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Received: 01/8/2024 In this work, we report the intense green upconversion (UC) emission in
L hydroxyapatite (HA):Er, Yb phosphor synthesized using the combustion
Revised: 29/10/2024 method following heat treatment at 900 °C for 3 h in air. The material was
Published: 29/10/2024 Characterized for its structure, morphology, elemental composition, and

luminescent properties using X-ray diffraction (XRD), field emission
scanning electron microscopy (FE-SEM), energy dispersive X-ray
KEYWORDS spectroscopy (EDS), and photoluminescence spectroscopy (PL). XRD

Combustion method results confirm the main phase hydroxyapatite (HA) and a tract amount of
the tricalcium phosphate (B-TCP) phase with high crystallinity of the
obtained material. EDS analysis shows that the presence of elements of the
HA:Er, Yb phosphor host lattice (Ca, P, O) and dopant ions (Er, Yb) and other impurities
Biomedical materials elements did not appear. Under 975 nm excitation, the obtained phosphor
Optoelectronic behave intense green emission at 530/554 nm and weak green emission at
660 nm of the Er* ion. The selective enhancement of red UC emission
corresponds to an energy transfer from Yb** to Er** ions. The results indicate
that HA:Er, Yb phosphor promising material for optoelectronics and
biomedical applications.

Green UC emission
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TRONG QUANG PIEN TU VA Y SINH

Hoang Nhu Van', Nguyén Thij Lan? Lé Tién Ha®, Pham Hang Vwong”
1Tm'o‘ng Dai hoc Phenikaa, 2Pqi hoc Bach khoa Ha Néi, 3Trwd7zg Dai hoc Khoa hoc - BH Thai Nguyén

THONG TIN BAIBAO  TOM TAT

Ngiy nhan bai:  01/8/2024 Trong cong trinh ndy, ching t6i bao cdo tinh chét phat xa Chuyén doi nguoc
manh ving mau xanh cua vat liéu hydroxyapatite (HA):Er, Yb tong hop bang

Ngay hoan thi¢n: 29/10/2024 ,;ong phap dét chay, va xu ly nhiét & 900 °C trong thoi gian 3 gio, trong moi
Ngay diing:  29/10/2024 truong khong khi. CAu tréc, hinh thai, thanh phan nguyén t6 hoa hoc va tinh

chét phat quang cua vat liéu dugc thyc hién bang cac phép phan tich nhu pho

\ . nhidu xa tia X (XRD), kinh hién vi dién tir quét (FE-SEM), phd tin xa ning
TU KHOA luong tia X (EDS), va phd phat xa PL. Két qua XRD xac nhan mau vat li¢u ton
tai hai pha, pha chiém ham lugng lon 1a HA 0 cu tric luc gic, va mot luong
nho pha tricalcium phosphate (B-TCP) c6 cu trac tryc thoi, ca hai pha co d6
ket tinh cao. Phéan tich EDS cho thay vat lidu co cac nguyén to cau tao ‘mang

Phuong phép dét chay
Phat xa chuyén d6i nguoc mau

xaAnh_A nén (Ca, P, O) va cac nguyén t6 pha tap (Er, Yb) va khong quan sat thiy cac
Vat lieu HAEr, Yb nguyén t5 tap chat. Véi bude song kich thich tir nguén laser 975 nm, bot
Vit liéu y sinh phosphor cho phat xa UC manh tai dinh 530 va 554 nm va phat xa yéu ving

mau d6 660 nm cua ion Er¥*. Sy phat xa xanh 1a do sy truyén niing luong tir ion
Yt33+ sang ion Er®*. Cac két qua nay cho thy Vat liéu phosphor HA:Er, Yb c6
thé duogc str dung cho cac ung dung trong quang dién tir va y sinh.
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1. Gioi thigu

