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ABSTRACT: Pulse radiolysis with a custom multichannel detection system has been used to measure
the kinetics of the radiation chemistry reactions of aqueous solutions of chromium(VI) to 325 °C for
the first time. Kinetic traces were measured simultaneously over a range of wavelengths and fit to obtain
the associated high-temperature rate coefficients and Arrhenius parameters for the reactions of Cr(VI) +
eaq−, Cr(VI) + H•, and Cr(V) + •OH. These kinetic parameters can be used to predict the behavior of
toxic Cr(VI) in models of aqueous systems for applications in nuclear technology, industrial wastewater
treatment, and chemical dosimetry.

1. INTRODUCTION
Understanding the ionizing radiation-induced speciation of
chromium ions in aqueous solution over a range of
temperatures is useful for several applications. First, chromium
is found in the coolant systems of industrial processes as it is a
corrosion product and primary leachate from various metal
alloys, including stainless steels.1 Aqueous chromates found in
industrial wastewaters are highly mobile, and the Cr(VI)
oxidation state is very toxic, making it a significant environ-
mental concern.1 In particular, in nuclear technologies,
circulating coolant systems experience intense, multicompo-
nent radiation fields and temperatures up to 315 °C.2
Understanding the speciation of chromates under extreme
conditions is essential for operating these systems and safely
disposing of their waste products. Ionizing radiation has also
been proposed as an efficient method to reduce toxic Cr(VI)
to less harmful and less soluble Cr(III) prior to its release into
the environment,3,4 but more data and accurate models of
these radiation chemistry reactions are required before this
procedure can be efficiently implemented. In addition,
potassium dichromate systems have been considered for use
as chemical dosimeters because changes in absorbed dose, dose
rate, and the amount of oxygen during irradiation present little
effect on the observed reduction yield, and thus, the dosimeter
has a stable response.5−8 In order to use potassium dichromate
as a benchmark system, however, the radiation-induced
behavior of aqueous chromium ions must be well understood
and studied over a variety of experimental conditions.
When a dilute aqueous solution interacts with ionizing

radiation, the radiolysis of the water solvent produces a suite of
highly reactive oxidizing and reducing species:
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where the coefficients represent the room-temperature escape
yields (G values) of the species in units of molecules/100 eV.9

The reactive species from water radiolysis can undergo
subsequent reactions with many of the aqueous solution
matrix chemicals present to generate secondary radiolysis
products,10 or they can react with any nearby solutes, such as
aqueous chromium ions. Chromium ions are present in dilute
aqueous solutions of Cr(VI) in the form of chromic acid:11−14

+ = °+F KH CrO HCrO H , p 1.0 to 1.6 at 25 C2 4 4 1a
(2)

+ = °+F KHCrO CrO H , p 6.472 at 25 C4 4
2

2a (3)

where the ionization constants and their temperature and ionic
strength dependencies can be derived from fits to thermody-
namic data.11,12,14−18 The polynuclear dimeric dichromate ion,
Cr2O7

2−, also exists at higher concentrations than those studied
in this work, and it becomes the dominant form of Cr(VI)
below pH 5 at [Cr(VI)] > 7 mM.11,14 Some reactions between
the radiolysis products of water and these chromium ions have
been studied in the past,5−7,19−26 but the pH and exact Cr
speciation in these solutions are rarely reported, and the
temperature dependance of the reported rate coefficients are
largely unknown. In addition, most of the literature does not
specify the uncertainties or any ionic strength corrections that
may have been employed, making comparison of these values
difficult. In the present study, we use pulse electron radiolysis
up to 325 °C to measure the rate coefficients and Arrhenius
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parameters for major reactions essential for understanding and
modeling the behavior of aqueous Cr(VI) under irradiation.

