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a b s t r a c t

This work is devoted to the determination of ring-closure and ring-opening quantum yield values of 18
thermally irreversible photochromic diarylethene derivatives. Three classes have been systematically
investigated. They have been obtained (i) by changing the bridging ring that stabilizes the central ethenic
double bond in the cis configuration from perhydrocyclopentene, oxazolone and lactones, and (ii) by
varying the lateral aryl moieties from thiophene, benzothiophene and thiazoles. Numerical modeling of
UV/visible absorption vs time kinetic curves recorded under continuous monochromatic irradiation in
combination with chemical actinometry was employed to determine the photo-cyclisation and cyclo-
reversion quantum yields together with the molar absorption coefficient of the closed form. Structure-
properties diagrams obtained by plotting lA vs lB, 3A vs 3B and FAB vs FBA visualize all the structural
effects helping the evaluation of these compounds as possible photoswitches or high-density optical
recording materials.

� 2014 Elsevier Ltd. All rights reserved.
1. Introduction

Among all types of photochromic compounds [1], diarylethenes
(DAE) are one of the most successful series [2]. Their photo-
isomerization results in large changes in their electronic and ste-
ric properties. Therefore there is an intense coloration after ring
closure, while the reverse photoinduced ring-opening exhibits
bleaching. Moreover, the photochemical properties of the diary-
lethenes can be modified through structural variations influencing
the absorption spectra, fluorescence, quantum yields, and fatigue
resistance. This makes the diarylethenes highly attractive for ap-
plications such as all-optical information processing and storage
and photoswitches [3]. Diarylethenes photochromism is usually
interpretated by the photoinduced 6 p electrons pericyclic inter-
conversion between the central hexatriene in the open form (DAE
open) and the cyclohexadiene of the closed one (DAE closed)
(Scheme 1). As the hexatriene moiety is part of two aromatic rings,
the dearomatization of the aryl rings substituents of the central
double bond is the key feature of the DAE photocoloration [4]. Thus,
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in order to improve the thermal stability of the closed-ring isomer,
moderately aromatic nuclei are chosen: aside the most popular
thiophene, benzothiophene and thiazole [5] are usually employed.
It is also worth mentioning that the incorporation of the cyclo-
hexadiene moiety into a larger polyenic structure in the closed
form is responsible of the coloration of this photosisomer. However
when five membered aromatic heterocycles (i.e. thiophene, thia-
zole, etc) are used as lateral substituents the length of this conju-
gated part depends strongly on the position of the sulfur atom.
Thus, when the double bond is sitting on the alpha position from
the sulfur, the closed photoisomer displays opposite features to the
beta substituted “normal DAE”. Having a fragmented polyenic
structure, moderate changes in the spectroscopic properties are
achieved hence their coined name of “inverse DAE” [6].

The efficiency of the photochemical processes has also been
longuely explored and discussed. According to the Woodwarde
Hoffmann rules, the photocyclization occurs in a conrotatory mode,
while the corresponding thermal back-reaction would be dis-
rotatory. Since the conformer interconversion is slower than the
excited-state lifetime, only the light,whichhasbeenabsorbedby the
antiparallel form, can stimulate cyclization. As a consequence, the
open parallel conformer is inactive [7]. This discussion implicitely
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Scheme 1.

Fig. 1. Generic A and detailed (I-1 to III-9) structures of the 18 diarylethenes. Cycles A
are variously substituted benzothiophenes, thiophenes or thiazoles. Cycle B are either
cyclopentenic, oxazolinic or lactonic with or without exocyclic double bond. Cycle C are
substituted benzothiophenes or thiophenes.
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assumes that the excited state produced by the photon absorption
leads to the photochemical reaction. Indeed, on small DAE’s, calcu-
lations have shown a very efficient barrierless evolution of the
excited state toward the ring closure [8]. This interpretation was
also used for the ring opening reaction, usually quite inefficient
compared to the ring closure [9]. However the presence of sub-
stituents or larger conjugated moieties can result in a complex
arrangement of the molecule’s various excited states resulting in
overlap of several transitions [10].

