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Details of the experimental measurements and computations.

Spectral measurements. UV-Vis measurements were carried out under N, atmosphere using quartz (1-
mm or 1-cm path length) spectroscopic cells equipped with a Teflon valve fitted with Viton O-rings. A
Dewar equipped with quartz lens was used for measurements at +5 to -70 °C.

[R-Br, TMPD] complex formation. The [R-Br, TMPD] formation constants and extinction
coefficients were evaluated via UV-Vis titrations (by an incremental addition of R-Br to the solutions of
TMPD molecules in hexane, dichloromethane or acetonitrile, see Figure 1 and Figures S1-S4 below).
Spectral measurements were followed by quantitative treatment of the data using Benesi-Hildebrand
method,? and via regression analysis of the UV-Vis absorbance data 1, as described earlier.>*

Specifically, the equilibrium constant for complex formation is expressed as:
K =x/(([R-Br] - X]([TMPD] - x))
where x is an equilibrium concentration of the complex and [R-Br] and [TMPD] are initial concentrations
of the reactants in solution. When one of them is taken in large excess, i.e. [CBr,;] >> [TMPD], then
[CBr,] >>x, and [CBr,4] - x = [CBry4]. Therefore K =x/([TMPD] - x][ CBr,4]) or 1/x =1/[TMPD] + 1/ (K
[TMPD] [CBr,]). Taking into account that: A =¢1x, where A is absorbance of the complex at a certain
wavelength (obtained by subtraction of the absorption of components), and I is the length of the
spectrophotometric cell, the latter can be rearranged as Benesi-Hildebrand equation: [1]
[TMPD]/A =1/(el) + {1/ (Kel)} x 1/[ CBr,].
As illustrated for the CBr,/TMPD and CBrsNO,/TMPD pairs in Figures S1 and S3, the plot [TMPD] /A

vs 1/[R-Br] is described by a linear trend line, which produces values of K and ¢ in Table S1.

Table S1. Spectral and thermodynamic characteristic of the [R-Br, TMPD] complexes

Complex Solvent Ao MM & MPem? K, M?
[CBr,, TMPD] CoHus 370 40 0.4
[CBr,, TMPD] CH,Cl, 380 3.2 0.3
[CBr,, TMPD] CH;CN 374 2.5 0.4
[CBr3NO,, TMPD] CgHyy4 360 3.3 1.2
[CBr3NO,, TMPD] CHCl, 360 - -

It should be noted that the Benesi-Hildebrand procedure provided reliable results only if one reactant is
present in large excess and the complexation of the other reactant (in deficit) is in the 20-80% range®

(which is difficult to obtain if the K values of ~ 1 or less). Thus, to verify the values of K and &, we
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carried out regression analysis of the absorbances of complexes at various concentrations of the
components (similar to that described earlier®*), without the assumption made in the Benesi-Hildebrand
method. In this case, the expression for the equilibrium constant, K = x/(([R-Br] - X]([TMPD] - x), leads
to the quadratic equation: x* - x([R-Br]+ [TMPD] + 1/K) + [R-Br][TMPD] = 0. The physically
meaningful solution of this equation is:

x = ([R-Br]+ [TMPD] + 1/K)/2 - {([R-Br]+ [TMPD] + 1/K)? — 4[R-Br][TMPD] }*%/2
Accordingly, the absorbance of the complex can be calculated as:

A = € | {([R-Br]+ [TMPD] + 1/K)/2 - {([R-Br]+ [TMPD] + 1/K)? — 4[R-Br][TMPD] }"4/2}
Computer fitting of the series of experimental values of absorption A‘eXp measured at different initial
concentrations of R-Br and TMPD (by the variation of € and K values to minimize the difference
between the experimental and calculated values of the absorption: A = Z{A‘exp — Ay and to
maximize the correlation coefficient between AieXp and A'y,c values) produced a unitary set of K and
€ Which describes the absorption of the complex over a wide range of concentrations of components.

3-4 series of experiments were performed for each R-Br/TMPD pair, and values of K were evaluated at
two wavelengths. Values of K obtained from different series of measurements via different methods and
different wavelengths were typically within ~30 %.

