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Abstract: The disadvantage of the traditional hydrothermal method was the poor repeatability. Therefore, the
conclusions of the influence of various parameters on the morphology of rare earth doped NaYF, prepared by the
traditional hydrothermal method reported by different research groups in the literature were different. In order to
clarify the effects of hydrothermal parameters on the structure and morphology of rare earth doped NaYF,, Dy**
doped NaYF, phosphors were prepared by microwave hydrothermal method with good reproducibility and
controllability. The effects of various parameters on the structure, morphology and luminescence of the products
were systematically studied. The reproducible NaYF,:Dy** samples were rapidly prepared by microwave-assisted
hydrothermal method. The effects of reaction parameters on the crystal phase, morphology and luminescence
properties of NaYF,:Dy** phosphors were investigated. The results show that the microwave hydrothermal reaction
time don't affect the crystal phase, morphology and spectral properties of the as-prepared phosphors. The increase
of Dy** concentration do not change the crystal phase and morphology of the samples, but the luminescence

intensity changes. The trends of luminescence intensity first increased and then decreased. The maximum
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luminescence intensity was obtained when the Dy* concentration was 1%(n/n). The electric multipole interaction
index obtained according to the specific theoretical basis was 6. It is shown that the interaction between Dy** is
dipole-dipole interaction. The effects of the type and amounts of surfactant on the NaYF,:Dy™* crystal phase were
investigated. It was observed when Na;Cit+2H,0 and CTAB were used as surfactants, hexagonal phase NaYF,:Dy*
phosphors were prepared. The amounts of Na;Cit -2H,0 and CTAB were increased and the crystal phase of the
sample was not changed. When EDTA-2Na was used as the surfactant, the transition from the hexagonal phase to
the cubic phase crystal phase occurred as the amounts of the EDTA-2Na increased. As the amounts of surfactants
continue to increase, the size of the sample decreased. Under the excitation of 350 nm, Dy’* emission peaks

appeared. The blue light emission peak centered at 479 nm, which corresponds to the *Fy,—°H s, transition of

Dy*. The green light emission peak centered at 572 nm, which corresponds to the *Fy;—°H 3, transition of Dy™.

Keywords: microwave-assisted hydrothermal method; reaction time; Dy** concentration; Nas;Cit-2H,0; CTAB; EDTA-2Na
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Table 1 Characterization of samples prepared via a microwave-assisted

hydrothermal method under different conditions

Content of Amount of Time / Length /
Sample Ligand Phase Morphology Figure
Dy* / % (n/n) ligand / mmol min nm
1 1 Na;Cit-2H,0 2 15 Hexagonal Rod ~600 Fig.1(a) Fig.2(a)
2 1 Na;Cit-2H,0 2 30 Hexagonal Rod ~600 Fig.1(b) Fig.2(b)
3 1 Na;Cit-2H,0 2 45 Hexagonal Rod ~600 Fig.1(c) Fig.2(c)
4 1 Na;Cit-2H,0 2 60 Hexagonal Rod ~600 Fig.1(d) Fig.2(d)
5 1 Na;Cit+-2H,0 2 90 Hexagonal Rod ~600 Fig.1(e) Fig.2(e)(0)
6 0.5 Na;Cit+-2H,0 2 30 Hexagonal Rod ~450 Fig.4(a) Fig.7(a)
7 1 Na;Cit-2H,0 2 30 Hexagonal Rod ~450 Fig.4(b) Fig.7(b)
8 3 Na;Cit-2H,0 2 30 Hexagonal Rod ~450 Fig.4(c) Fig.7(c)
9 5 Na;Cit-2H,0 2 30 Hexagonal Rod ~450 Fig.4(d) Fig.7(d)
10 7 Na;Cit-2H,0 2 30 Hexagonal Rod ~450 Fig.4(e) Fig.7(e)
11 9 Na;Cit-2H,0 2 30 Hexagonal Rod ~450 Fig.4(f) Fig.7(f)
12 1 Na;Cit-2H,0 0.5 30 Hexagonal Rod ~900 Fig.8(a) Fig.9(a)
13 1 Na;Cit-2H,0 1 30 Hexagonal Rod ~650 Fig.8(b) Fig.9(b)
14 1 NasCit-2H,0 2 30 Hexagonal Rod ~600 Fig.8(c) Fig.9(c)
15 1 Na;Cit-2H,0 4 30 Hexagonal Flake ~200 Fig.8(d) Fig.9(d)
16 1 CTAB 0.5 30 Hexagonal Rod-like ~1 500 Fig.11(a) Fig.12(a)
17 1 CTAB 1 30 Hexagonal Rod-like ~1 400 Fig.11(b) Fig.12(b)
18 1 CTAB 2 30 Hexagonal Rod-like ~1 300 Fig.11(c) Fig.12(c)
19 1 CTAB 4 30 Hexagonal Rod-like ~800 Fig.11(d) Fig.12(d)
Hexagonal ~1 550
20 1 EDTA-2Na 0.5 30 Rod grain Fig.14(a) Fig.15(a)
cubic ~200
Hexagonal ~1420
21 1 EDTA-2Na 1 30 Rod sphere Fig.14(b)  Fig.15(b)
cubic ~110
Hexagonal
22 1 EDTA-2Na 2 30 ] Sphere ~70 Fig.14(c) Fig.15(c)
cubic
23 1 EDTA-2Na 4 30 Cubic Sphere ~40 Fig.14(d)  Fig.15(d)
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Fig.1 XRD patterns of B-NaYF,:Dy* phosphors prepared

after various reaction times

(a) 15 min, (b) 30 min, (c) 45 min, (d) 60 min, (e, f) 90 min
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Fig.2 SEM images of B-NaYF;:Dy* after various reaction times
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Fig.12 SEM images of B-NaYF,:Dy* prepared with different amounts of CTAB
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