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Abstract

This paper reports the synthesis and transient absorp:ion decay kinetics of several triad compounds, in which a sulfur aryl section is used
as the spacer for intramolecular energy treufer (IET). Artter flash phatolysis the producing sulfur radicals will provide an “energy irap’ to
stop the IET process, after stopping flash photolysis the sulfur radicals reversibly recombine and the EET process recovers, and then a ragid

photoinduced IET switchable function is realized.
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1. Introduction

Special functional supramolecular compounds that are
constructed by different independent subunits with different
bonding methods and their photophysical and photochemical
propetties have been actively studied inrecent years [ 1]. The
supramolecular compounds are used as molecular switches
to realize the storage, data processing and transfer of infor-
mation at the molecular level [2]. Photoinduced intratnolec-
ular energy transfer (IET) is a fast process, which can be
measurcd by highly sensitive molecular fluorescence. The
energy can be transferred by spacer from an energy donor to
an energy acceptor. This process results in the quenching of
the fluorescence of the donor. Recently, molecular switches
based on the IET process have become an active study field
[31. But there are many challenging problems: for instance,
how to improve the reversible response time of switch
devices. In order to realize the molecular switchable function,
Walz et al. [4] used photochromic fulgides as the spacer for
intramolecular energy transfer in a molecular fluorescent sys-
tem. When the compounds were irradiated by ultraviolet
light, the fulgide sectinn would have a closure ring and con-
jugated polyenic chain system and then tum on an ‘energy
trap’ that prevented the IET process from occurring from
donor to acceptor (switch off); on the other hand, the com-
pound was immadiated by visible light, the ring would open
and the IET process would progress again (switch on). The
process based on photochromic fulgides mentioned above
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cannot realize a rapid response, so it is necessary to find a
novel rapid photoinduced switchable system.

Thyrion {5] has reported the tzansient absorpiton spectra
of a series of aryl sulfur radical compounds after flash pho-
tolysis. After flash photolysis, the transient absorption spectra
of many aryl sulfur compounds twrned on an imegular red-
shift due to the produced suifur radical. Based on these, we
can design and synthesize the triad compounds, in which a
sulfur aryl section is used as the spacer for intramolecular
energy transfer. After fash photolysis, the produced sulfur
radicals will provide an ‘energy trap’ to stop the IET process,
after stopping flash photolysis, the sulfur radicals reversibly
recombine and the IET process recovers. and then a rapid
photoinduced IET switchable function is realized. This paper
reports the synthesis and fluorescence properties as weil as
transient absorption decay kinetics of these triad compounds.

2. Experimental

IR spectra were recorded on a Nicolet 5SxC and 'H NMR
spectra were recorded on a Brucker AM300 spectrometer at
300 MHz, using TMS as the standard and deutetiodimethyl-
suifoxide (DMSO-d;) as the solvent. Mass spectra { electron
impact) were obtained at 70 eV on a VG 12-250 (VG Mass
lab) spectrometer. Fluorescent spectra were recorded o a
Hitachi 450 spectrometer. Bis(p-aminophenyl)sulfide was
prepared according to the literature [6], m.p. 105~ 107°C
(literzture, 108°C); 9-carbazolylacetic acid was synthesized
according to the literature [ 7], m.p. 192 ~ 194°C (literature,
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192~196°C);  4-nitro-1,8-naphthalic  anhydride was
obtained from Aldrich and used without purification. The
time resoived absorption decay kinetics were measured by
laser flash Kinetic spectrophotometry. The solutions (in 2
¢m X2 cm quartz cells) were excited at 337 nm (nitrogen
gas laser with 2 6-7 ns pulse wide, Radiant Dyes Laser, Acce,
GmbH), and transient optical density (AOD) at 488 nm (Ar
ion faser, 5500 AWC, Jon Laser Technology ) can be detected
by a fast respanse diode (DET2-Si, Thorlabs Inc.) and dis-
played on a digital storage oscilloscope (Tekironix TDS
420). In the measurements, ‘0, aerated’ means that the solu-
tions were saturated by bubbling with oxygen gas for 20 min.
All measurements were performed at room temperature. For
structures of compounds see Fig. 1.

Synthesis of compound §1 [8). 1.08 g (5 mmol) bis-(p-
aminobenzenyl) thionyl and 0.99 g (5 mmol) 1.8 naphthalic
anhydride were added to 20 ml water under nitrogen. The
reaction mixture was drastically stirred and slowly heated to
reflux. When refluxing, the solid became red-brownish oil-
like. After refluxing for 6 h, the orange solid came out, was
cooled, the precipitate was filtrated and washed with acetone,
and the filtrate was recrystallized in acctone to yield 1.54
g{78%) orange particle crystals, 81, m.p. 239-241°C.
IR(KBr): NH; 3460 cm !, 3380cm ™ '; MS m/2: 396 (M ™,
100%); 180(53.44%); '"H NMR: 5.60 (s, 2H, -NH,); 6.68
{m, 2H, J=8.4 Hz): 7.12 {m, 2H, J=8.4 Hz); 7.24-7.27
(m, 4H); 7.85 (1,2H); 8.50 {m, 4H).

