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Thermochromism is an interesting phenomenon, which can be
applicable to the development of imaging and sensing materials.
Classical examples include metal salts such as £684O, which
displays a color change from pink to blue upon heating, as the result
of thermal-induced coordination dynamics in aqueous média.
m-Conjugated polymers are also candidates for thermochromic
materials. For example, polythiophene displays a thermoreversible
color change between red and yellow in solution, due to a change
in s-electronic conjugation by thermal-induced conformational (a) F
dynamics of the backborfeAlthough a variety of thermochromic )
systems have so far been reporieiere are only limited examples i
that are capable of developing multiple colors at ambient temper- 4
atures. We now report a novel thermochromic system, via the self- i |
assembly of ar-extended zinc porphyrin complex with a metal- ' | ;
ligating 3-pyridyl group 1).*° This system exhibits a multicolor ! it & : 11
thermochromism upon heating, for example, from 0 to 100by I‘ : ' i I i I‘ Ii “ '
taking advantage of the absorption spectral change capability of i ! |
due to thermal-induced axial coordination dynamics. Therefore,
can be used as a multicolor thermometer.

As shown in Figure 1a, the zinc complex of 5-(3-pyridyl)-10- (b)
trimethylsilylethynyl-15-(3,5-dioctyloxyphenyl)porphyrinl) in
toluene displayed a stepwise color change from green to yellow to }
red on heating from 0 to 50 to 10C, respectively. The absorption 4 ' ! f
spectrum ofl was temperature-dependent in toluene (Figuref 2a). ! i , '
At a low temperature such as@, 1 showed a split Soret absorption |

1:R'=+=-7TMs, RZ=H, Ar= 3,5-dioctyloxyphenyl
2:R'=R2=H, Ar= 3 5-di-tert-butylphenyl
3:R'=RZ=t+=-Tms, Ar= 3,5-dioctyloxyphenyl
4:R'=R2=Ar= 35-di-tert-butylphenyl
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band withAmax values of 428 and 443 nm, and displayed Q-bands “ i ‘ ‘ f ‘ Iil '
at 571 and 610 nm. On the other hand, upon heating, the Soret- Iﬁ E: | il | | l
band at 428 nm was intensified at the expense of the 443-nm band, 0°C  50°C 100°C 0% 50°C 100°C

while the Q-bands were both blue-shifted to 558 and 595 nm. In
sharp contrast, in the presence of a coordinating base such aF'gure 1. Temperature-dependent color changes (), 2 (b), and3 (c)
- ’ ; . Sn toluene (9.8x 1075 M).
pyridine (5%), the system displayed neither temperature-dependent
spectral change nor thermochromic response, where the Soret-band L
dipd not show%ny splitting even at low Ft)emperatures. Cold-spray ionization mass spectrometry (CSI-Riffja CHCh
A crystallographic study showed that the split absorption band solution of1 showed a itroqg peak B.jVZ - 3_5_18 correspond.lng
in the Soret region is most likely due to an exciton coupling of © the tetramer ofl ([1]*, Figure 4), in addition to SO+me minor
self-assembled.” Although an attempt to grow crystals dfwas peaks at 2639, 1759, and 1319, assignablel{p [ [1,]" and/or
unsuccessful, an analogous zinc complex of 5-(3-pyridyl)-10,15,- [14*", and [lg]*", respectively. This result indicates that
20-tris(3,5-ditert-butylphenyl)porphyrin 4) gave single crystals ~ Preferentially adopts a cyclotetrameric structure in solutlikhh.
appropriate for X-ray crystallograpfyln the crystal structure ~ NMR spectroscopy of in CDCl; at 30°C showed broaden signals
(Figure 3),4 adopts a cyclic tetramer via the axial coordination of possibly due to the presence of several slowly interconverting

the 3-pyridyl groups to the zinc porphyrin moieties<{Rn = 2.15 stereoisomers upon cyclotetramerizatiorioflowever, compound
A), where the inner pyridyl (Py) groups are in contact with one 2 without an alkynyl group under similar conditions displayed a
another via ar— interaction (plane-to-plane separatier3.40— relatively sharp™™ NMR spectrum, where the pyridyl groups

3.43 A). Such a sterically congested assembly appears to give riseshowed eight different signals at2.27, 2.89, 3.19, 4.23, 5.45,
to a considerable structural distortion, as the zinc porphyrin = 594, 6.77, and 7.14 ppm. These signals are upfield shifted and

pyridine dihedral angles are 108nner Py) and 73 (outer Py), characteristic of the cyclotetrameric structure, because the cyclic
which are much deviated from an ideal value of 90 tetramer of2 bears two inequivalent sets of pyridyl groups in close
* The University of Tokyo. p_romrmty to. the zinc porphyrln rr_lou?tles gnd _should display totally
*Chiba University. eight inequivalent Py signals with identical integral values.
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Figure 2. Variable-temperature absorption spectral profile (), 2 (b),
and3 (c) in toluene (9.8x 107> M) at 0—100°C (blue, 0°C; red, 100°C).
Insets show magnified spectra in the Q-band region.

Figure 3. X-ray crystal structure ofl. (a) CPK representation. (b) Stick
representation, where 3,5-@rt-butylphenyl groups and hydrogen atoms
are omitted for clarity.

We also found that the alkynyl group tfplays a crucial role in
the vivid thermochromic response (Figure 1a). Altho@gand 3
both showed temperature-dependent absorption spectral change
(Figure 2b and c, respectively?, without any alkynyl group, on
heating, developed only a small color change from orange to pink
(Figure 1b), while3 having two alkynyl groups stayed in green
over a wide temperature range (Figure %gkenerally, absorption
of lights in ranges of 436490, 496-560, and 566-800 nm
provides complementary colors of yellow-orange, red-reddish
purple, and blue-green, respectively. Introduction of a single alkynyl
group at the meso-position of compouRdQ-band region; 520
600 nm) allows an appropriate shift of the absorption band of the
complex (Q-band ofl; 530-630 nm), so that the association/
dissociation dynamics can be detected as a vivid switching between
warm and cold colors by human eyes. On the other hand, when
two alkynyl groups are introduced as in the case of compd@jnd
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Figure 4. Cold-spray ionization mass spectrum of a Cki€ilution of1.

the absorption bands are entirely shifted to a green region{(550
660 nm), irrespective of whether the zinc porphyrin is assembled
or not.

In conclusion, we have demonstrated the first example of
supramolecular thermochromism of metalloporphyrin by using a
zinc complex of (3-pyridyl)porphyrin with an alkynyl sidearr)(
Because of an appropriate extensionmeélectronic conjugation
of the porphyrin chromophore, the thermal-induced self-assembling
dynamics ofl can be detected as a vivid color change from red to
yellow to green. The present work will provide a novel molecular
design concept for supramolecular thermometers.
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