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Polarized Luminescence of Sm*-Doped Single NaYF, and
BiPO, Microcrystals
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and Engineering, Faculty of Electronic and Information Engineering, Xi’an Jiaotong Universily,
X?’an 710049, Shaanxi, China

Abstract In this paper, the polarized luminescence of single hexagonal NaYF,:Sm’" and monoclinic BiPO, : Sm®*’
microcrystals are measured by using high-precision single-particle polarization-resolved spectroscopy. Experimental results
are analyzed by applying Poincarée sphere and polarization fitting methods, which show that the emissions from Sm’" ions
in hexagonal and monoclinic microcrystals are partially polarized. However, the linear polarization angles of emissions
from hexagonal microcrystals are completely parallel and perpendicular to the crystalline c-axis, whereas the angles of
monoclinic microcrystals are not. From the perspectives of point group theory and macroscopic crystal symmetry, the
orthogonally linear polarization angles of hexagonal microcrystals are due to the rotational symmetry of optical transition
dipoles around the c-axis. However, the transition dipoles in the monoclinic phase do not allow rotational symmetry,
resulting in the random linear polarization angles of the emissions. This finding will facilitate the achievement of rare-earth-
ion-doped single micro/nanocrystals with desirable polarization properties originating from their crystal structure design.
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Fig. 1 Optical microscope images of in-plane oriented single

microcrystals. (a) Single hexagonal NaYF,:5% Sm®"

microcrystal; (b) single monoclinic BiPO,:5%Sm*"

microcrystal
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Fig. 2 Schematic of single-particle polarization spectrum characterization system
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Polarized luminescence analysis of a single hexagonal NaYF,: Sm®" microcrystal. (a) Photoluminescence spectra of a single
NaYF,: Sm*" microcrystal recorded at the six Poincaré sphere basis (inset: measured single-particle in-plane orientation,
approximately 5 um in length, O° is the slit direction of the spectrometer); (b) S,, S,, and S, within the measured spectral range;

(c) changes in intensity of four emission peaks with polarization angle and fitting curve graph
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Table 1 Fitting parameters of the polarized peaks of single NaYF,: Sm®" microcrystals

Samples Orientation Fitting peak | Fitting peak Il Fitting peak [ll Fitting peak IV
No. angle /(°) A B /() A B o /() A B /() A B o /()
1 ~106 2616 1569 105.640.7 7180 5051 104.84+0.9 5155 3196 105.6+0.6 2213 1629 15.3+0.9
~88 9169 5804 88.4+1.1 26613 19251 86.7+1.3 19272 12670 87.4+1.2 8749 6668 4.1+2.3
~70 14817 9284 70.4+0.2 41609 29394 70.340.3 29761 18819 70.340.2 12658 9347 159.8+0.5
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Fig. 5 Polarized luminescence analysis of a single monoclinic BiPO,: Sm®" microcrystal: (a) Photoluminescence spectra of a single

BiPO,: Sm*" microcrystal recorded at the six Poincaré sphere basis (inset: measured single-particle in-plane orientation,

approximately 3 um in length); (b) S, S,, and S, within the measured spectral range; (c) changes in intensity of four emission

peaks with polarization angle and fitting curve graph
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Fig. 6 Polarized luminescence analysis of two single BiPO, : Sm®" microcrystals. (a) (b) In-plane orientations and changes in intensity

of four emission peaks with polarization angle and fitting curve graph; (c) (d) emission peak II fitted by two crystal-field transition

peaks with different linear polarization angles; (e) (f) emission peak IV fitted by two crystal-field transition peaks with different

linear polarization angles
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Table 2 Fitting parameters of the polarized peaks of single BiPO, : Sm*" microcrystals

Samples  Orientation Fitting peak [ Fitting peak I Fitting peak Il Fitting peak IV
No. angle /(°) A B o /(%) A B /() A B /() A B /()
1 112 2605 1715 8.540.6 3852 2741 12.140.7 4097 1990 18.240.5 842 698 161.24+2.8
2 132 4265 1952 20.1£0.3 5631 4040 20.44+0.6 5586 2970 33.440.3 1536 914 159.540.7
3 25 1637 1043 162.5+0.8 2155 1657 161.6+1.0 2107 1334 151.7+0.6 501 436 20.9+3.3
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Fig. 7 Reversal of monoclinic crystal results in the dipole

mirror symmetry along the c-axis. (a) Reverse side of

the crystal attached to the substrate surface; (b) front of

the crystal attached to the substrate surface
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