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Evidence for Br; Reaction with Ni(IIl) Macrocyclic
Complexes: Br; as a Possible Reducing Agent
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The anion radical, Bry, has been widely used to
produce metal complexes in unstable states by oxida-
tion of the central metal ion [1]; we wish to report
the novel behavior of a nickel(I) macrocyclic system
in which the Ni(IIT) complex generated by Br; oxida-
tion may be reduced to the parent Ni(II) form by
subsequent reaction with Br;.

There are various literature reports [2—6] con-
cerning oxidation of nickel(II) complexes by Bry
via the reaction:

[Ni(I[)L] 2 + Br; - [Ni(IIDL(Br™)] 2* + Br~ (¢))

However, the redox potential for the couple Bry/Br,
[7) would suggest the possibility that, for given com-
plexes, actual reduction of Ni(Ill) by Br; could
occur. As studies of oxidation by Br; have employed
flash photolysis [6] or pulseradiolysis techniques,
[2—5] experiments have generally been conducted
under pseudo-first order conditions ([Br; ] < [Ni(II)-
L]) where all Br; reacts with parent complex and
reduction of the resultant Ni(III) species by Bry is
not stoichiometrically possible.

In a recent report from our laboratory, [4] we
described the pulse radiolytic formation and subse-
quent chemistry of Ni(TIT}(CR-2HYBr™) as per re-
action (1) where CR-2H is a macrocyclic ligand of the
form:
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The value of k, was determined to be 1.1 X 10°

M~ sec! by following kinetic behavior at 360 nm,
the absorption maximum for Br;. However, in the
present study, initial concentrations of Br; compar-
able to those of Ni(IICR-2H) in solution were
generated pulse radiolytically [8). Under these con-
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ditions, the loss ob Bry vig disproportionation must
be taken into account

Br, +Br; ~ Bry + Br- )

At pH=3.2 where these experiments were perfor-
med, rate constants of 2k, = 4.2 X 10° M ' sec 'and
4.5X10° M~ 'sec”! were determined in solutions of
[Br']=1X10"2 M and 1X10™> M respectively.
Theoretical decays at 360 nm may be calculated from
k, and k, and the extinction coefficients* for the
various species involved. As may be seen in Fig. 1,
the experimental decay considerably exceeds the
decay predicted from the assumption that only re-
actions (1) and (2) are involved. Further, no previ-
ously described transformation of Ni(IIT)}(CR-2H)-
(Br™) [4] subsequent to reaction (1) may occur in
this time scale to account for such behavior. The
spectrum recorded at the end of this decay (Fig. 2)
reveals no remaining absorption attributable to Bry
and no spectral evidence of any new species. Further,
it also indicates a yield of Ni(III)}(CR-2H)Br™) far
less than expected for (1) and (2) alone. This data is
consistent however, with a process involving both
Ni(IIT)(CR-2H)Br™) and Br; as reactants; and one
may suggest the reaction

Ni(HIXCR-2H)(Br™) + Br; -
Ni(II(CR-2H) + Br, +Br~, (3)

Laurence and Whitburn [6] have suggested such a
reaction as part of an overall multistep mechanism
to explain halide ion reactions with nickel(II) tetra-
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Fig. 1. Experimental decay of absorbance at 360 nm. Exper-
imental points for (I) were recorded for [Nill(CR-2H)], =
43 x107® M, {Br] =1 %1073 M and [Br3]o=4.3x107%
M (scaling factor = 1) and experiments for (II) were recorded
for [Nill(CR-2H)]o,=43x107%M, [Br]=1x10"3 M
and [Bry}, =14 X107 M (scaling factor = 3). Curve A
represents the decay calculated for reactions (1) and (2) for
the conditions of experiment (II). Curves B and C represent
the calculated decays involving reactions (1), (2), and (3)
and associated with (I) and (II) respectively.

