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Kinetics and a Revised Mechanism for the Autocatalytic Oxidation of SCN by ClO»
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The aqueous reaction of chlorine dioxide with excess thiocyanate is known to be autocatalytic at pH 2. We
find that under strongly acidic conditions Q.1 M HCIQO,) it is pseudo-first-order with respect to [CIO

Under these conditions, the rate law-si[ClO,)/dt = (2k; + 2k [HT])[CIO,][SCN], with 2k; = 0.42 M?!

stand X, = 0.52 M2 s!at 25°C andu = 1 M (LiCIO,). Effective activation parameters L M HCIO,

are AH* = 66.5 kJ/mol andAS' = —26.3 J/mol for the temperature range 1352.2°C. Reaction products

were identified by ion chromatography and ion-selective electrodes, which allowed a verification of the
stoichiometry, 6CI@+ 5SCN™ + 8H,O — 6CI~ + 5CN~ 4+ 5SQ2~ + 16H". Direct evidence for a reaction
intermediate, thiocyanogen, was obtained through careful analysis of multiwavelength rapid scanning data.
This intermediate provides a reactive autocatalytic species OS@H hydrolysis equilibrium, and this
equilibrium was found to be important to simulations and fits to raw data. A 14-step mechanism is employed
for these fits and simulations, allowing a more thorough description of the reaction system; this mechanism
successfully reproduces both the full rate law under pseudo-first-order conditions and the autocatalytic behavior
at pH 2.

Introduction One way to gain insight to this reaction mechanism is through
The reaction of CI@- with SCN™ has been of interest since & thorough examination of the reaction of chlorine dioxide and

1985 when it was shown to display oscillations in a CSTR thiocyanate. Oscillations in this system can be avoided by
(continuously stirred tank reactdrBubsequently, the reaction  limiting the concentration of chlorite produced to quantities
was shown to display chaos and to generate substantial amount§€Pendent on the initial Cioconcentratiorf. However, auto-

of ClO, as an intermediate CIO, has been confirmed as an catalysis is noted at relatively low pH®sDespite this type of
intermediate in this reaction, and it has been used as a convenienp€havior, a mechanism has been proposed for this reaction and

spectrophotometric indicator of the oscillations in a CSTR and Was used to support specific assertions related to the CIO
of the oligooscillations in batch? The participation of CI@in SCN- oscillators? The 21-step mechanism invoked HOCI and

the reaction is to be expected, since it occurs generally in the !~ as autocatalytic species for the reactiaareful examina--
large family of chlorite oscillatorg Understanding the reaction ~ tion of this work reveals a number of problems with this
mechanisms of these systems would be an important step inProPosed reaction pathway. The more obvious errors in this
extending the knowledge of this unusual and complex behavior. Mechanism include chloride as an autocatalytic spécis,
However, developing mechanisms to account for the production Mechanism that is inconsistent with the simulation resiudtsd
and loss of CI@during these types of oscillations has been an the omission of known reaction paths related to this system.
ongoing problem due in large part to the complexity of chlorite W€ reportin this paper a re-evaluation of the mechanism for
oxidative chemistry. the reaction of CIQ@ with thiocyanate through a careful
The chlorite/iodide system has been thoroughly examfried examination of the reaction kinetics via multiwavelength rapid
and although a mechanism has been proposed, it remains unclea?¢@nning techniques, mathematical simulations, and significant
as to the applicability of the empirical steps to other systems. alterations to the reaction conditions which afford pseudo-first-
In fact, a general model has been proposed that outlines a serie§"der behavior. The results of this work have afforded the
of reactions thought to play a major role in chlorite oscillafors. d€duction of what we feel to be a more representative mech-
However, the authors do point out that for systems such as theNiSm. The elementary reactions depicted in the 14-step mech-
ClO,/I- system, where the oxidant plays a significant role in anism are, in nearly all cases, drawn from what is known or
oscillations, this type of generalized model will likely not be has been reported in the literature. Similarly, the rate constants

universally applicablé Although originally viewed as perhaps us'e(.j to simulate and fit the data are also drawq dlrectly or kept
the simplest chloritesulfur oscillating system to investigate within reasonable ranges of the values noted in the literature.
mechanistically, the chlorite/thiocyanate system has proved
difficult in its own right.

Coupled to the difficulties arising from the oxidative chem- ReagentsThe following were purchased from JT Baker and
istry of CIO, are the inherent complexities associated with used without further purification: ¥8,0g, boric acid, LiOH,
thiocyanate. The oxidized products of thiocyanate may undergo and KHP. NaSCN (Baker) was recrystallized from water. The
a variety of transformations including, but not limited to, following reagent grade materials were purchased from Fisher
dimerization, polymerization, disproportionation, and the forma- and used without further purification: phenol, acetonitrile,
tion of thiocyanoger. These complications have made the NaCN, and sulfuric (96%) and perchloric acids (75%). Na£lO
elucidation of a tractable mechanism for the oscillating reactions H,O (Fisher) was recrystallized from hot water prior to use.
of the chlorite/thiocyanate system a difficult prospect. 1,10-Phenanthroline was purchased from Aldrich and used
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without further purification. 5,5-Dimethyl-1-pyrroling-oxide for the following ions, although none were detected in the
(Aldrich) was vacuum distilled prior to use. NaGl@nhydrous) reaction mixture: CIl@, ClO;~, CIO,~, and OCN. All £

was purchased from Kodak and was recrystallized from hot errors represent the standard deviation of replicate experiments.
water prior to use. LiClQwas prepared by the metathesis of Potentiometric Determinations. The yield of CI plus CN-

LiOH and HCIG, and recrystallized from hot water. Tridodec- and their evolution over time were also measured by use of a
ylmethylammonium chloride, PVC, and THF 99.5%) were Cl~ selective electrode. The electrode was constructed by casting
purchased from Fluka and used without further purification. a PVC film containing a Cl-selective ionophore in a glovebox

