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Experimental Techniques

2,7-Dinitroanthracene (3): 2,7-Dinitroanthracene was prepared by pyrolysis of a mixture of 2,6- and

2,7-dinitro-9,10-ethano-9,10-dihydroanthracene under vacuum®! and separated from the 2,6-dinitro
isomer by a combination of column chromatography and fractional recrystallization from benzene. mp
>300°; m/z 268 (M+); '"H NMR (300 MHz; DMSO-d6) 6 9.33 (s, Hy), 9.19 (s, 2H,3), 8.91 (s, Ho),
8.37 (d, 2Hs6 J=9.3 Hz), 8.26 (d, 2H4s J=9.3 Hz). UV (MeCN): Apax=404 nm (log €=3.78). EPR
(radical anion, MeCN, RT) ayy=3.00 G, a,y =4.16 G, a;y = 0.375 G, a,y = 1.00 G, ay =3.98 G, ay =
0.53 G.

Preparation of radical anions

The radical anions were prepared in vacuum-sealed glass cells equipped with an ESR tube and a quartz
optical cell. Compound 3, an excess of commercial cryptand[2.2.2], and 0.3% Na-Hg amalgam were
introduced in different chambers of the cell under nitrogen. The cryptand was degassed by melting
under high vacuum before addition of the solvent. THF was directly distilled in the vacuum line from
an ampoule where it was stored under 1:3 Na/K alloy. MeCN, DMSO and PhCN were dried over
CaH,, decanted and distilled before addition to the cell, and degassed in several pump-thaw cycles. The
concentration of the samples was determined spectrophotometrically before reduction. Reduction was
achieved by contact with the 0.2% Na-Hg amalgam. UV/vis/NIR spectra were recorded at room
temperature at several stages of reduction, so that the maximum radical anion oxidation level spectrum

could be selected.

Instrumentation
UV/vis/NIR spectra were obtained with a Shimadzu UV-3101PC spectrometer. EPR spectra were
measured in a Bruker esp300e spectrometer. NMR spectra were recorded on a Bruker Avance III 300

spectrometer.
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Theoretical Calculations

Structure optimizations and TD-DFT calculations were performed using Gaussian09 at the UB3LYP/6-
31+G(2d,p) level and a CPCM solvent model.5?

Three-Stage Model

The determinant of equation 1 is an equation of the form

aB*+bE*+cE+d=0 S1

with
a=1 S2
b = -(H,+Hy+H,) S3
¢ = H,.Hy + Ho.H, + Hy.H, - Hy? - 2 H; 2 S4

and
d=-H,.Hy.H, + H,.H;.> + Hp.H; > + He.Hy? -2H,,.H 2 S5

The diabatic surfaces representing the CBUs are given by H, = A x? and Hy, = A (1-x)?, where x is the
reaction coordinate, and the diabatic surface representing the bridge is H. = A (1/2-x)? + A, where A is
the vertical energy displacement of the H, minimum. Although the cubic equation above has three real
roots, the formulas expressing these roots often involve imaginary numbers. To avoid this, equation S1
was solved numerically for the whole range of x values using trigonomeric functions.

For delocalized ground states the electronic transitions will be the energy difference of the

adiabatic states at x=1/2, and for this point the equation has analytic solutions. For H,,=0 we get
X x=0.5 = M8+ A2 - 172 (A-\/4)* + 8H; )12 36
X2 (x=0.5 = M4 S7

and

X3 =05y = M8 + A/2 + 1/2 ((A-\/4)* + 8H;2) 2 S8



so the two electronic transitions will be

and

Eop! =X3 — X = -1/2(A-1/4) + 1/2 (A-1/4)> + 8H; )2

Eop? =X3 — X = (A-A/4)? + 8H;2)12

One should note that the difference

is independent of the coupling H;. and yields (A—A/4) directly. Once the (A—A/4) value is determined,
Hi, can be easily extracted from S9 or S10. Using the energies of the two first bands of 3- in THF (E,,!
= 4200 cm! and E,;2 = 12900 cm™) yields (A-A/4)=4500 cm™! and H;;=4275 cm™!. A delocalised
ground-state is obtained for A < 6000 cm™!, yielding A=6000 cm™! for A = 6000 cm!. As noted above,
equations S6-S11 are only valid for delocalised ground-state surfaces and for H,,=0. Further
calculations (for charge-localised ground-states and/or for H,,#0) were done by solving equation S1
numerically. Changing the solvent to MeCN (where E,,' = 7670 cm! and E,,?> = 13000 cm!) should
increase A significantly, but we couldn’t fit the energies of the two bands without decreasing H;.. The

best fit was achieved with A=10200 cm!, A=7000 cm™! and H;;=2800 cm'!.

Eop! — 1/2 Egy? = -1/2(A-1/4)

Optimized Geometry Coordinates

2,7-Dinitroanthracene 3-, delocalised

UB3LYP/6-31+G (24, p) ;
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2,7-Dinitroanthracene 3-, localised
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H 6.117022 -0.000351 3.249629
H 8.271613 -0.000951 2.031778
H 6.187345 -0.001859 -1.730011
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