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The UV–vis absorption and fluorescence spectra, solubility, and application as emitters in single-layer organic
electroluminescence (EL) devices of novel quinacridone- and squarylium-dye-centred dendrimers (Gn-QAs and Gn-
SQs) were examined. The respective dendrimers showed no remarkable differences in the UV–vis absorption (�max)
and photoluminescence (PL) maxima (�em). The solubility of dendrimers drastically increased at higher generation.
The EL maxima of Gn-QAs and Gn-SQs were observed at 522 and 710 nm, respectively. In the case of Gn-QAs,
the EL intensity under the fixed bias voltage decreased at higher generation due to a decrease in energy transfer from
the host molecules to QA. Meanwhile, in the case of Gn-SQs, the EL intensity increased upon higher generation because
of increased current density and the improvement of concentration quenching.

Dye-centred dendrimers have attracted much attention due
to their functionalities. Azo-,1 xanthene-,2 porphyrin-,3 and
phthalocyanine-centred dendrimers4 have been reported to
show unique properties. Meanwhile, QA5–7 and SQ8,9 can
act as emitters in EL devices. In our previous paper, 6-sub-
stituted 2,3-dicyano-5-[4-(diethylamino)styryl]-7-methyl-6H-
1,4-diazepines, which act as emitters in EL devices, were
found to increase EL intensity under fixed bias voltage.10

We thought that much more bulky dye-centred dendrimers
may act as good emitters. Perylene-3,4:9,10-tetracarboxylic
diimides having polyphenylene dendrons in the bay positions
have been reported to show a red-orange emission in single-
layer EL devices.11 Naphthalimide-centred dendrimers attach-
ed with hole- and electron-transport dendrons12 and coumarin-
centred dendrimers having hole-transport triarylamine den-
drons13 have been examined as emitters in single-layer EL de-
vices. We report herein the synthesis, UV–vis absorption and
fluorescence spectra, and solubility of Gn-QAs and Gn-SQs,
and their application as emitters in single-layer EL devices.

Results and Discussion

Synthesis of Gn-QAs and Gn-SQs. Gn-QAs and Gn-SQs
were synthesized as shown in Scheme 1. Gn-QAs were pre-
pared by the reaction of QA (1) with dendrons Gn-Br in mod-
erate to good yields. The dihydroxy SQ dye 2 reacted with Gn-
Br to give Gn-SQs in low to moderate yields.

Figure 1 shows the 1HNMR spectra of Gn-QAs. Proton
peaks attributed to QA nuclei c, a, b, d, and e were observed
at around 7.1, 7.3, 7.6, 8.5, and 8.7 ppm, respectively. t-Butyl
protons were observed at around 1.2 ppm. Methylene protons i,
f0, and f00 were observed at around 4.9 ppm. Interestingly, the
intensity of methylene protons f adjacent to a QA nuclei
observed at around 5.7 ppm decreased at higher generation.
The aromatic protons g, g0, g00, h, h0, and h00 were observed

at around 6.7 ppm. The peripheral aromatic protons j and k
were observed at around 7.3 and 7.4 ppm, respectively.

The 1HNMR spectra of Gn-SQs are shown in Fig. 2. N-
Butyl protons were observed at 1.0, 1.3, 1.4, and 4.0 ppm.
Methine protons a in the central SQ moiety were observed
at 5.8 ppm. Benzothiazolyl protons b, d, and c were observed
at around 6.7, 6.8, and 7.3 ppm, respectively. A singlet t-butyl
proton peak was observed at 1.3 ppm. Methylene protons f, f0,
f00, and i were observed at around 5.0 ppm. The aromatic pro-
tons g, g0, g00, h, h0, and h00 were observed at around 6.7 ppm.
The peripheral aromatic protons j and k were observed at
around 7.2 and 7.4 ppm, respectively.

