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The temperature dependence of the absorption spectrum of the formation and decay of (SCiNglI-
characterized dimer anion, was investigated at temperatures from 25 ttC40he absorption peak was
found to shift to longer wavelength with temperature (red shift), from 470 nm &4€26 510 nm at 400C.

The equilibrium constantk; and K, for the reactions SCNOH == SCN + OH™ and SCN + SCN™ =
(SCN)*~, respectively, were found to decrease with temperature. Due to the considerable deciéase of
with temperature, a rise in temperature shifts the reaction in favor of S©Nhe observed yield of (SCN)

at high temperatures is strongly dependent on the ‘S@centration. As the SCNoncentration could be

as high as or even higher than the (S€Ngoncentration at high temperatures, a pseudo-first-order decay of
SCN has to be taken into consideration to account for the overall decay of ¢SCNging the kinetic
parameters obtained in this work and available in the literature, the decay profiles of,(SC) be well
reproduced for any temperature and KSCN concentration considered. A combination of the simulation and
the experimental results reveals a decreasg,gfof (SCN)'~ with temperature; the degrees30% for a

rise from 25 to 400°C.

Introduction as long as the newly formed radicals have optical absorption,
which is strong enough for detection.

In our previous work® the temperature dependence gf e
was studied over a wide temperature range. It was revealed that

The study of solutesolute and solutesolvent interactions
in sub- and supercritical water is important for the application
of supercrlthgl vyater a(ljsr? rdnetllllum for Chﬁm'cf“ pLocessdlng SUC(;‘the absorption peak of,g shifted substantially to longer
as waste oxidation and hydrolysis as well as for the understan “wavelength with temperature, and the spectrum was much
ing of temperature effects on radical reactions in the field of broadened in supercritical water. Being the opposite.gf,e
water Ichemlstry. Che}znlstry and k.'(;'et'clj of rgﬁctlons in supelrl- the OH radical is a strong oxidizing species, and its direct
critical water may change considerably with even a small o,q0nation is not convenient because its absorption band is in

variation In temperature or pressure because water properties o iraviolet region and the absorption coefficient is small (540
for example, H-bonding and dielectric constant, are very M-t cmt at 188 nrd?) at room temperature. The role of ©H

sensitive to such variations. Spectroscopic methods are widelyig jnortant in water radiolysis, and it raises a corrosion problem

used to investigate the change of water properties and Sin nuclear reactors. The Oldan be converted to another type

subsequent e;‘feRct on solvation proces';j;s‘l of Zoyte& ‘mz/ of oxidizing radical that is convenient for optical determination
spectroscopy;? Raman spectroscopyNMR,* and X-ray ab- via the reaction with some inorganic ions, for instance, SCN

§orption fine structu%hqve been applied by many researchers 5 CQ?". The oxidation of SCN by OH forms a dimer anion,
in the study of supercritical water. Time-resolved spectroscopy (SCN)—. At room temperature, this radical has a strong and

Is amore po_werful technique because it ena_lbles one to follow broad absorption band centered at 472 nm and its lifetime is
rapid formation or decay processes of transient species on th%ng. Because the absorbance of (SENgan be conveniently

:jlmtellsgalle 'oLtna}ntoser(]:ono.ls Ito mli!lsecoznc'i\ls, %rtcr)]wldlng qTorg and accurately determined, ;®-saturated 0.01 M KSCN
elalled InsIgnts Into chemical reéactions. 2-Napnthol wasuse aqueous solution is usually used as a standard reference in pulse

as one prob_e molecule_for the_ study of so+u$e|vent_inte_rac- radiolysis. Because the (SCN) is an active species, rate
tions. For this purpose its excited-state deprotonation in super- -« e for its reactions with many substances have been

critical water is followed with time-resolved fluorescence reported. Unlike the &, the behavior of which at elevated
spectroscopy. More recently, flash laser photofyaisd pulse temperatures has been extensively studied, there was only one

radiolysi$~1! techniques have been applied to the study of :

X . . i aper by Elliot and Sopchysh¥hon the decay of (SCN)
radical reactions in supercritical water. Hydrated electrogs)e gvgr theytemperature r:fngg of?ﬁo °C. They f)c/)und( that the
and OH generated from water radiolysis are active with many rate of decay was a function of témperature and SCN

substances and secondary radicals are easily formed, 0 it ig,oncentration and that the absorption coefficient of (SCN)
possible to study the solvent effect on radical reactions in detall was independent of temperature over the temperature range of
interest.

