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Radical species play an important role as reactive intermediates
in chemical reactions and biological systems. While a number of
radicals have been extensively investigated in the solid state by
spectroscopic methods,1 a crystallographic approach is relatively
less common for unstable radicals and has been applied to stable
radicals, e.g., radical ion pairs, stabilized radicals, and so on, which
can be crystallized. To our knowledge, a crystallographic
investigation of an energetically unstable reactive radical pair (RP)
has never been reported. Here we report an unprecedented
example of the in situ direct observation of a light-induced RP
in a crystal of 2,2′-di(orthochlorophenyl)-4,4′,5,5′-tetraphenyl
biimidazole (o-Cl-HABI) by X-ray diffraction.2

HABI derivatives are well-known as photo/thermochromic
compounds and polymerization photoinitiators in imaging materi-
als and holographic photopolymers.3 Despite the intriguing
properties of HABI derivatives, there is no crystallographic study
on this class of compounds except one recent report.4 In general,
it is difficult to observe a reactive intermediate generated in a
single crystal of a small molecule by X-ray diffraction.5 There
are many technical difficulties in its in situ observation, e.g., a

small unit cell (it is difficult to retain crystallinity upon relatively
large structural changes),6 low populations,6 reactive intermediates,
short lifetime, etc.

As shown in Figure 1, the dimer structure ofo-Cl-HABI was
unambiguously determined by X-ray diffraction involving the use
of a SMART CCD area detector diffractometry system.7 There
are two crystallographically independento-Cl-HABI molecules,
A and B, resulting in 16 molecules in a unit cell. One of the
triarylimidazolyl groups of A is rotated by ca. 180° about the
C-N bond compared with the corresponding one of B. The
intramolecular bond distances of A and B are identical within an
error of about 3σ. A and B molecules are well-separated by more
than 3.5 Å (intermolecular distances of non-hydrogen atoms).
o-Cl-HABI has two kinds of imidazolyl rings, Im1 and Im2. Im1
is a resonant planar structure having the characteristic bond
distances for a 6π-electron system. Im2 has two localized CdN
double bonds (1.288(2)-1.297(2) Å) and one sp3 carbon con-
necting Im1 to be consistent with a 4π-electron system.

On irradiation the crystal turned from pale yellow to reddish-
brown. A sufficient amount of the light-induced RP (Figure 2)
was trapped in the crystal to allow an X-ray diffraction study.8

The space group (Pbca) is retained after irradiation, and the cell
lengths decreased by 0.03 Å (a axis), 0.02 Å (b axis), and 0.09
Å (c axis). The C-N bond connecting Im1 and Im2 was cleaved
to yield two planar radicals closely located in a crystal cage which
form RP. Although a comparison of the detailed structural
parameters of RP is statistically insignificant owing to large errors,
the thermal and geometrical parameters are reasonable. Moreover,
the observed geometry of RP is in good agreement with those
calculated by DFT Becke3LYP/6-31G*.9 The C-C (1.47(3) Å
vs 1.486 (calcd) Å) and C-N (1.31(3)-1.42(3) Å vs 1.326-
1.378 (calcd) Å) bond distances in the imidazolyl rings of RP
indicate that an unpaired electron is delocalized over each
imidazolyl ring. The short intermolecular distance within RP is
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in the range between 3.1 Å (N2R‚‚‚C4R) and 3.5 Å. Noteworthy
is that 10% of B changed into RP in a crystal, but A did not
react at all. The resultant packing structure comprises a stripe-
layered array. Since the C-N bond distances connecting Im1 and
Im2 of both A and B are 1.4844 (15) Å and 1.4787 (16) Å,
respectively, its bonding strength does not explain why only B
molecules generate RP in a crystal. To estimate the steric repulsive
force, we calculated the cavity size for each molecule.10 The result
shows that the cavity around B (381 Å3) is as large as that of RP
(383 Å3), and is 26 Å3 larger than that of A (355 Å3). Therefore,
we propose that RP formation from A is suppressed due to steric
hindrance.

CW-ESR experiments on a powder sample and a single crystal
of o-Cl-HABI were carried out in the temperature range from 77
K to room temperature. Irradiation of a single crystal at 77 K
produced a triplet-state signal of RP and a very weak doublet
one derived from a trace of a free radical. The∆ms ) 1 region
triplet-state ESR spectrum of a powder sample11 is very similar
to that previously reported at 77 K in chloroform/toluene (50:50,
v/v).12 The observation of a∆ms ) 2 transition gives unambiguous
spectral evidence of the presence of a triplet-state RP. Increasing
the temperature to 183 K resulted in the disappearance of the
signals originating from RP and a free radical due to the loss of
the radicals by recombination. Irradiation of a single crystal at
room temperature led to no observable ESR signal. In contrast, a
powder sample exhibited a weak signal characteristic of a free
radical.

Surprisingly the yield of RP did not depend on the thickness
of a crystal, even though the absorption coefficients ofo-Cl-
HABI in solutions in the UV region are larger than 104.13 Despite
the large absorption coefficient, we can obtain enough RP for a
diffraction study by using a high-pressure mercury lamp. A
possible reason is thato-Cl-HABI possesses a weak absorption
in the visible region and RP does not recombine on exposure to
visible light. Though a weak absorption (smaller than 10-1 M-1

cm-1 in dichloromethane) in the visible region has been reported,14

our UV-vis measurement in benzene and a theoretical calculation
on o-Cl-HABI suggest no absorption in the visible region.15

Another possibility is that the crystal may have large anisotropy
of absorption. To elucidate the mechanism of RP formation in a
crystal, more investigation is necessary.

Further physical/chemical characterization of derivatives of
HABI is in progress.
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Figure 1. Perspective view of molecule A. The ellipsoids are drawn at
the 50% probability level. Hydrogen atoms are not shown for clarity.
Selected distances (Å): C1A-N1A, 1.3192(16); C1A-N2A, 1.3828-
(16); C2A-N1A, 1.3914(17); C2A-C3A, 1.3806(17); C3A-N2A,
1.4026(16); N2A-C4A, 1.4844(15); C4A-N3A, 1.4727(15); C4A-N4A,
1.4715(16); C5A-C6A, 1.5203(17); C5A-N3A, 1.2905(16); C6A-N4A,
1.2923(16).

Figure 2. Perspective views ofo-Cl-HABI (open line) and its RP (solid
line). The ellipsoids are drawn at the 30% probability level. Molecule A
and hydrogen atoms are not shown for clarity.
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