UV–Vis Absorption and Fluorescence Spectra. Figure 3
show the UV–vis absorption and fluorescence spectra of Gn-
QAs and Gn-SQs in chloroform. The �max were observed at
482 and 514 nm with a shoulder peak at around 450 nm. The
molar absorption coefficients " at around 482 and 514 nm were
calculated to be 10300 to 11300 and 17800 to 19900, respec-
tively, there being no marked difference among Gn-QAs. This
result indicates that the planarity of the QA skeleton is not
affected by the dendrons. The � em were observed at 531 and
586 nm.

The �max of Gn-SQs were observed at 685 nm, there being
no remarkable difference among Gn-SQs. The " value slightly
decreased at higher generation in the range of 209000 to
271000, probably due to twisting of the central SQ dye by sur-
rounding bulky dendrons. The � em were observed at around
698 nm.

Solubility. The solubility ofGn-QAs andGn-SQs in cyclo-
hexane at 25 �C is shown in Table 1. It is surprising that SQ and
QA are soluble in cyclohexane. The solubility of Gn-QAs and
Gn-SQs drastically increased as generation was increased. The
melting points of Gn-SQ and Gn-QA became lower with in-
creasing generation. This result indicates that the intermolecu-
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lar interactions between the central dye molecules are prevent-
ed by introducing bulky dendrons to increase the solubility.

Concentration-Quenching. The relationship between the
fluorescence intensity and concentration of Gn-QAs and Gn-
SQs are shown in Fig. 4. At higher concentrations of Gn-QAs
and Gn-SQs, the fluorescence intensity increased, reached a
maximum point, and then decreased. The maximum concen-
trations for G0-, G1-, G2-, and G3-QAs were observed at 4�
10�5 mol dm�3, there being no effect of dendrons on concen-
tration-quenching. Meanwhile, those for G0-, G1-, G2-, and
G3-SQs were observed at 2� 10�6, 3� 10�6, 4� 10�6, and
4� 10�6 mol dm�3, respectively. The melting points of Gn-
SQs in the respective generation were lower than those of
Gn-QAs as shown in Table 1. Gn-SQs were more soluble than
Gn-QAs in cyclohexane. These results suggest that the inter-
molecular interactions in Gn-SQs are less than those in Gn-
QAs, which results in an improvement in concentration-
quenching.

Emitters in EL Devices. A single-layer organic electro-
luminescence device prepared is shown in Fig. 5.

The EL spectra of Gn-QAs and Gn-SQs are shown in
Fig. 6. The EL maxima of Gn-QAs were observed at 522 nm
together with an emission around 430 nm. Those of Gn-SQs
were observed at 710 nm.

The relationship between the EL intensity and bias voltage

of Gn-QAs and Gn-SQs is shown in Fig. 7. In the case of Gn-
QAs, at higher generation, the EL intensity under the fixed
bias voltage decreased. Meanwhile, in the case of Gn-SQs,
the EL intensity increased at higher generation.

Figure 8 shows the I–V characteristics of Gn-QAs and Gn-
SQs. In the case of Gn-QAs, no remarkable change in turn-on
voltage was observed. Meanwhile, in the case of Gn-SQs, the
turn-on voltage was lower upon higher generation.

Figure 9 shows the relationship between the EL intensity
and current density of Gn-QAs and Gn-SQs. In the case of
Gn-QAs, the EL intensity under the fixed current density de-
creased at higher generation. The slope of the line at the origin
represents the EL efficiency. The EL efficiency of Gn-QAs
decreased upon higher generation. This result indicates that
the concentration quenching of Gn-QAs does not contribute
to an improvement of EL intensity. Meanwhile, in the case
of Gn-SQs, the EL intensity under the fixed current density
increased at higher generation. The EL efficiency of Gn-SQs
also increased as generation was increased, indicating that
the improvement of concentration quenching was effective to
increase EL intensity.

Gn-QAs doped in PVK/PBD film showed an absorption
band in the range of 400 to 550 nm, in which the PL band from
PVK/PBD at around 430 nm was observed. Even when the
amount of G0-QA was increased from 1:35� 10�7 to 9:19�
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10�7 mol, no remarkable change in current density was ob-
served. These results indicate that Gn-QAs are mainly excited
by energy transfer from host PVK/PBD.