* Address correspondence to this author at the Nuclear Engineering ; ; ; ;
Research Laboratory, School of Engineering, The University of Tokyo, In this work, the behavior of (SCh)” was investigated over

Hongo 7-3-1, Bunkyo-ku, Tokyo 113, Japan (fax/telepher@i-3-5841-  the temperature range of 2800°C covering the superecritical
8624; e-mail katsu@q.t.u-tokyo.ac.jp). conditions. Temperature effects on the spectra, equilibrium
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constantskK; and Ky, and decay rates of (SCN) were 0 2 q 6 8 10
examined. The SCNconcentration dependence of (SGN) 0.3 [ T T
was observed to be more substantial at higher temperatures. The - g**&;f"!\;: Nﬂwzf’ c

decay profiles of (SCN)~ were reproduced well for any 3 [ : 'w T g Ry, s
conditions using the known and some assumed kinetic param- c 0.2 A ‘\*‘7\4\20 °c bl
eters. A pseudo-first-order decay of the SChdical is 3 [ i% Mas,

considered and included in the reaction scheme; its role is o i P A ' “\W@NJ,&
important at high temperatures or even at room temperature with 2 01 | 200 °C e
very low SCN- concentration. This work may also give a clue < f

to the understanding of behavior of other dimer anions such as * w"‘“‘m

Cly~, Bry~, and b*~ in high-temperature and supercritical water.

Experimental Section

KSCN and other chemicals were of reagent grade and used
as supplied. Distilled water further filtered from a Millipore
system was used for preparation of aqueous solutions. All of
the KSCN solutions (Ix 1074—0.2 m) were at natural pH
except that in some cases 0.01 m NaOH was added for the study
of pH dependence. The KSCN solution was deaerated by
bubbling NO so that the £~ was rapidly converted to OH
The solution was loaded to the irradiation cell by an HPLC
pump with a flow rate of 34 mL/min, corresponding to a
residence time of 68 s in the cell. t/us

Details of the apparatus for pulse radiolysis were described Figure 1. Temporal profiles of (SCN)™ in 0.01 m KSCN solution,
elsewheré® The high-temperature cell made of Hasteloy C273 Nz0-saturated, dose 35 Gy pulse. Conditions: 25-200°C, 200
can withstand temperatures up to 50D and pressures up to &M 300°C, 250 atm; 350°C, 300 atm; 400°C, 350 atm.

500 atm, well beyond the critical point of water. The pulsed 11
electron beam has an energy of 35 MeV, and its width was 50
ns. A pulsed xenon lamp was used in the optical detection
system to generate light with strong intensity, and the optical
length was 1.5 cm. The analyzing light exiting from the cell
was focused and passed through a monochromator and then
detected by a photodiode. The time-dependent signal was
recorded with a digital oscilloscope. The dose per pulse at room
temperature ranged from 25 to 50 Gy, determined usis@-N
saturated 0.01 M KSCN solution andza{(SCN)*"} of 5.2 x

1072 m%/J at 472 nm* Absorbed energy was corrected for
density variation of water with temperature and pressure. The
water density was taken from the equation of MillThe
pressure-volume—temperature relationship of the KSCN solu- .5 kL e
tions was assumed to be the same as that of pure water, and 400 450 500 550 600
some consequent errors were allowed. The molal concentration wavelength / nm

(moles per kilogram) was used in the discussion of temperaturerig re 2. Normalized absorption spectra of (SGN)at different
effects, but in other cases the molar concentration (moles pertemperatures. Conditions: [KSCN} 0.01 m; 25-200 °C, 200 atm;
liter) was used for convenience. 400°C, 350 atm.