Quantumyields measurement in diarylethene series has taken a
rather long period to be performed extensively [11]. The majority
were determined for the classical perfluorocyclopentene de-
rivatives of diarylethenes. For instance, the 2000 Irie’s review [2a]
only mentions the quantitative values for 11 diarylethene com-
pounds. Only very few supplementary values are provided in the
next 2004 He Tian’s review [2c]. As most of the measured photo-
cyclization quantum yields were restricted at less than 50% [12], it
was commonly considered that the two parallel and anti-parallel
conformations of the open form were in equal concentrations.
Nowadays, thanks to the very active Japanese and Chinese teams, a
lot of new compounds have been quantified [13], photocyclization
quantum yields higher than 50% were claimed for asymmetric
derivatives [14] as well as for symmetric structures [15]. More
recently, even higher photocyclization quantum yields have been
reported thanks to some structural improvements. Two main ways
have been explored either by keeping the perfluorocyclopentene
center cycle and adding chlorine atoms on thiophenic terminal
phenyl groups [16] or by exploiting hydrogen bonding when
replacing thiophenes by thiazole derivatives [17] and central
cyclopentene by various other cycles or heterocycles such as
indenones [18], coumarine [19], phenylthiazole, azaindole and
benzothiophene [20]. The result of such structural changes is a
better accumulation of the photo-active anti-parallel conformation.
Although no clearcut rules were established until now, it is sug-
gested that these high yields could be the result of the influence of
the nature and the position of the various substituents [21]. Other
types of diarylethenes, in particularly perhydrocyclopentene [22]
siloles and phospholes [23] and dithiolthiones and dithiolones
[24] derivatives have been also synthesized in order to check the
influence of a structural change on the quantum yields of photo-
chromic transformations. High quantum yields (>50%) were also
reported for the photobleaching reaction too.

By portraying a large panel of structural changes, this work tries
to meet the recurrent challenge for new molecules with highly effi-
cient photo-transformations. Therefore, this paper is devoted to the
determination of quantum yields for photocoloration and photo-
bleaching processes of 18 thermally irreversible diarylethenes de-
rivatives obtained by changing the bridging ring that stabilizes the
central ethenic double bond in the cis configuration: from perhy-
drocyclopentene [25], oxazolone [26]and lactones [27]andthe lateral
aryl moieties from thiophene to benzothiophene and thiazoles.
2. Experimental section

Solvents of the highest purity grade (toluene (Rectapur) and
acetonitrile (H.P.L.C.) were used without further purification. They
werenotdegassed. Synthesis of cyclopentenic compoundsof the IeN
series (N ¼ 1 to 5) has been described in [25], oxazolones of the II-N
series (N¼ 1 to 4) in [26a] and lactones of the III-N series (N¼ 1 to 9)
in [27]. All experiments were carried out within the 1 � 10�5 to
5� 10�5 M concentration range. Spectral and kinetic characteristics
weremeasured on a diode array spectrophotometer 8452A (Hewlett
Packard).

All of the experiments and manipulations were performed
protecting the solutions against room light. 2.4 mL of solution was
irradiated in a stirred and thermostated (25 �C) 1 cm � 1 cm quartz
cuvette by filtered light from a 250 W high pressure mercury arc
selecting lines at wavelengths 313, 365, 405, 436 and 546 nm. Two
irradiation wavelengths are used successively, a shorter (l1) to
obtain a photocoloration and a longer (l2) to bleach the obtained
colored solution. Quantum yields of photo-cyclization and photo-
cycloreversion and molar absorption coefficient of the closed
forms were determined simultaneously from Absorbance vs time
curves recorded under continuous monochromatic irradiation us-
ing a kinetic modeling method [28a,b]. In order to assure the
quantum yield values, we used Parker’s ferrioxalate as chemical
actinometer in an identical geometry and a calibrated home-made
silicon photodiode photometer to determine the intensity of the
light used for photochromic reactions. The accuracy for the deter-
mination of the quantum yields and molar absorption coefficients
was estimated at �10%. (see Supplementary Information part for
further details).

3. Results and discussion

The generic and detailed structures of the 18 diarylethenes are
displayed on Fig. 1. The set has been divided into three main groups
depending on the nature of the central ring B. Compounds I are
cyclopentenic (I-1 to I-5), II oxazolinic (II-1 to II-4) and III lactonic
(III-1 to III-9). Among them, 10 bring at less a thiophenic aryl group



Fig. 2. Spectral changes of compound I-1 in toluene upon irradiation with 313 nm UV
light at room temperature: pss: photosteady state reached after 600 s of irradiation;
closed: recalculated spectrum of the closed form plotted in molar absorption coeffi-
cient units.

