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Photoinduced electron transfer is a process in which an excited- A* xy
state electron acceptor is reduced by an electron donor to yield a —
contact ion radical pait.Although return electron transfer (RET)
is a common energy wasting process for this species, bond-coupled A" X-Y'*
electron transfer processes can effectively compete in which net
chemical transformations can occur. For example, concerted dis- DRET
sociative return electron transfer (DRET) can produce radicals via hv A Xe Yo
bond fragmentation (Figure 1). We have previously investigated RET ——
the mechanism details of DRET in the-C bond cleavage and
isomerization of substituted cyclopropariés.this regard, we wish
to report herein our studies on other suitable substrates for DRET,
in particular the Si-Si bond fragmentation in disilanes. —_

There are several factors that are important in identifying Figure 1. Schematic presentations of DRET and RET from a photochemi-
substrates that potentially will undergo DRET. First, the bond cally generated ion radical pair.
dissociation energy (BDE) of the substrate must be low enough gcheme 1
such that an ion radical pair with sufficient driving force for DRET

A X-Y

S . R R R

can be generated. Second, the oxidation potential of the substrate _! . .’_] hy L
. . - R[ Si—Si R] —_— 2 RI_SI_CI
must be such that it can be readily photooxidized by common K R TCPA, CHCl, R/
sensitizers. Third, oxidation of the substrate must result in significant 2 2 ’ 2
structural changes in the cation radical with regard to the bond that 1 2
is to undergo cleavage. On the basis of these factors, disilanes (and R=-C(CH3);
by extension oligo- and polysilanes) seemed to be ideal substrates. Ry=-CeHs
Although Si~Si bonds are in general moderately strong, they can s
. . . cheme 2

be weakened by appropriate substituents as necessaagldition, TCPA / 31

disilanes are readily photooxidizédind this oxidation results in
electron density being removed from the—Si bond with ; /
concomitant elongation. For our initial studies, we have investigated hv . . R,
disilane1,> which has a relatively low BDE;-35 kcal/mol3-€ and TCPA + 1 T~ (TCPA /1 ) — 2 RlR_/Sl )
a reasonable oxidation potentiall.7 V vs SCE, and whose St DRET 2

. . . RET 3
Si bond undergoes elongation upon oxidafion. \ /

Steady-state excitation of tetrachlorophthalic anhydride (TCPA) ~ R 4 R,
in dry CHCE (4 > 350 nm) in the presence of disilafig0.01 M) TCPA / Rl—\Si / - Si:—Rl
produced chlorosilan€ in high chemical £95%) and quantum Rz/ R,
(P, = 1.7) yield (Scheme 1§10

Nanosecond excitation of TCPAL (= 308 nm) in CHC} to reduce, such as benzophenone, were not quenched. by
produces its triplet state absorption spectrap(= 390 nm) within Unfortunately, we could not obtain any direct spectroscopic
the laser pulses20 ns. Quenching of this stafd,CPA, by disilane evidence foB(TCPA /1),
1 occurs at about diffusion controk; = 4.8 x 10° M~! s, On the basis of previous work, we believe that chlorosilaise

Unfortunately, we could not observe any spectroscopic evidence formed from the reaction of deert-butylphenylsilyl radical3, with
(4 > 300 nm) for the formation of any transient species following the solvent CHGland/or CCJ.#1415Assuming the initial formation
quenching, even at higher concentrationslpf0.05 M. Conse- of 3(TCPA~/1*"), the major mechanistic question is, how are these
quently, we can put an upper limit on the lifetime of any such silyl radicals produced? Three reasonable pathways are presented
transient at 20 ns, i.e., the resolution of the nanosecond laserin Scheme 2. The concerted DRET mechanism would yield the
instrument. radicals 3 directly. However, electron transfer and-Si bond

We believe the quenching 6TCPA by 1 occurs via electron dissociation could occur stepwise by either (i) initial—Si
transfer to yield the triplet ion radical paf(TCPA~/1*"), based fragmentation ofl** followed by electron transfer or (ii) initial
on energetic considerations, in which the energy of the ion radical electron transfer to yieldl followed by fragmentation.

pair,~2.76 eViis less than that GfTCPA, 2.83 e\A2 Quenching To exclude the possibility of initial, rapid fragmentation bf,
is inconsistent with triplettriplet energy transfer because the energy this species was independently generated under similar reaction
of 31, ~3.4 eV, is too high to be readily accessédn addition, conditions, but without the strong reducing TCPAounteriont®

triplet sensitizers with high triplet state energies but more difficult Transientl**, Ana= 370 nm, reacts with nucleophiles (@BH,
1620 = J. AM. CHEM. SOC. 2005, 127, 1620—1621 10.1021/ja0432564 CCC: $30.25 © 2005 American Chemical Society
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ke = 1.4 x 10" M~ s71) and with electron transfer reagents
(DABCO, E = 0.57 V vs SCE}2 both of which are consistent
with cation radical chemical reactivity. Importantly, the lifetime
of 1**, ~500 ns, is significantly longer than that §TCPA ~/1*"),

<20 ns, and consequently excludes either unimolecular or solvent-
assisted bimolecular fragmentation as a viable mechanism for silyl
radical3 formation!” The short lifetime of the ion pair also excludes
initial electron transfer to yield the localizéd, as this process is
endothermic by~13 kcal/mol. Consequently, DRET is the only
mechanism that is consistent with our experimental observations
for the formation of silyl radical3 from the ion pair. The high
efficiency of this process could be due to strong coupling of the
triplet ion pair to the repulsive triplet radical pair rather than the
singlet ground state.

To further explore this DRET process, several other triplet
sensitizers with different reduction potentials were employed to
photooxidizel. These sensitizers also gave high chemical yields
of 2, albeit with varying quantum efficiencies. For example, using
TCPA, 3,34,4-benzophenonetetra-carboxylic dianhydride (BTDA),
1,2,4,5-tetracyanobenzene (TCB), and 2,6-diclorobenzoquinone
(DCQ), whose ion pair energies are 2.8, 2.7, 2.5, and 2.0 eV, the
quantum vyields for2 formation are 1.7, 1.4, 0.9, and 0.6,
respectivelyt® Qualitatively, we observe that as the energy of the
ion radical pair is lowered, the quantum yield farformation

decreases, suggesting that the rate constant for DRET decreases
and/or the rate constant for RET increases. These results are

consistent with DRET being the operative mechanism for the
formation of 2 as both DRET and RET are electron transfer
reactions whose rates probably respond differently to driving force
changes.

Although we have investigated disiladen detail, preliminary
studies suggest that DRET is quite general and is the primary
pathway for Si-Si cleavage of other disilanes, oligosilanes, and
polysilanes under photoinduced electron transfer conditions. Previ-
ous studies on similar substrates have suggested th&i ®iond
cleavage occurs by either unimolecular or solvent-assisted bimo-
lecular fragmentation of the cation radi¢dP The corresponding
cation is then reduced by the sensitizer anion radical to yield a
second silyl radical that reacts with the halogenated solvent. We
believe that in many of these studies, DRET may be a viable
alternative mechanism for SBi bond fragmentation.

In conclusion, we have provided evidence for the DRET cleavage
of the Si-Si bond in1 and believe this may be a general, useful
process for the fragmentation of such bonds in other di-, oligo-,
and polysilanes, as well as other group 4A compounds using a
variety of sensitizers with different spectral properties. Further
studies will explore the effect of spin state, driving force, and
substrate structure on the efficiency of this DRET process in
organosilanes.
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