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The effect of chiral metal complexes ([Co(en)3]I3�H2O, cis-[CoBr(NH3)(en)2]Br2, K[Co(edta)]�2H2O

and [Ru(phen)3](PF6)2) on the polymer-bound J-aggregates in aqueous mixtures of

pesudoisocyanine (PIC) iodine and poly(acrylic acid, sodium)(PAAS) have been studied by

UV–vis absorption, circular dichroism (CD) and fluorescence spectra. At low concentration, the

PIC monomers could self-assemble to form supermolecules by binding to each of the COO�

groups on the polymer chains through electrostatic interactions. After the addition of chiral metal

complexes to the formed PIC-PAAS J-aggregates, we found that only the chiral multiple

p-conjugated phenanthroline metal complexes could transfer their metal-centered chiral

information to the formed J-aggregates. The chiral J-aggregates showed a characteristic induced

circular dichroism (ICD) in the visible region of J-band chromophore, and the ICD signals

depend on the absolute configuration, concentration of the chiral multiple p-conjugated metal

complexes, as well as temperature. More interestingly, the supramolecular chirality of the polymer

supported PIC J-aggregates could be memorized even after the addition of an excess opposite

chiral complex enantiomers. This is in sharp contrast to the behavior in the high concentrated

NaCl induced PIC-J aggregates, in which the optical rotation of a mixture of two enantiomers

varies linearly with their ratio.

1. Introductions

The challenge of generating chirality at different hierarchical

levels is particularly evident in the context of supramolecular

self-assembly.1–3 Unlike molecular chirality, the highly complex

supramolecular structures are generated through molecular

recognition-driven self-assembly. This kind of asymmetry is

dominated by ‘‘weak’’, non-covalent bonds. Driving forces

such as p–p stacking,4–11 hydrogen bonds,12–21 electrostatic

interaction,22–24 coordination,25–31 and hydrophobic inter-

action32–35 are often utilized to organize molecules to create

ordered structures with specific functionality.

The water-soluble cationic cyanine dye molecule (1,10-

diethyl-2,20-cyanine, PIC, Scheme 1) is an excellent building

block for assembling supramolecular architectures.36–38 One

of the most studied phenomena related to this dye is the

formation of supramolecular assemblies called J-aggregates

which was observed by Jelley39 and Scheibe40 nearly 70 years

ago. The specific structures of the J-aggregates are typical of a

head-to-tail intermolecular association between the molecular

units.41–43 Preference for the PIC cations to form J-aggregates

Scheme 1 Chemical structures of PIC and the chiral metal complexes.
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rather than the generally more common H-aggregates is mainly

due to the molecular structure of PIC. The cations bear two

hydrophobic ethyl groups, which are close to the center of the

molecule, thus preventing the formation of sandwich-type

assemblies called H-aggregates. For their unique planar as

well as rigid molecular geometry, well-ordered assemblies of

these functional materials are found potential applications in

supramolecular devices, smart materials, and machines.44–47

The inherent self-assembling properties of cyanine molecules

with specific directional non-covalent links are projected for

the construction of molecular receptors with well-defined

geometry.

Increasing interests in the chirality of cyanine super-

molecules are relevant not only to understand the chiral bias

inherent in life but also to their potential applications.48,49 The

induced optical activity of cyanine dye J-aggregates have been

achieved by the induction of large biopolymers such as

proteins,50,51 oligopeptides,52 polysaccharids,53 DNA,54 and

small molecules such as amino acids.55 However, one basic

question is still open: exactly how the weak non-covalent

interaction among the local chirality of a small molecule

translates to global helicity of preferred handedness in super-

molecules still remains to be elucidated.

In our previously reported work, we found the random

symmetry breaking in the synthesis of chiral octahedral cobalt

complex (cis-[CoBr(NH3)(en)2]Br2) could be transferred in

the supramolecular self-assembly process of anion porphyrin

derivates.56 In order to understand the mechanism of the

chiral induction process, chiral metal complexes with different

structures (Scheme 1) were added to the acid porphyrin

solution. It was found that only the chiral cationic complexes

could cause the self-assembly process of the anion porphyrin

derivates, accompany with their chiral information transferred

to the formed J-aggregates. It indicated the driving force of the

chirality transformation process is dominated by the electro-

static force between the cationic chiral complexes and anionic

porphyrin derivates.57

In this work, we further investigated the effect of chiral

metal complexes on the self-assembly process of the cationic

PIC molecules. The results show in anionic polyelectrolyte

(PAAS) solution, that the PIC monomer could self-assemble

to form J-aggregates. It was interesting to find that only the

addition of chiral [Ru(phen)3](PF6)2, which has a multiple

p-conjugated system in the structure could transmit its chiral

information into the formed J-aggregates. The induced CD

signal depends on the absolute configuration, the concentration

of the chiral metal complex and the temperature. The supra-

molecular in the PIC J-aggregates can be memorized even after

the addition of an excess of phenanthroline with an opposite

chirality. These findings provide an insight into the generation

of supramolecular chirality by the non-covalent interactions.