Synthesis af compound §2. 0.26 g (1.16 mmol} 9-carba-
zolylacetic acid and 0.1 g sodium hydroxide were added to
20 m! nitrobenzene, stirring and heating to 120-130°C for
Q.5 h, the reaction mixture was pale yellow-greenish, then
conted to 60-70°C, (.46 g compound S1 was added, 0.5 mi
PCl; (redistillation) was stowly druppzd with stimming, then
heated to 135°C for 2 h, filtrated while hot, the filirate cooled,
then cthyl ether was added and the solid was precipitated, the
crude product was recrystallized in DMF, yield 0.2 g(29%),
pale gray solid, 82, m.p. 2> 300°C. IR{ KBr): -CONH- 33060
cm”', 3200 cm™'; MS m/z: 603 (M*, 19.72%); 180
(100%): '"H NMR: 5.25(s, 2H, -CH,C0-); 7.15-7.25 (m,
4H);7.32 (m, 2H, J=8.47 Hz); 7.44 (¢, 2H); 7.51 (d, 2H,
J=844Hz);7.57(d,2H,J=821Hz);7.72 (d,2H,J=8.53
Hz); 7.88 (m, 2H); 8.15 (d, 2H): 8.45 ~8.55 (m, 4H).

Synthesis of conpound §3. 0.3 g (0.76 mmol) compound
81 and 0.18 g (0.76 mmol) 4-nitro-1,8-naphthalic anhydride
were mixed. 10 ml anhydrous pyridine was added to the
mixture, stirring, the mixture was slowly heated to reflux, the
reaction mixture became a pale yellow—brownish solution,
after refluxing for 5 h, and then cooled overnight. The result-
ing material was poured into a lot of water, filtrated, the
resulting solid washed with zcetone, the crude product recrys-
tailized in DMF twice, yielo 0.20 g(42%), red-brownish
solid, 83, m.p.>300°C. IR(KRr}: -NO, 1350 cm~'(s),

1530 cm”'(m); MS m/z 621 (M*, 16.66%); 591
{15.05%); 180 (57.94%); '"H NMR: 7.43(m, 4H); 7.77(m,
4H); 7.89 (m, 2H, J=17.7 Hz}; 8.15 (t, 1H); 8.52 (m, 4H,
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Fig, 1. Chemical structures of the compounds in the study.

J="1.8Hz); 8.61 (m, |H,/=8.0Hz); 8.66(m, I1H,/=8.10
Hz); 8.68 (m, 1H): 8.79 (m, 1H).

Synthesis of campound §4.0.99 g (5 mmol) 1,8-naphthalic
anhydride and 0.58 g (2.7 mmo!) bis-(p-aminobenzenyl)
thionyl mixed with 15 ml DMF under nitrogen, the reaction
mixture was stirred and heated slowly to reflux, when reflux-
ing solvent was orange-yetlow, refluxed for 24 h, cooled,
then the resulting material was poured into a lot of water,
filtrated, the solid was rectystallized in DMF twice, yield 0.78
£ (54%), pale yellow crystals, $4, m p.>300°C. IR(KBr):
~CON-3450cm™'(b), 1710 cm ™' (s); MS m/z: 576(M ',
100%)+ 180 (94.78%): 'H NMR: 7.40(d, 4H, /= 8.2 Hz);
7.52 (d, 4H, J=38.5 Hz); 7.87-7.99(t, 4H); B.48-8.62 (d,
8H).

Compound §5. 'H NMR: 6.85 (d, 1H, J=8.4 Hz):
743~7.63 (m, 8H); 7.84~7.96 (1, 3H); 8.20 (d. 1H);
8.50~8.70 (m, 6H). MS m/z: 591 (M*, 98.48%).

The synthesis of compound §1 was involved in the reaction
selectivity, because the two amino groups could react with
1,8-naphthalic anhydride. In order to synthesize the terminal
product with one amino substituent, we should control the
ratio of the reactants (1,8-naphthalic anhydride could not be
in excess): on the other hand, suitable solvents should be
selected, When using DMF as the solvent, although the amino
compound was in excess, the byproduct (2:1, two substitu-
ents) would be produced; if we used water as the sofvent,
although the ratio of the reaction mixture was 1:1, we could
also obtained the terminal product {1:1} with high yield. On
the contrary, to obtain compound 84, we used water as the
solvert, although 1,8-naphthalic anhydride was in excess, but
we could not obtain the terminal product (2:1): we used DMF
as the solvent, although the mixture reacted in the ratio of
2:1, so we could aiso obtain compound 84 with high yield.