Table 1
Spectrocopic data of the open (o) and closed (c) forms of the various products in
toluene (t) and acetonitrile (a) solution. sh: shoulder. The reported values refer to the
lower energy absorption bands.

Product l(nm)o(t) 3(cm�1 M�1)
o(t)

l(nm)c(t) l(nm)o(a) 3(cm�1 M�1)
o(a)

l(nm)c(a)

I-1 340 13500 490
I-2 334 17000 486 334 12000 486
I-3 sh (305) 446 sh (300) 440
I-4 312 5900 466
I-5 354 12300 516 354 14000 512
II-1 287 12400 452
II-2 284 11500 452
II-3 300 10000 444
II-4 sh (243) 447
III-1 305 9500 510
III-2 358 25500 548
III-3 386 25000 546
III-4 394 26000 550
III-5 352 27000 543
III-6 316 12000 460
III-7 342 16000 465
III-8 405 33000 504 396 27000 500
III-9 412 32000 506 400 38000 490

Table 2
List of symbols used in the photokinetic analysis of the diarylethene photochromism
under continuous monochromatic irradiation. (a): when the used two wavelengths
for ring-opening and ring-closure are close, the quantum yields are assumed to be
wavelength independent. (b): must be determined by independent actinometry in
the same geometry assuming that the solution perfectly stirred, (c): take into ac-
count the distribution of the light (absorbed by A, by B or not absorbed), (d): must be
monitored continuously to follow the possible variation of F, (e): irradiation wave-
length l0 and lmax of the closed form are recommended.

Symbols Significance Comment or unit

t Time s
[A], [B] Time dependent concentrations mol L�1

[A]0, [B]0 Initial concentrations mol L�1

fAB, fBA Quantum yields of A / B, B / A (a)
30A, 30B Molar extinction coeff. of A, B at the irradiation

wavelength
L mol�1 cm�1

3lA, 3lB Molar extinction coeff. of A, B at any wavelength l L mol�1 cm�1

I0 Rate of monochromatic irradiation mol L�1 s�1 (b)
F Photokinetic factor, F ¼ (1e10�Abs0)/Abs0 (c)
Abs0 Absorbance of the solution at the irradiation

wavelength
(d)

Absl Absorbance of the solution at any wavelength l (e)
lobs Optical path of the monitoring beam for

observation
cm
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(II-1, II-2, III-1, III-2, III-3, III-4, III-5, III-6, III-7 and III-8), while there
is a benzothiophene lateral ring in 7 compounds (I-1, I-2, I-3, I-4,
I-5, II-3 and III-9). Substituted thiazole aryl groups are encountered
in 4 molecules (III-6, III-7, III-8 and III-9).

To examine the substituent effect on photochromic reactivitywe
measured photo-cyclization and photo-cycloreversion quantum
yields of the various diarylethenes compounds.

Upon irradiation with actinic light, in toluene and acetonitrile
(depending on the compound and their solubilities) the color of the
solution turned to blue and green. The electronic absorption
spectra of both isomers of the 18 diarylethenes have been recorded
before and after UV irradiation. Fig. 2 shows the absorption spectral
changes of I-1 in toluene. The color formation is attributed to the
production of the closed-ring isomer. Isosbestic point at 352 nm
indicates a two-component photochromic reaction between the
open and the closed form. This means that any secondary photo-
reaction cannot be practically observed during the course of the
photo-cyclisation.

A simple kinetic analysis of the photokinetics will provide in-
formation for the determination of the quantumyields. Themethod
for the simultaneous determination of ring-closure and ring-
opening quantum yields and molar absorption coefficient of the
closed-ring isomer is based on the numerical analysis of the ki-
netics under continuousmonochromatic irradiation [28]. Assuming
a two-isomer scheme without any photodegradation, the kinetics
are described by Eqs. (1) and (2):

The color-forming kinetics is described by Eq. (1):

d½A�=dt ¼ �fAB 3
0
AI0F½A� þ fBA 3

0
BI0F½B� (1)

and the mass-balance by Eq. (2):

½A�0 þ ½B�0 ¼ ½A� þ ½B� (2)

It is highly convenient to monitor the color evolution by UV/
visible spectroscopy, therefore a third equation is given by the
Beer’s law:

Absl ¼
�

3
l
A½A� þ 3

l
B½B�

�
*lobs (3)