2. Experimental

2.1 Materials

1,10-diethyl-2,20-cyanine (pseudoisocyanine, PIC, Aldrich),

Poly(arylic acid, sodium salt), 35 wt% solution in water (PAAS,

Aldrich) were used as received without further purification.

The chiral metal complexes used in this work are synthesized

according to the reported literatures.58–62

2.2 Chiral assembly of the PIC induced by polyelectrolyte

A solution of PIC (3 � 10�4 mol L�1) was freshly prepared by

dissolving the 1,10-diethyl-2,20-cyanine crystal in Milli-Q

water. The stock solutions of L-/D-cis-[CoBr(NH3)(en)2]Br2,

L-/D-[Co(en)3]I3�H2O, L-/D-K[Co(edta)]�2H2O, and L-/D-
[Ru(phen)3](PF6)2 (3 mM), were prepared by dissolving them

in water. The PIC J-aggregates was formed by adding PAAS

(1 g L�1, 5 mL) into PIC solution (3 � 10�5 mol L�1, 1 mL). In

order to investigate the chiral effect on the polymer-bound PIC

J-aggregates, chiral metal complexes with different structures

at the same concentration were added to the system. The samples

were kept in dark at room temperature before characterizing.

2.3 Temperature-dependent experiment on the chiral self-

assembly process

The temperature dependent experiment was conducted by

placing the chiral J-aggregate solution in a cell, and heated

to 80 1C in water bath. The UV-vis and CD spectra was

recorded during its cooling process.

2.4 Chiral memorezation in the suparmolecular J-aggregates

The stock solutions of chiral J-aggregates induced by

L-[Ru(phen)3](PF6)2 ([PIC] = 3 � 10�5 mol L�1, [PAAS] =

5 mg L�1, [L-[Ru(phen)3](PF6)2] = 0.05 mM, 2 mL) were

incubated at room temperature and were characterized by

UV and CD spectroscopy. Then, the opposite configurational

D-[Ru(phen)3](PF6)2 complex with different concentrations

were added to these sample (1 mL to 6 mL, 0.05 mM). After

stabilized, these samples were characterized by UV and CD

spectroscopy again to investigate the ‘‘chiral memory’’ effect.

2.5 Characterizing

The adsorption and CD spectra were measured using a UV-2550

spectrophotometer (Japan) and a Jasco J-810 spectropolarimeter

(Japan), respectively. Fluorescence spectra were obtained on an

LS 55 fluorescence spectrometer (Perkin–Elmer). The size of the

quartz cell is 0.5 cm. Atomic force microscopy (AFM) images

were recorded on a Veeco Dimesion 3100 atomic force micro-

scope (Digital Instruments, USA) with a tapping mode.

3. Results and disscussions

3.1 Formation of PIC J-aggregates triggered by anionic

polyelectrolyte

It is well known that the PIC dye molecules could form

J-aggregates at high concentrations (410�3 M) in a concentrated

salt solution (E5 M).63,64 One-dimensional J-aggregates of

well-defined size can be also formed by binding dye molecules

to polyelectrolytes, such as poly(vinyl sulfonic acid sodium

salt). The driving force for the formation of dye-polymer

assemblies is through the electrostatic interaction of cationic

dyes with the negatively charged groups on the polymer chain.

In this article, we used poly(arylic acid, sodium salt) (PAAS)

as a negative support to form PIC assemblies.
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Fig. 1 shows the effect of PAAS concentration on the

formation of PIC J-aggregates in 3 � 10�5 mol L�1 diluted

PIC aqueous solution. UV–vis absorption spectra of the

diluted PIC solution without PAAS had only one maximum

at 520 nm and a short wavelength shoulder at 490 nm (dashed

dot line). This spectrum does not indicate any significant

amount of dimmers or other aggregates present in the

solution. Therefore, we can conclude that at a concentration

of 3 � 10�5 mol L�1, PIC exists mostly in a monomeric form

in pure water.

