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Effects of Self-coiling of Organic Molecules on Intramolecular
Exciplex Formation and Fluorescence Quenching in DX-H,0O
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Effects of self-coiling of organic molecules on intramolecular
exciplex formation of compound I, in which the carbazole
chromophore and terephthalic acid methylester acceptor group
are linked by one (CHj, ), chain, and the decrease of the fluo-
rescence intensities of compounds II, I, and IV, in which
the carbazole chromophore and 3, 5-dinitrobenzoate are con-
nected by one aliphatic chain of (CH, ), (II), (CHy),, (IIT),
or (CH;), (IV), have been studied in the dioxane(DX)-H,0
binary system. The results show that self-coiling of organic
molecules in DX-H,O facilitates intramolecular exciplex for-
mation of I and induces the decrease of fluorescence intensities
of II, because of the proximity effect brought about by self-
coiling of organic molecules umder hydrophobic-lipophilic in-
teraction (HLI) between the excited carbazole chromophore
and the acceptor. Since the similar effects are observed even
when the concentrations of the probes are less than their
CAgCs ( critical aggregate concentrations) in the DX-H,O
mixture with the same ¢ values, formation of the intermolecu-
lar exciplex has been excluded. The effects are found to be
strongly depended on ¢ values, indicating that they are mainly
driven by HLI. The properties of the acceptors can also affect
the intramolecular exciplex formation. With terephthalic acid
methylester moiety as the acceptor, the carbazole chro-
mophore exhibits the fluorescence spectra of the exciplex,
while with 3, 5-dinitrobenzoate moiety as the acceptor, only
the fluorescence spectra of excited carbazolyl chromophore are
observed.
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tramolecular exciplex

Introduction

Hydrophobic-lipophilic interactions (HLI) play an
important role in chemical and biochemical processes
since water is the common medium in physiological pro-
cesses.'* Some recent efforts have been dedicated to
studies of hydrophobic effects on photochemical and pho-
tophysical processes of organic molecules.>” It has been
reported that aggregation, coaggregation and self-coiling
of organic molecules can affect the formation of ex-
cimers, enhance energy transfer between excited donors
and acceptors’® and promote electron transfer Process-
es.”"1% Previously, Yamamoto'" had reported the behavior
of intramolecular exciplex emission of one D-(CH,) ,-A
molecule, in which one carbazole chromophore and one
terephthalic acid methylester units are linked by aliphat-
ic chains. Verhoeven'? had also studied the intramolecu-
lar photophysics process of another D-(CH,) ,-A system,
in which one carbazole and one tetrachlorophthalimide
are connected by an aliphatic chain. In the present
work, we will report the effect of self-coiling of organic
molecule on intramolecular exciplex formation and fluo-
rescent quenching.
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Experimental
Apparatus and materials

Melting points are uncorrected. 'H NMR spectra
were recorded on a Bruker AM 300 spectrometer with
(CH;3)4Si as internal standard. Mass spectra were ob-
tained in EI mode. Elemental analysis was carried out at
the Shanghai Institute of Organic Chemistry analytical
center using Element Analyzer MOD-1106. All fluores-
Scheme 1

CLIO

cence measurements were made using a Perking Elmer
LS 50-B luminescence spectrometer. Unless stated oth-
erwise, all reagents and chemicals were obtained from
commercial sources and used without further purifica-
tion. Dioxane (DX) was purified by standard proce-
Water was deionized. The structures of the
probes I—V used in this paper are shown in Scheme 1.

dures.

The synthetis routes of these probes are shown in
Schemes 2 and 3. All compounds have been identified
by 'H NMR, MS spectra and elemental analysis.
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Preparation of N- (10-bromodecanyl ) carbazole (3a)

