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Fig. S1 Same
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as Fig. 3 but for pentane-1,5-diyl anion.
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(a) Foster-Boys localization scheme (b) Pipek-Mezey localization scheme
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Fig. S2 Same as Fig. 3 but with (a) the Foster-Boys localization scheme and (b) the Pipek-Mezey

localization scheme.
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Fig. S3 Same as Fig. 3 but with the 6-31G(d) basis set.
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Fig. S4 Same as Fig. 4 but with the basis set / localization scheme of (a) 3-21G / Pipek-Mezey,
(b) 3-21G / Foster-Boys, (c¢) 6-31G(d) / Pipek-Mezey, (d) 6-31G(d) / Foster-Boys, (e) 6-31G(d) /
Edmiston-Ruedenberg, (f) cc-pVDZ / Pipek-Mezey, (g) cc-pVDZ / Foster-Boys, and (h) cc-pVDZ /

Edmiston-Ruedenberg.
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Fig. S5 Same as Fig. S4 but for anion coupling of pentane-1,5-diyl.
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Fig. S6 Dependence of Tpa from eqn 15 on the number of perturbative terms with the energy

threshold of 1079 hartree.
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Fig. S7 Dependence of H: from eqn 8 and Tp4 from eqn 15 on the tunneling energy Ei,, for
butane-1,4-diyl anion. The Ruedenberg localization scheme with the 3-21G basis set was used. The
energy threshold of 1078 hartree was employed for the higher-order super-exchange calculation (eqn

15).



Fig. S8

Supplementary Material (ESI) for PCCP
This journal is © the Owner Societies 2011

81.99 (71.89)

257.4 (-148.4)

=1099. (=996.9)

(C) A5 con= —4-497+1.593 =2.90 mh

2 ) = 6.03 mh
71.54

71.54

-------------------- 2

A " .*4. Po(C2-C3)

—849.4
Type I
o) s, = 7:531-2.782 =475 mh
Po* or Pryd A

=i —60.85 (36.09) —60.85 (-36.09)

_______ A &

Po*(C2-C3)

—491.6 (—468.1)

pod _
Clryd, 6*(C2-C3)

~69.6 (15.11)
257.4 (148.4) ~60.85 (~36.09)
257.4 (-141.2)
~1099. (-996.9 —491.6 (~468.1
—1142. (~1049.

S ) =—0.839 mh [4]
35.15

A =2.547-0.848 = 170 mh [2]

Clryd
10.88 (5.696)
257.4 (~148.4)

Peiyd 1099, (=997.0)

—2.018+0.272-0.279+0.620 = —1.40 mh [2]

. CC bond 9 CC antibond
or lone-pair
O CH bond O CH antibond

O rydberg

Same as Fig. 6 but with the Pipek-Mezey localization scheme.
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Fig. S9 Same as Fig. 6 but with the Foster-Boys localization scheme.

10




Supplementary Material (ESI) for PCCP
This journal is © the Owner Societies 2011

fits.cs) =4.36 mh /Py =2.01 mh [2]
60.50 60.50 75.38

% i 7 N _)f‘}____.*f.% 9,

RS A, RS Pos(c2-C3)
-840.1
(b) Type I "

° o B, = 3:535-1.332 =220 mh Bigya=2-111-0.5228 = 1.59 mh 2]

D) Do+ or Prya 2y -8.536 (-3.323)

— e — 46.18(-27.62)  4618(27.62) 5365 (136.1)
o A e e A e &
P Po*(C2-C3)
—603.3 (-572.5) Pciryd —955.0 (~865.1)
3rd — — . _
(C) Ay cony= —4634+1.684 = 295 mh g osTmhp

-105.7 . CC bond 9 CC antibond

or lone-pair

~75.79 (~68.00)
236.2 (136.1)

O CH bond O CH antibond

O rydberg

2362 (-136.1)

—955.0 (=865.1)
60.50

—955.0 (=865.1)

Fig. S10 Same as Fig. 6 but with the 6-31G(d) basis set.
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Fig. S11 The NBOs with the 3-21G basis set for neutral triplet state of butane-1,4-diyl. (a) NBOs
correspond to the extra-valence-shell orbitals at C1. The orbital groups (b) (c), and (d) correspond
to (a), (b), and (c) in Figure 3.
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