Distilled deionized water was used throughout. supplied by nitrogen and mounting this membrane to a standard
Synthesis of CIQ. Aqueous solutions of ClQwere prepared  €lectrode body using a 10 mM Ckolution as an electrolyte.
with a few alterations to the method described previofisty. ~ The electrode membrane was cast according to the manufac-

a three-neck flaska 5 g (55mmol) sample of NaCl@was turer’s specifications (Fluka) for the ionophore tridodecyl-
dissolved with approximately 10 mL of deionized distilled water. methylammonium chloride. This type of membrane is of the
A solution of 1.5 g (5.5 mmol) of KS,0g in approximately 50 classical solid-state variety, whereby the selectivity is a function
mL of water was added dropwise to the NaGkdlution. For of the stability products for the individual complexgsThus,
2 h, a stream of B(g) was bubbled through the yellow reaction ~selectivity coefficients can be derived for a variety of possible
mixture, which forced the product gas through a tube containing interferences as shown by the manufactéféfembranes were
NaClO, powder. The gas stream was then bubbled into ap- fabricated from an 80/20 by weight ionophore/PVC mixture.
proximately 150 mL of water buffered at pH 2.0 with perchloric  The mixture was dissolved in THF and then allowed to
acid contained in a brown bottle. This reaction was run in the évaporate for casting.Excellent film thicknesses were achieved
dark at all times and behind an explosion shield. All €l0 by using a total weight of-1.5 mg of the ionophore/PVC solid
solutions were stored in a brown bottle and kept in a refrigerator. @nd dissolved by vigorously shaking in a capped vial with5
Analytical Methods. The concentrations of CiQvere deter- mL of solvent. Potentials were measured against a standard

mined spectrophotometrically with an HP 8453 spectrophotom- calomel refer_ence_, with a Corning model 130 pH meter set to
eter; determinations used for Gi@zg0 = 1200 M1 cm~1.10 the mV functionality. . .

Thiocyanate solutions were titrated iodometrically with stan-  11iS electrode membrane shows little selectivity for, 50
dardized thiosulfate solutions, and the average purity was found@nd thus reactions were monitored 1 M sulfuric acid. The

to be >95%. All pH measurements were performed on a Cor- electrode was call_brated by stan(_:lgrd additions of NaCl solu'_[lons.
ning model 130 pH meter, using either a standard Corning com- 1€ membrane did show selectivity for CMy the same cali-
bination pH electrode or a Mettler combination pH electrode. Pration methods. This allowed for the evaluation of Gavolu-

lon Chromatoaranhy. Reaction product determinations were tion as well as Ct; however, this evaluation is represented by
grapny. P collective potential differences. These potential differences were

madg using a Wescan ion analyzer, model 266. The InStrumemmonitored~4—6 min after initiation of the reaction, which coin-
was fitted with a 10GL gample Ioop,.a. Wescan Versapump-Ii cides with approximately 99% completion for the reaction condi-
and model 213A electrical conductivity and model 271 eleg- tions, 50 mM SCN and 5.8 mM CIQ initial concentrations.
trochem|ca}ll detectors. The electrochemical @mperometnc) Calibration curves for Cl and CN™ were constructed in the
detector utilized a Pt working electrode, a Pt auxiliary electrode, presence of 50 mM SCNand 1 M HSQ, and had slopes of

and a Ag/AgCl reference electrode. A 25 cm resin-based anion j 56 and 0.48 MV/mM, respectively, in the region of 15 mM
exchange column (Wescan anion/R) and-24® mL flow rates substrate

were employed depending on the eluent and ions detected.” . . e
. Kinetic Methods. Initial kinetic measurements were con-
Results were recorded on a strip-chart recorder. Eluents used

- ducted on a Hi-Tech Scientific stopped-flow apparatus, model
for these determinations were 4 mM KHP (eluent 1) and 0.3 -~ . ' ) o
mM KHP/1 mM boric acid/10% acetonitrile at pH 11.9 (eluent SF-51, equipped with an SU-40 spectrophotometer unit in the

2). Product concentrations were determined by peak hei ht1.0 cm path length configuration. The temperature was main-
C S Y PE 9™ ained at 25C with a C-400 circulating water bath, except when
analysis from calibration curves of standard solutions. The

. . . conducting the temperature dependence study, whereby the
concentration of CN, as a product of the reaction of Gi@ith S . S
SCN-, was determined by treating product solutions with 1 M temperature was maintained at varying values within the range

. . . of 13.4-52.2 °C. The absorbance decrease at 360 nm was
KOH prior to analysis to remove excess perchlorate present in

th lution. After treat t th luti vzed with monitored by mixing equal volumes of CjOCand SCN
€ solution. After treatment, the solutions were analyzed With ., tions at varied concentrations. The output from the SU-40
eluent 1. Five replicate experiments showed Cin to be

present at a concentration of 0.58 0.12 mM for initial unit was collected by an On-line Instruments (OLIS) 4300 data
reactant concentrations of 0.5 mM Gl@and 5.0 mM SCN. acquisition system based on a Zenith computer. The pseudo-

S : . ! first-order rate constants were evaluated by exponential fits with
gh:ﬁgigéigxa:oﬁﬁzggréi?ntgi/r:ic:;C;:ﬁgaé??\:v%pggi\év:?:;;%nt the OLIS subroutines. Multiwavelength experiments were
and HSQOy) at identical starting concentrations of GI[@.5 mM) performed using the OLIS rapid seanning monochro_m_ator

) > stopped-flow system (RSM 1000) with the USA-SF mixing
and SCN.(Z'S mM). Produ_ct_ solutions containing HCJ@_ere attachment (1.7 cm path length). Data were acquired and
treate_d_wnh KOH to precipitate excess GO and s_olutlons processed with dual-beam WWis recording and a global fitting
containing HSQ, were treated with Ba(OH}o pH 7.0 in order subroutine. Spectral changes were monitored in the-\U¥
to precipitate excess §0. Both methods produced average region (275-400 nm) and analyzed additionally by using the
Cl concentrations of 0.'57& 0.041 mM frqm sets of three Specfit software packadé. Kinetic simulations were also
replicate samples. Residual SCNoncentrations were deter- performed by utilizing the Specfit package.
mined similarly, utilizirg 1 M H,SQ, solutions. Product analysis
reflected an average [SCiNloss of 0.58+ 0.10 mM from
five replicate samples. Product analysis could only provide
qualitative identification of S¢F~ as a reaction product. A Initial attempts at studying the mechanistic parameters of the
variety of additional standard calibration curves were determined ClO,/thiocyanate reaction system afforded some difficulties. The

Results
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characteristic absorbance decay profile of £&D360 nm was
noted to be autocatalytic at reasonable £tOncentrations in

the presence of excess SChlt pH 2.0. A number of spin traps
were utilized to determine if free radical formation was
responsible for the autocatalytic behavior. Increasing concentra-
tions of PBN, DMPO, and phenol added to the reaction mixture
at pH 2.0 increased the overall time course of the reaction and
reduced the degree of autocatalysis, but limiting pseudo-first-
order behavior was not attained even at the highest concentra-
tions of these scavengers. However, pseudo-first-order behavior
was found to occur at high acid concentrations (M H) in

the absence of spin traps. Thus, by examining these reactions
under conditions of high acidity, a variety of mechanistic
parameters were determined.