Under a nitrogen atmosphere, NaH (0.72 g, 30.0
mmol) was added into a mixture of carbazole 1 (5.00
g, 30.0 mmol) and dried DMSO (30 mL) at room tem-
perature. Afier the mixture was stirred for 2 h, the sus-
pension was added dropwise to a solution of Br(CH, ) o-
Br (7.50 g, 25.0 mmol) in DMSO (10 mL). Stirring
was continued at 40 °C for 1 h, the mixture was then
poured into 100 g of ice. The aqueous phase was ex-
tracted with petroleum ether (200 mL x 3). The com-
bined organic fraction was washed with water and brine,
dried over CaCl,, filtered, and concentrated under re-
duced pressure to give pale yellow oil. The material was
subjected to flash chromatography (silica, petroleum
ether) to afford 3a as pale yellow oil. 'H NMR (CD-
Cl;, 300 MHz) &; 1.17—1.31 (m, 12H), 1.72—
1.77 (m, 4H), 3.30 (t, J=7.71 Hz, 2H), 4.18
(t, J=7.71 Hz, 2H), 7.18—7.2 (m, 2H),
7.30—7.40 (m, 4H), 8.06 (d, J=8.02, 2H); MS
(ED) m/z (%): 180 (100), 385 (68, M*), 386
(68, M* +1); Anal. caled for CprHyBiN: C 67.59,
H7.27, N3.62; found C 67.66, H7.12, N 3.62.
Preparation  of  N-(10-carbomethyldecanyl ) carbazole
(4a)

Under a nitrogen atmosphere, a mixture of 3a
(2.77 g, 7.20 mmol), CH;COOK (1.96 g, 20.0
mmol) and DMF (50 mL) was stirred at 90—100 °C for
2 h. The mixture was cooled to room temperature and
poured into H,0 (100 mL) and then extracted with E-
tOAc (100 mL x 2) . The combined organic fraction was
washed with water and brine several times, and dried
over NaySO,. The solution was then concentrated under
reduced pressure, and the resulting yellow oil was sub-
jected to flash chromatography ( silica, EtOAc/
petroleum ether 1:10) to give 4a as light yellow oil in
99% yield. 'H NMR (CDCl;, 300 MHz) &;: 1.25—
1.37 (m, 12H), 1.60—1.63 (m, 2H), 1.86—1.88
(m, 2H), 2.03 (s, 3H), 4.03 (1, J=7.2 Hz,
2H), 4.29 (t, J=7.2 Hz, 2H), 7.20—7.25 (m,
2H), 7.38—7.46 (m, 4H), 8.10 (d, J=7.7 Hz,
2H); MS (EI) m/z (%): 180 (100), 365 (M*,
90); Anal. caled for CyyH; NO,: C 79.04, H 8.49,
N 4.05; found C 79.48, H 8.39, N 4.05.

Preparation of N-(10-hydroxydecanyl) carbazole (5a)

Compound 4a (2.56 g, 7.00 mmol) and KOH
(0.40 g, 7.00 mmol) were added into MeOH (50
mL) . After stirring at 50 °C for 0.5 h, the solution was
neutralized with CH;COOH. The solvent was removed in
vacuum and the reuslting white solid was then subjected
to flash chromatography (silica, EtOAc/ petfgleum ether
1:5). The title compound 5a was obtained as white
crystal in 100% yield. m.p. 70.5—70.8 C; 'H
NMR (CDCl;, 300 MHz) &; 1.25—1.37 (m, 13H),
1.53—1.56 (m, 2H), 1.86—1.88 (m, 2H), 3.60
(t, J=6.6 Hz, 2H), 4.27 (t, J=7.2 Hz, 2H),
7.20—7.25 (m, 2H), 7.40—7.47 (m, 4H), 8.10
(d, J=7.7 Hz, 2H); MS (EI) m/z (%): 180
(100), 323 (M*, 80), 324 (M* +1, 20); Anal.
caled for CrHyNO: C 81.74, H8.98, N 4.34; found
C82.02, H8.54, N4.60.

Preparation of 10-carbazolydecanyl-4-carbomethyloxy-
benzoate (1)

A solution of 5a (1.30 g, 4.00 mol) in dried
benzene (50 mL) was slowly added to a solution of 4-
chlorocarbonylbenzoic acid, methyl ester 6 (1.00 g,
5.00 mmol) and EtsN (2 mL) in C¢Hg(10 mL). The
suspension was refluxed for 40 min and then poured into
H,0 (200 mL) . The aqueous phase was extracted with
CsHs (200 mL x 2). The combined organic fraction

was washed with water and brine, dried over Na,SO,.
The solvent was removed in vacuo and the resulting pale
yellow oil was subjected to flash chromatography (silica,
EtOAc/petroleum ether 1:4). Compound I was ob-
tained as waxen solid, m.p. 57.5—58.3 °C; '"H NMR
(CDCl;, 300 MHz) &: 1.28—1.42 (m, 12H),
1.73—1.78 (m, 2H), 1.85—1.90 (m, 2H), 3.95
(s, 3H), 4.28—4.35 (m, 4H), 7.21—7.27 (m,
2H), 7.40—7.49 (m, 4H), 8.10 (s, 4H), 8.10—
8.12 (m, 2H); MS (EI) m/z (%) 180 (89), 485
(M*, 100), 486 (M* +1, 38); Anal. caled for Cs;-
H;35NO,: C76.7, H7.21, N 2.88; found C 77.02,
H7.16, N 2.89.