Gn-SQs showed a UV–vis absorption band in the range of
560 to 740 nm, there being no absorption around 430 nm.
When the amount of G0-SQ increased from 1:3� 10�7 to
3:3� 10�7 mol, the current density increased. These results
indicate that Gn-SQs are mainly excited by a carrier-trap
mechanism. Therefore, the decrease in EL intensity of Gn-
QAs in higher generation under the fixed bias voltage could
be attributed to inhibition of energy transfer from PVK/PBD

to QA due to bulky dendrons. Actually, the fluorescence
around 430 nm increased as the generation was increased as
shown in Fig. 6a. The EL intensity of Gn-SQs under the fixed
bias voltage was larger as higher was the generation as shown
in Fig. 7b. This can be attributed to increased current density
under the fixed bias voltage and the improvement of concen-
tration quenching of Gn-SQs.

Conclusion

Gn-QAs and Gn-SQs showed �max at around 515 and 685
nm in chloroform, respectively. The � em of these dendrimers
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Fig. 1. 1HNMR spectra of Gn-QAs.

Table 1. Physical Properties of Gn-QAs and Gn-SQs

Compd mp/�C �max
a)/nm � em

a)/nm
Solubilityb)

/mmol dm�3

G0-QA >300 483 (10300), 516 (17800) 533, 567 0.57
G1-QA >300 482 (10400), 514 (18100) 531, 566 0.75
G2-QA 112–113 481 (11300), 513 (19900) 531, 565 16
G3-QA 102–103 482 (10900), 514 (19100) 530, 565 >30

G0-SQ >300 684 (271000) 698 0.042
G1-SQ 126–127 684 (252000) 697 21
G2-SQ 74–76 685 (215000) 697 43
G3-SQ 44–45 685 (209000) 697 >60

a) Measured in chloroform (Gn-QAs: 5� 10�5 mol dm�3, Gn-SQs: 5� 10�6 mol dm�3) at
25 �C. The emission spectra were measured by irradiating 514 nm light for Gn-QAs and
684 nm light for Gn-SQs, respectively. b) Measured in cyclohexane at 25 �C.
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were observed at around 531 and 697 nm, respectively. The
solubility of Gn-QAs and Gn-SQs drastically increased as
the generation was increased. Gn-QAs and Gn-SQs showed
EL maxima at 522 and 710 nm, respectively. The EL intensity
of Gn-QAs decreased at higher generation due to inhibition
of energy transfer from host PVK/PBD. Meanwhile, the EL
intensity of Gn-SQs under the fixed bias voltage increased
upon higher generation due to increased current density.

Experimental

Instruments. Melting points were measured with a
Yanagimoto MP-52 micro-melting-point apparatus. NMR spectra
were obtained by a Varian Inova 500 spectrometer. EIMS spectra
were measured with a JEOL MStation 700 spectrometer. UV–vis
absorption and fluorescence spectra were taken on Hitachi U-3500
and F-4500 spectrophotometers, respectively. Elemental analysis
was performed with a Yanaco MT-6 CHN corder.

Materials. 5-Hydroxy-2-methylbenzothiazole, butyl iodide,
squaric acid, and quinacridone (1) were purchased from Tokyo
Kasei Co., Ltd. 3,5-Dihydroxybenzyl alcohol was purchased from
Sigma-Aldrich Co., Ltd. 3,5-Di-t-butylbenzyl bromide (G0-Br),
G1-Br, G2-Br, and G3-Br were synthesized as described in the
literature.14 G0-SQ was synthesized as described in the litera-
ture.15

Synthesis of Gn-QAs. To a toluene solution (G0, G1, G2: 20
cm3, G3: 10 cm

3) of quinacridone (1) (G0, G1, G2: 31mg (0.1
mmol), G3: 16mg (0.05mmol)) and tetrabutylammonium bro-
mide (G0, G1, G2: 31mg (0.1mmol), G3: 16mg (0.05 mmol)),
and 37.5% aqueous potassium hydroxide (G0, G1, G2: 1.4 cm