Vit liéu huynh quang chuyén d6i ngugc (upconversion, UC) pha tap ion dat hiém (rare-earth,
RE) dé dugc nghién ctu rong réi cho cac ung dung tir laser trang thai rin dén chup anh huynh
quang y sinh, va hién thi hinh anh do n6 cé tinh chat hoa-ly, phat quang va sinh hoc tuyét voi [1]
—[3]. Trong vat liéu UC, viéc lya chon mang nén c6 anh hudng dén hiéu suét huynh quang ciling
nhu ng dung cia vat liéu. Vit liéu nén phi hop cho vit liéu UC can c6 cac dic tinh nhu bén
nhiét, ben Vo1 tac nhén hoa-ly, than thién moi trudng va c6 nang lugng phonon thap [4], [5]. Mot
sO chat nén tiéu biéu nhu phosphates, fluorides, glasses, va oxides dé tao vat liéu huynh quang.
Vit liéu hydroxyapatite (HA, Caio(PO4)s(OH),) pha tap RE duoc nhiéu nha khoa hoc tap trung
cho cac mg dung nhu xtc tac, anh sinh hoc, dan thudc, va hién thi hinh anh do né c6 tinh tuong
thich sinh hoc va hoat tinh sinh hoc tuyét voi, do bén nhiét cao, cling nhu dé ché tao va gia thanh
ré [6] — [8]. HA c6 céu truc rat linh hoat, cac ion dat hiém c6 thé thay thé vao céc vi tri ciia Ca®,
PO,¥, va OH cua vt liéu HA [9]. Tinh chét quang cua vat liéu HA pha tap RE phu thudc cac
yéu t6 nhu phuong phép tong hop, vat liéu ngudn, kich thudc hat va hinh théi hat, ciing nhu nong
do ion pha tap [10]. Cac loai _phuong phap dugc st dung | dé tong hop vat liéu HA pha tap RE nhu
phan tmg pha rén, sol-gel, dong két tua, thuy nhi¢t, va dét chay [4], [11], [12]. Trong do, phuong
phap dét chay co cac uu diém nhu dé ché tao, tiét kiém ning lugng, san pham c6 do sach cao va
két tinh t&t [13], [14].

lon Er** ¢6 vai tro 1 tAm phat quang cho vat liéu phat quang UC [15], [16] Tuy nhién, do tiét
dién hip thu ¢ ving hong ngoai thap, gdy ra cudng do phat quang UC cua Er®* thap, vi viy no la
nhuoc diém cua vat liéu pha tap Er®* [17]. Trong khi do, Yb3+ c6 tiét dién hap thu 16n O vung
hong ngoai, va mirc ning luong trang thai kich thich ctia Yb** c6 thé cong hudng va truyén ning
lugng cho Er*, nén Yb®* dugc chon lam chat ting nhay trong vat liéu UC [18]. Pang va cong sur
[19] da quan sét théy cuong do UC cua Er’* tang 1én nhiéu trong vat liéu Ca;.Na,MoO,:Er®* khi
ddng pha tap Yb**. Két qua nay duoc cho 1a do qua trinh truyén ning lugng tir Yb** dén Er**.
Qua trinh nay cling dugc quan sat trong nhiéu cong trinh trude day [20], [21]. Mic khac, theo
nhu ching ti tim hiéu, vige tong hop va nghién ctru tinh chat phat quang chuyen d6i nguoc cua
vat liéu HA:Er, Yb con rat han ché, nhiéu van dé vé thuc nghiém 1an Iy thuyét con bo ngo.

Do do, trong cong trinh nay, ching toi tap trung ché tao va nghién ctru tinh chét quang chuyén
do6i nguoc ciia HA: Er, Yb. Tinh chat UC dugc dic trung bang phép do phd quang phat quang.
Hinh thai bé mit, cdu tric cta vat lidu dugc xac dinh thong qua cac phép phén tich nhu hién vi
dién tir quét phat xa truong (FE-SEM), gian db nhidu xa tia X (XRD).

