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A B S T R A C T

To explore white-light-emitting materials, a series of Dy3+-doped polymethyl methacrylate (PMMA) samples are
prepared by polymerization method. Excitation spectra and emission spectra are experimentally investigated. It
is found that the luminous color of the PMMA sample doped with 0.1 mol% Dy3+ ion is white to the naked eye
under 326 nm excitation. The CIE chromaticity coordinates (X=0.321, Y= 0.336) of the emission are close to
the standard white-light illumination (0.333, 0.333). The results are helpful in developing luminescent materials
aimed for white light-emitting diodes.

Introduction

Conventional illuminations (incandescent and fluorescent lamps)
have some disadvantages, such as low emission efficiency, short using
lifetime, and big volume, and so forth. To replace conventional in-
candescent and fluorescent lamps, white light-emitting diodes have
attracted much attention [1–6]. In the beginning, white light-emitting
diode was realized by using a blue LED chip and a yellow phosphor.
However, its color rendering index is very low [7,8]. To obtain high
quality white light, three-primary-colors phosphors have been widely
explored. In the previous work, transition-element and rare-earth ions
doped glasses, glass ceramics and nanopowders were studied [9–16].
The host composition of phosphor is very important. On the one hand,
it can affect the optical characters of the luminous ions. On the other
hand, it is related to the assembling of the phosphor and the chip.
Compared with the above host materials, the PMMAs have good tena-
city and plasticity, which is favorable to subsequent processing. And co-
doping of polymers including PMMA is well known as a technique to
enhance the emission band of the rare earth ions [17–20]. In this work,
we will investigate the photoluminescence of PMMAs doped with dif-
ferent Dy3+ concentration.

Experimental

PMMAs doped with x mol% Dy3+ (x= 0, 0.1, 0.6), 4 mol%Al3+

were prepared and marked as Dy0, Dy0.1, and Dy0.6, respectively. The
thick and diameter of the sample are 1mm and 5mm. The detailed
preparation procedure can be found in Ref. [21]. The excitation light is
from a Xe-lamp. The luminescence spectra were recorded with a

HORIBA Fluorolog-3 luminescence spectrometer (Horiba Jobin Yvon,
Edison, USA). The excitation spectra of the different samples are mea-
sured under the same conditions. The spectral resolution of all spectra is
0.5 nm. The spectral resolution of spectrometer is 0.1 nm.

Results and discussion

Fig. 1 shows the excitation spectra of PMMA samples with different
Dy3+ doping concentrations. Dy0 is for the undoped sample. Dy0.1 and
Dy0.6 denotes the samples doped with 0.1mol% and 0.6mol% Dy3+

ion, respectively. The excitation spectra of sample Dy0 is monitored at
the emission wavelength (λem) of 450 nm but the excitation spectra of
samples Dy0.1, and Dy0.6 are monitored at the emission wavelength
(λem) of 574 nm. The reason that different monitoring wavelengths are
chosen is due to their different emission peaks. The strong emission
peak for sample Dy0 is at 450 nm. However, for the samples Dy0.1 and
Dy0.6 the strong emission peak is at 574 nm. The corresponding mon-
itored wavelengths are indicated in Fig. 1. It is seen For sample Dy0,
shown by blue curve, the wavelength of excitation peak is about
323 nm. This excitation results from the transition of the ligand of
PMMA. For sample Dy0.1, the excitation peak of 323 nm is still ob-
servable, which is a result of the transition of the ligand of PMMA.
Besides, there are other excitation peaks, which are located at 326 nm,
352 nm, 372 nm, 386 nm, 428 nm, 455 nm, and 476 nm. These new
peaks are ascribed to the transitions of Dy3+ ion: 6H15/2→

4M17/2,
6H15/2→

6P7/2, 6H15/2→
6P5/2, 6H15/2→

4I13/2, 6H15/2→
4G11/2, 6H15/

2→
4I15/2, and 6H15/2→

4F9/2. In comparison with sample Dy0.1, the
spectral shapes and peak positions of sample Dy0.6 are roughly the
same. Nevertheless, the excitation intensities are increased.
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Fig. 2 presents the emission spectra of the PMMA samples Dy0,
Dy0.1, and Dy0.6 when the excitation wavelength λex is 326 nm. Strong
blue luminescence at 450 nm is observed in the Dy0 sample, which
originates from the transition of the ligand of PMMA. Strong emissions
at 481 nm, 574 nm, and 662 nm are found in sample Dy0.6, which
should result from transitions of Dy3+ ion: 4F9/2→ 6H15/2, 4F9/2→
6H13/2, and 4F9/2→ 6H11/2, respectively. Under the excitation of
λex= 326 nm, the luminous color of sample Dy0.1 is white to the naked
eye, whose CIE chromaticity coordinates (X= 0.321, Y= 0.336) are
close to the standard white-light illumination (0.333, 0.333).

The Energy level diagrams of PMMA and Dy3+ ion are shown in
Fig. 3. The luminous population processes can be described as follows.
Under 326 nm excitation, the electrons in the valance band of PMMA
can be excited to the conduction band (CB). Then, the electrons relax to
the bottom of the conduction band by non-radiative transition. Finally,
the electrons go back to the valance band (VB) and emit the 450 nm
luminescence. The electrons in the conduction band can also go back to
the valance band by non-radiative transition, and transfer the energy to
Dy3+ ion. The electrons in the ground state 6H15/2 (Dy3+) can be
pumped to the higher excited states by energy transition. Then, the
electrons non-radiatively relax to the lowest excited state 4F9/2 (Dy3+),
from where the 481 nm, 574 nm, and 662 nm emissions arise. The lu-
minescence peaks of Dy0 sample undoped with Dy3+ ion is at 450 nm
and the luminescence color is blue by naked eyes. The sample doped
high concentration Dy3+ ion has strong emission at 574 nm which is
yellow color by naked eyes. Consequently, the luminescence color can
vary with the concentration change of Dy3+.

Conclusions

PMMAs doped with Dy3+ ion are prepared by polymerization
method. PMMA undoped with Dy3+ can emit strong 450 nm blue
emission. PMMA doped with 0.6 mol% Dy3+ can emit strong yellow
emission. The luminous color of PMMA doped with 0.1mol% Dy3+ is
white to the naked eye, whose CIE chromaticity coordinates
(X=0.321, Y= 0.336) are close to the standard white-light illumina-
tion (0.333, 0.333). This study provides a useful guidance for devel-
oping luminescent materials aimed for white light-emitting diodes.
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Fig. 1. Excitation spectra of the PMMAs doped with Dy3+ ion.

Fig. 2. Emission spectra of the PMMAs doped with Dy3+ ion with excitation
wavelength λex= 326 nm; the insets are the luminous photos of the samples.
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Fig. 3. Energy level diagrams of PMMA and Dy3+ ion.
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