2. EXPERIMENTAL SECTION
K2Cr2O7 (ReagentPlus, >99.5%), HClO4 (70%, 99.999% trace
metal basis), and methanol (>99%) were purchased from
Millipore Sigma. KSCN (98%) was purchased from Alfa Aesar.
Standard 1 M NaOH solution was obtained from LabChem.
All chromium solution concentrations were determined using
UV−visible spectroscopy at λ = 350 nm with an acidic Cr(VI)
extinction coefficient: ε = 1485 ± 5 M−1 cm−1, measured in
this work. All solutions were prepared using deionized water
with 18 MΩ cm resistivity and <10 ppb total organic carbon
obtained from a Serv-A-Pure Co. cartridge system.
Time-resolved electron pulse radiolysis experiments were

performed at the Notre Dame Radiation Laboratory (NDRL)
using nanosecond electron pulses from an 8 MeV linear
accelerator (LINAC). The transient absorptions of different
species were followed for the various chemical reactions
studied using a multichannel detection system.27 A 1000 W
xenon lamp probe light is dispersed via an Acton SP2300 f/3.9
30 cm imaging spectrograph onto an array of twenty-four 50
cm length UV-transmitting fiber optic bundles. The bundles
each terminate in a photodiode directly coupled to a two-stage
operational amplifier assembly connected to digital oscillo-
scopes for data collection. This bespoke setup allows for
simultaneous measurement of a full spectrum with resolutions
of approximately 6, 12, or 24 nm per channel depending on the
grating selected. This work used the grating with 12 nm per
channel resolution over the wavelength range of ∼250−550
nm.
The transient absorption measurements were made using

two different optical cells. The experiments were performed up
to 325 °C using a custom-built high-temperature high-pressure
titanium cell with sapphire windows and an effective optical
pathlength of 2.0 cm, similar to the Hastelloy cell described
previously.28 The decay of the eaq− at 25 °C in pure, deaerated
water at 720 nm was used as a dosimeter for this cell. Two
high-pressure ISCO 260D syringe pumps (Teledyne Isco Inc.)
were used to set the experimental pressure to 19.5 ± 0.3 MPa.
One pump was filled with a Cr stock solution and the other
with water at an equivalent pH such that the solutions could be
mixed in an appropriate ratio at a tee connection and supplied
to the cell. The mixed solutions were flowed through a
preheater coil, into the heated titanium cell located at the end
of the electron beamline and out to waste via a backpressure
regulator. The Cr(VI) + H• at pH 1.1 kinetic study was
performed up to 70 °C at atmospheric pressure in a fused silica
cell with an optical pathlength of 1 cm. Solutions entering this
cell were heated by flowing through a preheater which
consisted of a glass coil containing a circulating heated mixture
of glycol and water from a temperature bath. The thiocyanate
dosimeter was used to determine the absorbed dose in the
glass cell (λmax = 475 nm; Gε = 5.2 × 10−4 m2 J−1).7 The
following solution conditions were used to isolate specific
radical species for study:

• Hydrated electron (eaq−). Direct transient decay kinetics
of eaq− were observed at 532 nm using N2- or Ar-
saturated aqueous solutions with pH adjusted by
concentrated HClO4 or NaOH.

• Hydrogen atom (H•). The bleach kinetics of Cr(VI)
were monitored at 348 nm in N2-saturated aqueous

solutions with pH adjusted to 1.1, 4.0, and 5.5 using
HClO4.

• Hydroxyl radical (•OH). For Cr(V), the postbleach
recovery of Cr(VI) from its reactions with eaq− and H• in
N2- or Ar-saturated aqueous solutions was observed at
348 nm.

Fitted kinetic traces were an average of 2−4 identical
experiments, each of which consisted of six individual
measurements. At each temperature, the transient absorption
was recorded at a minimum of five Cr concentrations and two
doses to check for second-order kinetic effects. Depending on
the reaction studied, second-order rate coefficients (k) were
either derived from pseudo-first-order exponential fits (k′) to
raw kinetic data by plotting k′ against the reactant
concentration weighted by the inverse squares of the
experimental uncertainties, or they were calculated directly
by fitting the observed optical absorbance with coupled
ordinary differential equations representing the suite of
chemical reactions relevant to the system. Quoted errors for
the presented second-order reaction rate coefficients are a
combination of measurement precision, sample concentration
errors, and uncertainties in the fitted parameters. The IGOR
Pro software package from Wavemetrics Inc. was used to fit the
data. The change in absorbed radiation due to the decrease in
the density of water with the increasing temperature was
accounted for in fitting the experimental data.
The observed rates for the reactions between the aqueous

chromate species and eaq− are influenced by ionic strength.
These rates have all been corrected for this effect by the
Debye−Brønsted equation:

= +k k AZ Z Ilog( ) log( ) 2i 0 1 2
0.5 (4)

where ki and k0 are the rate constants at ionic strength i and
zero, respectively, Z1 and Z2 are charges of reactants 1 and 2,
respectively, I is the ionic strength in mol L−1, and A is the
temperature-dependent Debye−Hückel constant calculated
using

=A
e N

k T
(2000 )

2.303(8 )( )

3
A

1/2

0 B
3/2

(5)

where e is the electron charge, NA is Avogadro’s number, ε0 is
the vacuum permittivity, ε is the solvent dielectric constant, kB
is the Boltzmann constant, T is the temperature in K, and a
factor of 1000 is used to convert between the moles per liter
and moles per cubic meter concentration basis.

3. RESULTS AND DISCUSSION
3.1. Multichannel Detection System. The multichannel

detection system used in this work proved to be very powerful,
as the rate coefficients for Cr(VI) + eaq−, Cr(VI) + H•, and
Cr(V) + •OH could all be obtained from a single experiment
at an appropriate pH by choosing a suitable wavelength for
fitting the respective rate coefficients. Figure 1 shows a
“waterfall” plot of the range of wavelengths measured
simultaneously for a 49.5 μM K2Cr2O7 solution at pH 9.8
and 25 °C with a 15 ns electron pulse of 26.8 Gy, alongside a
plot showing the absorbance maxima of this solution when
unirradiated over the same wavelength range. One can see that
at wavelengths nearest the absorption maxima of CrO4

2−

(∼279 and 373 nm), the kinetic traces show an initial bleach
up to 10 μs and subsequent recovery of the CrO4

2− absorbance
from the reactions of Cr(VI) + eaq−, Cr(VI) + H•, and Cr(V) +
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•OH. The other notable feature of these curves is the eaq−

decay, which can be seen as a peak in the first few
microseconds after the pulse. As the measurement wavelength
increases, so does the contribution from the eaq− decay as it
approaches its maximum absorbance at 720 nm.
3.2. Cr(VI) + eaq−. The reaction between the hydrated

electron (eaq−) and chromate solutions was studied at pH 4.0,
5.5, and 9.8 at temperatures up to 325 °C. An example decay
of the eaq− absorption signal is shown for solutions with
different Cr concentrations at 532 nm at both 25 and 250 °C

in Figure 2. Each eaq− decay trace is fit with a double
exponential decay function, where one decay represents the
dose-dependent contribution of the sapphire windows to the
overall observed optical absorption, and the other, much larger,
exponential represents the pseudo-first-order rate coefficient
for the eaq− decay. The long-term sapphire window absorbance
always contributed less than 1 mOD to the overall observed
change in optical density. From the timescale of these plots, it
can be seen that the rate is greatly increased with temperature.
The pseudo-first-order rate coefficients are plotted as a
function of the Cr(VI) concentration to obtain the second-
order rate coefficients, as shown in Supporting Information
(SI) Figure S1 for pH 4.0 solutions with 11.6 Gy and 34.7 Gy
electron pulses at 75.3 °C. The rate coefficients given in the
paper are shown extrapolated to zero ionic strength. At high
chromium ion concentrations and high temperatures, the ionic
strength correction becomes statistically significant. Figures S2
and S3 show the effect of this correction on pH 5.5 solutions
with 27.7 Gy electron pulses at 25 and 249.3 °C, respectively.
The change in Cr(VI) speciation as a function of pH and

temperature according to the chromic acid ionization in eqs 2
and 3 is shown in Figures S4−S6. The speciation between
HCrO4

− and CrO4
2− in these solutions was determined, and

the individual second-order rate coefficients for each species
reacting with eaq− were isolated by assuming no interconver-
sion between chromate and bichromate over the timescale of
their reactions with the hydrated electron.
The Arrhenius plots of the natural logarithm of the fitted

second-order rate coefficients vs 1000/T, where T is the
temperature in Kelvin, are given in Figure 3. Both the reactions
with chromate (CrO4