(See Supplementary Info Part for more details).
The significance of the various symbols is displayed in Table 2.
The photochemical behavior of the open-ring and closed-ring
isomers can be studied quantitatively by following the changes in
the absorption spectra. Typically, the determination of the ring-
closure and ring-opening quantum yields needs the use of two
different irradiation wavelengths. The first wavelength must be
selected in order to promote the ring-closure, while the second, the
ring-opening. However, due to spectral overlap especially in the UV
region it is practically impossible to perform a photoisomerisation
without making the reverse at the same time. This situation has
been sometimes surmounted by separating the closed-ring isomer
by HPLC [29], but it is now easily manageable using only UV/visible
spectroscopy thanks to numerical techniques that could be used in
photokinetic analysis [30]. Assuming that the spectrum of the open
form has been measured independently (see Table 1), there are five
unknown in the problem, namely fAB, fBA, 30B, 300B (for the 2nd
irradiationwavelength) and 3lB at lmax. Fig. 3 shows that monitoring
two wavelengths for each photoisomerisation run is sufficient to
solve the problem. Each absorbance vs time kinetic curve exhibits
two independent parameters: its apparent rate constant of



Fig. 3. Absorbance vs time photokinetic curves recorded under continuous mono-
chromatic irradiation of compound I-1 in toluene solution (2.6 � 10�5 mol L�1). irr1:
evolution of the absorbance recorded at the first irradiation wavelength (l1 ¼ 313 nm);
obs1: evolution of the absorbance at the lmaxof the closed formduring the irradiation at l1;
irr2: evolution at the second irradiation wavelength (l2 ¼ 365 nm); obs2: evolution at the
lmax during the irradiation at l2. Dots: experimental; solid lines: fitting by the model (Eqs
(1)e(3)) with fAB ¼ 0.80, fBA ¼ 0.40, 31A ¼ 10600 (fixed) 32A ¼ 1650 (fixed), 31B ¼ 12300,
32B ¼ 10400, 3max

B ¼ 17500 L mol�1cm�1.

J.-C. Micheau et al. / Dyes and Pigments 106 (2014) 32e38 35
evolution which is roughly related to (fAB 30A þ fBA 30B)I0 and its
amplitude at the photo-steady state which linked to (fAB 30A/
fBA 30B) 3lB. For a given irradiation wavelength, the two apparent rate
constant are identical but the two amplitudes are different. Finally,
six independent parameters are provided, they are sufficient to
solve the photokinetic problem. The slight redundancy (six equa-
tions for five unknown) helps to overcome the deleterious effect of
noisy data. Fig. 3 shows a representative example of such kinetic
analysis.

The photocyclization (fAB) and cycloreversion (fBA) quantum
yields and the molar absorption coefficients ( 3B) of the colored
forms of the photoreactive molecules in toluene (t) and acetonitrile
(a) are reported in Table 3.

Compounds I-2, I-3, I-5, III-8 and III-9 have been investigated
both in toluene and acetonitrile solution. While cyclopentenic
derivatives show only a negligible solvent effect, a slight hyp-
sochromic shift is witnesed with lactonic compounds by increasing
the solvent polarity. This effect is likely to be due to a higher sta-
bilization of the ground-state of both open and closed forms by
acetonitrile solvation. It appears that the highest energies (lower
Table 3
Quantum yields of ring-closure and ring-opening and molar absortion coeffients of the low
and acetonitrile (a) solution. l1, l2: irradiation wavelengths; color: % maximum of the clo
cases the photosteady state (PSS) has not yet been reached.

n� l1 fAB(t) l2 fBA(t) 3B(t) Color

I-1 313 0.80 365 0.40 17500 54
I-2 313 0.90 436 0.19 15000 83
I-3 313 0.75 436 0.40 9500 48
I-4
I-5 313 0.70 546 0.20 18000 85
II-1
II-2
II-3
II-4
III-1 313 0.60 365 0.70 6500 62
III-2 365 0.32 405 0.001 4750 75
III-3 365 0.33 405 0.30 4350 64
III-4 365 0.31 405 0.13 3700 77
III-6 313 0.66 405 0.67 4300 41
III-7 365 0.41 405 0.85 5400 62
III-8 405 0.12 436 3e-4 4200 26
III-9 405 0.19 436 3e-6 1200 90
absorption wavelengths around 288 nm) are for the oxazolones
open-ring compounds II-1 to II-4 while the lowest (higher wave-
lengths around 405 nm) are found in exocyclic lactone products III-
4, III-8 and III-9. Lactonic III-1, III-2, III-6 and III-7 and cyclopentenic
compounds (I-1, I-2, I-4 and I-5) lie in the intermediate range (from
300 to 370 nm). Compound I-3 deserves a special attention. Among
the cyclopentenic compounds, this is the only one without a
carbonyl subsituent on the benzothiophenic ring and its open-ring
isomer spectrum displays only a shoulder (no maximum) around
305 nm (see supp. info part). Because, most of the compounds were
not soluble in both solvent the evaluation was carried-out either in
toluene or in acetonitrile. An easy way of comparison the various
series is to consider the lower energy absorption bands of open and
closed form and to plot in a diagram lmax (closed) vs lmax (open)
(Fig. 4). Without any sophisticated statistical analysis, it is possible
to discriminate five main domains showing that, as expected,
molecules with similar structures behave similarly.