Preparation of 10-carbazolydecanyl-3 , 5-dinitrobenzoate
(m

3, 5-Dinitrobenzoic chloride (7) (0.37 g, 1.60
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mmol) was dissolved in dried CgHg(30 mL) and EN
(3 mL) was added, then a solution of Sa (0.50 g,
1.50 mmol) in C¢Hg(8 mL) was added dropwise. The
mixture, after refluxing for 1 h, was poured into H,O
(200 mL), and the aqueous phase was extracted with
CsHs (200 mL x 2). The combined organic fraction
was washed with water and brine, dried over NaySO,.
The solution was then concentrated. After column chro-
matography, the title compound was obtained as orange
crystal in 83% yield. m.p. 120.5—121.9 C; 'H
NMR (CDCl;, 300 MHz) 3: 1.12—1.36 (m, 12H),
1.77—1.91 (m, 4H), 4.35 (t, J=7.2 Hz, 4H),
7.23 (t, J=6.8 Hz, 2H), 7.37—7.47 (m, 4H),
8.07 (d, J=6.8 Hz, 2H), 9.09—9.17 (m, 3H);
MS (EI) m/z (%): 43 (100), 180 (75), 517
(M*, 13); Anal. caled for CxH; N3Og: C 67.31, H
5.99, N8.12; found C 67.06, H5.73, N 8.01.

Preparation of N- (12-hydroxydodecyl ) carbazole (5b)

This compounds was prepared from carbazole and
Br(CH,) 1,Br as white crystal following the procedure for
preparation of 5a. m.p. 62.5—63.3 C; 'H NMR
(CDCl;, 300 MHz) &: 1.24—1.34 (m, 16H),
1.53—1.57 (m, 2H), 1.84—1.89 (m, 2H), 3.63
(t, J=6.6 Hz, 2H), 4.30 (t, J=7.2 Hz, 2H),
7.20—7.26 (m, 2H), 7.40—7.49 (m, 4H), 8.10
(d, J=7.7 Hz, 2H); MS (EI) m/z (%): 180
(100), 351 (M*, 71).

Preparation of 12-carbazolydodecyl 3, 5-dinitrobenzoate
(1)

This compound was prepared from 5b and 7 as or-
ange crystal in a similar procedure as for compound II,
m.p. 79—80.5 °C; 'H NMR (CDCL, 300 MHz):
1.26—1.42 (m, 16H), 1.77—1.90 (m, 4H), 4.27
(t, J=7.20, 2H), 4.43 (t, J =6.8 Hz, 2H),
7.18—7.26 (m, 2H), 7.37—7.47 (m, 4H), 8.07
(d, J =7.8 Hz, 2H), 9.09—9.10 (m, 2H),
9.15—9.17 (m, 1H); MS (EI) m/z (%) 180
(100), 545 (M*, 57); Anal. caled for C3HssN3Og:
C 68.26, H6.40, N 7.70; found C 68.32, H 6.08,
N7.57.

Preparation of N-(4-hydroxybutyl) carbazole (5c¢)

This compound was prepared from carbazole and
Br( CH,)4Br as white crystal following the procedure for
5a, m.p. 73.5—74.8 C; 'H NMR (CDCL, 300
MHz) 8: 1.59—1.68 (m, 2H), 1.93—2.05 (m,
2H), 3.64 (t, J=6.4 Hz, 2H), 4.37 (4, J=17.0
Hz, 2H), 7.21—7.27 (m, 2H), 7.41—7.50 (m,
4H); 8.12 (d, J=7.7 Hz, 2H); MS (EI) m/z
(%) 180 (79), 239 (100, M*).

