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Abstract

A picosecond Kerr ellipsometry study of the transient anisotropy of the metal dithizonate Hg(HDz)2 in solution with different organic
solvents is presented. The Hg(HDz)2 photochromic complex is one of the first organic dyes shown to exhibit photochromic proprieties.
The complex exhibits reversible photochromism, changing from the normal form A (of orange-yellow colour) to the active form B (of
blue colour) after excitation with 532 nm laser light. The Kerr ellipsometry signal is observed to decrease with a single exponential decay
of about 100 ps, that is shown to be independent of the solvent. This indicates that the signal is dominated by the excited state lifetime
of the molecule. The absence of any spectral signatures relevant to the excited states of the normal form indicates that formation of the
photoisomer is a fast process with respect to the lifetime of the exited state. © 2000 Elsevier Science B.V. All rights reserved.

Keywords:Kerr ellipsometry; Dithizonate; Transient anisotropy; Photochromism; Isomers

1. Introduction

Metal dithizonates form an interesting class of pho-
tochromic complexes, being one of the first organic dyes to
exhibit photochromic properties. Easy to synthesise, they
form strongly coloured complexes with a large number of
metals and are compatible with a variety of different me-
dia (solvents, host–guest systems, polymers, glass surfaces,
etc.). In particular, mercury(II)bisdithizonate, Hg(HDz)2,
has been deeply studied, since it has been shown to exhibit
reversible photochromism in organic solvents: the normal
form A, of orange-yellow colour, changes to an active form
B, of royal-blue colour, if irradiated by visible light [1–6].
This photochromic cycle can be repeated several times.
The structure of the normal form, for the solid state and
the ground state in solution is shown in Fig. 1a, together
with the photochromic transformation involving atrans–cis
isomerisation about the C=N bond and N-to-N hydrogen
transfer, Fig. 1b [5].

The normal form is converted by a photochemical
trans–cis isomerisation about N=N double bond into
the isomer B which shows a lower absorption intensity
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at longer wavelength. The reason for the comparatively
long-wavelength absorption of B might be a torsion about
the C–N single bond. Form B may revert photochemically
as well as thermally to the original form. A study of the
colour response range induced by irradiation with visible
light of Hg(HDz)2 in different solvents will be reported
elsewhere shortly. In this paper, we study the transient be-
haviour of Hg(HDz)2 on a picosecond timescale following
resonant optical excitation.

2. Experimental

2.1. Preparation of the samples

Hg(HDz)2 has been synthesised and purified following
the procedure described in [4]. The samples consist of a
fused quartz cell (d = 0.1 cm) filled with a solution
of the molecule in different solvents: benzene, dichloro-1,2-
benzene and 2-methoxyethyl ether. The respective viscosi-
ties and polarities of the solvent are reported in Table 1.
All investigated compounds show absorption bands in the
visible region (Fig. 2a). For each solvent, a typical sam-
ple concentration of 3.9 × 10−5 mol/l results in an optical
density close to 0.15 at 532 nm.
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Fig. 1. Structure of the Hg(HDz)2 molecule: the ligand forms an
N,S-chelate ring with the metal atom (a). Irradiation of the complex in-
duces photochromism and the orange (normal) form changes colour to
the blue (active) form (b).

2.2. Linear absorption spectroscopy

UV–VIS absorption spectroscopy has been performed
in order to characterise the linear optical properties of
the molecule and the absorption spectra, recorded on a
Perkin–Elmer 19 UV–VIS spectrophotometer, are shown in
Fig. 2a. The molar extinction coefficients at the wavelength
of the laser excitation, obtained by the Beer–Lambert law,
are listed in Table 1.

The photochromic behaviour of Hg(HDz)2 under irradi-
ation with visible light is related to the effectiveness of the
isomerisation processes depending on the characteristics of

Table 1
Linear optical properties of Hg(HDz)2 in solutiona

Solvent ν (cp) P (103 in water) ε (λ = 532 nm) (mol/l/cm) εA (mol/l/cm)

Benzene 0.66 111 32051 69230
1,2-Dichlorobenzene 1.30 225 32051 58974
2-Methoxyethyl ether 1.90 244 32051 71794

a Solvent viscosity (ν), solvent polarity (P) (relative to water), molar extinction coefficient (ε) at 532 nm and molar extinction coefficient (εA) at
maximum absorption.