3. Results and discussion

The absorption and fluorescence spectra data of these triad
compounds are listed in Table 1. There exists the characier-
istic absorption of carbazole in the absorption of triad com-
pound 51, as seen as in Table 1. The absorption of these new
triad compounds was the exact sum of that of the constituent
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Table 1
The absorpiion and fi enee data of the compounds in di
Compounds s1 52 83 54 S5
A (AL} 330 (1.84) 292 (3.33) 332 (267) 331 (3.18) 330 (207)
€ (10 lmol 'em™") 34541.55) 330 (2.05) 346.4 (2.64} M54(274) 5 (1363

410 (0.39) 406 (0.78)
Amae” (nM) * 366.5 362,510 485 370 520 389;412: 492

* The emission was measured by excitation at 330 nm for 81; 292 am for §2; 332 nm for 83; 331 nm for §4: 329 nm for 85, respectively.

Table 2
The Nuorescence intensity ratio beiween the triad compounds and the cor-
responding mixture at the same fluorescence wavelengths (Aq,,")

Systems s2 54
S1+9-carbazolylacetic acid St + | R-naphthalic
(k1 anhydride (131
Ratio (%) 1.7 (362 nm. Ex; 292 nm) 2.6 (370 nm, Ex: 331 nm)
A
B8O
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Fig. 2. Fluorescence spectra of $2 (curve a) and the mixture (curve b) of
9.carbazolylacetic acid and §1 ([:1) excited at 330 nm in divxanc.

chromophores. This indicates that there is litile or no inter-
action between chromophores, so their individual character-
istics should be maintained in the triad compounds. However.
when excited at 292 nm, which is a maximum absorption of
carbazele chromophore, the emission at 362 nm for triad
compound 82 was quenched, as seen as in Table 2, which
means there exists an intramolecular energy transfer from the
carbazole moiety to naphthatimide in the triad compound
[9]. Meanwhile, at longer wavelength regions, a ngw emis-
sion was observed compared with that of the vorresponding
mixture, as shown in Fig. 2. This new emission might result
from the large conjugated system of phenyl sulfide and
n~aphthalimide.

On comparing with the corresponding mixtutes, as shown
in Figs. 2 and 3, the new triad compounds synthesized in this
paper have a new <mission in a longer wavelength region.
This new emission could be explained as a result of the large
conjugated system of phenyl sulfide and naphthalimide.
When these triad compounds were dissociated by photolysis

to form a thionyl-radical {cited the fact that aromatic disulfide
was dissociated by a photon from a XeCl-excimer laser at
308 am to form two thionyl-radicals [ 10]), the constituents
of the split chromophores are similar to those of the come-
sponding mixture (9-carbazolylacetic acid and 81 for 82;
},8-naphthalic anhydride and S1 for 84, respectively). At
this time the longer wavelength cmission would disappear,
this means that the intramolecular energy transfer through
the sulfide bridge between two chromophores will be inhib-
ited dug to the breaking of the sullide bridge. At this longer
wavelength, fluorescence emission disappears and the system
then turns on an “energy trap’ thal prevents the intramolecular
energy transfer process from donor to acceptor (i.e. switch-
off state}. Since the formation and recombination of thionyl-
radicals are fast processes, it is possible that the triad com-
pounds synthesized in this paper may be used as novel rapid
photeinduced switchable systems.

The transient absorption for these triad compounds a: 488
nm are listed in Table 3. The aerated dioxane solutions of
these compounds gave no transient absorption at 632.8 nm
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Fig. 3. The absorption (curve a) and fuorescence spectra (curve b, excited
at 331 nm) of $4 ard the fluorescence speclrum {curve c, excited at 328
nm) of the mixture of 1.8-naphihalic anhydride and 1 (1:1) in dioxane.

Table 3
The Kinetic data of transient AOD at 488 am for the wind compounds in
dioxane

Compounds Sl S2 53 S4
T{£0.1 ps) acrated No signal 5.0 25 30
T( 0.1 ps) Oy-saturated 20 12 1.7
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{He—Ne laser as mnonitoring light, at feast within the sensitiv-
ity of our measurement system). However, for aerated
dioxane solutions of the triad compounds, the transient
absorptions a1 488 nm are observed. The transient absorption
2t 488 nm with oxygen-saturated conditions are also observed
for some compounds (Table 3). This means that the transient
absorption at 488 nm results from the triplet absorption or
charge transfer state absorpiion of these compounds, since
oxygen is a particularly effective quencher of triplet states
and charge transfer (CT) states. Based on the view of the CT
processes, the transient absorption decay lifetimes of these
triad compounds should vary and have some correlation with
the CT ability of them. However, the results shown in Table
3 indicate that there is no relationship between the lifeiimes
and the CT ability of the compounds. This implies that the
transient absorption at 488 nm results from the triplet state.
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