Preparation of  4-carbazolybutyl-3,5-dinitrobenzoate
(IV) '

This compound was prepared from Sc and 7 as or-
ange crystal following the procedure for compound II,
m.p. 217—218.5 C; 'H NMR (CDCk, 300 MHz)
5:1.89—1.99 (m, 2H), 2.07 (m, 2H), 4.39—
4.45 (m, 4H), 7.20—7.26 (m, 2H), 7.40—7.47
(m, 4H), 8.08 (d, J=8.1 Hz, 2H), 9.04—9.05
(m, 2H), 9.21—9.25 (m, 2H); MS (EI) m/z
(%). 180 (100), 433 (M*, 72); Anal. caled for
CxHjsN;Og: C 63.44, H 4.39, N 9.69; found C
63.13, H4.45, N9.54.

Preparation of 1-anthracenemethenoxy- 10-bromodecane

(9

Under a nitrogen atmosphere, NaH (0.72 g, 30.0
mmol) was added to a mixture of antharacenemethol (8)
(6.24 g, 30.0 mmol) and dried DMSO (50 mL) at
room temperature. The mixture was stirred for 2 h and
then was added dropwise to a solution of Br( CH,)oBr
(7.50 g, 25.0 mmol) in DMSO (10 mL). The mixture
was stirred at 40 °C for 1 h and then poured into ice
(100 g). The aqueous phase was extracted with
petroleum ether (100 mL x 3). The combined organic
fraction was washed with water and brine, and dried
over NaySO,. The solvent was then removed under re-
duced pressure and the resulting pale yellow oil was pu-
rified by flash chromatography (silica, petroleum ether)
to give 9 as yellow oil. 'H NMR (CDCl;, 300 MHz) 3;
1.24—1.42 (m, 12H), 1.60—1.70 (m, 2H),
1.79—1.88 (m, 2H), 3.40 (t, J=6.7 Hz, 2H),
3.67 (t, J=6.6 Hz, 2H), 5.47 (s, 2H), 7.45—
7.57 (m, 4 H), 8.02 (d, J=8.1, 2H), 8.42 (d,
J=8.9 Hz, 2H), 8.47 (s, 1H); MS (EI) m/z
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(%) 179 (92), 191 (100), 426 (M*, 21); Anal.
caled for Cys Hy BrO: C 70.39, H, 7.29; found C
70.11, H7.21.

Preparation of 1-anthracenemethoxydecanyl acetate (10)

Under a nitrogen atmosphere, a mixture of 9 (2.40
g, 5.70 mmol), CH;COOK (1.96 g, 20.0 mmol) and
DMF (50 mL) was stirred at 90—100 °C for 2 h. The
mixture was poured into H,O (100 mL) and then ex-
tracted with EtOAc (100 mL x 2). The combined or-
ganic fraction was washed with water and brine, dried
over NaySO,4. After concentration, the resulting yellow
residue was subjected to flash chromatography (silica,
EtOAc/petroleum ether 1:10). Compound 10 was ob-
tained in 99% vyield as oil. 'H NMR (CDCl;, 300
MHz) 8: 1.22—1.32 (m, 12H), 1.56—1.65 (m,
4H), 2.03 (s, 3H), 3.66 (t, J=7.6 Hz, 3H),
4.03 (t, J=7.7 Hz, 3H), 5.48 (s, 2H), 7.43—
7.56 (m, 4H), 8.00 (d, J=8.1 Hz, 2H), 8.39
(d, J=8.2 Hz, 2H), 8.44 (s, 1H); MS (EI) m/z
(%): 179 (61), 191 (100), 192 (45), 406 (M*,
78); Anal. caled for CHsO;: C 80.06, H 8.37;
found C 80.26, H 8.53.

Preparation of 1-anthracenemethoxydecanol (11)

10 (2.40 g, 5.90 mmol) and KOH (0.34 g,
6.00 mmol) were added to MeOH (50 mL). The mix-
ture was stirred for 0.5 h at 50 “C and then neutralized
with acetic acid. The solvent was removed in vacuo and
the resulting solid residue was subjected to flash chro-
matography ( silica, ether/petroleum ether/dichloro-
methane =1:5:1) to give 11 as white crystal in 100%
yield. m.p. 60.5—61.5 C; "H NMR (CDCl;, 300
MHz) &: 1.23—1.31 (m, 12H), 1.50—1.68 (m,
4H), 3.59—3.69 (m, 4H), 5.46 (s, 2H), 7.44—
7.56 (m, 4H), 8.01.(d, J=8.4 Hz, 2H), 8.40
(d, J=8.8 Hz, 2H), 8.45 (s, 1H); MS (EI) m/z
(%): 191 (100), 364 (M*, 56); Anal. caled for
CpHi; 0,: C 82.42, H 8.79; found C 82.63, H
8.70.