Absorbance

Absorbance (a.u.)

difference of 0.196 eV. The peak shift was ascertained by a
number of repeated experiments. It is also noted that the
Temperature Dependence of Absorption SpectraFigure absorption band of (SCM) broadens with increasing temper-

1 shows time profiles of (SCN)” observed at 480 nm for 0.01  ature. The spectral change with temperature for (SCNj very

m KSCN solution under various conditions. Absorption of similar to that for g;, although the change forg& is more

(SCN)*~ was clearly observed up to the supercritical conditions, remarkablé®1618 The red shift of (SCNy~ and g4 with

for example, 400°C and 350 atm. The decay of (SCN)is temperature is likely to be related to the decrease of polarity,

slow at room temperature and significantly enhanced by H-bonding, and dielectric constant of water at high temperatures.

increasing the temperature. The lifetime in supercritical water ~Temperature Dependence of @nax for 0.01 m KSCN

is shorter by 2 orders of magnitude than in room temperature Solution. Because the temperature dependence ofathalue

water. Also indicated is a decrease of the initial absorbance of andemax has not been separately established, the prd@egix

(SCN)~ with temperature due to the decrease of water density was used to evaluate the radiation effect at high temperatures

and changes of some relevant parameters concerned withby taking a 0.01 m KSCN solution as an example. As shown

(SCN)~ formation, as will be discussed later in the text. in Figure 3, theGemax of (SCN)*~ increases with temperature
Figure 2 shows the temperature dependence of the absorptiorup to 140°C and then decreases continuously as the temperature

spectrum taken at the end of the pulse. As can be seen, thds further increased. The value Gknax in supercritical water

absorption peak shifts gradually to longer wavelength with (400 °C, 350 atm) is less than one-fifth of that in room

temperature. The peak shifts from 470 nm at°25(200 atm) temperature water. ThG&emax in alkaline solution was also

to 510 nm at 400°C (350 atm), corresponding to an energy determined for comparison. With the addition of 0.01 m NaOH,

Results and Discussion
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Figure 3. Plots ofGemaxas a function of temperature for (SCN)in
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NaOH solutions.

[KSCN]/m
the Gemax at room temperature is increased $%0% due to Figure 4. Concentration dependence of the absorption maximum for
the conversion of H atom ta,g via the reaction OH + H — (SCN)~ at various temperatures. Conditions are identical with those
H-.O + e and the subsequent conversion @feto OH in Figure 1.

through the reaction with }D. The result is consistent with ) )
G(OH") = 0.63 (N0 saturation) an@(H) = 0.06xmol/J in should be pointed out that the use of concentrated KSCN in
water. TheGemax in alkaline solution is nearly constant up to  SUPercritical water causes severe corrosion of the reactor wall.

100°C and then decreases with temperature. At temperatures!ons of Mo, Ni, and W with unusually high concentrations were
>120 °C, the Gemax in 0.01 m KSCN plus 0.01 m NaOH detected by inductively coupled plasma (ICP) spectroscopy in
solution is always smaller than that in 0.01 m KSCN solution the collected effluent from a test using 0.1 m KSCN at 400

under otherwise identical conditions. Additionally, the decay and 350 atm.
of (SCN)"~ appears to be faster in the alkaline solution over ~ 'emperature effects on the KSCN dependence of (FCN)

the temperature range studied. However, no obvious spectralc@n be explained by the variation of kinetic parameters involving
difference between the two systems was found. the (SCN)*~ formation. In NO-saturated SCNsolutions, the
KSCN Concentration Dependence of (SCN)~ and Tem- (SCN)*~ formation processes can be illustrated as follows:

perature Dependence of K. At room temperature, the (SCH) _

yield was found®?! to increase with SCN concentration in H,O w— &, , OH', H, HO,', ... 1)