Fig. 2. Absorption spectra of Hg(HDz)2 in benzene (dashed line);
1,2-dichlorobenzene (dotted line); 2-methoxyethyl ether (continuous line),
for c = 3.9×10−5 mol/l (a); photochromic spectral changes of Hg(HDz)2

in benzene (c = 3.9 × 10−4 mol/l) due to visible light irradiation (b).

the solvent used. In the case of solutions in benzene and in
1,2-dichlorobenzene a change in the colour of the sample
is observed after irradiation, but only for benzene’s solution
the relaxation to normal form is sufficiently slow to allow a
measurement of the linear spectrum of the activated form B.
In the case of the solution with 2-methoxyethyl ether, on the
contrary, no evidence of isomerisation is observed. The rea-
son for this may be the formation of hydrogen bonds with the
solvent that inhibit the photo-process. Isomerisation is acti-
vated by irradiating with visible light above 420 nm, in the
region of the visible absorption. Fig. 2b shows the spectral
changes in the absorption spectrum of Hg(HDz)2 in benzene
(c = 3.9 × 10−4 mol/l) due to visible light irradiation.

The spectrum shows the appearance of a new absorption
band in the 550–700 nm region after irradiation with vis-
ible light. This band is attributed to the coloured B form
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in Fig. 1b. An isobestic point is clearly visible at 530 nm.
Both solutions with benzene and 1,2-dichlorobenzene do not
show fluorescence when exited with 480 nm light, while so-
lution with 2-methoxyethyl ether exhibits a week fluores-
cence near 550 nm.

2.3. Non-linear spectroscopy

Kerr ellipsometry measurements have been performed at
different time delays. The experimental set-up for picosec-
ond Kerr ellipsometry is described in [7]. Non-linear optical
Kerr ellipsometry is a pump-probe technique allowing the
separation of the real and imaginary part of the photoin-
duced anisotropy. A frequency doubled Nd3+:YAG laser
(532 nm, 32 ps) is used as the pump beam and a continuum,
generated by focusing part of the fundamental laser beam
in a deuterated water cell, is used as the probe beam. Pump
fluence at the sample is typically 5.6 mJ/cm2. The time de-
lay between the two beams is adjusted from 100 ps to 1.5 ns
using a variable delay line. Time zero is defined in corre-
spondence with pump-probe overlap. The sample is placed
inside a Kerr gate composed of two perpendicular polaris-
ers. After interaction inside the sample, the probe beam is
dispersed by a spectrometer coupled to a CCD camera. The
pump beam, with strong intensity, induces transient birefrin-
gence and dichroism in the initially isotropic sample. The
probe beam is initially linearly polarised at 45◦ to the lin-
ear polarisation of the pump beam. The induced anisotropy
results in a change of the probe beam polarisation after
interaction within the sample. This change is recorded for
each wavelength of the continuum. Intensity measurements
are averaged over 120 shots for each angle of the analyser.

In particular, measurement of the dichroic angleδφ (i.e.
imaginary part of the induced anisotropy) allows a direct
determination of the induced dichroism (difference of ab-
sorption coefficients between two perpendicular directions).
The spectral dependence ofδφ is directly related to that of
the absorbance, while its time dependence provides infor-
mation both on the excited state relaxation dynamics and
on the molecular orientational diffusion inside the solvent.

3. Results and discussion

The Kerr ellipsometry signal resulting from one photon
excitation at 532 nm can be attributed to the excited state
absorption features of the molecules [8]. Notice that in the
present case, excitation is performed close to the isobestic
point between A and B forms. Practically, it is dominated
by bleaching of the main absorption band, corresponding to
the linear absorption of the normal form at 490 nm. In more
detail, in the case of solutions with benzene (Fig. 3a) and
1,2-dichlorobenzene (Fig. 3b) the Kerr spectra are charac-
terised by three main spectral features: bleaching of the ab-
sorption band at about 490 nm, corresponding to the linear
absorption of the A form, bleaching of the absorption band

Fig. 3. Dichroic spectra of Hg(HDz)2 in solution with benzene (a);
1,2-dichlorobenzene (b); 2-methoxyethyl ether (c). Spectra are recorded at
0, 133 and 266 ps time delay after 532 nm excitation. Base line is shifted
upward for clarity. The sharp peak at 532 nm is due to pump scattering.

at about 610 nm, corresponding to the linear absorption band
of the B form, and photoinduced absorption at about 720 nm.