However, the addition of PAAS at 1 mg L�1 to the PIC

solution caused a significant change in the UV–vis spectra. An

intense narrow absorption band appeared at 569 nm, and the

absorption band at 490 nm and 520 nm became degenerated.

The further addition of PAAS to 2 mg L�1 caused the

appearance of two additional less intense broad absorption

peaks at 499 nm and 534 nm. With the increasing of PAAS

concentration, the absorption peak at 490 nm and 520 nm

decreased, together with the absorption intensity at 568 nm

increased. While the concentration of PAAS is up to 5 mg L�1,

the absorbance at 490 nm and 520 nm was totally disappeared

and red-shifted to 499 nm and 534 nm, respectively. In

addition, the absorption at 568 nm reaches a maximum. Then,

the 5 mg L�1 of the optimal PAAS concentration in the

following experiments was selected.

3.2 The effect of chiral metal complexes on the formed PIC

J-aggregates

In order to investigate the effect of metal complexes on the

PIC J-aggregate formed in PAAS solution, different metal

complexes with the same concentration (0.1 mM) were added

to the solution after the J-aggregates were formed. In Fig. 2,

the UV–vis absorption results show that after the addition of

[Co(en)3]I3�H2O(Fig. 2A), the absorption at 568 nm vanished

and the absorption at 490 nm and 520 nm recovered(dashed line),

indicating the PIC J-aggregates dissociated into monomer.

And, the addition of cis-[CoBr(NH3)(en)2]Br2 (Fig. 2B) and

K[Co(edta)]�2H2O (Fig. 2C) shows only an absorption decrease

at 568 nm. However, the addition of [Ru(phen)3](PF6)2 (Fig. 2D)

at 0.1 mM have no significant effect on the absorption spectra

of the J-aggregates.

To better understand the effect of the above metal complexes

on the formed polymer-bound PIC J-aggregates, the titration

experiment of the metal complexes were conducted. The

results were shown in Fig. 3. Fig. 3A shows the absorption

intensity of the J-band decreased by 10%, 32%, 77% and 97%

after [Co(en)3]I3�H2O was added at 0.02 mM, 0.04 mM,

0.06 mM and 0.08 mM, respectively. When the concentration

of the metal complex was 0.1 mM, the absorption of the J-band

at 568 was disappeared totally. Fig. 3B shows the effect of

cis-[CoBr(NH3)(en)2]Br2 on the formed polymer-bound PIC

J-aggregates. It shows that after the addition of this metal

complex at the concentration of 0.02 mM to 0.1 mM caused the

Fig. 1 UV-vis absorption spectra changes of the PIC solution

(3 � 10�5 mol L�1) with different PAAS concentration at room

temperature. The dashed line indicates the absorption spectrum of

PIC solution without PAAS. The insets shows the absorption intensity

at 568 nm changes towards the concentration of PAAS.

Fig. 2 UV–vis absorption spectral changes of the PIC-PAAS

J-aggregates after the addition of 0.1 mM of [Co(en)3]I3�H2O,

cis-[CoBr(NH3)(en)2]Br2, K[Co(edta)]�2H2O and [Ru(phen)3](PF6)2
(dot line), the solid line is the PIC-PAAS J-aggregates without any

metal complexes. ([PIC] = 3 � 10�5 M, [PAAS] = 5 mg/L).

Fig. 3 UV–vis absorption spectral changes of the PIC-PAAS

J-aggregates towards the concentration of different metal complexes.

(A) [Co(en)3]I3�H2O; (B) cis-[CoBr(NH3)(en)2]Br2; (C) K[Co(edta)]�
2H2O; (D) [Ru(phen)3](PF6)2. All the dot line in the Figures are the

PIC-PAAS J-aggregates without the addition of metal complexes.

([PIC] = 3 � 10�5 M, [PAAS] = 5 mg L�1).

D
ow

nl
oa

de
d 

by
 X

ia
m

en
 U

ni
ve

rs
ity

 o
n 

07
 A

pr
il 

20
12

Pu
bl

is
he

d 
on

 2
2 

A
ug

us
t 2

01
1 

on
 h

ttp
://

pu
bs

.r
sc

.o
rg

 | 
do

i:1
0.