Stoichiometry. The stoichiometry of the reaction of CJO
with SCN~ in 1 M acid was examined by ion chromatography.
lon chromatography experiments were conducted on solutions
of 1 mM initial ClIO, and 5 or 10 mM SCN adjusted to 1 M
acid with either HCIQ or H,SO4 by mixing 10 mL of the CIQ
solution with 10 mL of the thiocyanate solution in a stoppered
100 mL three-neck flask and allowing the reaction to proceed
for at least 30 min in the dark at room temperature. The resultant
product solution was then treated either with Ba(@)r Ho-

SO, solutions) or KOH (for HCIQ solutions) prior to analysis.
Anionic products were determined to be CNCI~, SCN-, and
SOg2~. Quantitation by peak height analysis with standard
calibration curves was achieved for CNCI~, and SCN ions,

but SQ?2~ could only be identified qualitatively. The analysis
of SCN~ consumption and product yields relative to Gigave
the following results:

(0.50)CIO, + (0.58)SCN — (0.56)CN" + (0.58)CI (1)
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Figure 1. CIO, absorbance decay profiles at pH 2.0 and 0.0. The kinetic
data were taken on a Hi-Tech Scientific Stopped Flow. (A) Decay plot
of (A — A) at 360 nm as a function of time for the reaction of IO
with excess SCNin pH 2.0 perchlorate buffer at 28C. [CIO;]o =
0.13 mM and [SCN] = 25 mM. (B) Decay plot of A — As) at 360

nm as a function of time for the reaction of Cl@ith excess SCNin

1 M perchloric acid at 25C. [CIO;]o = 0.50 mM and [SCN] = 50
mM.

thiocyanaté. It is difficult to explain the difference between
these results and ours, because the pH in the experiments of

Thus, by balancing for redox equivalents and assuming the mass<-hinake et al. was not specified, but one possibility is that the

balance for S is converted to $O as noted qualitatively, the
stoichiometry for this reaction appears to be

6ClO, + 5SCN + 8H,0 —
6CI" +5SQ° +5CN + 16H" (2)

Additional support for the stoichiometry in eq 2 is found from
the results of the ion-selective electrode experiments. Over the
course of three replicate experiments, an average potential
change of 3.4 mV was noted for the reaction of 5.8 mM £10
with 50 mM SCN- over approximately a 46 min period at
pH 0.0. Based on the Clcalibrations and a starting concen-
tration of CIG; (5.8 mM), a 100% conversion to Ciwould
result in a 1.5 mV change. The yield of CNbased on a
CIO,/CN™ ratio of 6:5, would contribute an additional 2.3 mV
change, for a total expected potential change of 3.8 mV. In view
of the small potential changes involved, the agreement is
satisfactory and supports the yields of Gind CN™ obtained
in the ion chromatography experiments; moreover, these po-
tentiometric results indicate that these products are formed on
a time scale comparable to the kinetics of the reaction as
described below.

Similar reaction stoichiometries and product formations are
reported for the reactions of chlorite/thiout& and chlorite/
thiocyanaté; however, Chinake et al. report qualitative evidence
that CN- is not present in the product solution of the chlorite/
thiocyanate reaction, and they infer the formation of OGm
measurements of consumption rattaSimilarly, from a con-
sumption ratio of 8:5 forACIO,/JASCN-, they infer cyanate
instead of cyanide in the direct reaction of chlorine dioxide and

experiments of Chinake et al. were performed with excess,CIO
which could lead to the conversion of CNo OCN". Thus,

the stoichiometry as in eq 2 is appropriate under the conditions
of our kinetics studies.

Kinetics. The kinetics of the loss of ClQwith excess SCN
at pH 2.0 at 25°C shows significant deviations from pseudo-
first-order behavior as shown in Figure 1a and is best described
as autocatalytic. This behavior is fully in agreement with prior
observations. Under these conditions, the reaction comes to
completion in less than 10 s depending on the initial concentra-
tions.

Under conditions of high acid concentration@.1 M), the
kinetic behavior changes drastically, becoming pseudo-first-
order, as shown in Figure 1b. The time for complete £IO
consumption at high acid concentration significantly increases
from less than 10 s (at pH 2.0) to greater than 100 s depending
on the initial conditions. In blank tests, it was noted that in the
absence of SCNbut otherwise under the same conditions or
with 0.01 M CI" that the loss of Cl@occurs on a much longer
time scale. This demonstrates that the decay profiles in the
presence of SCNdo not correspond to Cilisproportionation
or CI~ interactions due to contamination, which had been
suggested as a catalytic species by othénsfact, appreciable
interactions between Cland CIQ are unlikely, as shown by
earlier tracer studié%!” and the early work of Bra§ as well
as direct measurements and calculations performed in this
laboratory® The acid-dependent behavior of the STGRIO,
reaction thus reflects the intrinsic behavior of the system.

This drastic transition from autocatalytic to pseudo-first-order
behavior can be expressed quantitatively by comparing the ratio
of first and second half-lives as a function of acid concentration,
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4o T T T T 1T TABLE 1: Kinetic Data for the Reaction of CIO , with

15 i SCN-™ in High Acid Concentrations?

3‘0 10 x kops S replicates [CIQlo, MM [SCN],M [H*], M
&7 25.1(1) 5 0.25 25 101 05
g 2.5 - 12.5(2) 5 0.25 156101 05
< 504 | 7.82(25) 5 0.25 1.0&x 10t 05
a7 1.82(3) 5 0.25 25k 102 05
2 157 B 28.4(3) 5 0.25 256101 1.0

_ —e 12.5(3) 5 0.25 1.5k 107t 1.0

10 — ¢ —* o 10.2(4) 10 0.25 106 101 1.0

0.5 — 4.54(48) 10 0.25 5.06 102 1.0

X T T T = 2.14(6) 10 0.25 256 102 1.0

00 0.5 1.0 1.18(1) 10 0.25 125102 1.0

0.407(33) 4 0.25 25610 1.0

[H'] (M) 0.431(21) 5 0.25 2.50x 1072 1.0

7.66(50) 5 0.50 5.0& 102 1.2

Figure 2. The effect on the ratio of the first and second half-times of 4.35(20) 5 0.50 5.0 102 1.0

the reaction of CI@ and SCN as a function of acid concentration. 3.70(2) 5 0.50 5.0 102 0.9
Solid line is a smooth curve to guide the eye. The kinetic data were  4.03(4) 5 0.50 5.0 102  0.75
taken on the Hi-Tech Scientific Stopped Flow at 360 nm af@5n 3.29(3) 5 0.50 5.0 102 0.50
1 M HCIO,; [CIOz]o = 0.5 mM, [SCNTo = 50 mM. 2.52(2) 5 0.50 50k 102  0.25