Preparation of 10-anthracenemethoxydecanyl-3, 5-dini-
trobenzoate (V)

This compound was prepared from 11 and 7 as or-
ange solid in the similar way as described for preparation

of compound M. m.p. 79.5—80.1 C; 'H NMR

(CDCL, 300 MHz) &: 1.26—1.42 (m, I12H),
1.62—1.66 (m, 2H), 1.78—1.81 (m, 2H), 3.66
(t, J=6.6 Hz, 2H), 4.42 (¢, J=6.8 Hz, 2H),
5.44 (s, 2H), 7.4—7.54 (m, 4H), 7.99 (d, J =
8.4 Hz, 2H), 8.37 (d, J=8.8 Hz, 3H), 8.43 (s,
1H), 9.09—9.15 (m, 3H); MS (EI) m/z (%):
191 (94), 558 (M*, 100); Anal. calcd\for CyoHyy-
N;0;: C68.74, H6.13, N 5.01; found G 68.45, H
6.00, N 4.82.

Results and discussion

The critical aggregating concentrations (CAgC) of
compounds I—V in the DX-H,0 binary system with dif-
ferent ¢ values ($ is the volume fraction of organic com-
ponent in aquiorgano binary solvent) were measured at
35 °C. The results are shown in Table 1. It has been
found that, if ¢ is too small, the CAgC of V will be so
low that the fluorescence intensity of excited anthracyl
group will be too weak to be measured with reasonable
precision. If ¢ is too large, no aggregation of IV can be
determined because the fluorescence intensity of IV
moves out of the upper measure limit of the instrument.

Table 1 CAgC values of the compounds I—V in $= 0.3 and
0.4 DX-H,O0 solvent

Compounds i
0.4 0.3
I 5.37x10° 0.73x 1076
I 10.85x 10°¢ 3.24%10°6
m 8.24x10°¢ 2.75x 107
v — _
A 7.53%x 1077 —

The dependence of the fluorescence spectra of com-
pound I on the ¢ values was investigated first. Fig. 1
shows the fluorescence spectra of I (3.1 x 10~6 mol/L)
in DX-H,0 solvent system ($=0.4—0.9) at A, =315
nm. The shoulder at about 450 nm is the emission of the
typical exciplex. The fluorescence intensity of the excit-
ed carbazolyl increases with the increase of the $ values
[or the decrease of solvent aggregation power (SAgP) ].
When ¢ > 0.5, the shoulder disappeared. Since the
possibility of an intermolecular interaction can be ex-
cluded at such a low concentration, the results are ratio-
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nalized as follows: at $ = 0.4, the concentration of I
(3.1 x 107 mol/L) is lower than that of CAgC, as
shown in Table 1." Since this concentration is lower than
the conectration of 1 x 10~> mol/L, the critical concen-
tration for possible intermolecular interaction,’ the for-
mation of intermolecular interaction is negligible. There-
fore, compounds I exists only in a monomeric state. It
is well known that the CAgC value of the simple aggre-
gator is increased with the increase of ¢ value of DX-
H,0 solvent, therefore, the value of I (3.1 x 1076
mol/L) should be less than their CAgC values for all the
systems with an increasing $ values (0.5—0.9 in Fig.
1).

The above-mentioned results indicate that the prox-
imity effect between the donor and the acceptor in com-
pound I, driven by the self-coiling of the organic
molecule under the hydrophobic-lipophilic interaction
(HLI), facilitates the change of the distance between
the donor and the acceptor and accelerates the formation
of the intramolecular exciplex of I. This can be consid-
ered as the evidence for the effects of self-coiling of or-
ganic molecule on the formation of the intramolecular ex-

ciplex and the fluorescence quenching.

