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in the Lewis basicity of the imine sites, stepwise complexa-
tion of the Lewis acidic units is available. We have already 
reported the fine-controlled assembly of organic or inorganic 
species including metal chlorides in the 4th generation DPA 
(DPAG4; Fig. 1a) [38–49].

The number of metal units in the DPAG4 is controlled by 
the number of imine sites. The DPAG4 has four branches 
connected to the tetraphenylmethane core. The four branches 
provide a layered structure composed of 4, 8, 16 and 32 
imine sites from the central positions, and the potential 
gradient enhances basicity of the inner imines. By utiliz-
ing their feature, we assembled 4, 12, 28 and 60 chemical 
units in the DPAG4. Such an assembly of the metal units 
was used for the fabrication of size regulated metal clusters. 
For example, Pt clusters prepared from the corresponding 
metallodendrimers demonstrated a high catalytic activity 
for the reduction of oxygen and organic compounds [39, 
50]. Furthermore, this layered structure was also used for 
the combination of metal units up to four kinds in the nano-
sized molecule.

We recently reported luminous dendrimers based on the 
controlled assembly of bismuth chloride in the DPAG4 [45]. 
We investigated tuning of the photoluminescence intensity. 
In addition, the shell-effect of the DPAG4 provided a solid-
state emission and optical on–off switching by chemical or 
electrochemical stimulus. On the other hand, this phosphor 
has a radial layered structure based on the potential gradi-
ent. It is also a characteristic point, and leads to luminous 
features depending on the layers. Based on these points, we 
researched the effect of the layers on their photolumines-
cence in this study.

Abstract Our previous report demonstrated the fabrication 
and functionalization of the luminous dendrimer based on 
phenylazomethine-BiCl3 complexes (Kambe et al. in Angew 
Chem Int Ed 55:13151, 2016). It is now revealed that the 
bismuth assembled phenylazomethine dendrimers have dif-
ferent luminous efficiencies depending on the layers of the 
DPAG4 by photoemission and absorption spectroscopy.
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1 Introduction

Metallodendrimers [1–3] are attractive materials because 
they enable a multifunctional property based on metal com-
plexes and nano-sized dendrimer structures. Thus far, vari-
ous kinds of metallodendrimers have been investigated, and 
their applications are expected for optical materials [4–11], 
catalysis [12–23], sensors [24–27], precursors for nanopar-
ticles, etc [28–33].

Dendritic polyphenylazomethines (DPAs) are imine-
based dendrimers that can provide tunable metallodendrim-
ers by assembly of metal units on the branches [34–37]. In 
addition to the metal coordination sites, the branches have 
potential gradient derived from the π-conjugated skeleton. 
It generates an electronic donation toward the inner sites, 
resulting in stronger and weaker basic imines at the inner 
and outer positions, respectively. Due to the gradual change 
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2  Experimental Section

2.1  Materials

BiCl3 (ultra dry) was purchased from Alfa Aesar, A John-
son Matthey Company. Dehydrated acetonitrile and chloro-
form were obtained from Kanto Chemicals and Wako Pure 
Chemical Industries, Ltd., respectively. The DPAG4 was 
synthesized according to a literature [37].

2.2  Characterization

The UV–Vis spectra were measured by Shimadzu UV-3600 
and UV-3100PC spectrometers at 20  °C. A quartz cell 
having a 1 cm optical length was used. The photolumines-
cence spectra were recorded at room temperature by a Jasco 
FP-8300.

2.3  Complexation Between Bismuth Salts and DPAG4

In a nitrogen-filled glove box,  BiCl3 and the DPAG4 were 
dissolved in acetonitrile (2.73 × 10−3 M) and an acetonitrile/
chloroform (1:1) mixed solution (1.53 × 10−6 M), respec-
tively. The appropriate amount of the bismuth salt (4, 12, 28 

or 60 equivalents) was added to the DPAG4 solution under 
room temperature, and the solution was stirred vigorously 
for complexation.

3  Results and Discussion

The luminous dendrimers based on the  BiCl3-imine com-
plexes in the DPAG4 were prepared by the addition of  BiCl3 
to the solution. The complexation ratio between  BiCl3 and 
the imine part was 1:1 fashion, and the photoluminescence 
intensity could be tuned by the amount of  BiCl3 (Fig. 1b). 
The photoluminescence was observed from 500 to 800 nm, 
and it was quenched by dissociation of the coordination bond 
of the bismuth units. Such unique features of this dendritic 
phosphor is due to the stepwise assembly process from the 
inner imine sites based on the different basicity. It was deter-
mined by the four-step shift of the isosbestic point observed 
in the UV–Vis spectra. This shift matched the number of 
imine sites in each layer. It indicated the stepwise assembly 
of  BiCl3 from the inner imines in the DPAG4. These results 
were reported in the previous literature [45].

The emission spectra from the DPAG4 with 4, 12, 28 
and 60  BiCl3 are shown in Fig.  1. The observed spec-
tra were assignable to two peaks centered at 1.70 × 104 
and 1.46 × 104 cm−1 corresponding to fluorescence and 

Fig. 1  a Chemical structure of the dendritic polyphenylazomethines 
(DPAG4). b Schematic illustration of the  metal assembly into the 
DPAG4 in a radial stepwise fashion. c Photoluminescence spectra 

induced by the assembly of  BiCl3. The graphs corresponds to the 
cases of 4, 12, 28 and 60 equivalents of  BiCl3 in the DPAG4. The 
excitation wavelength is 410 nm
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phosphorescence, respectively. Whereas the emission inten-
sity increases according to the equivalents of the assembled 
 BiCl3, the emission wavenumber (wavelength) remained 
about the same (Fig. 1c).

The  60BiCl3-DPAG4 has four kinds of luminous 
 BiCl3-imine complexes according to the layers (Fig. 2a). 
Since the  BiCl3 assembles from the inner sites, the 
 28BiCl3-DPAG4,  12BiCl3-DPAG4 and  4BiCl3-DPAG4 
have three, two and one kind of luminous complexes, respec-
tively. Regarding these complexes, a different luminescent 
efficiency is expected based on the flexibility of the branches 
and accessibility of the solvent that trigger deactivation.

Figure  2b shows the photoluminescence intensity 
standardized by the absorbance at the excitation wave-
length (λex = 410 nm). This vertical axis corresponds to the 
quantum yield, because the concentration and solvent are 
same [51]. We found that the value decreases as the  BiCl3 
increases. This lower shift in the intensity value showed the 
deactivation of the photoluminescence in the outer position 
of the dendrimer.

The observed values of the F/A values are summarized 
in Fig. 3 (F: peak area of photoluminescence, A: absorbance 
at the excitation wavelength). We found that the observed 
values decreased with an increase in the added  BiCl3, and 
the plotted curve changed at 4, 12, and 28 equivalents, cor-
responding to the imine sites of the layers when the  BiCl3 
was assembled into the DPAG4 from the inner sites.

From these data demonstrating the higher luminescent 
efficiency of the complexes positioned at the inner layer, we 

considered that the dendritic branches effectively protect the 
emissive units from the solvent molecules [42].

In summary, the photoluminescence spectra of the  BiCl3 
assembled DPAG4 were analyzed based on the different lay-
ers in the dendrimer. The luminous intensity was standard-
ized by the absorbance at the excitation wavelength and the 
value (F/A) decreased with an increase in the assembled 
number of  BiCl3. These data show different optical proper-
ties according to the layers, suggesting protection of metal 
complexes in the dendrimer from external solvent molecules.
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