Kinetics of R-Br/TMPD reactions. Addition of R-Br electrophiles to the solutions of TMPD or Fc* in
dichloromethane or acetonitrile resulted in the formation of the corresponding cation-radicals TMPD™*
and Fc** as indicated by the appearance of the characteristic absorption bands of the latters (Figure 3 and
Figure S7). For all redox-pairs, the rate constants in Table 1 were established from the studies of the
initial rates of the reactions, which were proportional to the first order of concentrations of the reactants
(Figure S6). It should be noted that under the conditions of experiments, two moles of the cation radical
were formed per one mole CBrsNO, (within 15% accuracy). For such processes, the kinetic curve could
be simulated up to ~ 90% conversion based on the reaction scheme in which oxidation of D by R-Br
electrophile resulting in formation of R* and Br™ followed by the fast oxidation of the second molecule of

D by R* (or a product of their recombination), i.e.

kl
D+R-Br —» D™ +R" +Br
. fast ‘e
R*+ D — D™ + other products
where k' = ¥ k°(Figure S5) . The equilibrium (final) concentrations of TMPD** cation radicals in
similar reactions with CBr, were 5-25% of the initial concentration of TMPD (even in solutions with
excess of CBr,), indicating the significance of back reactions and/or TMPD™ decomposition in these

systems.
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Computations of the outer-sphere ET rate constants. Rate constants for the outer-sphere
(intermolecular) ET processes are evaluated as:®  ker®® = Z exp(-AG*/RT),
where Z =10"*M"s™ is a collision factor’ and AG* is an activation barrier.

Details of the calculation of the outer-sphere rate constants ker© are listed in Table S2.

Table S2. Parameters for the calculations of outer-sphere ET rate constants (CHsCN, 22 °C).

Redox pair  AG®? kcal Ao’ AC AG*og,° ker™®

M* kcal M™ kcal M™* kcal M™ Ms™
TMPD/CBr;NO, 11.3 20.2 71.9 22.3 3.7x10°

Fc* /CBrsNO, 6.0 18.7 58.4 16.2 0.12
TMPD/CBr4 13.9 20.3 82.0 27.0 1.4x10°
Fc*/CBr, 8.6 18.8 68.6 20.8 4.9x10°

a) Calculated as AG° = -FAE, where F is a Faraday constant, oxidation potentials of TMPD and Fc* are
0.10 V and -0.13 V vs SCE, respectively,” and reduction potentials of CBr,and CBr;NO,are -0.50 V and
-0.39 V vs SCE, respectively. Note that the reduction potentials for CBr,and CBrsNO; (in which electron
transfer occur via concerted dissociative mechanism, as indicated by quantum-mechanical computations
and CV measurements) were calculated according to the methods available in the literature® '° as
described below.

b) The solvent reorganization energy calculated from the two-sphere Marcus expression as:®

7\,5 = (1/800 -1/ 80) X(Aq)z (1/2I’D + 1/2I’A - 1/I’DA)
where ¢, and ¢, are optical and static dielectric constants of acetonitrile, Aq is the transferred charge, rp
and ra are effective molecular radii of the donor and acceptor, and rp, is donor / acceptor separation. The
effective radii of the donors and acceptors are: r(TMPD) = 4.62 A, r(Fc*) = 5.90 A, r(CBr,) = 4.05 A,
r(CBrsNO,) = 4.06 A. These values were calculated from the molecular volume of the corresponding
species obtained via B3LYP/6-311G* calculations, as described earlier.’