5.18(10) 5 0.22 5.06 1072 1.0

. ) ) , 5.07(6) 5 0.32 5.0k 102 1.0

Figure 2. The ratio remains very close to 1 as the acid 4.62(7) 5 0.85 50 102 1.0

concentration drops, until the acid concentration reaches ap-  4.98(20) 5 0.65 50 102 1.0

proximately 0.05 M, at which point greater deviations from 1 425.0°C, i = 1.0 M (LICIOy) or in 1 M HCIO;. ® Measured as the

are noted. Although a thorough examination of the acid consumption of Cl@at 360 nm. Parenthetical values represent the error
dependence between 0.05 and 0.01 M was not attempted, itas three standard deviatioi€Experiments were performed in 1 M
seems likely that a steady progression in this ratio proceeds until,H,SQ.
at 0.01 M, the ratio becomes nearly 4.0.

It has been shown that the generation and decay of 10 M2 s71, respectively. The rate law for the overall process in
the batch reaction of CI9© with SCN™ at pH 2 is mildly sufficiently acidic media is
affected by the presence of trace levels (i) of Cu?".4
Accordingly, we have conducted experiments to test for the —d[CIQ,)/dt = 2k,[CIO,][SCN] +
effects of Cé@* on the direct reaction of Clwith SCN. These .
experiments were performed by examining the effect of phenan- 2G[CIO,[SCN JH ] (5)
throline as an additive that would chelate adventitious metal
ions, a method that has been used in controlling metal ion Composite activation parameters were determined from the
catalysis in the reaction of [Irgl?~ with thioureal® We find temperature dependence of the ratesliM perchloric acid.
that the presence of 50M phenanthroline has no effect onthe These parameters were obtained by plotti{ddr/([SCN]T)}
loss of CIQ for reactions conducted at pH 2 with 50 mM SCN  vs 1/T and thus do not account for the acid dependence. These
and 0.3 mM CIQ. This result demonstrates that the other results results are illustrated by the Eyring plot in Figure 3S of the
described in this paper are not affected by the presence ofSupporting Information, which yields values aH* = 66.5

adventitious metal ions. kJd/mol andASf = —26.3 J K mol~%
The consumption of Cl@under strongly acidic (pseudo-first- An interesting feature of rate law 5 is the lack of a term
order) conditions follows the rate law second order in [SCN. Such overall third-order terms are
widely encountered for reactions of SCNvith one-electron
—d[CIO,)/dt = k,,JCIO,] (3) oxidants?1:22 A relevant comparison can be made with the

reaction of [Ni(tacny]®*, which has virtually the same self-
The values okgs are sensitive to the concentrations of SCN  exchange rate constant atlivalue as CI@2! For [Ni(tacn}]3*,
and H" and are summarized in Table 1. As shown in Figure 1S the third-order rate constant is 2.0 #1s%; because of

of the Supporting Information, the plot &fps versus [SCN] electrostatic considerations, the corresponding rate constant for
in 1 M acid is linear with an intercept near zero, which indicates CIO, might be expected to be a factor of 10 less. A simple
that the rate law is first order with respect to [SQNunder calculation shows that this factor of 10 is sufficient to give a

these conditions. Working within the range of pseudo-first-order third-order term that contributes negligibly to the GISCN-
behavior,~0.25 b 1 M acid, as shown in Figure 2S of the reaction under our conditions.

Supporting Information, the plot d&psvs [H™] at 50 MM SCN Detection of an Intermediate n 1 M H™. An important

is linear with an apparent nonzero extrapolated intercept, observation was noted when this reaction was studied in 1 M
indicating a two-term rate law. Experiments at a variety of acid at multiple wavelengths when using rapid scan spectro-
thiocyanate concentrations show that both terms are first orderphotometry. As shown in Figure 3, the absorbance profiles

in [SCN], as represented by within the range 265406 nm demonstrate nonisosbestic
behavior, indicative of complex kinetics. Extracting single-
Kops = 2K [SCN'] + 2k,[SCN ][H M (4) wavelength absorbance plots within the 2680 nm range

produced traces that show ristall behavior, characteristic of
A thorough examination of all the collected data was obtained a short-lived intermediate; see Figure 4.
through the use of a Gausblewton nonlinear least-squares Another method by which the presence of an intermediate
fitting routine2° The fitting routine converged on a solution with  may be recognized is evolving factor analysis (EFA). This
values for X; and X, of 0.42+ 0.07 M—1s1and 0.52+ 0.09 method uses a matrix algebraic treatment of the multiwavelength
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Figure 3. Multiwavelength decay profile of the reaction of Gl@and -2

SCN". The multiwavelength kinetic data were taken on the RSM 1000
at 25°C in 1 M HCIOy; [ClO,]o = 0.37 mM, [SCN]o = 25 mM. The

full scan depicts spectra sparsed at 5.95 s intervals. The enhanced are
(boxed) between 265 and 300 nm for clarity shows only the first 100
s of the reaction at 3.96 s intervals, indicating that the reaction does
not pass through an isosbestic point.
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Figure 6. Concentration profiles for components A, B, and C as
determined by EFA (ABS mode). For species B and C, the concentra-
tions are scaled according to their normalized spectra. The multiwave-
length kinetic data were taken on the RSM 1000 at@% 1 M HCIOy;
[ClOZ)o = 0.45 mM, [SCN]o = 25 mM. System is constrained to three
components: profile A (circles) is identical to the decay profile of CIO

at 360 nm; profile B (squares) is similar to the single wavelength profile
of the raw data at 275 nm; profile C (triangles) is similar to the evolution

T
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Figure 4. Absorbance changes at 275 nm for the reaction of,ClIO
and SCN. The multiwavelength kinetic data were taken on the RSM

of CI7/CN~ by ion selective electrode.

predicts the spectral profiles of intermediate B and final products
C. The UV spectrum of species B is broad and has around
275 nm. Figure 6 displays the concentration profiles generated