2−) and bichromate (HCrO4
−) show

linear Arrhenius behavior until at least 225 °C, regardless of
the solution pH. The room-temperature rate coefficients and
Arrhenius parameters for all the measured reactions are
tabulated in Table 1. The activation energies are within the
combined experimental uncertainties for the two chromium-
(VI) species. Based on their rate coefficients and calculated
reaction radii, these reactions with the hydrated electron are
likely to be diffusion controlled and occur via long-range
electron transfer processes.29 The rate coefficients for HCrO4

−

Figure 1. Changes in optical densities simultaneously measured at 21
different wavelengths as a function of time for a 49.5 μM K2Cr2O7
solution at pH 9.8 and 25 °C with a 15 ns electron pulse of 26.8 Gy
alongside an absorption spectrum of the unirradiated solution.

Figure 2. Decay of eaq− at 532 nm at (a) 25 °C and (b) 250 °C after a 29.2 Gy pulse in aqueous solutions of Cr(VI) with room temperature pH 5.5.
Dashed black lines represent the results of system-wide fits to double exponential decays.
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and CrO4
2− reacting with eaq− have been reported previously

using electron pulse radiolysis at 25 °C; however, it is difficult
to compare directly with these results as most studies do not
report the uncertainties, the exact solution conditions, and/or
whether or not they corrected for ionic strength.19−23

Baxendale et al. and Peled and Czapski both found that
k(CrO4

2− + eaq−) = 1.8 × 1010 M−1 s−1, which is slightly faster
than the value measured in this work.19,20 More recently, Lai
and Freeman measured the Arrhenius behavior of CrO4

2− +
eaq− up to 80 °C and found that k(CrO4

2− + eaq−) = 1.7 × 1010
M−1 s−1 at 25 °C, with an activation energy of EA = 16 kJ/mol
and pre-exponential factor of A = 1013 M−1 s−1.22 Again, the
reported rate is faster than that found in this work; however,
the Li2CrO4 solutions employed by Lai and Freeman would
have been ∼pH 8, affording ∼6% speciation to HCrO4

−, which
would increase their measured rate relative to a solution of
pure CrO4

2−. In addition, applying ionic strength corrections
would lower their reported rate. Thomas, Gordon, and Hart
report k = 3.3 × 1010 M−1 s−1 at pH ∼7 and k = 5.4 × 1010 M−1

s−1 at pH ∼13 with 1 mM methanol.23 According to Cr(VI)
speciation calculations, the pH 7 results would correspond to a
solution of 95% HCrO4

−, which makes this value identical to
within the uncertainty with the value obtained in this work.
The pH 13 result, corresponding to a solution of 100%
CrO4

2−, gives a rate faster than that found in this and other
studies and is likely in error.19−22

3.3. Cr(VI) + H•. The reaction between the hydrogen atom
(H•) and bichromate solutions was studied at pH 4.0 and 5.5

at temperatures up to 250 °C. The decay of HCrO4
− from its

baseline optical absorption maximum was studied at 348 nm.
An example of the HCrO4

− absorption signal bleach and
recovery at 348 nm is shown for solutions with different
chromium concentrations at both 25 and 250 °C in Figure 4.
After a rapid bleach, as some of HCrO4

− reacts with H• and
eaq−, the HCrO4

− solution recovered partially toward its
baseline value due to the back reaction of Cr(V) + •OH. This
mechanism was confirmed by adding methanol to the solutions
to scavenge •OH, in which case the recovery toward the initial
HCrO4

− absorption was not seen, as shown in Figure S7. Each
optical density trace is fit by first assuming the following
temperature-dependent yields of water radiolysis prod-
ucts:30−32

+ = + × + ×•G e t t(H ) 2.868 7.573 10 2.50 10aq
3 6 2

(6)

= + × + ×

×

G e t t

t

( ) 2.4297 3.829 10 8.3656 10

4.3396 10

aq
3 6 2

8 3 (7)