¢) Reorganization energy calculated for the “sticky” dissociative ET mechanism,® as:

A =i +As+ (Drar ” - Drosar” )’
where A; is an intramolecular reorganization energy of the electron donors: Ai(TMPD) =M Dgg, is the C-
Br bond dissociation energy of R-Br molecules calculated according to the literature® (vide infra):
Drer(CBry) =58.69 kcal/mol and Dgg,(CBrsNO,) = 56.76 kcal/mol; Dg.. IS an interaction energy in the
R*/Br" radical/ion pair resulting from the dissociation of R-Br* anion-radical (obtained, as described
below, via ®B97XD/6-311+G(d,p) computations which were found to be in agreement with experimental
enthalpies)s: Dr./gr. (CBry) = 0.42 kcal/mol and Dg. 5. (CBrsNO,) = 1.64 kcal/mol.

d) Activation barrier for the “sticky” dissociative ET mechanism the latter is calculated as:

AG’ = MA{1+ (AG® + W, - Drus) MY
where w, is the work of bringing products together calculated as an energy of electrostatic interaction
between ionic products of the redox reactions in acetonitrile (i.e., e%er) based on the effective molecular
radii of cations and van der Waals radius of bromide of 1.85 A: w,(TMPD™/Br) = 1.43 kcal/mol, and
wy(Fc**/Br’) = 1.19 kcal/mol.

Computations of the (inner-sphere) ET rate constants via [R-Br, TMPD] intermediate. According to

the two-state model, the ground- and excited-state wavefunctions for the ET system consist of linear combi-

nations of the initial (D/A ) and the final (D*/A") states expressed as v, and y: **2
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Wes = aya + by
Wes = a’ya +b” yy
The solution of the secular determinant leads to the ground-state and excited-state energies as:

Eos= (Haat Huo)/2 - ((Hop - Haa)*+ 4Hz7)"%/2 (A)

Ees = (Haa + Hon)/2 + ((Huo - Haa)® + 4Hq) 212 (B)
where H,, = I\yana and Hy, = f\va\Vb represent the energies of the initial and final diabatic states and Hg,
= Jy.Hy, is the electronic coupling element. The energies of the initial and final diabatic states can be
expressed at each point (X) along the reaction coordinate via the reorganization energy (1) and the free-
energy change (AG°r) as: Ha = AX? and Hy, = AG% + A(X-1)%. The electronic coupling element is eva-
luated from the intensity integral of the absorption via the Hush expression:

Hao = 0.0206(ver Ay ect) 4roa

where vcr and Av,, are the spectral maximum and full-width at half maximum (cm™), respectively, of the
charge-transfer absorption band, ecr is the extinction coefficient (M™*cm™), and rpa(A) is the separation
parameter. The interaction of the initial and final diabatic states (which is essentially equivalent to the
donor/acceptor coupling) results in the formation of the adiabatic ground state and the excited state for the
electron transfer described by the wavefunctions above. Accordingly, adiabatic ground and exited states
energies can be calculated at each point of the reaction coordinate from X = 0 (corresponding to the
neutral donor/acceptor dyad) to X = 1 (corresponding to the ion-radical pair) using energies of the
diabatic states (i.e. Haa= AX?, Hyp = AGer + A(X-1)?) and a constant value of H,, (determined via the
Hush formalism) via egs (A) and (B) above. Such adiabatic ground-state diagram for electron transfer in
the TMPD/CBr, pair is illustrated in Figure 4. Parameters, which were used in the computations of the
ET energy diagrams, as well as details of the computations of the inner-sphere ET for the TMPD/CBTr,
and TMPD/CBr;NO; pairs are listed in Table S3.
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TableS3. Characteristics of the inner-sphere ET reactions

Redox pair As(1S).2 s, Hao®  AG*s®  Ker© K'  kero?
kcal M* kcal M*  kcal Mtkcal M? s™ Mt Mt

TMPD/CBr, 17.7 79.4 7.1 21.0 3.6x10" 04 1.4x10™
TMPD/CBr;NO; 15.3 66.9 7.3 16.4 0.85 1.2 1.0
a) Due to the close contact of the donor and acceptor in the precursor complex, Marcus (two-sphere)

b)

d)

9)

model is not suitable for the calculation of the solvation reorganization energy. As such, the solvation
component of the reorganization energy was calculated within the framework of the dielectric
continuum model (DCM) as the free energy of the inertial solvent response to a charge shift in the
solute cavity:,*