1000 at 25°C in 1 M HCIOy; [CIO;]o = 0.5 mM, [SCNo = 25 mM. by EFA analysis. These concentration profiles reflect changes
The solid line represents the connectivity of all data points at 275 nm jn each component relative to the changes of the initial
in the time profile; the open circles represent data points sparsed atabsorbing species (CK) as modulated by the normalized
five point intervals. P ; . e
spectra in Figure 5. Therefore, the “concentrations” indicated
data to deduce the significant multidimensional minima in a for species B and C are related to their true concentrations by
data set which correspond to the probable number of significant the ratio of the true and normalized molar absorptivities. Without
species for that sé8-26 This type of treatment, available with  further information, these data should be interpreted from a
the Specfit program, allows for “model-free” data transformation strictly qualitative viewpoint. Nonetheless, the concentration
and yields qualitative information regarding both species profiles accurately reflect the loss of Gl@etermined inde-
concentration and spectral profil#s2% Because this method  pendently, present convincing evidence for the formation and
is a completely abstract interpretation of the spectrophotometric loss of an intermediate as implied by the single-wavelength data
data, “sound chemical reasoning” is a prerequisite when at 275 nm (Figure 4), and show product formation that is similar
interpreting the result®, to the CIF/CN~ evolution, as seen with the ion-selective
Figure 5 presents the spectra resulting from a three-componentlectrode.
EFA analysis of a multiwavelength data set for a reaction  These results show that a detectable short-lived intermediate
conductedn 1 M H*. The analysis was performed in the ABS is evolved during the course of the reaction under conditions
mode, which normalizes the spectra to their maxima in the of high acidity. We suggest that this intermediate is (S&£N)
spectral range observed. The figure shows that this method iswhich can be prepared as a stable solution in,G@d has a
successful in identifying the spectral profile of GIQA) and UV spectrum withdmax at 295 nm in that solverif. In view of
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TABLE 2: Mechanism for the Reaction of Chlorine Dioxide and Thiocyanate

no. reaction rate constant
SR1 ClQ + SCN- — CIO,” + SCN ke 21x10tM1st
SR2 H" + CIO, + SCN™ — HCIO; + SCN ko 26x 101M2s1
SR3 SCN+ SCN™ — (SCN)~ 9x 1°PM st
SR4 (SCN)~ + ClO, — (SCN), + CIO,™ 9x 1PM1st
SR5 (SCN) 4 H,O = HOSCN+ SCN- + H* Kpya 44%x 10Ps L 5x 1PM 25t
SR6 HCIQ = H* + ClO, Ka.ci 1.9% 1Ps ! 1x 100M1s?
SR7 HOSCN=H* + OSCN- KaHoscn 5.01x 10°s% 1 x 100M 1!
SR8 HCIQ + SCN- — OSCN" + HOCI 180 M ts1
SR9 HOCHH SCN- — [CISCN] —~ HOSCN+ CI- 1x10Mts?
SR10 CIQ + OSCN — CIO,” + OSCN 4x 1PM-1st

H,O

SR11 20SCN—— HO,SCN+ HOSCN 1x 10M st
SR12 2HQSCN— HOSCN+ HOsSCN 2% 1FM1st
SR13 2HOSCN~ HO,SCN+ SCN- + H* Keisp 8x 1®PM st
SR14 HO + HO;SCN— H,SQ; + HCN 5x 1Bs

likely solvent effects, this spectral feature is in reasonable reaction of HOSCN (SR13), the concentration of which is low
agreement with the EFA spectrum of intermediate B. Further because of its reversible conversion to (S€{§R5).

support for identification of this intermediate as (SGEy)mes One particularly troubling aspect of this chemistry pertains
from the EFA analysis of its decay kinetics. Thiocyanogen is to the conflicting literature reports relating to the decomposition
known to be unstable in aqueous solution, decaying in acidic of (SCN). Some facts are clear. (1) (SG\an be prepared as
media to give SCN, HCN, and S@; it decays on the same  a reasonably stable solution in solvents such as.Q&)I (SCN)

time scale as indicated for the EFA decay of intermediat&?. decomposes in acidic aqueous solution as in reaction 7. (3) The
These suggestions are summarized by the following two-stagedecomposition of (SCN)in alkaline media yields OSCNas a
scheme for the overall reaction L M H*: stable species. There seems to be good evidéftthat the

decomposition in acidic media obeys a second-order rate law
2CIO, + 10SCN + 8H"— 2CI + 5(SCN), +4H,0 (6) as in

3(SCN), + 4H,0 — 5SCN + H,SO, + HCN +5H"  (7) dI(SCN)] Ky J(SCN)I?

. . . . dt T 2 —.2 (8)
As is shown below, in less acidic media steps occur that break [HT]SCN]

down this neat two-stage description.
The rate constant at @™ andu = 1 M was reported to be %

Discussion 1073 M3 s71.29 The inferred mechanism entails the reversible

Table 2 " hani h ¢ hydrolysis of (SCN) to HOSCN as in SR5K},q) followed by
able 2 presents a 14-step mechanism that accounts for oUthe second-order self-reaction of HOSCN as in SR&R,).

observations and is consistent with well-established chemistry. gome support for the proposed formation of 4GN in SR13
It differs from the mechanism proposed by Chinake ét@th  ig hrovided by the recent report of the synthesis of a salt of
in the character of several of the steps proposed as well as INO,SCN- 31 Rapid follow-up steps SR12 and SR14 lead to the

the magnitude of the rate constants for steps that are common,gyersion to final products, as suggested in Table 2. If the

to both mechanisms. The differences between the two meCha'steady-state approximation is made for 8GN when pH<

nisms have arisen pecause of the demands impoged Ipy our neWy . J<cn reactions SR5 and SR12 through SR14 lead to the
data as well as a critical evaluation of the supporting literature. (4ia jaw

In what follows, we give a qualitative description of the

mechanism, demonstrate the agreement between the predictions dI(SCN 3k, (K. [(SCN)]?
of the model and the observed data, and discuss details of the — — [ X = Kt Kryol( ) (9)
rate constants involved. dt 2[SCNJ[HTI(ISCN][H ] + Khyd)

Qualitative Features of the Mechanism Conceptually, the
mechanism in Table 2 consists of three groups of reactions. From eq 9, it can be seen that the empirical rate law, eq 8,
The first set comprises steps SR1 through SR9; this nine-stepapplies wherKyyq is much smaller than [SCN[H *]. Thus,kgec
group is sufficient to describe the conversion of €8dd SCN is identified as (3/RuisgKnyd’-
to CI- and (SCN)in 1 M HT as in reaction 6. The second set, One conflicting report is as follows. In a pulse radiolysis study
steps SR12 through SR14, are added to account for theby Schimeshder et al., it was found that the decomposition is
decomposition of (SCN)to HCN and SG@, as in reaction 7. a first-order process at higher pH, contrary to the evidence at
The third set, steps SR10 and SR11, becomes significant onlylow pH.32 The same first step, SR5, was proposed, followed by
at higher pH and is essential in generating the autocatalytic the first-order decomposition of HOSCN. A value of %3011
behavior seen at pH 2. M2 was determined foKpyq. If we use this value oKpyq, the