= +• •G G e G e(H ) (H ) ( )aq aq (8)

= + × ×
+ ×

G t t

t

(H ) 0.419 8.721 10 4.971 10

1.508 10
2

4 6 2

8 3 (9)

= + +• •G G G e G( OH) 2 (H ) (H ) 2 (H O )2 aq 2 2 (10)

= ×G t(H O ) 0.752 1.620 102 2
3 (11)

where t is the temperature in °C, the yields (G values) of the
species are in units of molecules/100 eV, and the absorbed
doses were determined by dosimetry measurements. The
measured change in optical density is fit with the system of
chemical reactions for water radiolysis assembled by Elliot and
Bartels,31 including competitive reactions such as the
bimolecular combinations of H• and •OH, supplemented
with the additional reactions of the Cr(VI) ions being studied:

+

= ×

e

k T

HCrO Cr(V),

5.913 10 exp( 1548.51/ )

4 aq

12
12 (12)

+ • kHCrO H Cr(V),4 13 (13)

+ • kCr(V) OH Cr(VI), 14 (14)

where the rate constant for k12 was determined in Section 3.2,
and k13 and k14 are fitted parameters along with the
temperature-dependent extinction coefficients for the Cr(VI)
species. The change in optical density is given by the sum of
contributions from chromium and water radiolysis species. The
extinction coefficients for water radiolysis products eaq− and
•OH were also fitted for a given temperature with initial
guesses based on literature values.33,34

Figure 3. Arrhenius plots of the natural logarithm of the second-order
rate coefficient for the reactions between eaq− and the Cr(VI) species,
corrected for ionic strength. HCrO4

− (black) or CrO4
2− (blue) at

temperatures up to 325 °C. The symbols represent the room-
temperature pH of the solution from which the rate coefficient was
obtained: (square) pH 4.0, (circle) pH 5.5, and (triangle) pH 9.8.

Table 1. Summary of the Rate Coefficients and Arrhenius Parameters for the Reactions between Cr(VI) Ions and Water
Radiolysis Products in Aqueous Solutions

reaction solution pH (25 °C) k0 (M−1 s−1) (25 °C) activation energy, Ea (kJ mol−1) pre-exponential factor, A(M−1 s−1)

HCrO4
− + eaq− 4.0, 5.5, 9.8 (3.28 ± 0.58) × 1010 12.88 ± 0.56 (5.91 ± 0.10) × 1012

CrO4
2− + eaq− 9.8 (1.47 ± 0.10) × 1010 13.19 ± 0.12 (3.00 ± 0.13) × 1012

HCrO4
− + H• 4.0, 5.5 (1.19 ± 0.17) × 1010 12.98 ± 0.29 (2.24 ± 0.17) × 1012

Cr(V) + •OH 4.0, 5.5 (4.80 ± 0.52) × 109 7.03 ± 0.22 (8.17 ± 0.54) × 1010
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Figure 5 shows the Arrhenius plots of the natural logarithm
of the fitted second-order rate coefficients vs 1/T. The room-

temperature rate coefficient, k13 = (1.19 ± 0.17) × 1010 M−1

s−1, and its associated Arrhenius parameters are listed in Table
1. Cr(VI) + H• was also measured in solutions at pH 1.1 up to
80 °C, but since the water radiolysis G-values increase at pH <
4 and these values are not known as a function of
temperature,35 the fitting function could not be used for
these solutions. Instead, a single exponential function was fit to
the initial HCrO4

− decay kinetics, which resulted in the rate
coefficients plotted in red in Figure 5. These values do not
completely agree with those determined at pH 4.0 and 5.5
because of the added uncertainty from fitting just the HCrO4

−

decay and because at pH 1.1 there will be some speciation to
H2CrO4. If H2CrO4 does not react significantly with the H•

atom, such that the entire measured rate coefficient at pH 1.1
comes from HCrO4

− + H•, then the pKa value for H2CrO4

required to move the measured rate coefficient in line with the
values determined at pH 4.0 and 5.5 can be calculated at each
temperature. Using this approach, a pKa of 0.022 ± 0.421 was
determined for chromic acid at 25 °C, which falls within the
range of values from −1.0 to 1.6 reported in the literature.11−13