As =Gs(8w1,8m2,---,sz,Aq )—GS (801,802,...,80N,Aq )

where Aq is the point-charge representation of the full shift in the charge density of the
donor/acceptor dyad upon electron transfer. Thus the limiting Marcus two-sphere model (TSM) for
the reorganization energy A, in bimolecular ET (vide supra) is replaced by the general approach in
which the more realistic dielectric continuum framework is based on the full solution of the Poisson
equation for the solute cavity of a given size, shape, and charge distribution immersed in a solvent
environment. For the cavity containing the precursor complex, the change in charge density is
represented by the variation of the point charge (AqQ;) at each atomic site (i). In other words, this
equation represents the outer-shell reorganization energy A as the free energy of the inertial solvent
response to a solute with charge density Ag. This solvent inertial response involves solvent nuclear
polarization modes and is calculated as the difference between the optical response and the full
response given as the first and the second term, respectively. [Such a difference is also implicit in the
classical Marcus two-sphere model in which the solvation energies, G, and A, are quadratic functions
of Ag; when the solute is linearly coupled to the solvent medium.] The reorganization energies /s for
[TMPD,CBr,] and [TMPD,CBr;NO,] complexes were calculated using the Delphi Poisson solver.*
The Aq; values were evaluated as the difference between corresponding ESP atomic charges calcu-
lated for the isolated neutral donor and acceptor molecules and their ion-radicals. These ESP charges
(as fitted to reproduce the electrostatic potential due to the solute in its immediate environment), were
obtained with the aid of the ChelpG option in B3LYP/6-311G(d) calculations. The geometries of the
complexes were based on their X-ray crystal structures. Comparison with the values of s in Table S2,
indicates that such a model produces solvent reorganization energies about 20 % lower than those
resulting from the Marcus (two-sphere) expression.

Calculated as described above for outer-sphere ET in Table S2, with Asreplaced with As(1S).

Hab = OOZOG(VCT AVip SCT)llzerA.

[TMPD, CBr]: ver = 26.7x10° cm™ Avy,=7.0%x10° cm?,  ecr =3200 M 'em™ rpa = 6.4A
[TMPD, CBrsNO,]: ver = 27.8x10° cm™ Avy, =7.0%10° em™, ecr =3300 M 'em™ rpa = 6.5A.
(Note that since UV-Vis studies revealed minor variation of the spectral characteristics of the [R-Br,
TMPD] complexes with solvent (Table S1), H,, values for the [TMPD, CBr3NO,] complex were
evaluated based on its characteristics in hexane).

AG*s was evaluated graphically, or alternatively, via accurate expression derived by Sutin and
Brunschwig for the unsymmetric adiabatic systems with non-negligible Hy, in ref 13b:

AG* = M4 + AG° 12 +(AG®)/(4/(M-2Hap)) - Hap + Hao?/(A+ AG®) —Hap* AGY (M+ AGT)?

Intra-molecular rate constant caclculated, as described earlier for the n-bonded complexes,lo as ket =
KeiVn €XP(-AG*/RT), where v, ~ 1051

Complex formation constant.

Second-order rate constant calculated as kg™ = Kker (which is valid for the reactions that are
significantly slower than the diffusion rates).
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Computations. Quantum-mechanical calculations were carried out using the Gaussian 09 programs.*®
Evaluation of interaction in CBr,NO," Br and CBr;"Br radical/ion pairs. Since ®B97XD/6-
311+G(dp) computations produced structures and energies of the halogen bonded complexes, which
agreed well with the experimental data,® we used this method for evaluation of CBr,NO,"- Br (left) and
CBr3-Br radical/ion pairs. Equilibrium structures of CBr,NO,’- Br" (left) and CBr;*-Br radical/ion pairs
resulting from ®B97XD/6-311+G(dp) optimization of CBrsNO,* and CBr,* in acetonitrile are
illustrated below, and their energetics are summarized in Table S4. NBO analysis produced charges
residing on bromine fragment of -0.970 and -0.995 for CBr,NO,’- Br and CBr;"-Br pairs, respectively

(Mulliken charges are practically the same for both pairs).