the pulse radiolysis experiments due to the higher OH scaveng-

ing capacity of concentrated SCNsolutions. However, this €q T NO—N,+0O" ()

concentration dependence is not significant. It was sRbthiat

the (SCN)*~ yield at 1.0x 104 M SCN~ is nearly half of that 0" +H,0—OH +OH (3)

at 0.01 M SCN, and the yield levels off at concentrations of

0.01-1.0 M. As already noted in Figure 3, ti@& .y for 0.01 SCN ™ + OH — SCNOH"~ (4)

m KSCN solution decreases considerably with temperature,

indicating lower (SCNy~ yield at high temperatures. However, K B

the use of high SCN may result in a higher observable SCNOH™ ==SCN + OH (5)

(SCN)*~ yield because the concentration dependence is prob- K

ably more substantial in the high-temperature region. To confirm SCN + SCN == (SCN),™ (6)

this speculation, the concentration dependence of (3CMWpas

investigated in detail by varying the KSCN concentration. Rate constants for reactions-4 are very fast, and reaction 5
Figure 4 shows the absorbance maximum of (SCNjt 25— lies predominantly to the right in acidic and neutral solutions,

400 °C with KSCN concentrations ranging from». 10~ to so the determining step for the (SGN)formation is reaction

0.2 m. As is seen, the concentration dependence is actually mores. An attempt was made to derive the equilibrium constégpt,
substantial at high temperatures than at room temperature.at high temperatures from the experimental results.

Leveling off of the (SCNy~ yield at high concentrations is According to Elliot et al1® K, as a function of temperature
observed at 25 and 100 but is not observed at and above for (SCN)"~ can be investigated on the basis of the equation
200°C. At lower temperatures, the (SCN) yield is relatively

large even at KSCN concentrations as low ag 104 m; at AJA=1+ {LK,[SCN ]} (7)
higher temperatures, however, the (S€Njs nearly impossible

to measure at such a low concentration. Although the solubility whereA., is the absorbance per unit dose for (S€N)when

of KSCN in supercritical water at 400C and 350 atm is all of the SCN radicals are converted to (SCN) andA is the
unknown, it must be>0.01 m because the absorbance of absorbance of unit dose at a certain concentration of SCN
(SCN)*~ at 0.05 m KSCN is much higher than at 0.01 m. By For the sake of simplicity, the absorbance at 0.1 m KSCN at
assuming the same solubility for KN@nd KSCN and using  each temperature is taken as the Because the highest KSCN
the solubility-water density correlatidA for KNO3z at 450- concentration applied at 400@ is 0.05 m, theA. is obtained
525°C, the solubility of KSCN at 400C and 350 atm would by extrapolating the concentration to 0.1 m.

be close to 0.1 m. More evidence is that the solubility of KOH  As the dissociation constant of electrolytes decreases with
is 1.06 x 1072 m at 450°C and 30.4 MP&3 The electrolyte temperature, the actual SCNoncentration must be smaller
solubility has been found to be correlated with density and not than the added KSCN concentration at high temperatures,
with temperature for both KN&? and KOH23 However, it especially in supercritical water. The free SCbbncentration
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Figure 5. Van't Hoff plot of K, over 15-90°C (O, Elliot et al*®) and
100-400°C (@, this work). Water densities are 0.967 (1TL), 0.878
(200 °C), 0.743 (300°C), and 0.475 (400C) g/cn?. Inset: Plots of
A./A as a function of [SCN] for (SCN),*~ at various temperatures.

was calibrated by assuming the same dissociation congigh} (
as for NaCl. The logarithm of the molal dissociation constant
for NaCl as a function of temperature and of the logarithm of
the water density up to 60TC is given by Ho et at*

log Ky, =
—0.997+ 650.07T + (10.420— 2600.5T) log p,, (8)

whereT is the Kelvin temperature ang, is the water density.