In 1 M H*, the species OSCNis largely converted to reported value okgec at low pH, and the relationshigie= (3/
HOSCN (K. = 5.3)°so steps SR10 and SR11 can be neglec- 2)kgisgKnyd, the resulting value okgisp is 6 x 107 M~ s72,
ted. The remaining steps with the rate constants indicated leadwhich is impossibly large.
to the observed pseudo-first-order consumption of CH3 in More conflicting evidence comes from*2C NMR study of
rate law 5. Moreover, the formation of (SCMNccurs coherently ~ the formation of OSCN in the lactoperoxidase-catalyzed
with the consumption of CIg) as indicated in reaction 6, because reaction of HO, with SCN~, where an intermediate is found
the interconversion of (SChand HOSCN via SR5 is rapid.  that corresponds to no known species and is suggested to be
Decomposition of (SCN)as in reaction 7 is slownil M H NCS—0—SCN, formed through hydrolysis of (SCMj2 This
because it occurs through the rate-limiting second-order self- paper also reports evidence for conversion of OSQN
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Figure 7. Simulation results for the mechanism in Table 2. Top: results 0.10 _
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SCNO'. It also calls into question data and inferences obtained time (s)
in a widely cited!>N NMR study of the same reactigf. Figure 9. Comparison between computer simulations and experimental

We conclude that the mechanism of hydrolysis of (SCMN) data for CIQ/SCN- reaction at pH 0.0. The open circles represent raw

higher pH is unsettled, and thus the remainder of this paper is 922 ploénts, an;IG(t)he solid line reprej?”ts thelsimule\ltion. Jge eXprri'
. . mental data at nm were extracted from multiwave engt ata taken

presented without further reference to it. _ on the RSM 1000 at 25C in 1.0 M HCIQ;, [CIO]o = 0.37 mM,

Success of the ModelOverall, itis clear that the mechanism  [scn, = 25 mMm.

in Table 2 accounts for the net stoichiometry given in reaction

2. Moreover’ as described above, it leads to the observed pseudo_ 1200 oo Lo b b e oo e b o

v
PO

first-order rate law for loss of Clgat low pH (eq 5). 1100 - "\\ -

Further evidence for its success is provided by the results of 1000 — RTTON ! ™ -
numerical integration of the system of differential equations 900 — (SCN), L . =
arising from this mechanism. These simulations were performed 800 -+ 80,” ! Nk

with the Bulirsch-Stoer stiff integration routine available in T 7004
the Specfit software package, and made use of the reactions?® 600
given in Table 2 and the associated rate constants. The results,2  s00

shown in Figure 7, qualitatively show the pseudo-first-order loss “ 400 -

of ClO; in 1 M HT and the autocatalytic loss at pH 2. 300

Quantitative agreement between these simulations and the 200

observed kinetics is demonstrated by the excellent overlap of 100 - %

the traces shown in Figure 8 (pH 2) and Figure 9 (1 M)H 0

The simulations accurately reproduce the first-order dependence 280 300 320 340 360 380 400

on [SCNT] observedim 1 M H*. The simulation fo1 M H* wavelength (nm)

also shows accumulation and loss of (SeM)1 M H™ that is Figure 10. Spectra generated by a three-spectrum fit of the mechanism

comparable to the properties of the intermediate revealed by with rate constants as given in Table 2 to the data set shown in Figure
EFA analysis. Finally, fitting of the model to the observed 6 (unsparsed data used in the fit). The multiwavelength kinetic data
spectral tracesni 1 M H" by treating the spectra of C{Q were taken on the RSM 1000 at 26 in 1 M HCIO,; [CIO2]o = 0.37
(SCNY), and products as variables led to the spectra in Figure MM [SCNJo = 25 mM.
10; the spectra obtained for GiGnd products are entirely
consistent with expectations for these species and require noSR1 and SR2 and (SC}N)formed in step SR3, and they may
further comment, while the spectrum derived for (Sgi¥)the also intercept OSCN formed in step SR10; the net effect should
first reported for this species in aqueous solution and is discussectbe a major reduction in the concentration of OSCahd a
further below. slowing of the consumption of Clria step SR10. Additional
Qualitatively, the inhibitory effects of the scavengers can be confirmation of the model comes through analysis of the rate
understood, since they should intercept SCN formed in stepsconstants in steps SR1 and (SREBR13) as described below.
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Overall, it is impossible to make a direct numerical com- our experiments, with a large excess of SCkeaction SR3 is
parison of the predictions of our model with that of Chinake et the most likely process for SCN to undergo. Dimerization of
al3 The problem is that the mechanism and rate constants SCN, the decay path for SCN suggested by Chinake ét al.,
provided in that work fail to yield the simulations reported in can be rejected, since the low steady-state concentrations of SCN
that work. As we have noted elsewhérthis appears to be a  would extensively favor reaction with SCNas in SR3.
consequence of some typographical error. Fate of (SCNy", SR4 The radical (SCN) is proposed to

Details of the Mechanism.Direct Reaction of CI@ and be oxidized rapidly to (SCN)by CIO,. Although we have no
SCN, SRESR2.The initial steps of the reaction of Ci@nd direct evidence for this step, it is proposed in analogy to other
SCN- are accounted for in the one-electron transfers depicted reactions of SCN with one-electron oxidanf.Such a pathway
in SR1 and SR2. SR1 is the simple one-electron reduction of has been directly observed in a pulse radiolysis study of the
CIO, to CIO;~ and the formation of a thiocyanate radical. This reaction of (SCNy~ with [Os(bpy}]3".4? The value of the rate
type of reduction of CI@ is commonly invoked and well ~ constant used in Table 2 has been selected arbitrarily at the
documented:3>36 Likewise, one-electron oxidation of SCN diffusion limit, although values considerably smaller should have
is commonly observedt. SR2 is essentially a process equivalent no significant effect on the results of the simulations.
to SR1, but is included to account for the acid dependence and Acid/Base Equilibria for HCIQand HOSCN, SR6SR7.The
two-term rate law derived experimentally. This step, which is equilibria represented by SR6 and SR7 are based on the standard
the acid-catalyzed analogue of the first step, has no clearK, values for the systems g = 5.3 for HOSCN, K, = 1.72
precedent in Cl@ chemistry. Indeed, the kinetics of CIO  for HCIO,).3938 The protonations are assumed to be diffusion
reactions are not generally reported for strongly acidic conditions controlled and the dissociations are calculated accordingly.
where this second step becomes significant. Detailed analysisOddly, a value of 3.1x 10-% M for the K, of HCIO; is implied
of this step would necessarily entail the protonation of SCN by the rate constants used in the prior study by Chinake %t al.