3,

G3: 0.7 cm3) was added Gn-Br (G0, G1, G2: 0.25 mmol, G3:
0.13mmol). The mixture was refluxed for 4 h. After the reaction
was completed, the solvent was evaporated. Water (50 cm3) was
added to the mixture. The product was extracted with dichloro-
methane (50 cm3 � 3), purified by column chromatography (G0:
SiO2, CH2Cl2, G1: SiO2, CH2Cl2:C6H14 = 5:1, G2: SiO2, AcOEt:
C6H14 = 1:3, G3: SiO2, CH2Cl2:C6H14 = 5:1), and recrystallized
(G0: CH2Cl2, G1: CH2Cl2, G2: EtOH–Me2CO, G3: EtOH–
Me2CO).

G0-QA: Yield 62mg (87%); 1HNMR (CDCl3) � 1.21 (s,
36H), 5.76 (s, 4H), 7.05 (s, 4H), 7.22 (t, J ¼ 7:9Hz, 2H), 7.32
(s, 2H), 7.42 (d, J ¼ 7:9Hz, 2H), 7.63 (t, J ¼ 7:9Hz, 2H), 8.52
(d, J ¼ 7:9Hz, 2H), 8.73 (s, 2H). Anal. Calcd for C50H56N2O2:
C, 83.76; H, 7.87; N, 3.91%. Found: C, 83.64; H, 8.26; N, 3.60%.

G1-QA: Yield 102mg (74%); 1HNMR (CDCl3) � 1.28 (s,
72H), 4.91 (s, 8H), 5.70 (br, 4H),� 6.53 (d, J ¼ 1:8Hz, 4H),
6.61 (t, J ¼ 1:8Hz, 2H), 7.21 (d, J ¼ 1:7Hz, 8H), 7.26 (t, J ¼
8:0Hz, 2H), 7.36 (t, J ¼ 1:7Hz, 4H), 7.40 (d, J ¼ 8:0Hz, 2H),
7.65 (t, J ¼ 8:0Hz, 2H), 8.53 (d, J ¼ 8:0Hz, 2H), 8.71 (s, 2H).
�The integration of this peak was observed to be 3.6H. Anal.
Calcd for C94H112N2O6: C, 82.66; H, 8.26; N, 2.05%. Found: C,
82.76; H, 8.70; N, 1.85%.

G2-QA: Yield 160mg (60%); 1HNMR (CDCl3) � 1.28 (s,
144H), 4.90 (s, 8H), 4.99 (s, 16H), 5.62 (br, 4H),� 6.45 (s, 4H),
6.55–6.57 (m, 6H), 6.63 (d, J ¼ 1:7Hz, 8H), 7.19 (t, J ¼ 8:0
Hz, 2H), 7.25 (brs, 16H), 7.35 (d, J ¼ 8:0Hz, 2H), 7.38 (brs,
8H), 7.60 (t, J ¼ 8:0Hz, 2H), 8.50 (d, J ¼ 8:0Hz, 2H), 8.64 (s,
2H). �The integration of this peak was observed to be 1.4H.
Anal. Calcd for C182H224N2O14: C, 82.06; H, 8.84; N, 1.05%.
Found: C, 82.37; H, 9.02; N, 0.92%.
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G3-QA: Yield 94mg (38%); 1HNMR (CDCl3) � 1.27 (s,
288H), 4.90 (s, 24H), 4.97 (s, 32H), 6.44 (brs, 4H), 6.50 (brs, 4H),
6.56 (brs, 4H), 6.60 (brs, 8H), 6.62 (brs, 8H), 6.70 (brs, 16H), 7.14
(t, J ¼ 8:0Hz, 2H), 7.25 (brs, 32H), 7.31 (d, J ¼ 8:0Hz, 2H), 7.37
(brs, 16H), 7.55 (t, J ¼ 8:0Hz, 2H), 8.47 (d, J ¼ 8:0Hz, 2H), 8.62
(s, 2H). No peak assigned to four methylene-protons adjacent to
benzothiazolyl-nitrogen was observed. Anal. Calcd for C358H448-
N2O30: C, 81.76; H, 8.59; N, 0.53%. Found: C, 81.17 H, 8.68;
N, 0.39%.