This assumption should make little error in consequence because

both NaCl and KSCN are very soluble in water and dissociated
into only monovalent ions. The correction is minor for tem-
peratures<300 °C but large at higher temperatures, and it is

Wu et al.

constant of reaction %, is expected to vary with temperature.
Ky was reporte# to be 3.2x 1072 M at room temperature. In
the present work the temperature dependentg ofas studied
over the temperature range of-2500 °C.

When the equilibrium is reached for both reactions 5 and 6,
we get

K[SCNOH] _[(SCN), ]

[SCN] = — —
[OH] K,[SCN]

9)

Of the species indicated in eq 9, only (SGN)was optically
determined. Under conditions at which reactions 5 and 6 lie
entirely to the right, concentrations of SCNO+and SCN are
close to zero and (SCMY is at the highest concentratioG.

In this work, the (SCNy~ concentration observed in 0.1 m
KSCN solution is assumed to I6&,, being equivalent té\./el,
wheree is the molar absorption coefficient ahds the optical
path. Although the SCi\concentration in 0.1 m KSCN at 300
and 400°C is not close to zero, it is much smaller than the
(SCN)*~ concentration. Therefore, the assumption will not make
a large error in the conclusion. The (SGN)concentration in
0.01 m KSCN solution is taken aA/el. According to the
material balance

[SCNOH ]+ [SCN] + [(SCN)," ] =C,, (20)
and [SCNOHM] can be written as
[SCNOH] = A, /el — Alel — [SCN] (12)

By substituting eq 11 into eq 9 and rearranging the equation,
we get

K (A Jel — Alel)

[SCN] = =
K, +[OH]

(12)

If the temperature, pressure, and SG¥dncentration are fixed

also very dependent on the KSCN concentration and the waterp; the pH is varied, the ratio of (SCNX) concentrations
density. For instance, the percentages of KSCN dissociated intogetermined at two different pH values ([OH and [OH )

free SCN are 96 and 76% for solutions with 0.01 and 0.1 m
KSCN at 300°C and 250 atm, respectively, but they are changed
to 55 and 31% for solutions with 0.01 and 0.05 m KSCN at
400°C and 350 atm.

The inset of Figure 5 shows plots 8f/A as a function of
the reciprocal of [SCN]. There is a good linearity for all of
the lines, being consistent with eq K, values at various
temperatures are obtained from these curd€s.at room

will be

(A — AYI(K, +[OHT]) _ A
(A, = A)I(K; +[OHTT) A

In the NyO-saturated alkaline solutions, the H atom is first
converted to g by the reaction with OH and further

(13)

temperature was not determined in this work because it has beeriransformed to OMby reacting toward D, so the H atom is

previously reported? and the determination requires the use
of very low KSCN concentration. Figure 5 shows the van't Hoff
plot of K, using the values obtained in this work in combination
with those previous data. Our data over 3@®0 °C (with
densities of 0.9670.475 g/cm) agree well with those of Elliot
et all® over the range 1590 °C. The enthalpy and entropy
obtained from the plot are-36 kJ mot! and 23 J moi! K1,
respectively. Becausk; decreases rapidly with temperature,
the (SCN)~* yield for a fixed KSCN concentration is decreased.
This is why we observed a rapid decrease Gaf,ax with
temperature for 0.01 m KSCN solution.

pH Dependence of (SCN)~ and Temperature Depen-
dence ofK;. As already seen in Figure 3, the addition of NaOH
to the KSCN solution leads to a decreas&imax of (SCN)"~.
This indicates that the backward process of reaction 5 can no
longer be neglected at high Oltoncentration. The equilibrium

an additional (SCN)~ source. In ambient liquid water the
value of H is~10% of the sum ofG values of g;- and OH,

so the contribution of the H atom was assumed to be temperature
independent and corrected for KSCN solutions with the addition
of 0.01 m NaOH. Letting