'GNill(CR.ZH) =900 Al—_l CIT'I»1 N eNilII(CR-ZH)(BI—) =
4500 M~1 cm™, epy-=9500 M7 cm™l, epy_ ~ epy, = 0.
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Fig. 2. (=) Absorptions recorded at the kinetic plateau (v ~
150 us after the pulse) [Nill(CR-2H)],=3 Xx107¢ M,
[Br'] =1X1073 M and [Br3]g =3.6 X 1078 M. The solid
curve represents the spectrum of 1.35 x 107% M Nilll(CR-
2H)(Br ), expected concentration from calculations involving
reactions (1), (2) and (3).

azamacrocyclic complexes. However, this type of
reduction has not been isolated from other reactions
of Ni(III) species nor has a rate constant been repor-
ted. The redox potentials for Br;/Br, in water and
Ni'l(CR-2H)/Ni'"}(CR-2H) in acetonitrile are 0.43
[7] and 1.05 V [10] respectively. While some altera-
tion in the latter is expected due to transfer to an
aqueous system, reaction (3) appears to be thermo-
dynamically feasible.

Using the rate law for competing reactions (1, 2,
3) calculated decays were fit to data at 360 nm using
appropriate extinction coefficients, k;, k; and an
adjustable ks. Over a range of dose, [Bry]o = 1.4—
43 X107® M, starting material [Ni(IIICR-2H)] =
2-4.3 X107% M and bromide concentration, [Br™] =
1-10 X 1073 M sixteen sets of data were examined
and fit using k; values of 1.02+0.07)X 10 M !
sec”!. The fits presented in Fig. 1 are representative
of the agreement obtained. Attempts to fit the exper-
imental decays with a parallel reaction with some
unknown intermediate
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Ni(II)}(CR-2H)(Br ™) + Br; — Intermediate X %)

were made by adjusting k4 and the extinction coeffi-
cient of intermediate X. Such attempts were unsec-
cessful and the results incoherent.

The course of reaction was also monitored exper-
imentally by following the transient growth at 265
nm, the absorption maximum of Brj. Kinetic data
were not fitted at this wavelength since Brj is the
main product of Br, disproportionation and the
equilibrium (5)

Br, + Br 2 Br3 (%)

involves rates comparable [9] to those of the other
processes occuring. This renders the transient growth
extremely complicated. However, one may assume
that equilibrium is approached at the end of the com-
peting reactions (1)—(3). Plateau concentrations, val-
ues for transient growth of the species involved and
associated absorption values at 265 nm were calcu-
lated* with this assumption, as value K5 =15 M1
and ki, k,, k3 given above. These are presented in
Table I and may be seen to be in good agreement
with experimental data. At bromide concentrations
of 1 X107% M the yield of Br3 arising from dispro-
portionation alone is not sufficient to explain the
data. This further supports the participation of reac-
tion (3). At bromide concentrations of 1 X 1073 M
the contribution of Bry is very small compared to
Br, and the absorbance over the whole spectrum
(Fig. 2) is consistent with the concentration of Ni-
(IIN(CR-2H)(Br™) expected from the calculation.

The evidence presented strongly supports reduc-
tion of Ni(III)CR-2HXBr~) by Brz in competition
with Ni(IT} CR-2H) oxidation by the same anion rad-
ical. One may expect that other similar cases will be
observed.

*enill(cr-2m) = 2700 M™! em™!, enlll(cR-2H)(Br™) =

15000 M~ cm™', ep,7=500 M™! cm™?}, ep; =0 M~
cm™), epr = 36000 M em™!.

TABLE I. Experimental and Calculated Absorptions at 265 nm for Various Concentrations of Participating Species.®

[Nill(CR-2H)] ,, [Br3] [Br] [NilMl(CR-2H)(Br ) (Br3] AAbSeyp AAbSa1c
X 106 (M) X 10% (M) X 103 () X 106 () x 108 ()
4 16 10 1.05 3.3 0.015 0.014
4 3.2 10 1.5 10.6 0.022 0.022
2 18 10 0.79 6.2 0.0127 0.012
2 43 10 0.98 21 0.0205 0.0195
2.1 1.5 1 0.81 0.48 0.010 0.010
21 2.8 1 0.98 1.3 0.012 0.0125
2.1 44 1 1.06 2.3 0.0125 0.014

aThe concentrations of the absorbing species Nill(CR-2H), Ni''(CR-2H)(Br™) and Br3 are calculated from the rate law and
assuming that equilibrium (5) is reached after 150 us. The parameters used are ky, k2, k3, given in the text, K5 = 15 M and the
appropriate extinction coefficients*. Experimental absorptions are recorded in the time range 135—-155 us.
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