372.4 0.9
=09 %

300 l¢ 0.8
0.7

2501 '
0.6 400 500

E 2001 0.5 A/nm

0.4

1501 ¢=3.12x10"* mol/L

1001

501

0 :
330350 400 450 500 550 600
A/nm

Fig. 1 Effect of gradually increasing of $ value of DX-H,0

solvent on the fluorescence spectra of I (3.1 x 10-6
mol/L) at A = 315 nm and ¢t =35 C. The values
of ¢ are; 0.9, 0.8, 0.7, 0.6, 0.5 and 0.4. Insert

shows the fluorescence spectra between 400 nm and
500 nm.

Fig. 2 gives the fluorescent spectrum of compound
I in pure DX ($=1) at A, =315 nm. The emission of
the intramolecular exciplex at A =450 nm is clearly dis-
played, which is obviously stronger than that in the sol-
vent systems of less $ values (Fig. 1). Therefore, there
might be the presence of o-bond charge-transfer process.
This result is consistent with that reported by Yamamoto

for the solvent 2-methytetrahydrofuran.!' However, in
the systems of $ = 0.5—0.9, the emission of the in-
tramolecular exciplex disappears as shown in Fig. 1.
The result shows that the intramolecular 3-bond charge-
transfer process has been destroyed by the self-coiling of
I under HLI. In Fig. 2, the emission of the excited car-
bazolyl group is shown on the left side between 330 nm
and 400 nm, while the intramolecular exciplex is sh;j;\m
on the right side at about 400 nm to 550 nm.

422.0
=10
350

300

250

E 200
150

100

50

¢=3.12x10% mol/L

1.8
330350 400 450 500 550 600
A/nm

Fig. 2 Fluorescence spectrum of I (3.12x 1076 mol/L) in
pure DX at A, =315 nm and t =35 C.

The dependence of the fluorescence spectra of com-
pounds I, IIT and IV on the $ values of DX-H,0 sol-
vent were also investigated. Fig. 3 shows the fluores-
cence spectra of I at 5.8 x 107® mol/L in the ¢ =
0.5—1.0 DX-H,O0 solvent at A, =315 nm, while Fig.
4 shows the fluorescence spectra of I (6.06 x 10~°
mol/L) in the $= 0.4—1.0 DX-H,O solvent at A, =
315 nm. Although comparison of Fig. 3 and Fig. 4 with
Fig. 1 reveals a very similar experimental phenomenon,
i.e., the fluorescence intensities of excited carbazolyl
moiety are always increased with increasing ¢ values of
the solvent, in Fig. 3 and Fig. 4, there are no emis-
sions of exciplex at the longer wavelength, which is
longer than the emission wavelength of excited carbazolyl
group. In addition, the results of Fig. 3 and Fig. 4 are
also different from that of Fig. 2 in pure dioxane (¢ =
1.0). All these results seem to suggest that intramolec-
ular exciplex is not formed for both IT and II. Instead,
the ion-radical pairs' might be formed in these com-
pounds, because of the stronger electron deficiency of
the acceptor in II and I than that in I. Fig. 5 shows
the fluorescence spectra of IV at 7.0 x 10~ mol/L in ¢
=0.7—1.0 DX-H;0 solvent at A, =315 nm. It can
be found that the fluorescence intensities are almost con-
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stant with the increase of ¢ values of the solvent at the
experimental uncertainty of + 10% . In other words, the
fluorescence intensity of IV is independent of the change
of $ value of the solvent. For compound IV, with a chin
of four methylene groups, it is impossible for self-coiling
of the molecule IV to occur under HLI.'® Thus the re-
sult can be taken an indirect evidence to support the ef-
fects of the self-coiling of II and I under HLI on the
fluorescence quenching in Fig. 3 and Fig. 4.

Fig. 6 shows the fluorescence spectra of V at 4.68
% 1077 mol/L in the solvents of $=0.4—1.0 at A, =
360 nm. The intramolecular 6-bond charge-transfer pro-
cess might be retarded by the ether bond. We have re-