d 4

]
i
; 358A ! 4.03A
H /
| ]
@4
V o°
Atomic coordinates
CBr;"-Br CBr,NO,’- Br
C 0.77269900 0.00174100 -0.00255300 C 0.84211900 0.00015200 0.30685600
Br 1.07426800 -1.83696300 0.18160900 Br 1.20741800 -1.60125000 -0.50960500
Br 0.99635500 0.76360800 -1.69790400 Br 1.20570300 1.60213200 -0.50922300
Br 1.05375300 1.09198600 1.49323100 Br -2.67938100 -0.00062400 -0.35629300
Br -3.25683800 -0.01893000 0.02350100 N 0.32651700 -0.00032000 1.64292500
(0] 0.12372400 -1.08370500 2.17384200
0 0.12387000 1.08274100 2.17461000

Table S4. Summary of the ®B97XD/6-311+G(dp) computations of R*/Br interaction enthalpy in CH;CN

E, Eh H, Eh BSSE, Eh AH, kcal/mol
Br -2574.362917 -2574.360557
CBr,NO,"-Br -7965.843965 -7965.816016 0.000353021 -1.65
CBr,NO;"™ -5391.477571 -5391.452482
CBR;™Br -10334.91777 -10334.90323 0.000152734 -0.43

CBrj3’ -7760.553541 -7760.541839
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Computations of the bond dissociation energy of CBr,and CBrsNO,. Bond dissociation energies for the

R-Br molecules were calculated as described by Lin, Coote, Gennaro and Matyjaszewski in ref. 12 using
a high-level composite G3(MP2)-RAD(+) method that approximate (UR)CCSD(T) energies with a large
triple basis set via additivity corrections at the R(O)MP2 level of theory. The results of these

computations are summarized in Table S5.

Atomic coordinates:

CBry

C

Br
Br
Br
Br

CBr;NO,

C
Br
Br
Br
N
(0]
(0]

-0.00013300
-1.85625800
0.42419000
1.17395700
0.25813400

-0.00001900
1.58644500
0.00078200

-1.58736800
0.00016700

-1.09178100
1.09226900

0.00007300
-0.08115400
1.81837800
-0.51706400
-1.22017200

-0.01507500
-0.99312800
1.75778700
-0.99168900
0.26464200
0.38661800
0.38638400

-0.00002600
-0.59191400
0.56166900
-1.46841400
1.49866300

0.12480600
-0.35159600
-0.67066900
-0.35157300
1.69606600
2.21657200
2.21630600

CBrg.
C
Br
Br
Br

CBr,NO,’
C

Br

Br

N

0]

0]

0.00012000
1.81398900
-0.57959400
-1.23441600

-0.00000300
1.60733200
-1.60732600
-0.00000200
1.10142600
-1.10144800

0.00000200
0.37801900
-1.75979500
1.38177700

0.20530900
-0.68753100
-0.68754000
1.64870700
2.20967500
2.20966000

Table S5. Summary of the computations of bond dissociation energies of R-Br electrophile.

0.34054900

-0.01946300
-0.01945900
-0.01945800

-0.00006700
0.00001400
-0.00000300
-0.00007800
-0.00001800
0.00008900

E, Eh® H, Eh BDE, kcal/mol®
Br -2572.825969  -2572.823609
CBr,NO;’ -5388.602922  -5388.595928
CBr;NO, -7961.518971  -7961.510006  56.77
CBry -7756.597477  -7756.591346
CBr, -10329.51626  -10329.50849  58.69

a) E(G3(MP2)-RAD) = E[MP2/G3MP2Large] + AEC[CCSD(T)/6-31G(d)] + HLC +ZPVE + E[SO]
E[MP2/G3MP2Large] is the the MP2/G3MP2Large total energy.

