evaluate the thermodynamic and kinetic feasibility of 
chemically compatible reaction pathways within the network 
shown in Fig. 5, a computational analysis was performed at the 
r²-SCAN(D4)/def2-TZVPP(SMD) level of theory.
As discussed above, dithionite in solution undergoes reversible 
homolysis, leading to the formation of sulfur-centered radical 
species such as SO₂•⁻, with an equilibrium constant of 1.4 × 
10⁻⁹. Accordingly, HNO generation can be explored by 
considering reactions involving SO₂•⁻ and NO•. Accordingly, we 
investigated a representative pathway for HNO formation in the 
presence of a Zundel ion (H₅O₂⁺), which provides a model for 
proton-assisted processes in aqueous solution. The 
corresponding reaction energy profile is shown in Fig. 7.

Fig. 7. Reaction Free Gibbs Energy (in kcal mol⁻¹) and optimized geometries 
for reactants (Reac), transition state (TS), and products (Prod) for the reaction 
SO₂•⁻ + NO• + H₅O₂⁺ → HNO + 2H₂O + SO₂  at the r²-SCAN(D4)/def2-
TZVPP(SMD) level of theory: with the inclusion of the Zundel ion (upper 
panel); in the absence of explicit proton assistance (lower panel). In the 
absence of the H+, the products are HNO + H2O + HSO3

-

As shown in Fig. 7, inclusion of the Zundel ion markedly lowers the 
activation barrier, from 21.35 kcal mol⁻¹ in the absence of explicit 
proton assistance to 0.46 kcal mol⁻¹. In addition, the products of this 
reaction are stabilized by 7.68 kcal mol⁻¹ relative to the reactants in 
terms of standard Gibbs free energy. These results highlight the 
potential role of proton-assisted pathways in facilitating HNO 
formation within the broader reaction network depicted in Fig. 5.

Finally, to further rationalize the lag phase observed in N₂O 
formation (Fig. 2D), the interaction between NO• and SO₂•⁻ was 
examined along the N–S coordinate. The one-dimensional electronic 
energy profile reveals a stabilization of approximately 15 kcal·mol⁻¹ 
as the two species approach each other from 3.0 to 2.1 Å (Fig. SI15). 
Such stabilization supports the formation of a relatively persistent 
intermediate species, which can act as a transient reservoir for 
nitrogen-containing intermediates. In this scenario, although 
dithionite consumption may proceed rapidly, the buildup of free 
HNO in solution is kinetically delayed, providing a mechanistic basis 
for the induction period observed experimentally. 
Moreover, to further evaluate the role of protonation in triggering 
HNO release, we examined the protonated SO₂NO⁻·2H₂O adduct 
using a Zundel-type species. The corresponding transition state 
exhibits a single imaginary frequency (i286.48 cm⁻¹), whose 
associated displacement vectors do not lead toward HNO formation 
(Fig. SI16), but rather indicate structural reorganization within the 
SO₂NO⁻·2H₂O adduct. These results suggest that protonation of the 
intermediate does not directly promote HNO release, but instead 
contributes to its stabilization, reinforcing its role as a kinetic “delay 
agent” in the reaction pathway. Additionally, the possibility of partial 
reversibility in the early stages of the reaction cannot be excluded, 
which would further contribute to maintaining low effective 
concentrations of HNO during the initial phase. 
Overall, the computational results support a mechanism in which the 
formation and stabilization of NO–SO₂-derived intermediates delays 
HNO release, and together with gas–liquid partitioning and 
equilibration of N₂O, accounts for the lag phase observed in the 
headspace N₂O signal. 

Conclusions
In this work, we demonstrate that under anaerobic aqueous 
conditions at near-neutral pH, the reaction between sodium 
dithionite and NO• leads to the formation of HNO, which is 
subsequently converted into N₂O as the dominant nitrogen-
containing end product. Both HNO and N₂O were experimentally 
detected, and product analysis indicates that more than 90% of the 
initial NO• is ultimately recovered as N₂O. These observations place 
dithionite-mediated NO• reduction within the broader redox 
landscape in which nitric oxide can access reduced nitrogen species, 
extending previous studies that focused mainly on comparatively 
mild reductants.
The extent and nature of NO• reduction were found to depend 
strongly on the relative concentrations of dithionite and NO•. Rather 
than converging to a single mechanistic pathway, the combined 
kinetic, spectroscopic, and computational results support a dynamic 
reaction network in which multiple nitrogen- and sulfur-centered 
species coexist and interconvert. Within this framework, HNO 
emerges as a chemically plausible and experimentally supported 
transient intermediate, without implying that it represents the sole 
reduced form of nitric oxide in the system. Direct reactions between 
sulfur-centered radical species and NO• may operate concurrently 
with proton-assisted and redox-coupled pathways, highlighting the 
intrinsic complexity of the chemistry involved.
Finally, given the high reactivity of HNO towards thiols and related 
functional groups, these findings have important implications for 
biochemical and enzymatic studies employing dithionite as a 
reductant. Unintended HNO formation may lead to modification or 
inhibition of thiol-containing enzymes, and such effects should be 
taken into consideration when interpreting experiments involving 
dithionite and nitric oxide under anaerobic or low-oxygen conditions.
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The data supporting the findings of this study are available within the article and 
its Supplementary Information (SI). Additional data are available from the 
corresponding authors upon request. References77–84 are cited in the SI.
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