which occurs at high acid concentratiotisAlthough the Xa This value is in complete disagreement the well-established
of thiocyanic acid is unknowmi 1 M ionic strength, at ionic literature value (1.9« 1072 M)38 and must be rejected.
strengths of 0.0, 2.0, and 4.0 M it has values-df.1, —0.9, Fate of HCIQ and HOCI, SR8-SR9.These two steps provide

and —0.8, respectively? Thus, under the conditions in the an additional means for the formation of thiocyanogen, as

present work, the concentration of free SCN not significantly HOSCN will be converted to it through SR5 under the right

altered through the formation of its conjugate acid. The values conditions. The rate constant for SR8 (HGI® SCN") is an

of k; andk; given in Table 2 are those obtained experimentally estimate obtained by adjustment for a good fit of the simulations

from rate law 5. to the observed kinetic data; the value of 1801 fits the
Reaction SR1 is the most important step in the mechanism, data well. In analogy with other reactions of HO€ktep SR9

since it is one of the two rate-limiting steps 1 M acid and it (HOCI + SCN) likely proceeds via CISCN, which then

is the initiation step for the chain reaction at pH 2. This step is hydrolyzes to HOSCN. A reasonable estimateKggs can be

the simple bimolecular one-electron transfer oxidation of SCN made by use of the well-established Swa8tott relationship

by CIO;; it is assigned a rate constant of 0.2T M1, obtained for reactions of HOCI with nucleophilé$.Interpolation of the

by the fit to eq 4. A crucial test of this rate constant is that its published SwairScott plot with the nucleophilicity parametér

microscopic reversek(s, the reduction of SCN by CI©) must n of 4.77 for SCN yields a value of about oM~ s71 for

have a rate constant that does not exceed the diffusion-controllecksrs In fact, the simulations are highly insensitive to the actual

limit. A value for k_; can be calculated from the principle of value used, and values as low asx110° M~ st yield

detailed balancing ak/K;, whereK; can be calculated from  essentially identical results. Our value f@kois approximately

the reduction potentials for the CY@IO,~ and SCN/SCN 2 x 10 times larger than that used previouslowever, it

redox couples. For the CHICIO,~ couple,E° is determined remains unclear as to the units of that reported rate constant

unambiguously as 0.934 V by its reversible electrochemitry. such that the magnitude of this difference remains in doubt.

The SCN/SCN couple is not as definitively established, but a Hydrolysis of (SCN) SR5.The equilibrium represented by

number of lines of evidence support a value of 1.61 V for this SR5,Ky,q, is perhaps the most critical step in these simulations.

reduction potentiat® TheseE® values yieldk; = 3.7 x 10712 It is widely believed to be the first step in the hydrolysis of
and combined with our result fdg yield a value of 5x 10 (SCN). The rate constants used were obtained by adjustment
M~1s1for k1. In view of the effect that the high ionic strength  so as to obtain good agreement between the simulations and
of our experiments could have upon the value Kaf our the experimental data. It should be noted that the equilibrium

calculated result fok—; appears to lie right at the diffusion-  constant implied by these rate constarks, = 8.8 x 1072
controlled limit. The high value of 201 M s™! previously M?) deviates by several orders of magnitude from the pulse
reported for k; requires a value fok; that exceeds the radiolysis value reported by Schestider et al.32 but this
diffusion-controlled limit by a factor of 5000, clearly an disagreement is disregarded for reasons discussed above.
unacceptable result. Current thinking about one-electron oxida- Considerably better agreement is found with the value af 2
tions of SCN states that rate constants suchashould adhere 105 M2 obtained from an analysis of the complex kinetics of
rather rigorously to a LFER with unit slope when lbgs plotted the reaction of acidic SCNwith BrOz;~;*° closer agreement
as a function of lok.?*-?>The basis for this LFER, which was ~ would be unexpected in view of the uncertainties involved.
obtained from reactions of SCNwith substitution-inert coor- Oxidation of OSCN by CIO,, SR10 and SR1These steps
dination complexes, is that back electron transfer (the reversegre essential in providing an additional pathway for the
of SR1) is generally diffusion controlled for reactions involving consumption of Cl@that can become active at higher pH and
the SCN/SCN redox couple. Apparently, this generalization generate the observed autocatalytic behavior. Step SR10 is a
also applies to the reaction with Gl@s the oxidant. simple one-electron oxidation of OSCNby CIO, and is
Fate of SCN, SR3 he near-diffusion-controlled reaction of analogous to the oxidation of SCNby CIO,. As there are no
SCN with SCN to form (SCN)~ is well established, and the  prior reports of the one-electron oxidation of OSGhe rate
literature value is used in Table*2Under the conditions of  constant used is just that required to obtain a good fit to the
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data. Step SR11 indicates the disproportionation of the OSCN as shown by the values @faxin C7H16 (520 nm) and acetone
radical as a second-order process and is analogous to thg363 nm)>2 Notable also is the shift for iodine in C£(540

disproportionation of OBf% Most likely the reaction proceeds

nm) to water (470 nm), corresponding to an energy change of

via dimerization and subsequent hydrolysis. The rate constant2.8 x 10° cm~1.53 This shift is similar to the shift that we obtain
used is arbitrary and selected to be fast. Since the species OSCNor thiocyanogen, 2.5 10° cm™1. The molar absorptivity ofl

has not been reported previously and has only hypothetical as a function of solvent varies up to 30%, and our derived molar
existence, alternative loss pathways could occur, as in SR3 forabsorptivity for aqueous (SChfalls within the same range as

SCN.

that reported for CGlsolutions.

Steps SR10 and SR11 represent the largest conceptual A literature report on the UV spectrum of aqueous (SCN)
departure of this mechanism from that suggested by Chinakecan be found in the Ph.D. thesis of Long, as cited by Dolbear

et al2 These prior workers suggested the reaction of Gidh
CI~ to form HCIQ, plus HOCI as the additional pathway for
loss of CIQ, instead of the reaction with OSCNthat we

propose. The basis for this change of mechanism is our belief

that CIQ;, does not react with Clrapidly enough to contribute
significantly in the CIQ/SCN- reaction. Details of this view
are sufficiently complex to require a separate publication for
exposition?