AEC[CCSD(T)/6-31G(d)] = E[CCSD(T)/6-31G(d)] — E[MP2/6-31G(d)]
HLC is a correction term that depends on the number of o and 3 valence electrons (na and nf3).
It is obtained with parameters A, B, C and D as:

HLC=—A nf — B (na — nf) for molecules and HLC= —C nf3 — D (na. — nf) for atomic species

where A =9.413, B =3.969, C = 9.438,D = 1.888( in mHartree)
Scaled B3LYP/6-31G(d) frequencies (0.9806) are used to obtain the ZPVE and thermal corrections to

enthalpy. A spin-orbit correction, i.e., E[SO], where available from experimental data or from accurate
calculations, is included.
b) BDE = -[H(R-Br)-H(R) —H(Br)]. Note that experimental value of BDE for CBr,is 57.91 kcal/mol.
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Computations of reduction potentials of R-Br molecules in acetonitrile. Reduction potentials of the R-Br
molecules in acetonitrile, R-X; + e — R’ + X's were calculated as described by Isse, Lin, Coote and
Gennaro in ref. 17 as a sum of the Gibbs free energies of the reactions R-X; — R+ X’ and X+ €
— X’s. The free energy of the first reaction can be estimated using the free energy of the same reaction in
the gas phase (obtained from the G3(MP2)-RAD(+) computations described in the previous section)
and the free energies of solvation. Solvation energies were calculated, as in ref. 17, using the conductor-
like polarizable continuum model, CPCM, level for the structures optimized at HF/6-31+G(d) level with

UAMHF radii. The results of these computations are summarized in Table S6.

Table S6. Summary of the computations of the reduction potentials of R-Br molecules.

Gges, EN? Gan , EN? G’ AAGgy ®  BDE/ TAS? Eq. V'
kcal/mol  kcal/mol kcal/mol  kcal/mol  vs SCE®
Br -2569.893258 -2569.89468 -0.89
CBr,NO, -5381.673283 -5381.681678 -5.27
CBr;NO, -7951.60471 -7951.611236 -4.10 -2.06 56.77 8.83 -0.39
CBr; -7747.539831 -7747.541883 -1.29
CBr, -10317.47612 -10317.47895 -1.78 -0.40 58.69 9.81 -0.51¢

a) Gan and Gg,s Were calculated at ROHF/6-31+G(d) level of theory in gas phase and inb acetonitrile
(with scrf=(cpcm, solvent=acetonitrile) option) for species obtained by optimization at hf/6-31+g(d)
level in acetonitrile ( scrf=(cpcm,solvent=acetonitrile))

b) Gsolv = GAN - Ggas

C) AAGsolvz Gsolv(R) + Gsolv (BI’) - Gsolv (R'Br)

d) See Table S5

e) Calculated as difference in entropies obtained v'ia G3(MP2)-RAD(+) method.

f) Ered’ =1/FX(-BDE+TAS-AAG,,)+1.60, where 1.60 is a reduction potential of the bromine atom in
acetonitrile.”

g) G) Note that ref. 17 reports a slightly different value of the reduction potential of CBr,(-0.48 V vs
SCE). The 0.03 V difference is related to the fact that calculations of the reduction potential of CBr,
in ref 17 were based on the TAS and AAG,, taken as the average values of the corresponding
parameters for the series of R-Br molecules calculated in ref. 12 (which did not included CBr,). In
comparison, we calculated these values specifically for CBr, (and CBrsNO,) according to the
methodology described in ref. 12.
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Reduction potentials of R*radicals in acetonitrile were calculated as described in ref. 12 based on

the Gibbs free energy of the reactions R*s+ e* — R’y The results of computations are summarized in
Table S7.

Table S7. Summary of computations of the reduction potentials of R® radicals in acetonitrile.