Using a van’t Hoff fit of the pKa values determined at each
temperature, the enthalpy and entropy of the chromic acid
dissociation reaction were found to be ΔrH = −16.5 ± 3.1 kJ/
mol and ΔrS = −57.8 ± 9.2 J/K.
The rate coefficient for HCrO4

− + H• has been reported
previously at 25 °C.5,24,25 Hayon and Moreau used steady-state
irradiations and competition kinetics with ethanol at neutral
pH to obtain rate coefficients of k = 0.6−2.6 × 1010 M−1 s−1 for
this reaction.24 Sharpe and Sehested measured an approximate
value of k(HCrO4

− + H•) = 1.5 × 1010 M−1 s−1, which may be
within the experimental uncertainty of the value obtained in
this work.25 Al-Sheikhly and McLaughlin reported k = 2.3 ×
1010 M−1 s−1 at pH 0.4;5 however, at this pH, a significant
portion of Cr(VI) may be present as H2CrO4.
3.4. Cr(V) + •OH. For the pH 4.0 and 5.5 solutions, the rate

coefficients for Cr(V) + •OH were also obtained from the fits
used for Cr(VI) + H• as described in the previous section.
Figure 6 shows the Arrhenius plot resulting from fitting the
Cr(VI) optical density recovery at 348 nm for this reaction.
The room-temperature rate coefficient, k14(Cr(V) + •OH) =
(4.80 ± 0.52) × 109 M−1 s−1, and the corresponding Arrhenius
parameters are given in Table 1. The pre-exponential factor for
this reaction is significantly lower than that seen for the
reactions between Cr(VI) and the primary radiolysis products
of water.
The rate coefficient for Cr(V) + •OH has been reported

previously in pH 1 solution at 25 °C by Sharpe and Sehested
as k = (1.5 ± 0.5) × 109 M−1 s−1.25 This reaction has also been
described at room temperature in basic solution where
Baxendale et al. found that k(Cr(V) + •OH) = 5 × 1010
M−1 s−1, based on the relative absorptions of CrO4

2− and the
Cr(V) transient at 365 nm.19 The result from this work at
intermediate pH falls between those at high and low pH
previously reported. This rate coefficient determines how
much of the Cr(V) outcompetes •OH combining with itself,
thus affecting the amount of HCrO4

− recovered after the pulse.
At pH 1, only 20% of the Cr(V) was seen to react,25 where in
basic solutions, CrO4

2− was entirely recovered.19 The large

Figure 4. Bleach and subsequent recovery of the HCrO4
− optical absorbance at 348 nm at (a) 25 °C, and (b) 225 °C after a 26.6 Gy electron pulse

in aqueous solutions with room-temperature pH 4.0. Dashed black lines represent the system-wide optical absorption fit results from using eqs
6−14.

Figure 5. Arrhenius plots of the natural logarithm of the second-order
rate coefficient for the reactions between the H• atom and HCrO4

− at
temperatures up to 275 °C. The symbols represent the room-
temperature pH of the solution from which the rate coefficients were
obtained: (square) pH 4.0, (circle) pH 5.5, and (red inverted
triangle) pH 1.1.
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variation in this rate coefficient with pH between the different
studies is not fully understood. Sharpe and Sehested speculated
that this effect may be due to spectral changes associated with
rapid protonation reactions.25

The change in the absorbance spectrum for a 55.5 μM
K2Cr2O7 solution at pH 5.5 from 0 to 10 μs after a 29.2 Gy
electron pulse at 25 °C is shown in Figure S8. By subtracting
the absorbance due to the concentration of HCrO4

− lost
assuming that G(H• + eaq−) = 3.059 molecules/100 eV, one
can see that the Cr(V) product has an absorbance maximum
around ∼320 nm. The hypochromate ion, CrO4

3−, is predicted
to be the primary Cr(V) product in alkaline solutions and is
known to absorb around 355 nm.36 The species formed under
acidic solutions is not currently known but may be a
protonated form of the basic product.