Synthesis of Dihydroxysquarylium Dye (2). A butyl alco-
hol–benzene (4:1 v/v) mixed solution (20 cm3) of 3-butyl-5-
hydroxy-2-methylbenzothiazolium iodide (349mg, 1 mmol), 3,4-
dibutoxy-3-cyclobutene-1,2-dione (34mg, 0.15mmol), and quino-
line (0.4 cm3) was refluxed for 5 h. After cooling, the resulting
precipitate was filtered and washed with hexane. Yield 47%;
mp > 300 �C; 1HNMR (CDCl3) � 0.94 (t, J ¼ 7:5Hz, 6H), 1.41
(sextet, J ¼ 7:5Hz, 4H), 1.66 (quintet, J ¼ 7:5Hz, 4H), 4.15 (t,
J ¼ 7:5Hz, 4H), 5.72 (s, 2H), 6.72 (dd, J ¼ 8:0 and 2.0Hz, 2H),
6.86 (d, J ¼ 2:0Hz, 2H), 7.61 (d, J ¼ 8:3Hz, 2H), 9.92 (s, 2H).

Synthesis of Gn-SQs. To DMSO (70 cm3) were added the
dihydroxysquarylium dye (2) (52mg, 0.1mmol), 18-crown-6-ether
(16mg, 0.06mmol), and potassium carbonate (124mg, 0.9mmol).
Then, the mixture was heated to dissolve all of the components. Af-
ter cooling, Gn-Br (0.25mmol) was added to the mixture, which
was stirred for 4 h at room temperature under an argon atmosphere.
After the reaction was completed, the mixture was poured into
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water (50 cm3). The product was extracted with dichloromethane
(50 cm3 � 3) and purified by silica-gel chromatography (G0:
column, CH2Cl2:MeOH = 25:1, G1: column, CH2Cl2:Me2CO =
20:1, G2: column, CH2Cl2:Me2CO = 20:1, G3, thin layer,
CH2Cl2:Et2O = 50:1). The physical and spectral data are shown
below.

G0-SQ: Yield 53mg (57%); 1HNMR (CDCl3) � 0.96 (t, J ¼
7:5Hz, 6H), 1.33 (s, 36H), 1.40 (sextet, J ¼ 7:5Hz, 4H), 1.73
(quintet, J ¼ 7:5Hz, 4H), 3.97 (t, J ¼ 7:5Hz, 4H), 5.06 (s, 4H),
5.83 (s, 2H), 6.71 (d, J ¼ 1:7Hz, 2H), 6.87 (dd, J ¼ 8:6 and 1.7
Hz, 2H), 7.26 (d, J ¼ 1:7Hz, 4H), 7.38 (d, J ¼ 8:6Hz, 2H), 7.42
(dd, J ¼ 1:7 and 1.7Hz, 2H). Anal. Calcd for C58H72N2O4S2: C,
75.28; H, 7.84; N, 3.03%. Found: C, 74.62; H, 7.85; N, 2.93%.

G1-SQ: Yield 107mg (68%); 1HNMR (CDCl3) � 0.96 (t,
J ¼ 7:5Hz, 6H), 1.33 (s, 72H), 1.41 (sextet, J ¼ 7:5Hz, 4H),
1.72 (quintet, J ¼ 7:5Hz, 4H), 3.96 (t, J ¼ 7:5Hz, 4H), 5.00 (s,
8H), 5.06 (s, 4H), 5.83 (s, 2H), 6.65 (dd, J ¼ 2:3 and 2.3 Hz, 2H),
6.70 (d, J ¼ 2:3Hz, 2H), 6.71 (d, J ¼ 2:3Hz, 4H), 6.82 (dd, J ¼
8:6 and 2.3Hz, 2H), 7.27 (d, J ¼ 1:7Hz, 8H), 7.35 (d, J ¼ 8:6Hz,
2H), 7.41 (dd, J ¼ 1:7 and 1.7Hz, 4H). Anal. Calcd for C102H128-
N2O8S2: C, 77.82; H, 8.20; N, 1.78%. Found: C, 77.79; H, 8.40;
N, 1.72%.