ported the fluorescence quenching of the excited 9-an-

thrylmethyl ester of lauric acid by p-nitrophenyl dode-
cylsulfonate in DX-H,0 solvent system.'® The ability of
3, 5-dinitrobenzonate to accept an electron is stronger
than that of p-nitrophenyl dodecylsulfonate. Therefore,
the fluorescence of the excited anthryl group could be
quenched by 3, 5-dinitrobenzonate in the intramolecular
self-coiling of V under HLI because of the proximity of
both groups. In the experiment for V, no emission of
the exciplex could be observed. Furthermore, the ion-
radical pair might be also formed as described for com-
pounds IT and III. The results shown in Fig. 3, Fig. 4
and Fig. 6 indicate that the function of the excited an-
thracyl group is very similar to that of the excited car-
bazolyl group in the charge transfer process. However in
V there is the effect of presence of the ether bond. It is
different from the compounds I—IV.,
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Fig. 3 Effect of gradually increasing of the ¢ value of DX-
H,0 solvent on the fluorescence spectra of I (5.8x%
1075 mol/L) at A, = 315 nm and ¢ =35 °C. The
values of ¢ are; 1.0, 0.9, 0.8, 0.7, 0.6 and
0.5.
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Fig. 4 Effect of gradually increasing of the ¢ value of DX-

H,0 solvent on the fluorescence spectra of IIT (6.06
x 1076 mol/L) at A, =315 nm and £ =35 °C. The

values of ¢ are: 1.0, 0.9, 0.8, 0.7, 0.6, 0.5
and 0.4.

Furthermore, under the above-mentioned experi-
mental conditions, the acceptor moieties of the com-
pounds I—V could not be excited because the absorp-
tion wavelengths of these acceptor moieties are much

shorter than 315 nm (or 360 nm) .
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Fig. 5 Effect of gradually increasing of the $ value of DX-

H,0 solvent on the fluorescence spectra of IV (7.0
x 107® mol/L) at A, =315 nm and ¢ =35 C. The
values of ¢ are; 1.0, 0.9, 0.8 and 0.7.

In Fig. 1 at $=0.4, the emission of intramolecu-
lar exciplex, brought about by self-coiling of organic
molecule under HLI in polar DX-H,0Q, has been ob-
served, and Fig. 2 shows the emission of intramolecular
exciplex in pure DX. In Fig. 1 from $=0.5 10 0.9,
Fig. 3 and Fig. 4, the decrease of the fluorescence in-
tensities of excited carbazolyl with the decrease of the ¢
values is observed through self-coiling of organic
molecule under HLI in DX-H,0. For the excited an-
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thracyl, Fig. 6 shows the decrease of the fluorescence
intensities of excited anthracyl with the decrease of the ¢
value. It is very similar to Fig. 3 and Fig. 4.
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Fig. 6 Effect of gradually increasing of the $ value of DX-

H,O solvent on the fluorescence spectra of V (4.68
x 1077 mol/L) at A, =360 nm and ¢t =35 °C. The

values of ¢ are; 1.0, 0.9, 0.8, 0.7, 0.6, 0.5
and 0.4.

In the study of intramolecular exciplex, Weller et
al . reported that at the concentration of the probe
<1073 mol/L the corresponding bimolecular reaction
would be negligibly slow in the study on intramolecular
exciplex formation and fluorescence quenching as a
function of chain length in w-dimethylaminoalkyl esters
of 2-anthracenecarboxylic acid. It indicates that, at the
concentration of less than 10> mol/L, the interference
of intermolecular exciplex formation could be excluded
in the study of intramolecular exciplex formation. Fur-
thermore, it is well known that the concentration of the
probe is less than that of CAgC and then the probe exists
in its monomeric form in the organic-water binary solvent
in the study of HLI.! Meanwhile, Weller'® and Ot-
tolenghi!” pointed out that the emission of the exciplex
can not be observed in a polar solvent. Ottolenghi pro-
posed that radical-ion pairs are formed in polar solvents.
However, the above-mentioned result of I is contrary to
the fact that the emission of the exciplex can not be ob-
served in a polar solvent. This novel finding is an explo-
rative work and is important for further study of the ef-
fect of self-coiling of organic compounds under HLI on
the information of intramolecular exciplex.

Conclusions

Under HLI, the donor and acceptor moieties ap-
proach each other by the self-coiling of the linear linkers
contacting them for compounds I, I, III and V, but
not for compound IV. The results obtained for Il and
IV indicate that their self-coiling tendency strongly de-
pends on the length of the methylene chains (n). But
no self-coiling behavior is observed for IV with a short
linker. The results show that compounds I, TI, IH,
and V are good fluorescence probes for studying the self-
coiling of the organic molecule under HLI.
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