2. Thuc nghiém
2.1. Tong hop

Vit liéu HA:1Er**, xYb** (x =0, 3, 6, va 9 % mol) dugc ché tao bang phuong phap dét chay, sir
dung tién chat bao gom cac mudi Ca(NOs),.4H,0 (Merck, 93-95%), NH,H,PO, (Merck, 99%),
Er(NO;)3.5H.0 (Merck, 99%), Yb(NO3)s.5H,0 (Merck, 99%), va ure vdi do sach cao. Qua trinh
tong hop tién hanh cy thé nhu sau. Dau tién, cac dung dich chira ion ca** (1M), H2PO4 (0,6M),
Er®* (0,1M), va Yb** (0,1M) cho hoa tan céc tién chét trong nude khir ion. Nong d6 Er** duoc gitr
cb dinh 1a 1% mol, trong khi nong d6 Yb*>* thay ddi 0, 3, 6, 9 % mol (mau dugc ky hiéu twong (mg
1a S0, S3, S6, S9) so v4i Ca®*. Sau d6, cac ion Er**, Yb** dwoc thém tir tir vao hdn hop chira Ca®*.
Tiép theo, nhé ting giot dung dich H,PO,” vao hdn hop trén, dung dich dugc khudy déu trong thoi
gian 30 phut, pH dung dich dwoc kiém soat tdi 10, bang dung dich NHs. Tiép theo, cho ure (30%
mol so voi Ca®*) vao hdn hop phan tmg va khudy tir & 80 °C trong 2 gio. Cudi cling, mau bot duoc
thuc hién dbt chay ¢ 900 °C trong mdi truong khong khi véi thoi gian 3 gio.
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2.2. Cac phwong phdp phdn tich

Céu tric tinh thé cta vat licu HAEr®, Yb* dugc xdc dinh bang cach do nhidu xa tia X
(XRD), may D8-Advance (Bruker, KaCu = 1,54060 A). Hinh thai bé mat caa vat lidu duoc xéac
dinh trén may HITACHI S-4800. Trong khi d9, tinh UC cua vat li¢u HAEr*, Yb* duoc tién
hanh trén h¢ NANOLOG (Horiba, USA) ngudn kich thich 1a laser 975 nm cong suat 1W.

3. Két qua va thao luan
3.1. Tinh chit cdu triic ciia vit liéu

Gian d6 nhiéu xa tia X tir cac mau S0, S3, S6, va S9 ché tao bang phuong phap dbt chay va
nhiét & 900 °C duoc thé hién trén hinh 1. C6 thé thy, cic miu c6 dinh nhidu xa déu thudc vé hai
pha: pha HA (PDF#024-0033) [2] c6 céu trac lyc gidc; va mot luong nho pha beta-tricalcium
phosphate (8-TCP) (00-009-0169) [1] véi cAu trac truc thoi. Hon nita, cac dinh nhiéu xa cho thay
cuong do cao, sdc net, didu nay ching to vat liéu thu duoc c6 do két tinh tot. Dic biét, c6 thé thdy
khong xuét hién cac pha la, diéu nay ching minh mau da dugc tong hop thanh cong.
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Hinh 1. XRD ciia mdu S0, S3, S6, va S9
3.2. Hinh thdi bé mdt va thanh phan nguyén té ciia vit li¢u