Aleo_AZ

Xono_Al

(14)

then we get

_[OH,—qlOH ], _
-2tk d

Kl
[OH ],
q—1

(when [OH],> [OH],) (15)
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6 6 large at room temperature and reaction 6 lies entirely to the
[ ] right, the (SCN)~ decays predominantly by its bimolecular
recombination, reaction 17, given that the SCédncentration
is not very low. At high temperatures, the SGddncentration
could be comparable to that of (SCN)due to the decrease of
K, and reactions 1819 have to be taken into account. Equation
20 indicates that the (SCM) should follow a second-order
decay at all SCN concentrations and at all temperatures.
- However, we found that the (SCN) decay obeys second-order
kinetics only for temperatures up to 18Q at relatively high
KSCN concentration. The decay could be also fitted by a first-
order kinetics even below 15C when the KSCN concentration
-: 1 is very low. Equation 20 also indicates that for a fixed
temperature, the variation of [SCINmay lead to a change in
P TP B 9. .. .19 the overall decay rate constant. Indeed, the decay rate of
0 100 200 300 400 500 (SCN)~ was found to vary with the KSCN concentration at
o any temperatures considered. If only reactions-19 are
T/°C responsible for the decay of (SCN), the decay rate of
Figure 6. Temperature dependencecpdndK; over 25-400°C. Water (SCN)'~ should be slower at lower SCNconcentrations.
densities are identical with those indicated in Figure 5. Inset: Van't However, it was found that in many cases the decay is faster at
Hoff plot of Ky. lower SCN- concentrations for 368400°C, and it is impossible
to reproduce the decay profile by the simulation. Therefore,
reactions 1719 are inadequate to describe the decay of
SCN)*~ at high temperatures, and some additional processes
ave to be considered.

As is understood, SCNs the precursor of (SCM) and its
concentration could be large, depending on the temperature and
; . .. KSCN concentration applied. When the concentration of SCN
calculated using th.e regressed forr?ui\ for molal dissociation is comparable to or even higher than that of (SENYhe SCN
constant of NaOH in bD at 25-600°C possibly reacts with other species present in the solution.
log Kp, = Consequently, a pseudo-first-order decay of S@is to be

taken into account, and its role may be important for the
—2.477+ 951.531 + (9.307— 3482.8T) log p,, (16) (SCNY~ decay at high temperatures.

i
Py
2/m

K x10

In eq 15, the OH concentration is known and can be
experimentally obtained. The OHconcentration in 0.01 m
KSCN solutions is assumed to be the same as that of pure wate
and given by [OH]1, which can be calculated from the ionic
product k) of water. The actual OHconcentration in 0.01 m
KSCN plus 0.01 m NaOH solution is given by [OH,

whereT is the Kelvin temperature ang, is the water density.
Although the [OHT1 increases with temperature and reaches a
maximum at~250 °C, it is smaller than [OH], by several
orders of magnitude and could be neglected in eq 15.
Values ofg andK; are obtained on the basis of eqs 14 and
15 and using our experimental results. PlotgyandK; as a
function of temperature over the range of280°C are shown
in Figure 6. It is shown that increases with temperature up to
300 °C and then decreases slightly at 400. K; decreases
rapidly with temperature, decreasing from 481072 to 2 x
1072 m for a rise from 25 to 400C. The inset shows the van't
Hoff plot of K;. The enthalpy and entropy are found to-b&6
kJ molt and 77 J mol® K1, respectively.
Decay and emax Of (SCN)*~. The decay of (SCN) is
usually considered to be a second-order process via reaction
17-19.