In the case of the solution in 2-methoxyethyl ether, only
a strong signal from the bleaching of the main absorption
band at 490 nm is visible (Fig. 3c), indicating the absence
of any signature of the B form.

This confirms that with this solvent, the B isomer is not
formed upon optical excitation. As a consequence, photoin-
duced absorption at 720 nm in benzene and dichlorobenzene
(Fig. 3a and b) may be attributed to the excited states of the
B form.

For all solutions, the Kerr spectra recorded at longer time
delays present the same profile as the one observed at zero
delay. The signal is observed to decrease rapidly, with a
monoexponential decay timeτ . Table 2 contains the values
obtained for the normal and activated forms:τA and τB

being decay times of the signal atλA andλB, together with
the Kerr ellipsometry absorption cross-sections calculated at
λA andλB for the different solutions.
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Table 2
Non-linear spectroscopic data measured by Kerr ellipsometrya

Solvent λA/λB (nm) δφA/δφB (10−2 rad) σA/σB (10−17 cm2) τA/τB (ps) τorr (ps)

Benzene 490/604 0.20/0.23 0.58/0.67 146/115 238
1,2-Dichlorobenzene 490/604 0.30/0.14 0.88/0.40 103/96 684
2-Methoxyethyl ether 490 0.70 2.05 120 468

a Wavelength of the Kerr peak (λA (λB)) relative to bleaching of the absorption band of the A (B) form;δφA (δφB) is the dichroic angle atλA (λB);
σA (σB) is the absorption cross-section atλA (λB) measured by Kerr ellipsometry;τA (τB) is the decay time of the Kerr signal amplitude atλA (λB)
and τorr is the orientational decay time deduced from the Debye–Stokes–Einstein formula:τorr = ηV/kT where V is molecular volume (estimated to
1436 Å3), η is solvent viscosity andkT is temperature.

Measurements were performed using solvents with dif-
ferent viscosities and no increase of the time constant
with solvent viscosity is observed, indicating that molec-
ular orientational diffusion is not the major cause of sig-
nal decay. Orientation decay timesτorr deduced from the
Debye–Stokes–Einstein formula are given in Table 2, they
are larger than the measured Kerr signal decay times. This
shows that signal decay is dominated by the excited state
lifetime of the molecule. Additionally, as no signature of the
excited states of the A form is observed in Fig. 3, we can con-
clude that formation of the photoisomer B is a very fast pro-
cess which occurs during recovery of the A form bleaching,
that is typically within 100 ps in all the solvents investigated.

For all solvents, bleaching cross-sections of the A
form, σA measured by Kerr ellipsometry atλA (Table 2)
are one order of magnitude smaller than the one ob-
tained from the extinction coefficientsεA measured by
linear absorption (Table 1), they are related byεA =
NAσA/103 ln 10 whereNA is Avogadro number, yielding
absorption cross-sections in the 2.5 × 10−16 cm2 range for
all three solvents. This apparent discrepancy may be essen-
tially attributed to the rather low anisotropy of Hg(HDz)2
which is a non-planar molecule with qualitatively, a more
spherical-like than rod-like shape. Indeed anisotropy which
is maximum for rod-shaped molecules is vanishingly small
for spherical-shaped molecules [9,10].

4. Conclusion

The anisotropy of Hg(HDz)2 in solution with differ-
ent solvents has been studied by picosecond Kerr ellipso-
metry. The Kerr signal is dominated by bleaching of the

band corresponding to the linear absorption of the normal
form at 490 nm. In the case of solutions with benzene and
dichloro-1,2-benzene, two other bands appear: bleaching of
the absorption band of the B form at about 610 nm and pho-
toinduced absorption of the B form at about 720 nm. On
the other side, there are no spectral signatures of the ex-
cited states of the A form, indicating that formation of the
photoisomer is a fast process with respect to the lifetime of
the exited state, of the order of 100 ps. Experiments have
been performed exciting both A and B forms, as pump laser
wavelength was 532 nm, so that further experiments aiming
at excitation of the B form only are in progress, in order to
investigate in more detail the reverse photochromic transfor-
mation.
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