GAN 1 Eha Ggas s Eha AAGSON,b Hgas , Ehc Sgasy ¢ AGgas d A(BANe Eored ,fV
kcal/mol kcal / mol  kcal/mol kcal/mol  vs SCE®
CBr,NO, -5381.681678 -5381.67328 -50.95  -5388.595928 85.33 -67.66 -118.61 0.76
CBr,NO, -5381.840603 -5381.75101 -5388.704552 83.65
CBr3 -7747.541883  -7747.53983 -46.98  -7756.591346 82.81 -56.92  -103.89 0.12
CBry -7747.67105 -7747.59413 -7756.681748 83.42
a) Gan and Gy, were calculated at ROHF/6-31+G(d) level of theory in gas phase and in
acetonitrile (with scrf=(cpcm, solvent=acetonitrile) option) for species obtained by optimization
at HF/6-31+g(d) level in acetonitrile ( scrf=(cpcm, solvent=acetonitrile))
b) AAGsolv =( Gsolv(R_) - Gsolv(R) Where Gsolv(x) = GAN(X) - Ggas(x);
C) AHgs = H(R) — H(R) and AS = S(R") — S(R), where H and S were calculated at G3(MP2)-RAD
level
d) A Ggas =AHgas-TAS
e) A GAN =A Ggas + AAGSON
f) E°eq=-AGan/F - 4.388, where 4.388 V is obtained by adding the SCE potential (0.241 V) to the

absolute SHE potential (4.24 V) and subtracting interliquid potential (0.093 V).
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Figure S1. Spectra of hexane solutions of TMPD (1 mM) together with 0, 0.052, 0.10, 0.15, 0.20, 0.25 and
0.35 M of CBr, (solid lines from the bottom to the top); dashed line: spectrum of separate 0.25 M solution
of CBr,(22° C, I=1cm). Insert: Benesi-Hildebrand treatment of spectral data leading to extinction
coefficient of € = 4x10°M™ cm™ and formation constant K = 0.4 M™ for [CBr,, TMPD] complex.
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Figure S2. Spectra of acetonitrile solutions of TMPD (4.9 mM) measured immediately after mixing with
0, 0.05, 0.10, 0.15, 0.20, 0.25, 040 and 0.50 M of CBr, (solid lines from the bottom to the top); dashed
line: spectrum of separate 0.25 M solution of CBr,(22° C, 1= 0.1 cm). Insert: Gaussian fitting (dotted
line) of the absorption band of [CBr,, TMPD] complex obtained by the subtraction of the absorptions of
TMPD and CBr, components from the absorption of their mixture in acetonitrile.
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Figure S3. Spectra of hexane solutions of TMPD (2.4 mM) together with 0, 0.047, 0.141, 0.235, and 0.47
M of CBrsNO, (solid lines from the bottom to the top); dashed line: spectrum of separate 0.25 M solution
of CBr,(22° C, 1= 0.1 cm). Insert: Benesi-Hildebrand treatment of spectral data leading to extinction
coefficient of & = 3.3x10° M cm™ and formation constant K = 1.2 M™ for [CBr,, TMPD] complex.
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Figure S4. Spectrum of the mixture of TMPD (2 mM) and CBrsNO, (2mM) measured at -80°C in
dichloromethane (blue line) together with the spectra of separate 2 mM solutions of TMPD (red line)
and CBr;NO; (dashed line) (I= 1 cm). Insert: Absorption of [CBrsNO,, TMPD] complex obtained by
the subtraction of the absorptions of TMPD and CBrsNO, components from the absorption of their

mixture.



Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics
This journal is © The Owner Societies 2014

S13

2.5

Absorbance

0 500 1000 1500 2000
time/s

Figure S5. Changes of the intensity of absorbance at 611 nm (corresponding to TMPD™ cation radical)
upon addition of CBrsNO, (0.86 mM) to the 10 mM solution of TMPD in dichloromethane. Black line
represents Kinetic curve calculated as Abs = eIx[TMPD™], where ¢ its extinction coefficient of
TMPD™at 611 nm, | is length of the spectrophotometric cell and [TMPD*] is a concentration of the
product calculated assuming fast oxidation of the second molecule of TMPD by CBr,NO,’ radical as:
[TMPD**] =2ab(e®'— e?*)/(ae®'-2be?), where a is initial concentration of TMPD and b is initial