Hinh 2 (a, ¢) 1a anh SEM caa mau S0, S6 tong hop bang phuong phap ddt chay, két hop
nhiét & 900 °C. Két qua hinh 2 (a) chi ra rang, vét liéu thu duoc c6 dang hinh bau duc, twong dbi
ddng déu kich thuéc khoang 100 nm, ¢ bién hat rd rang. Hinh 2 (c) anh SEM ciia mau S6 cho
théy, mau S6 ¢ hinh dang cac hat c6 hinh cau, voi kich thudc trung hinh ¢& 80-100 nm, va c6
the quan sat thay cac hat xép chong 1én nhau. Trong khi d6, hinh 2 (b) hién thi thanh phan nguyén
t6 hoa hoc cua mau phosphor (S0). Su hién dién cua cac nguyén t6 nhu Ca, O, P thuc thanh
phan CAU ta0 mang nén, trong khi Er 1a nguyén t6 pha tap. Thanh phan nguyén t6 hoa hoc ciia
mau dong pha tap Yb dugc thé hién trong hinh 2(d). Trong do, cac nguyén t6 pha tap 1a Er, Yb,
bén canh cac ‘nguyén t6 cAu tao cua mang nén 1a Ca, O, P. Khong quan sat thay su hién dién cua
cac nguyén t6 tap chat, khing dinh mau tong hop duogc co do sach tét.
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Hinh 2. Anh SEM ciia mau(a) SO, (c) S6, va phé EDS ciia cdc méu (b) SO, (d) S6

3.3. Tinh chit phdt quang ciia vt ligu

Hinh 3 (a) la ph phat quang chuyén d6i nguoc cia cac mau véi ndng do pha tap Yb* khac
nhau, budc song kich thich 975 nm. Tat ca cac mau déu cho phat xa manh ving mau xanh véi
dinh cuc dai tai budc song 530 va 554 nm, tuong l’rng Vvé6i chuyén mirc Hy10/*S5, — *lsp va phat
Xa yéu viing mau d6 & 660 nm do chuyén muc *Fo— *lyso cia ion Er®*. Tinh chat phat xa UC cua
cac mau anh huéng do nong do Yb* pha tap (hinh 3 (b)). Khi lugng Yb** tiang, cudng do phat
quang mau xanh cua mau tang. Tiéu biéu, mau & 6% mol Yb* cho cuong do huynh quang manh
nhét, cao hon déng ké so véi cac mau khac, nguyén nhan 1a do su truyén ning luong tir Yb** sang
Er®. Cac két qua twong tu cling di duogc bao céo trong cac nghién clru trude day [2]. Khi ndng do
Yb** vuot qua gia tri t6i wu (6%), cuong do huynh quang cua mau giam, do hiéu tng dap tat
huynh quang theo ndng do. Cu thé, khi ndng do Yb* I6n hon 6% mol, xdy ra qué trinh truyén
nang luong gilta cac cap Er®* b3+ va qua trinh hoi phuc khong phat xa chiém wu thé, dan dén
su dap tit huynh quang [15]. Ket qua cho thiy, vat ligu HA:Er, Yb cho phat xa manh UC vung
mau xanh trén mang nén tuong thich sinh hoc HA, c6 tiém ning ¢ng dung trong linh vuc chup
anh huynh quang y sinh.

Phat xa manh UC mau xanh cua vat liu HA:Er, Yb dugc 1am séng to thong qua gian do ning
luong cua cép ion Er**-Yb®*, nhu thé hién trén hinh 4. Trong d6, ET (energy transfer) la qua trinh
truyén ning luong, GSA (ground state absorption) hép thy & trang thai co ban. Dau tién, Yb** hip
thu mot photon tir ngudn laser, chuyen tir trang thai co ban (°Fzp,) len trang thai kich thich (°Fsp)
thong qua qua trinh GSA (hinh 4). Tiép theo, electron & trang thai ®Fs); truyén ning lugng cho
Er® théng qua cac qua trinh ET1, ET2, va ET3. Trong d6 chu yéu la cac qua trinh ET3 va ET2
[22]. Qué trinh truyén ning luqng ET2 gitp cac ion kich thich cia *Fizp (Er¥) c6 thé nang 1én
*Fgp. Cu thé qué trinh truyén nang lugng ET2: 1131 (Er3+) + %Fe (Yb3+) —?Fqp (Yb3+) + *Fgp
(Er3+). Sau do chuyén ddi tir “Fgp dén trang thai co ban *l15 tao ra phat xa dé véi budc song 665
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nm. Trong truong hop nay (ET3) nang luong tur Yb** s& duoc truyén dén mc *F1 clia Er ,

sau

d6 electron & mirc nay hdi phuc khong phat xa (nonradiative rexalation) xudng mirc “Hyyp va