10
39

/C
1C

P2
04

70
J

View Online

http://dx.doi.org/10.1039/c1cp20470j


16744 Phys. Chem. Chem. Phys., 2011, 13, 16741–16747 This journal is c the Owner Societies 2011

absorption intensity of J-band decreased by 3%, 7%, 11%,

22% and 29%, respectively. Fig. 3C also shows that the

addition of K[Co(edta)]�2H2O to the formed J-aggregates

could cause an absorption intensity decrease of the J-band at

568 nm. However, the spectra change after the addition

[Ru(phen)3](PF6)2 in Fig. 3D shows a little bit different to

the above results. We can see that at a low concentration of

chiral [Ru(phen)3](PF6)2 (0.1 mM–0.6 mM), the characteristic

absorbance of the PAAS-PIC J-aggregates at 568 nm does

not change too much compared to the sample which no chiral

[Ru(phen)3](PF6)2 was added. This clearly indicated that

[Ru(phen)3](PF6)2 have little effect on the amounts of the

PIC-PAAS J aggregates. However, the further addition of

[Ru(phen)3](PF6)2 caused the decrease of the absorption at

499 nm, 534 nm and 569 nm. When the concentration of

[Ru(phen)3](PF6)2 is up to 1.4 mM, the absorption of the PIC

molecules were almost totally bleached.

The absorption spectral change of the PIC-PAAS J-aggregates

after the addition of the metal complex is due to the shift of

the balance (Scheme 2). According to the reported literature,

the polymer-bound PIC J-aggregates are extremely sensitive

to the ionic strength of the solution.65 The addition of inorganic

salts to the system increased the ionic strength, and caused the

shift of the equilibrium. When [Co(en)3]I3�H2O was added, the

import of I� in the solution caused the shift of the balance, which

makes the dissociation of the PAAS-PIC J-aggregates into

monomer.

It is well known the monomeric PIC dye (lmax = 523 nm,

e= 77000 L mol�1 cm�1) does not exhibit fluorescence, due to

fast thermal deactivation by the flip–flop motion of the two

chinolyl ring systems, which are twisted to each other.66,67

However, when the PIC-PAAS J-aggregates formed, it could

exhibit a strong fluorescence. Then, fluorescence emission

spectral experiments for the solutions of 3 � 10�5 mol L�1

PIC-PAAS J-aggregates with different chiral complexes were

obtained (Fig. 4). Without any metal complexes, the fluorescence

spectrum consists of an intense resonance fluorescence band

at 575 nm with a small secondary peak at 613 nm (solid line).

We could find the addition of [Co(en)3]I3�H2O (dashed

dot line) caused the fluorescent quenching. And, the addition

of K[Co(edta)]�2H2O(dot line) and cis-[CoBr(NH3)(en)2]Br2
(not shown) caused a decrease of the fluorescent. However,

[Ru(phen)3](PF6)2 (dashed line) have no significant obvious

effect on the fluorescence spectra of the PIC-PAAS J-aggregates.

These results can further indicate the PIC-PAAS aggregate is

very sensitive to the ionic strength and its counter ion.

3.3 Circular dichroism of PIC J-aggregates induced with

different chiral-only-at-metal complexes

The interaction between the chiral metal with the PIC

J-aggregates was further investigated by CD spectra. The

results were shown in Fig. 5. A strong bisignated Cotton effect

in the J-band chromophore region was appeared after chiral

[Ru(phen)3](PF6)2 was added to the system, and the signals of

the ICDs were mirror-image which were dependent on the

absolute configuration of the chiral [Ru(phen)3](PF6)2 complexes.

The chiral PIC J-aggregates with L-[Ru(phen)3](PF6)2 showed

two positive CD signals at 560 nm and 486 nm, and two

negative CD signals at 532 nm and 499 nm, respectively (solid

line). While its enantiomer D-[Ru(phen)3](PF6)2 is used, the

CD spectrums of the formed J-aggregates are nearly mirror-

imaged with two crossovers at 547 nm and 492 nm (dashed

line). The Cotton effect at 269 nm and 257 nm belongs to

chiral [Ru(phen)3](PF6)2.

However, the additions of chiral K[Co(edta)]�2H2O,

cis-[CoBr(NH3)(en)2]Br2 and [Co(en)3]I3�H2O to the PAAS-PIC

J-aggregates do not cause any obvious Cotton effect in

their CD spectra(data not shown). This indicated that these

chiral metal complexes could not guide the handedness of the

aggregates. Compared to these chiral metal complexes, we can

obviously see that only the chiral center of [Ru(phen)3](PF6)2
is multiple p-conjugated. Different to the anionic porphyrin

system, in which the chiral assembly process was governed by

the electrostatic force. The handeness of the polymer-bound

PIC J-aggregates were dominated by the p–p stacking between

the aromatic rings.