concentration of CBr;NO,, and k= % K.
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Figure S6. Linear dependences of the initial rates of the oxidation of TMPD by CBr3NO,in
dichloromethane on concentration of CBrsNO, (at [TMPD], = 0.43mM) and [TMPD] (at [CBrsNO,], =
1.9 mM).
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Figure S7. Spectral changes following addition of CBr, (150 mM) to the 2 mM Fc* solution in acetonitrile.
Time after mixing (in, blue lines from the bottom to the top at 780 nm): 5, 11, 18, 24, 34 ,46, 61, 85 min.
Red line represents spectrum of Fc*.
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Figure S8. Changes of the intensity of absorbance at 778 nm (corresponding to Fc* ) upon addition of
CBr;NO, (0.5 mM) to the 1 mM solution of Fc* in dichloromethane.
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Figure S9. Cyclic voltammograms of TMPD (A and B) CBr;NO, (C and D) and CBr, (E and F)
measured with Fc*/Fc internal standard in acetonitrile (5mM solutions, glassy carbon working electrode,
Pt wire auxiliary electrode, Ag/Ag” reference electrode, 0.1 M BuyN PFgsupporting electrolyte measured

at 100 mV/s scan rate (A, C, E) and 1000 mV/s (B,D,F).
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Figure S10. The shape of LUMOs (top) of neutral CBr,and CBrsNO, molecules , SOMOs (middle) of
excited anion-radical CBr,*" and CBr;NO,™*" (i.e., resulted from “vertical” electron transfer to neutral
molecule) as well as SOMOs and HOMOs of final stable R*/Br products (see coordinates and energies
of R*/Br pairs on p S7) . The dark blue and light blue colors represent the opposite phases of the wave

functions.
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Figure S11. Temperature-dependent spectra of the solutions containing CBr, and TMPD (in cuvette
with | = 1 cm) showing reversible decrease of the absorption band at A~400 nm of the [CBr,, TMPD]
complex when temperature increases. (Left) 72 mM CBr4 and 1.4 mM TMPD in CH,ClI, at -54°C (green),
-36 °C (blue), -20 °C (red) and 0°C (brown). (Right) 50 mM CBr, and 1.0 mM TMPD in hexane at -48°C
(blue), -22°C (green), 3 °C (red).
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Figure S12. Mulliken dependence of energy of charge-transfer transition vs oxidation potential of donors
for series of complexes of CBr, acceptor with TMPD (1), I (2), SCN" (3) 9,10-dimethoxy-1,4:5,8-
dimethano-1,2,3,4,5,6,7,8-octahydroanthracene (4), Br" (5) and CI" (6) which supports assignment of the
absorption band at A.x = 380 nm appearing upon addition of TMPD to the solution of CBr, (or vice
versa) to the [CBr,, TMPD] charge-transfer complex [data from ref. 18].
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Figure S13. Temperature-dependent spectra of the solution containing 1 mM TMPD and 500 mM CBr, in
acetonitrile (in cuvette with | = 1 cm) showing reversible decrease of the absorption band at A=400 nm of
the [CBr,, TMPD] complex accompanied by irreversible formation of TMPD™ (eq A) as temperature
slowly increases from -35°C (violet) to -20 °C (blue), -5 °C (brown) and 10 °C (red)

TMPD + R-Br = [TMPD,R-Br] — [TMPD""+ etc. (A)
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Figure S14. Spectral changes (blue curves) occurring during electrolysis of the TMPD solution in
acetonitrile showing formation of TMPD™ cation radical with A, = 619 nm (electrolysis was carried out
on platinum electrode at 0.3 V vs Ag/Ag” reference electrode with 0.1 M Bu,NPF¢ supporting electrolyte).
Violet curve represents TMPD™ cation radical produced by oxidation of TMPD with CBr;NO, and red
curve represents 1.2 mM solution of the crystalline salt of TMPD™ with inert tetrakis[3,5-bis(trifluoro-
methyl)phenyl]borate anion (which was structurally characterized by single-crystal X-ray measurements in

ref. 19).
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Figure S15. Comparison of halogen bonds (shown as light blue lines) in the experimental (X-ray)
structures of CBrsNO,/TMPD (measured in the current work) and CBr4/ TMPD (reported in ref. 18).
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