Thiocyanogen Decomposition, SR5:12. It is widely ac-

cepted in the literature, that thiocyanogen hydrolyzes via a series

of rapid steps, the first of which is SR%4748The subsequent
steps are represented in this mechanism by SR12 through SR1

This type of pathway has been proposed since the early part o

this century?® We have elected to omit the reaction HOSEGN
HO,SCN — HOsSCN 4+ SCN- + HT, since there is no
published evidence for its participation in the hydrolysis of
(SCN), and since we find that it has no effect on the simulated
decay of (SCN) even for rate constants as large asx 110°
M~1s71, An alternative mode for decomposition of (SGMas
been suggested to involve steps SR5 and SR13 to form HO
SCN, followed by acid hydrolysis of HESCN to form BSOs
plus HCN#54950 Fyrther oxidation of HSQ; to SQ2~ could
occur through reaction with CK) (SCN), or other oxidants
present in solution. We are not able to rule out this possibility
and hence our choice of mechanism is somewhat arbitrary.

The simulations were found to be very sensitive to the value
selected fokgisp (SR13), and the value used is that required for
optimal fits. The simulations are not sensitive to the rate

constants used for SR12 and SR14, and so the values used are

arbitrarily selected to be fast. From the relationskip. =
(3/2)kgisgKnyd’s the rate constants in Table 2 yield a value of 9
x 1072 M8 s71 for kyeo This result is 90-fold greater than that
measured by Stedman and Whincup 4€%° and thus suggests

a considerable thermal coefficient fkyec Our values folkgisp
and for SR12 differ substantially from those used by Chinake
et al.? but these differences are not unexpected in view of the

and TaubeAmax= 302 nm andzo, = 840 M cm1).54 While
Long’s value ofesp, disagrees with the value to be expected
from the spectrum in CGJthe value ofimaxis not that far off.

In spectroelectrochemical studies of the oxidation of SCN
it was reported that the strongly absorbing species (SCN)
rather than (SCN)is generated®°6 This inference was based
on the drastic differences between the spectrum of the observed
intermediate and that reported for (SGNA gold minigrid
electrode was used in these studies; most likely the observed
species was a gotfethiocyanate complex, formed through
electrodissolution of the electrode. At present there is no

4(:ompelling evidence that (SCN)forms to a significant degree
fi'n aqueous solution.

ClO, Formation. An additional step is required in order to
explain the production of Clgand the oligooscillatory behavior
in the reaction of CIQ~ with thiocyanate noted in previous
work .34 The most likely candidate is

2Cl0,” + HOCI+ H"— 2CIO, + CI” + H,0
kp=1x 1°M?s™* (10)

This reaction has been studied extensi%éhand although its
inclusion in our mechanism had no discernible effect on the
results of the simulations and fits, it should become significant
at high concentrations of CIO. This step, as noted in the
literature®>57 is probably a two-step process and can be
represented by the following:

ClO,” + HOCl+ H" = CL,0, + H,O ky;, k5; (11)

CLO,+ CIO, — 2CIO, + CI"  ky, (fast) (12)
With the second step being fast, this sequence leads to a first-
order dependence on chlorite. The general model rate constants

presented by R@i and Orbe® for these steps are consistent

overall difference between the two mechanisms. Zhang and Fieldwith this description.

used a value of k 10° M~1 s72 for kyisp in their study of the
BrOs;7/SCN- reaction’> While this value differs by several
orders of magnitude from ours, it is unclear whether a rate
constant similar to ours (with a compensating changkisija)
could have been used in that study.

(SCN), UV Spectrum. The spectrum of (SCN)erived by
kinetic fitting is shown in Figure 10 and is the first reported
for this species in aqueous solution. It is characterizedhy
= 288 nm andzgs = 159 M~ cm™! and shows good agreement

Conclusions

The results described above modify or add to prior observa-
tions on the SCN/CIO; reaction in the following significant
ways. (1) The stoichiometry of the reaction is now believed to
entail formation of HCN rather than OCN (2) The kinetics
have been shown to become pseudo-first-order in strongly acidic
media. (3) The rate law for noncatalytic reaction of €l@th
SCN has now been determined, affording a direct measurement

with the derived broad-band absorbance associated with theof the rate constant for electron transfer from SCid CIO,

intermediate by EFAAmaxaround 275 nm). (SCNJs stable in
CCly, and its UV-vis spectrum has long been knowhfx at
295 nm ande = 140 M1 cm™1).2” The implied solvento-
chromism of (SCN) bears comparison with that for iodine.
Agueous iodine solutions are known to show variability in molar
absorptivity andAmax as a function of acid strength and
compositior! Significant shifts also occur in organic solvents,

that is a factor of 1000 smaller than previously believed. This
new rate constant is consistent with the demands of detailed
balancing and the rule that spontaneous one-electron reductions
of the SCN radical are diffusion controlled. (4) Formation of
an intermediate absorbing in the UV has been observed and
identified as (SCNy) which places major constraints on models

of the reactive system.
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These results have required major alterations to the prior . éZO) Moorf, RAIH-: Ze;\glall\?r,lgRégK-LSTSQR Los Alamos National
i i ifi i i al oratory: 0S Alamos, s .

re%\acr:]tlon model. Ffurth:r l&gnn;:cant' altt_aratlofnshmclude_ the thse (21) Hung, M.-L.- Stanbury. D. Mnorg. Chem1994 33, 4062-4069.

of the correct K, for HCIO,, the rejection of the reaction o (22) Nord, G.Comments inorg. Cherd992, 13, 221—239.

CI~ with CIO,, and the inclusion of the reaction of OSCN (23) Gampp, H.; Maeder, M.; Meyer, C. J.; Zubénhar, A. D. Talanta

with CIO,. It is this latter reaction that leads to autocatalytic 1985 32 95-101. _ o

consumption of CI@ in the model. Although considerable 19&(3%4%262?73‘)2’6'1” Maeder, M.; Meyer, C. J.; Zubehter, A. D. Talanta

uncgrtainty remains regarding certain features of the me(;hanism, (25) Gampp, H.; Maeder, M.; Meyer, C. J.; Zubénler, A. D. Talanta

particularly with respect to the details of the decomposition of 1985 32, 1133-1139. )

(SCN), overall the model is consistent with the observed results __(26) Gampp, H.; Maeder, M.; Meyer, C. J.; Zubghter, A. D. Talanta

. C : 1986 33, 943-951.
and is a major improvement over the prior model. (27) Bacon, R. G. R.; Irwin, R. SI. Chem. Socl958 778-784.

) (28) Bjerrum, N.; Kirschner, AChem. Abstr1919 13, 1057-1060.
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