SCN + substance~ product (21)

An attempt was made to simulate the (S@N)Yecay using

the “Facsimile” code. The dose distribution of the electron beam
was assumed to be the Gaussian type. A reaction set including
38 reactions for water radiolysis was applied, and the rate
constants for these reactions have been compiled by Elliot et
al2728 for temperatures up to 300 and are extrapolated to
400 °C using the Arrhenius parameters. Reactions involving
the formation and decay of (SCN) and their rate constants
are given in Table 1. The experimental conditions @whlues
of e,q~ and the OH radical at various temperatures used for the
simulation are presented in Table 2. Because the Arrhenius

arameters df;7—kyg are unknownki;—kig values are assumed

0 be at the diffusion-controlled limit, estimated by the Stekes
Einstein-based Debye equatidgs = 8RT/3y, and using a spin
statistical factor of 0.25, wherR is the gas constant andis
the viscosity taken from the literatuféReactions 1719 were
found'® to be essentially diffusion controlled over the temper-

(SCN),"™ + (SCN),” —(SCN),” + SCN™  (17)

SCN + (SCN),” — (SCN), (18) ature range of 1590 °C, and in this work the overall second-
order decay rate constantkfXor 0.01 m KSCN solution were
SCN + SCN — (SCN), (19) also found to be the same kg up to 160°C. At temperatures
>200°C, the (SCNy~ does not obey a second-order kinetics
The overall decay rate constant can be written by so the fitted R is higher tharkgs. The assumption dfi7—kio
ok ok to be at the diffusion-controlled limit up to 40C is reasonable
2k = 2k, + 18 19 (20) because more recently a stéidynowed that diffusion-controlled
K,[SCN'] K22[SCN7]2 reactions in normal liquids also occur at the normal diffusion-
controlled limit in supercritical water. For other reactions, if
We can see that K;[SCN™] (or [(SCN)*"J/[SCN]) is much their values are unknown, the diffusion-controlled limit rate is

larger than unit, then the second and third terms on the right of applied. The rate constant for the SGidcay was adjusted to
eq 20 can be neglected ankl 2quals R;7. Because; is very make sure that the simulated line agrees well with the measured
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TABLE 1: Rate Constants (M~1 s1 or s71) and Equilibrium Constants Used for the Simulation of the (SCN)*~ Decay at
25—-400°C?

(@ eqg +NO—O +N; 9.6 x 10°(25°C), logA = 13.3,E = 19 kJ/mol (25-200°C);?* T > 200°C, diffusion-control limit
(b) O + H,O— OH + OH~ data taken from Elliot et &’
(c) OH+ SCN- — SCNOH 1.0x 109(25°C), logA=11.95,E = 11 kJ/mol, 25-200°C;*° T > 200°C, diffusion-control limit
(d) SCNOH~ == SCN + OH~ K;=4.8x 102m (25°C), AH = —16 kJ mof, AS= —77 J moi* K~t at 25-400°C
(e) SCN + SCN- == (SCN)*~ Ka=1 x 10° m~1(25°C), AH = —36 kJ moll, AS= —23 J mol'l K~1at 25-400°C
(f) (SCN)~ + (SCNY~ — 25°C, k= 2.2 x 10, diffusion controlled at 25400°C
(SCN)~ + SCN-
(g) SCN + (SCN)~ — (SCN)~ the same as for (f)
(h) SCN + SCN — (SCN) the same as for (f)
(i) SCN + substance~ products 25C, 3.0x 1Ps7%;100°C, 6.0x 10°s™% 200°C, 9.0x 1P s%;300°C, 1.4x 10°s7%;

400°C,5.0x 1P st

a Another 38 reactions including reaction b for water radiolysis are also used in the simulation, see refs 27 and 28.
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Figure 7. Comparison of experimentally determined and simulated (bold solid lines) time profiles of £fS@Nyarious temperatures. KSCN
concentrations are indicated, and other conditions are the same as shown in Figure 1.

TABLE 2: Experimental Conditions and G(ey~) and wherel is the ionic strength and is the relative dielectric
G(OH") over 25-400°C constant at temperatuiie(K). This formula has also been used
pressure water density G(es,)*?  G(OH)? pK.,P by Buxton et aP*35for the calibration of rate constants in high-
T(°C) (atm) (g/cn) (umol J1)  (umol J1) (mol/kgy temperature water. This calibration is important for temperatures
25 200 1.008 0.280 0.296 13.92 >300 °C, at whiche is considerably decreased.