Looking upon the line “a”, it appears in the upper part (i.e. above
line “a”) lie all the lactonic compounds bearing thiophenic side
rings (III-1 to 4). On the other side, (i.e. under line “a”) are situated
all the lactonic compounds bearing a thiazolinic side ring (III-6 to
9). The consideration of the parallel lines “b” or “c” helps to visu-
alize on one side the lactonic exocyclic (III-2 to 4, III-8 and III-9) in
the upper part and on the other side, the non-exocyclic (III-1, III-6
and III-7) in the lower part of the diagram. Finally, it is worth to
mention the cyclopentenic group cluster in the central part of the
plot. A similar chart-diagram has been drawn for compounds
measured in acetonitrile solution (see supp. info. part).

In the same way, 3 vs 3diagram (Fig. 5) provides also some
interesting insight into this population of diarylethenes.

Considering line “b”, it appears clearly that the cyclopentenic
diarylethenes are positioned in the upper part of the diagram. All
the lactonic products lie on the other side. Line “a” discriminates
these products: the lactonic exocyclic on the right and the non-
exocyclic on the left. In both domain, the thiazolinic compounds:
III-6 and 7, on the left and III-8 and 9, on the right are slightly
departed. The closest data points (III-2, III-3 and III-4) correspond to
the three lactonic exocyclic diaryethenes differing only by the
remote phenyl substitution: H in III-2, OMe in III-3 and dioxalane in
III-4. This cluster is remarkable because it must be borne in mind
that the closed form epsilon values have been determined from the
kinetic analysis without chemical isolation of the closed form. The
lower epsilon for the open form is for the non-substituited lactonic
compound III-1 bearing a methyl thiazole side-ring. It is amazing to
est energy band of the closed-ring isomer of the various diaryethenes in toluene (t)
sed form at the end of the photocoloration under l1 continuous irradiation. In most

l1 fAB(a) l2 fBA(a) 3B(a) Color

313 405
313 0.19 436 0.50 12500 12
313 0.35 436 0.80 8500 43
313 0.25 546 0.20 12000 43
313 0.50 405 0.65 6000 25
313 0.86 405 0.58 2300
313 0.65 405 0.47 12400 27
313 0.79 405 0.51 11700 6

405 0.17 436 5e-4 3600 40
405 0.19 436 0.22 1000 67



Fig. 4. lmax (closed) vs lmax (open) diagram of 11 compounds measured in toluene
solution. The manually drawn eye-catching dashed straight lines discriminate five
domains where similar compounds are gathered.

Fig. 6. FAB vs FBA diagram of the diarylethene compounds in toluene.

J.-C. Micheau et al. / Dyes and Pigments 106 (2014) 32e3836
note that the lower epsilon for the closed form is for the compound
III-9 which bears a benzothiophene side-ring while its homologue
III-8, where a thiophene replaces the benzothiophene, is much
more absorbing. A similar effect is noticed on Table 1: compound II-
1 (with thiophenes) is more absorbing than II-3 (with benzothio-
phenes). Such diagram has been also plotted in acetonitrile where
lactonic, oxazolinic and cyclopentenic compounds are easily
discriminated. A special mention deserves to be pointed-out for the
oxazolinic compound II-3 bearing benzothiophenic side rings: it is
departed from its thiophenic homologues in both l vs l and 3vs 3

diagrams (see Supp Info Part).
Table 3 summarizes the photochemical quantum yield of cycli-