Scheme 2 Schematic illustration of the electrostatic forece induced

self-assembly of PIC+I� molecules.

Fig. 4 Fluorescence spectrum changes of the PIC-PAAS J-aggregates

(solid line) and after the addition of 0.1 mM of [Co(en)3]I3�H2O (dashed

dot line), K[Co(edta)]�2H2O (dot line), and [Ru(phen)3](PF6)2 (dashed

line). [PIC] = 3 � 10�5 M, [PAAS] = 5 mg L�1.

Fig. 5 CD spectra of the induced PIC-PAAS J-aggregates with L-,
or D-[Ru(phen)3](PF6)2. [PIC] = 3 � 10�5 M, [PAAS] = 5 mg L�1,

[L-[Ru(phen)3](PF6)2] = 0.1 mM, [D-[Ru(phen)3](PF6)2] = 0.1 mM.
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3.4 Effect of K-/D-[Ru(phen)3](PF6)2 concentration on chiral

induction of PIC-J aggregates

The concentration effect of L-, or D-[Ru(phen)3](PF6)2 on

chiral induction in PIC J-aggregates was further investigated.

Fig. 6 shows the CD spectra change of 3 � 10�5 mol/L PIC in

PAAS solution with the increase of L-, and D-[Ru(phen)3](PF6)2
concentration from (0.1 mM�0.6 mM). As expected, we found

the CD intensity have a concentration-dependent effect. With the

increase of the concentration of the chiral metal complexes,

the ICD intensity of the polymer-bound PIC J-aggregates

increased simultaneously. According to the UV–vis spectra

change, the addition of [Ru(phen)3](PF6)2 at the concentration

of 0.1 mM to 0.6 mM do not cause any difference in the J-band,

we could speculate that the supramolecular chirality of

the PIC J-aggregates is sterically affected by the aymmetric

environment generated by the chiral metal complexes though

non-covalent interaction. When the concentration of chiral

[Ru(phen)3](PF6)2 is up to 0.7 mM, it caused the degradation

of PIC molecules, so the ICD signal also became degraded.

The formation of chiral PIC-PAAS J-aggregates is due to

the electrostatics force beweent the anionic polyelectrolyte

and cationic PIC molecules and the p–p stacking effect of

the multiple p-conjugated chiral [Ru(phen)3](PF6)2 with PIC

monomers. The chiral metal complex affected the configuration

of the J-aggregates rather than its amount. With increasing L-,
or D-[Ru(phen)3](PF6)2 concentration, the conformation of

the PIC J-aggregate could change from a relaxed helix to a

tight state.

3.5 Temperature-dependent in the chiral self-assembly process

In order to investigate the thermodynamic stability of the

chiral self-assembly process, the effect of temperature on the

formed J-aggregates was further investigated. The UV-vis

spectrum of the PIC-J aggregates towards the temperature

was shown in Fig. 7A. The absorbance at 568 nm gradually

decreased with the increasing of temperature. When the

temperature is up to 80 1C, the absorption at 534 nm shifted

to 522 nm, indicating the increasing of temperature caused the

dissociation of the J-aggregates. However, due to their strong

interaction between the cationic PIC molecules and anionic

polyelectrolyte (PAAS), the PIC J-aggregates could not

be totally dissociated. While cooling the solutions to room

temperature, the PIC J-aggregates could be regenerated again.

The CD spectra change towards the temperature was shown

in Fig. 7B. After heated, the ICD signal of the samples

gradually decreased. That is because the chiral J-aggregates

dissociated into monomers with the intrinsically achiral structure

at a relatively high temperature. During its cooling process,

the ICD signal of the PIC J-aggregates increased gradually

until reaching its maximum at room temperature. This is

consistent with the UV–vis absorption results. It was worth

to note that the UV–vis absorption and the ICD signals of the

PIC J-aggregates showed no obviously change upon heating

and cooling in several cycles.

3.6 Chirality memorization in the PIC-PAAS J-aggreagates

In order to investigate the dynamic behaviors of the chiral

PIC J-aggregates, the majority-rules was performed for the

enantiomers L-[Ru(phen)3](PF6)2 and D-[Ru(phen)3](PF6)2 in

this system.

Fig. 8A shows the change in the CD spectra upon con-

secutive additions of different volumes of 1–6 mL of a 0.05 mM

solution of D-[Ru(phen)3](PF6)2 to 2 mL of a 0.05 mM solution

of L-[Ru(phen)3](PF6)2 induced PAAS-PIC chiral J-aggregates.

