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A Mercurated Azobenzene Complex for Photoswitching between trans and cis Forms
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A pro-mesogenic compound based on an ortho-mercurated
derivative of the azobenzene chromophore undergoes reversible
trans-cis photoisomerization. By exploiting the spectral features
of the orthometalated cis and frans isomers it is possible to
produce photostationary states containing 78 and 90% of trans
(rod-like, bright yellow) and cis (bent, colourless) isomers,
respectively, which may be the basis for an efficient all-optical
control of ON/OFF liquid crystalline behaviour.

The trans-cis photoisomerization in azobenzene derivatives is
an extensively investigated reaction that has attracted a huge
interest.' Concerning possible applications in the field of
photoswitchable devices®” it is noteworthy that liquid crystalline
(LC) materials based on azobenzene derivatives can undergo an
isothermal  phase  transition  because of  frams-cis
photoisomerization.”” This is a consequence of the change of
the molecular shape from linear (frans -N=N—, ON) to bent (cis
—N=N-, OFF) geometries, resulting in the disruption of the LC
order, which is based on rod-like molecular arrangements.

A relevant drawback against the use of azobenzenes as
photoswitchable materials is related to the fact the absorption
spectra exhibited by the frans and cis isomers of almost all
azobenzene derivatives overlap significantly.! As a
consequence, frans-cis isomerization as driven by light usually
leads to photostationary states (PSS) which are far from
containing a predominant isomer, thus compromising the
ONirans/OFF ;5 functionality. Furthermore, given that selection of
suitable excitation wavelengths proves difficult, complete
recovery of the thermodynamically stable trans form (and of the
liquid crystalline properties), is frequently achieved by
protecting the material from light exposure.>” This brings about
the additional complication that dark-recovery occurs over time
scales ranging from ps to minutes, while recovery by light
pulses of suitable duration might allow to better control the
timing of the process.

Within our strategy to find out ways for developing useful
photoresponsive ~ properties  of  azobenzene-containing
compounds™ we have prepared the ortho-mercurated derivative,
(Azo-6)HgCl, 1, Scheme 1.

The complex, whose cyclometallated fragment involves a
weak Hg-N bond'®'? was obtained by reacting mercury acetate
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with the mesogenic 4,4’-bis-(hexyloxy)azobenzene, H(Azo-6),
L, and LiC1."”® Elemental analysis and "H NMR spectroscopy,
performed with a Bruker WH-30 spectrometer, accounted for
the (Azo-6)HgCl stoichiometry. Irradiation experiments were
performed at selected wavelengths by using the 150 W Xenon
lamp of a Spex Fluorolog IT spectrofluorimeter and absorption
spectra were determined with a Perkin-Elmer Lambda 5
spectrophotometer. The extinction coefficients for the frams
form, €', were determined from dark-incubated solutions, and
those for the cis form, &°, were determined from solutions
exposed to prolonged irradiation with A = 390 nm.
Photoisomerization quantum yields, ¢. and d¢x, for the trams-to-
cis and cis-to-frans processes, respectively, were determined by
using Aberchrome actinometry. Spectral changes occurring
upon irradiation of dimethylformamide (DMF) solutions of L
and 1 are illustrated in Figure 1.

2 L L l PSSass

Absorbance

300 400 500 300 400 500
A, MM

Figure 1. Reversible spectral changes observed upon irradiation
of DMF solutions of L and 1. The solid arrows indicate
excitation wavelengths for production of PSS containing one
predominant isomer.

The case of L conforms to the situation encountered for most
azobenzes,' where the frans-to-cis conversion can be effectively
driven but for the reverse path a suitable excitation wavelength
is not easily available. Thus, for L ¢. was determined to be 0.29
by using Aexc = 355 nm, but ¢x was not measured, owing to large
experimental uncertainties for the cases of excitation around the
310 and 450 nm regions, Figure 1. By contrast, for 1 a) at 390
nm the frans form' exhibits a strong absorption intensity, €300 =
27000 M em™ in corresponderce of a low absorption plateau
for the cis form, €39° < 3000 M cm™ and b) the cis form’
exhibits a moderately intense absorption at 320 nm, €30° =
11660 M cm™, against a low absorption intensity for the frans
form, €320 = 3200 M Tem?, see Figure 1.

Based on these spectral properties, and according to
[cis)/[trans] = (. €)/(¢: €°), the photostationary state obtained
by irradiation of 1 at 390 nm (PSS3s9, the measured ¢. was 0.31)
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is evaluated to contain more than 90% of cis isomer. On the
other hand, PSSsy (¢ = 0.32) contains 78% of the frans form.
For 1, PSSsq is nearly colourless and PSSsa is bright yellow.
On this basis an all-optical control of the molecular shape
proves feasible which makes 1 an interesting model for
azobenzene-based ONya,/OFF,; liquid crystalline materials.>”’
To notice that dark recovery of the frams form in a 2x10° M
DMF solution irradiated at 390 am for 40 min occurs with ty, =
176 min, which indicates a satisfactory temporal stability of the
unirradiated cis form.

The peculiar behaviour of 1 with respect to most members of
the azobenzene family' is likely related to the steric and
electronic properties of the HgCl group which affect the role of
the excited states involved in the photoconversion. For
azobenzene, the two lowest-lying excited states that can be
directly populated from the ground state are S; (of nn* nature)
and S, (of nn* nature, with bands for the frams and cis forms
peaking around 355 and 310 nm, respectively)." The S; level is
usually associated with the inversion mechanism, described as
an in-plane “lateral shift” of one of the two rings,"** and the S,
excited level is generally thought to be involved in the out-of-
plane rotation mechanisms, which implies breaking of the -
N=N- double bond and occurs in wunhindered systems.
Remarkably, for the case of 1 steric hindrance by the HgCl
group does not allow rotation around the -N=N- double bond
and it is known that in hindered or constrained systems
inversion may be the only active path."> In conclusion, for 1 the
trans-cis interconversion might take place according to the
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Figure 2. Phototoisomerization of the ortho-metalated

azomercury complex in terms of in-plane inversion mechanism.
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inversion mechanism, as depicted in Figure 2.

It should be further noticed that the HgCl group is known to
form both five and four-member rings through weak interactions
with the N positions,'*' Figure 2. Thus, besides steric factors,

also electronic factors might contribute to facilitate the “in-
plane-locking” of the two rings.

Acknowledgements are due to Dr. Sandra Monti for
discussions on the interplay of the excited states of azobenzene.
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