4. CONCLUSIONS
The rate coefficients and Arrhenius parameters for the major
reactions of aqueous Cr(VI) ions under irradiation have been
measured for the first time to high temperatures. All measured
rate coefficients increased exponentially with temperature, and
the activation energies for the reactions of HCrO4

− and
CrO4

2− agreed within the experimental uncertainties. The
reduction reactions of Cr(VI) to Cr(V) by the eaq− or H• atom
are significantly reversed by the back reaction of the product
Cr(V) with the •OH radical, and the extent of this oxidation
reaction has a strong dependence on pH.
Overall, the new kinetic data measured in this work give a

much better understanding of the speciation of chromium in
aqueous solution under irradiation and at high temperatures.
More studies on the radiation chemistry reactions of the other
oxidation states of Cr to high temperatures are required to
build a complete model of its behavior and thus be able to
predict and control Cr speciation in aqueous solution under
irradiation for applications such as corrosion product transport
in nuclear reactor coolant. The results from this work do
support the idea that Cr(VI) can be reduced under irradiation
for the proposed radiolytic reduction of Cr(VI) to Cr(III) for
environmental release; however, the back reaction between

Cr(V) and the •OH radical also has important implications for
this application. This reaction suggests that a scavenger for the
•OH radical would need to be included in the system to
efficiently achieve a complete conversion. For the same
reasons, this observation also complicates the proposed use
of aqueous Cr(VI) solution as a chemical dosimeter, as the loss
of Cr(VI) would not simply be linear with the absorbed dose.
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composeś organiques et mineŕaux en solutions aqueuses. J. Chim.
Phys. 1965, 62, 391−391.
(25) Sharpe, P. H. G.; Sehested, K. The dichromate dosimeter: A
pulse-radiolysis study. Radiat. Phys. Chem. 1989, 34, 763−768.
(26) Anbar, M.; Hart, E. J. Reactivity of metal ions and some oxy
anions toward hydrated electrons. J. Phys. Chem. 1965, 69, 973.
(27) Lisovskaya, A.; Kanjana, K.; Bartels, D. M. One-electron redox
kinetics of aqueous transition metal couples Zn2+/+, Co2+/+, and Ni2+/+
using pulse radiolysis. Phys. Chem. Chem. Phys. 2020, 22, 19046−
19058.
(28) Takahashi, K.; Cline, J. A.; Bartels, D. M.; Jonah, C. D. Design
of an optical cell for pulse radiolysis of supercritical water. Rev. Sci.
Instrum. 2000, 71, 3345−3350.
(29) Schmidt, K. H.; Han, P.; Bartels, D. M. Radiolytic yields of the
hydrated electron from transient conductivity - Improved calculation
of the hydrated electron-diffusion coefficient and analysis of some
diffusion-limited eaq− reaction-rates. J. Phys. Chem. 1995, 99, 10530−
10539.
(30) Sterniczuk, M.; Yakabuskie, P. A.; Wren, J. C.; Jacob, J. A.;
Bartels, D. M. Low LET radiolysis escape yields for reducing radicals
and H2 in pressurized high temperature water. Radiat. Phys. Chem.
2016, 121, 35−42.
(31) Elliot, A. J.; Bartels, D. M.The Reaction Set, Rate Constants and
G-Values for the Simulation of the Radiolysis of Light Water Over the
Range 20° to 350°C Based on Information; Available in 2008; AECL
Nuclear Platform Research and Development, 2009. https://inis.iaea.
org/search/search.aspx?orig_q=RN:41057263
(32) Sterniczuk, M.; Bartels, D. M. Source of Molecular Hydrogen in
High-Temperature Water Radiolysis. J. Phys. Chem. A 2016, 120,
200−209.
(33) Janik, I.; Bartels, D. M.; Jonah, C. D. Hydroxyl radical self-
recombination reaction and absorption spectrum in water up to 350
degrees C. J. Phys. Chem. A 2007, 111, 1835−1843.
(34) Hare, P. M.; Price, E. A.; Stanisky, C. M.; Janik, I.; Bartels, D.
M. Solvated Electron Extinction Coefficient and Oscillator Strength in
High Temperature Water. J. Phys. Chem. A 2010, 114, 1766−1775.
(35) Ferradini, C.; Jay-Gerin, J.-P. The Effect of pH on Water
Radiolysis: A Still Open Question - A Minireview. Res. Chem.
Intermed. 2000, 26, 549−565.
(36) Bailey, N.; Symons, M. C. R. Structure and Reactivity of the
Oxyanions of Transition Metals. Part III: The Hypochromate Ion. J.
Chem. Soc 1957, 203−207.

