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Formation of Trithiocyanate in the Oxidation of Aqueous Thiocyanate
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Oxidation of SCN™ in acidic media by a deficiency of aqueous
chlorine generates a transient UV absorption feature in less than
3 ms. This intermediate has the same spectral and kinetic features
as were found in prior studies of the oxidation of SCN~ by H,0,
or ClO,. The UV absorbance increases strongly with increasing
concentration of SCN™ but not with increasing [H*]. These
observations are evidence that (SCN), and (SCN);~ both contribute
to the absorbance and are in equilibrium with each other. Values
of the corresponding molar absorptivities and the equilibrium
constant are derived. Hydrolysis of (SCN), to HOSCN is shown
to have a small equilibrium constant.

The discovery of thiocyanate, SCNas a key component
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Figure 1. Shift of Amax for the observed intermediate with increasing
[SCN]. Spectra presented with [if = 0.5 M, [Cly]iot = 0.2 mM,u = 1
M (LiCIO4), 1.8 cm path length, an@l = 298 K. The absorbance due to

of an antibacterial system in human saliva has caused a largeCN™ has been subtracted from these spectra.
amount of interest and study on the oxidation of this species. with second-order kinetics!! It was proposed to be (SCH)

Most of these studies focus on the oxidation usin@Has

and its decomposition was proposed to occur with rate-

the oxidizing agent, which is a reaction of particular |imiting disproportionation of HOSCN, the latter species

significance in the salivary mediutn? It is widely proposed

that the oxidation of SCNleads to the production of the

pseudohalogen molecule thiocyanogen, (SEN) but this

unstable species has been detected only rarely and with (SCN), + H,0=HOSCN+ SCN + H*

conflicting results$:7-13
In recent work in this laboratory using either Gl@r H,O,

as oxidant in acidic solutions an intermediate was observed
by rapid-scan stopped-flow spectrophotometry. This inter-

being formed through an equilibrium involving (SGNas
ineq 1

Khyd (1)

In these prior studies a detailed analysis of the decomposition
of the observed intermediate was not performed due to
spectroscopid or kinetic complicationg.

mediate displayed a very distinct UV spectrum and decayed We now report stopped-flow results indicating that aque-

ous CHHOCI oxidizes SCN very rapidly (<3 ms), produc-
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to the one proposed to be (SGN) earlier work in this lab
(see the solid line in Figure 1). Note that the spectra in Figure
1 are obtained directly, whereas those we reported previously
were obtained by kinetic modeling of rapid-scan défane
propose that this intermediate is produced by the following
reactions:

Cl, + 2SCN — 2CI” + (SCN), @)

H" + HOCI+ 2SCN — CI™ + (SCN), + H,0  (3)

Addition of CI~ up to 100 mM vyields no apparent change in
the yield of the intermediate. This rapid production of (SEN)
allows for a detailed study of its chemistry in acidic aqueous
solutions.
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a Figure 3. PM3 structures modeled for (SCN) (A) Cs symmetry; (B)
C, symmetry. Note that the “bonds” drawn in this structure are meant only
to imply connectivity and geometry and not bond order.

notably for (CN)~.2415(SCN)" itself has been reported in

o - 02 04 06 08 | the electrolytic oxidation of SCNin molten NaSCN/KSCN
X1 M eutectic'® in the electrolytic oxidation of SCNin aceto-

Figure 2. Dependence oferr on [SCN] and [H']. For the open squares,  hitrile,X” and in spectroelectrochemical studies using a gold
X = H". In this series of data, [SCN = 25 mM, [Ch]ix = 1.03 mM, minigrid electrode in aqueous soluti®# This last report is

u =1 M (LiCIO,), andT = 298 K. The dashed line represents a linear . . .
fit of the cer vs [H*] data. For the filled circles, X= SCN-. In this series ~ duestionable on the basis of other reports that gold dissolves

of data, [H"] was varied from 0.3d 1 M in order to maintain the stability ~ anodically in aqueous solutions of SCK'° One group

of the intermediates produced, ik = 0.37 mM.u =1 M (LiICIO4), and  hag used electrochemical oxidation of SCt determine

T = 298 K. The solid line represents the fit of the data to eq 7. Kseny- = 50 (+25) M- cm-t and @(SCN)B‘)BZOnm — 750
The initial absorbance &t = 300 nm, fo)aoo, is highly ~ (£100) M~ cm™* in acetonitrile’’

dependent on [SCN. However, Q)30 does not exhibit a As part of the present study, (SGN)wvas modeled using

similar dependence on [#, as shown in Figure 2. The data the PM3 method in the MacSpartan Plus software Sdite.

are presented asy Vs [X], where X= SCN- or H" andee Two structures containing all -SS bonds, one withCs
is defined as follows: symmetry and the other wit@, symmetry, were modeled
and found to have similar stabilities. These structures can
€eit = (Ao — Aw)30d ([Clal o) (4) be seen in Figure 3.
Assuming that (SCN)and (SCNj~ are the only absorbing
Here, A, is the absorbance immediately after mixirg, is species in the solution and that [HOSCN] remains very small,

the absorbance after decomposition of the intermediage,  the following relationship can be derived:
the optical path length, and [{&: is the total initial
concentration of reducible chlorine:  esemy + €sony-Kisom, [SCN']