100 200 0.968 0.300 0.348 12.12 Figure 7 shows the simulated curves together with the

388 ggg 8-3‘712 8-238 8-23% 13-8‘71 experimental ones for the (SCN) decay at 1086400°C. Itis

200 320 0478 0.206 0571 13.06 clear that the time profiles of (SCM) are reproduced well by

the simulation for any temperatures considered. Because the
aThe data at 6300 °C are taken from Elligf and further simulated results are the time-dependent molar concentrations
extrapolated to 406C. ® Calculated based on the equation of Qéist:  of (SCN)'~ whereas the experimental curves are the time-
log Kw=—3.74— 30507I'_+ 14.8 logp, whereT is Kelvin temperature dependent absorption of (SCN), the simulation data are
andp is the water density. enlarged by a suitable factor at each temperature for normaliza-
tion. To check the validity of the rate constants and equilibrium
constants indicated in Table 1, at least three runs with different
KSCN concentrations at each temperature are tested, and all of
the results are satisfied. The simulated curves for room

changed to molar units by taking into account the water density. I
. o temperature are not shown in Figure 7 because the rate constants
For solutions with high SCN (>0.01 m), the rate constant .
have been well established.

has been calibrated for the ionic strength effects based on the € OF (SCN),*—. According to the LambertBeer law, the

0’3
equatiod absorbance maximum of (SCHN) is given byAmax = €macl,
05 o 1 where ¢ is the molar concentration anéhax is the molar
Ink=Ink;+ 8.36x 10° ZZJ(2 + 1 '5)(€T) 5] (22) absorption coefficient. The enlarging factors applied for nor-

decay profile of (SCNy~ for solutions with various SCN
concentrations at each temperature. In the simulation, the molal
SCN- concentration and the molal equilibrium constants are
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Figure 8. Molar absorption coefficient of (SCM) as a function of

temperature: @) using theG(e.q ) andG(OH") values shown in Table
2; (O) calibrated usings(OH*) = 0.63umol/J at room temperature in
N2O-saturated KSCN solution as comparedG(e,; ) + G(OH’) =

0.57umol/J but assuming the same temperature dependence as shown

in Table 2; @) assuming the temperature independencé ehlues.

malization of the simulated curves in Figure 7 are actually equal
to emad for profiles depicted at the absorption peak. As the
optical path is 1.5 cm in this worlmax can be obtained. The
so-obtainedmax as a function of temperature is shown in Figure
8. Theemax decreases with temperature, and its value at°4D0

is ~70% of that at room temperature. Because the increase of

G values of OH and g4 is faster than the decease @fax
Gemax should increase continuously with temperature if all of
the OH radicals are converted to (SGN). However, a decrease
of Gemax With temperature was experimentally observed above
150°C (Figure 3) because the SC&kists in a large amount in
high-temperature water as does the (S£N)Owing to the
limited KSCN solubility and the decrease &f, at high
temperatures, it is impossible to convert all of the SGN
(SCN)*~, although the OMradicals can be completely scav-
enged by SCN and transformed to SCN

Conclusion

The temperature dependence of the absorption spectrum
yield, and decay for (SCM)" has been examined by the pulse
radiolysis technique. The experiment reveals a red shift of the
spectrum of (SCN)~ with temperature. The equilibrium
constantK, for the reaction SCN+ SCN- = (SCN)*~
decreases considerably with increasing temperature, from 1
10° m~1 at room temperature to 30that 400°C, so theGemax
observed at high temperatures is very dependent on the SC
concentration. At high temperatures at whi¢his small or at
room temperature with very low SCNconcentration, the SCN
concentration could be high and the decay of S@Giist be
considered. Under these conditions the decay of (3CNpes

N
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are also helpful for understanding of the behavior of other dimer
radical anions in high-temperature water, especially for the
temperature effect on equilibrium constants of the dimer anion
formation.
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