G2-SQ: Yield 105mg (38%); 1HNMR (CDCl3) � 0.96 (t,
J ¼ 7:5Hz, 6H), 1.31 (s, 144H), 1.42 (sextet, J ¼ 7:5Hz, 4H),
1.76 (quintet, J ¼ 7:5Hz, 4H), 3.95 (t, J ¼ 7:5Hz, 4H), 5.00 (s,
24H), 5.03 (s, 4H), 5.83 (s, 2H), 6.61 (dd, J ¼ 2:3 and 2.3Hz, 2H),
6.65 (dd, J ¼ 2:3 and 2.3Hz, 4H), 6.67 (d, J ¼ 2:3Hz, 2H), 6.69
(d, J ¼ 2:3Hz, 4H), 6.71 (d, J ¼ 2:3Hz, 8H), 6.81 (dd, J ¼ 8:6
and 2.3Hz, 2H), 7.27 (d, J ¼ 1:7Hz, 16H), 7.35 (d, J ¼ 8:6Hz,
2H), 7.40 (dd, J ¼ 1:7 and 1.7Hz, 8H). Anal. Calcd for C190H240-
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in (a) Gn-QAs and (b) Gn-SQs.
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Fig. 8. Current density–voltage (I–V) characteristics of
(a) Gn-QAs and (b) Gn-SQs.
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Fig. 6. EL spectra of (a) Gn-QAs and (b) Gn-SQs.
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N2O16S2: C, 79.46; H, 8.43; N, 0.98%. Found: C, 79.62; H, 8.72;
N, 0.98%.

G3-SQ: Yield 120mg (22%); 1HNMR (CDCl3) � 0.97 (t, J ¼
7:5Hz, 6H), 1.34 (s, 288H), 1.40–1.44 (m, 4H), 1.71–1.78 (m,
4H), 3.94–3.97 (m, 4H), 4.97–5.03 (m, 60H), 5.86 (s, 2H), 6.62–
6.63 (m, 4H), 6.65 (brs, 2H), 6.66–6.67 (m, 8H), 6.71–6.72 (m,
14H), 6.74–6.75 (m, 16H), 6.83 (d, J ¼ 8:6Hz, 2H), 7.28 (brs,
32H), 7.36 (d, J ¼ 8:6Hz, 2H), 7.41 (brs, 16H). Anal. Calcd. for
C366H464N2O32S2: C, 80.40; H, 8.55; N, 0.51%. Found: C, 79.89;
H, 8.68; N, 0.47%.

Solubility Measurement. A saturated solution of the substrate
was prepared at 25 �C. The solution was filtered and diluted to
measure the UV–vis absorption spectrum. The solubility was cal-

culated on the basis of the known molar absorption coefficient in
the solvent at the absorption maximum.

Fabrication of EL Device. ITO glass was sonicated in
water, acetone, and isopropyl alcohol. Then, the glass was kept
under an ozone atmosphere with UV irradiation. The ITO glass
was used as the anode. To a toluene solution (3 cm3) of poly-
(vinylcarbazole) (PVK) (40mg) and 2-(4-biphenylyl)-5-(4-t-bu-
tylphenyl)-1,3,4-oxaziazole (PBD) (40mg) was added Gn-QA
(4:0� 10�7 mol) or Gn-SQ (2:4� 10�7 mol). The mixture was
spin-coated (1000 rpm, 10 s then 2000 rpm, 10 s) on the ITO glass.
The film thickness was adjusted to 1000 �A. Then, a cathode elec-
trode of aluminum–lithium (99:1) alloy was prepared by vapor
deposition method (0.5 nm s�1). The EL device and the chemical
structures of PVK, PBD, and Gn-QAs or Gn-SQs are shown in
Fig. 5.
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