[Clylc= [Cl7]o + [HOCI, (5) T 14 Ko [SON] ()

For all experiments the first half-lives for decay of the
intermediate exceeded 2 s, thus ensuring thatthealues
are unaffected by decay during the instrument dead time.
Note that, from the stoichiometry presented in eqs 2 and
3, [Cla]wt is exactly equal to the starting value for [(SGN)
In fact, a plot of Ag)s00 VS [Ch]iot IS linear with an intercept
of zero and a slope equal to the valuecgf at the [SCN]
and [H] values of the solutions used. The qualitatively
different dependencies of thex values with respect to
[SCNT] and [H'] indicate that a shift in the hydrolysis
equilibrium shown in eq 1 is not responsible for the observed
behavior. Furthermore, the wavelength of maximum absor-
bance, max €xhibits a small but significant shift toward
longer wavelengths with increasing [SCNas shown in

The € VS [SCN] data can be fit by this equation using
a nonlinear least-squares program. Using such a program,
the following values were calculatediscny, = 75 (£7) M1
Cmﬁl, €(SCNy~ — 7500 6:2300) cnt! Mfl, and K(SCN){ =
0.6 (£0.2) M™L. This result implies that (SCH) is always
a minor species, never exceeding 50% of [(S§N)he
excellent quality of this data fit can be seen from the plot
shown in Figure 2. The values ®fscn),- and eiscny,~ are
strongly correlated because the resolution of these individual
values is derived from the slight curvature observed in the
€ef VS [SCNT] plot. However, the product of these two
numbers is very well resolved, as is the valueegktny,
Another noteworthy complication in this treatment of the

. . . L ata is the possibility of specific medium effects due to the
Figure 1. These pieces of eyldence indicate the presence 0ﬁlhanging C(I)Dmpositigln of tﬁe solution. There is, for instance,
at least two absorbing species. Furthermore, the additional, gj;ut ise iney, with increasing [H], which should not
absorbing species is the product of some interaction between
the first absorbing species, presumably (S&Ehd SCN. (14) Beck, M. T.; Gaspar, V.; Goel, D. Porg. Chim. Actal979 33,

Therefore, we propose that the second absorbing species is  L147-L148. _
(15) DeKock, R. L.; Caswell, D. Snorg. Chim. Actal979 37, L469—

trithiocyanate, (SCNJ, formed in the following equilibrium: L470.
(16) Pucciarelli, F.; Cescon, P.; Heyrovsky, M Electrochem. Sod.979
(SCN), + SCN == (SCN)," Kiscny,- (6) 126, 972-981. ‘
(17) Cauquis, G.; Pierre, @ull. Soc. Chim. Fr1972 2244.
o . (18) McCarley, R. L.; Kim, Y.-T.; Bard, A. JJ. Phys. Chem1993 97,
The trihalide ions (e.g.,3) are a well-known and 19) %115215-F,|h O Monhemius. AT st Min. Metall. Sect
: . arpoosa-riino, O.; vMlonnemius, A. brans—Inst. Min. Metall., Sect.
thoroughly studied set of molecules. Reports of tri-pseudo- C 1994 103 C105-C110.

halide ions are far less common, but such reports do exist,(20) MacSpartan Plus.2.1, Wavefunction, Inc., Irvine, CA, 1998.
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occur if the model which we have proposed is correct. This  Analysis of the data in Figure 2 including the potential
rise is most likely due to the changing of the cationic species contribution of (SCN) hydrolysis leads to an upper limit of

in solution from Li* to H™ with increasing [H] (the [H*] 0.001 M for Knyg Simulations indicate that the models
value is varied using HCI9©and the ionic strength is developed previously for the reactions of SCiNith H,O,
maintained &1 M using LiCIQ,). Similarly, the change of  or CIO, can accommodate this revised valueKay,; through

the anionic species from ClO to SCN in the [SCNT- adjustment of other parametérs.

varied studies could significantly affect the separation of = The results presented herein show that the intermediate
variables in eq 7. Despite these caveats, it is clear that thewe previously identified as (SCh)n the reactions of Cl®
formation constant for (SCH) is quite small whilesscny,- and HO, with SCN is actually an equilibrium mixture of

is quite large. The substantial reductionKgscny,- relative (SCN) and (SCN)~."!1 This enhancement to our under-
to the value reported in acetonitrile is as expected, given standing, however, has no effect on the kinetic treatments
the similar solvent effects for the analogous formation of in those papers, largely because the species (SOMs

I5~ and Bg .22 The small value obtained féfscny is similar always a minor component of the solutions. On the other
to that reported for (CNJ, which is believed to have a hand, our new results provide the most likely explanation
structure analogous to that shown in Figure 3 for (SCR)!® of disagreement between prior literature reports on the UV

The significant disagreement between our valuesfesn), spectrum of (SCN)>11:13
and that reported in acetonitrifecalls the latter result into Acknowledgment. The NSF is thanked for funding this
question. work
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Soc.1967, 89, 3703-3712. IC015597D
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