zation and cycloreversion reactions of the various compounds. The
higher number of data points with FAB > FBA can be interpreted by
considering that the ring closure is almost barrierless, while there is
an activation energy barrier in the ring opening [31]. However, the
most interesting features are related to the extreme values (higher
or lower quantum yields). About the photocyclisation quantum
yields, the top value has been found at 0.90 for compound I-2 in
toluene. Such a value is among the highest ever measured recently.
For instance, only very few diarylethene photocyclisation quantum
yields higher than 0.8 have been described [20a,b,c,7,18,30]. The
high quantum yield of I-2 implies that this compound is almost
completely present in toluene solution as its antiparallel conformer,
whose photoreaction is very efficient. Relatively high values (i.e.
Fig. 5. 3max (closed) vs 3max (open) diagram of the diarylethene compounds in toluene
solution.
�0.70) have been also found for homologous compounds I-1, I-3 and
I-5. High photocyclisation quantum yield in acetonitrile has also
been measured for II-2 and II-4. Effect of solvent polarity on the
diarylethenes I-3 and I-5 photocyclisation quantum yields show a
clear-cut decrease from toluene to acetonitrile solution. A reason-
able interpretation of this solvent effect is the participation of a
stongly solvated twisted intramolecular charge transfer state
(TICT). In these conditions, the expected photoreactive antiparallel
conformation is partly trapped into a photo-inactive twisted-
twisted antiparallel conformation in the TICT leading to a decrease
of the photocyclization quantum yields [32]. Other interesting
characteristics can be found from the examination of the photo-
cycloreversion quantum yields. Top values (>0.6) have been
observed for the thiophene substituted lactonic compounds III-1
and III-7 in toluene solution. For these compounds, the photo-
cycloreversionquantumyield is higher than the cyclization [33]. The
same is true for I-3 and II-1 in acetonitrile. On the other side, low
photo-cyclization and cycloreversion quantum yields have been
found for lactone exocyclic compounds III-2, III-8 and III-9. For such
compounds, it is likely that the presence of extra p-electrons in the
central unit was responsible for some deactivation [34]. Low
cycloreversion quantum yields have also been published in diary-
lethenes with methoxy substituent not conjugated with the p-sys-
tem in the closed-ring isomer [35]. TheFAB vsFBAdiagramshownon
Fig. 6 illustrates the presence of various clusters. The effect of an
exocyclicmoiety on the lactonic compound is striking ifwe compare
the [III-2 to 4, III-8 and III-9] and [III-1, III-6 and III-7] groups (Fig. 6).

However, beyond the clustering effect, it is also interesting to
remark some compensation giving rise to close properties (for
instance, very low photo-reversion quantum yield) for relatively
different structures such as compounds III-2 and III-8 and III-9.
However, comparing the three diagrams on Figs. 3e5, it appears
that, on one side compounds I-2 and I-5 from the cyclopentenic
series and, on the other side compounds III-3 and III-4 from the
lactonic exocyclic groups are always together. In acetonitrile solu-
tion, closely related oxazolone compounds II-1 and II-2 come also
together. This result is a brilliant confirmation of the accuracy of our
investigations as it is expected that the photochromic behavior of
the structurally closest compounds must be the same.

4. Conclusion

For the first time, the quantitative photochromic properties of a
set of 18 diarylethenes have been investigated in parallel using a
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kinetic analysis based on classical UV/visible spectroscopic mea-
surements. The photo-cyclisation and cycloreversion quantum
yields together with the molar absorption coefficient of the non-
isolated closed form have been determined simultaneously
thanks to an original kinetic modeling approach. Depending on the
nature of the central ring, the diarylethene set can be divided into
three main groups: cyclopentenic, oxazolinic and lactonic. Dia-
grams obtained by plotting lA vs lB, 3A vs 3B or FAB vs FBA help to
visualize in a striking manner all the structural effects. The three
main groups are easily individualized. Compounds with similar
structures such as III-2, III-3 and III-4 remain clustered on all of the
three diagrams, thus introducing a non trivial correlation between
the optical gaps, the extinction coefficients and the photochromic
quantum yields. For cyclopentenic compounds I-3 and I-5, the
quantum yield of photo-cyclisation decreases with solvent polarity.
By providing a quantitative assessment of the spectroscopic and
photochromic properties of a large set of diarylethenes compounds,
these experimental results will be useful for a better understanding
of the photochromism of diarylethenes both on the fundamental
and more applied point of view.

Appendix A. Supplementary data

Supplementary data related to this article can be found at http://
dx.doi.org/10.1016/j.dyepig.2014.02.013.
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