At the wavelength of 257 nm and 269 nm, we can see the shape

of the CD effect does not depend on the ratio of the two

enantiomers. However, their intensity does depend on the ee

value. That is, the initial positive CD effect weakens its intensity

when the ee is reduced. Adding more D-[Ru(phen)3](PF6)2
results in the appearance of a negative CD effect.

Different to our reported literature,55 the supramolecular

chiral signal of the PIC J-aggregates which were formed in a

high concentrated NaCl solution could be inversed when the

excess chiral inducer with the opposite configuration was

added.55 In this work, the ICD signals of the PAAS-PIC

J-aggregates at 560 nm, 532 nm and 499 nm of the optically

active PIC J-aggregates that was formed in the anionic poly-

electrolyte do not reversed. Moreover, the CD intensity does

not show too much change. This mechanism of the chiral

memory phenomena is due to the strong electrostatic inter-

action between the cationic PIC molecules and the anionic

polyelectrolyte PAAS. Since PAAS is flexible and possesses

many negatively charged groups to bind the positively charged

Fig. 6 Mirror-image CD spectral changes of the PIC-PAAS J-aggregates

with different concentrations of chiral [Ru(phen)3](PF6)2 complexes,

[PIC] = 3 � 10�5 M, [PAAS] = 5 mg/L.

Fig. 7 (A) UV-vis absorption spectra changes of the PIC-PAAS

J-aggregates at different temperatures. Inset shows PIC-PAAS

J-aggregates absorbance at 568 nm with different temperatures;

(B) Temperature-dependent CD spectral changes of the chiral

PIC-PAAS J-aggregates, [PIC] = 3 � 10�5 M, [PAAS] = 5 mg/L,

[L-[Ru(phen)3](PF6)2] = 0.6 mM, [D-[Ru(phen)3](PF6)2] = 0.6 mM.
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PIC molecules. Once the multiple p-conjugated chiral phenan-

throline added to the system, it twisted the configuration of the

J-aggregates. However, the followed addition of the opposite

chiral phenanthroline could not further change the helical

direction of the previously formed chiral PIC J-aggregates.

Similarly, if D-[Ru(phen)3](PF6)2 was firstly used, after

stabilized, the addition ofL-[Ru(phen)3](PF6)2 to the previously

formed chiral PIC J-aggregates have a similar results, as shown

in Fig. 8B.

3.7 Possible mechanism of the interaction of PIC with chiral

[Ru(phen)3](PF6)2

Based on the above experimental results, a possible mechanism

for the chirality induction of PIC-J aggregates is proposed, as

shown in Scheme 3. Firstly, the anionic polyelectrolyte could

cause the aggregation of cationic PIC molecules by the electro-

static interaction to form an edge-to edge achiral J-aggregates.

The driven force of the supramolecular chirality induction is

based on the chiral multiple p-conjugated phenanthroline

interact with the PIC J-aggregates though p–p stacking inter-

action. That is, the addition of multiple p-conjugated chiral

phenanthroline twisted the configuration of the J-aggregates

and leads to the formation of either right- or left-handed screw

structures. The chiral center of the metal complex could guide

the helical direction of the formed PIC J-aggregates.

3.8 AFM image of the chiral polymer-bound PIC J-aggregates

To get more direct evidence for the polymer-bound PIC

J-aggregates after the addition of chiral [Ru(phen)3](PF6)2,

AFM was used to determine the microstructure. The image

of the polymer-bound PIC J-aggregates was shown in Fig. 9.

We can see that the chiral PAAS-PIC J-aggregates show

a nanowire-like morphology. However, no helical twisting

morphology was observed for the individual nanowire.

According to the reported literature, the handeness of the

supermolecules may be oriented from intrinsic dissymmetry.68

Conculsions

In summary, the chiral supramolecular J-aggregates of Pseudo-

isocyanine could be formed in the presence of chiral multiple

p-conjugated [Ru(phen)3](PF6)2 in PAAS solution. The Cotton

effect signal of the supermolecules depends on the absolute

configuration of the [Ru(phen)3](PF6)2 complex. This indicated

the chiral induction was primarily based on the intramolecular

p–p stacking. Most interestingly, the supramolecular chiral

signal does not inversed when the excess chiral phenanthroline

with the opposite configuration was added. It suggested

the anionic polyelectrolyte induced chiral PIC supramolecular

system has a chiral memory function. These findings may give

us some insights on the mechanism of the chiral supramolecular

self-assembly process by the non-covalent interaction.
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