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.2c04807
ACS Omega 2022, 7, 39071−39077

39077

https://doi.org/10.1016/j.jiec.2015.10.012
https://doi.org/10.1016/j.jiec.2015.10.012
https://doi.org/10.1016/1359-0197(91)90228-T
https://doi.org/10.1016/1359-0197(91)90228-T
https://doi.org/10.1016/1359-0197(91)90228-T
https://doi.org/10.1039/tf9635901299
https://doi.org/10.1039/tf9635901299
https://doi.org/10.1016/S0969-806X(96)00053-9
https://doi.org/10.1016/S0969-806X(96)00053-9
https://doi.org/10.1016/1359-0197(90)90311-5
https://doi.org/10.1016/1359-0197(90)90311-5
https://doi.org/10.1063/1.555805
https://doi.org/10.1063/1.555805
https://doi.org/10.1063/1.555805
https://doi.org/10.1007/BF00648595
https://doi.org/10.1007/BF00648595
https://doi.org/10.1007/BF00648595
https://doi.org/10.1039/jr9600000290
https://doi.org/10.1039/jr9600000290
https://doi.org/10.1021/jp973429u?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jp973429u?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jp973429u?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/j.ica.2017.05.038
https://doi.org/10.1016/j.ica.2017.05.038
https://onlinelibrary.wiley.com/doi/abs/10.1002/bbpc.19770810252
https://onlinelibrary.wiley.com/doi/abs/10.1002/bbpc.19770810252
https://www.wiley.com/en-us/Hydrolysis+of+Metal+Ions-p-9783527330102
https://www.wiley.com/en-us/Hydrolysis+of+Metal+Ions-p-9783527330102
https://doi.org/10.1016/0098-3004(92)90029-Q
https://doi.org/10.1016/0098-3004(92)90029-Q
https://doi.org/10.1016/0098-3004(92)90029-Q
https://doi.org/10.1016/0098-3004(92)90029-Q
https://doi.org/10.1098/rspa.1965.0147
https://doi.org/10.1098/rspa.1965.0147
https://doi.org/10.1021/j100709a010?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/j100709a010?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/0146-5724(80)90218-6
https://doi.org/10.1016/0146-5724(80)90218-6
https://doi.org/10.1016/0146-5724(80)90218-6
https://doi.org/10.1021/j100375a026?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/j100375a026?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/j100375a026?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/j100788a043?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/j100788a043?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1051/jcp/1965620391
https://doi.org/10.1051/jcp/1965620391
https://doi.org/10.1016/1359-0197(89)90281-6
https://doi.org/10.1016/1359-0197(89)90281-6
https://doi.org/10.1021/j100887a048?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/j100887a048?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/D0CP03214J
https://doi.org/10.1039/D0CP03214J
https://doi.org/10.1039/D0CP03214J
https://doi.org/10.1063/1.1288258
https://doi.org/10.1063/1.1288258
https://doi.org/10.1021/j100026a016?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/j100026a016?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/j100026a016?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/j100026a016?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/j.radphyschem.2015.12.007
https://doi.org/10.1016/j.radphyschem.2015.12.007
https://inis.iaea.org/search/search.aspx?orig_q=RN:41057263
https://inis.iaea.org/search/search.aspx?orig_q=RN:41057263
https://doi.org/10.1021/acs.jpca.5b12281?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.jpca.5b12281?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jp065992v?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jp065992v?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jp065992v?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jp909789b?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jp909789b?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1163/156856700X00525
https://doi.org/10.1163/156856700X00525
https://doi.org/10.1039/jr9570000203
https://doi.org/10.1039/jr9570000203
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.2c04807?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