Sqp. Tlep theo, céc electron tir hai muc nay chuyen vé trang thai co ban va tao ra phat xa manh
vung mau xanh (530/554 nm). Trong khi d6, do khodng cdch muc nang lugng 16n gitra hai mirc
4S5/, va *Fgj, dAn dén 6 rat it electron hoi phuc Xuéng murc nay (mat do electron & murc *Fop2 thép),
két qua 1a phat xa mau do co cudng do yéu [23], [24]
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4. Két luan

Vit ligu phat quang chuyén doi nguoc manh ving mau xanh HA:Er, Yb dugc ché tao thanh
cong bang phuong phap dbt chay két hop xir Iy ¢ nhiét do cao. Két qua XRD khang dinh bot
phosphors thu dugc bao gém hai pha, trong d6 pha HA chiém thanh phan chi yéu. Két qua tir gian
d6 tia X va anh SEM cho thy vat liéu thu dugc c6 do két tinh cao, kich thudc ¢& 100 nm. Khi dwoc
kich & ngudn 975 nm, bot phosphors cho phat xa, UC manh ving mau xanh ¢ budc song 530/554
nm, twong ung Vai muc Chuyen doi H11/2/ Sap— Yl va phat xa yéu vung mau do6 660 nm tuong
g véi chuyén doi *Fep— *lis, cuia ion Er® trong mang nén HA. Bic biét, mau dong pha tap Er Yb
cho thay cuong do phat xa UC tang dang ké, nguyén nhan 14 do sy truyén nang luong tir mac 2Fs),
cta Yb** dn muc *F,, cua Er¥'. Gian dd cac muc nang lu'orng cua cap ion Er* - Yb* duogc xay
dung dé giai thich cho cac két qua trén. Cac két qua chi ra rang, viéc sir dung ion ting nhay Yb* 13
con dudng hiéu qua dé lam ting hiéu suit phat quang UC cua Er¥*. Két qua nay cho thiy vt liéu
HA:Er, Yb phu hop cho cac ting dung trong quang dién tir va y sinh.

Loi cam on

Nghién ctru nay duoc tai trg boi B Gido duc va Dao tao trong chuong trinh dé tai khoa hoc
va cong nghé cap bo ma s6 CT2022.03/ CT2022.03.BKA.03.

TAI LIEU THAM KHAO/REFERENCES

[1] T.T.D. Do, T. N. M. Vu, X. T. Nguyen, V. H. Pham, H. V. Pham, D. H. Nguyen, T. H. Bui, M. T. Le,
and N. V. Hoang, "Dual-mode green emission and temperature sensing properties of rare-earth-
element-doped biphasic calcium phosphate composite,” J. Alloy. Comp., vol. 871, p. 159483, 2021,
doi: 10.1016/j.jallcom.2021.159483.

[2] N. V. Hoang, M. T. Le, T. T. D. Do, H. V. Pham, D. H. Nguyen, T. H. Pham, and V. H. Hoang, “On
enhancement and control of green emission of rare earth co-doped hydroxyapatite nanoparticles:
synthesis and upconversion luminescence properties,” New J. Chem., vol. 45, no. 2, pp. 751-760, 2021,
doi: 10.1039/d0nj04847j.

[3] S. Liu, H. Ming, J. Cui, S. Liu, W. You, X. Ye, Y. Yang, H. Nie, and R. Wang, “Color-Tunable
Upconversion Luminescence and Multiple Temperature Sensing and Optical Heating Properties of
BasY,0q:Er**/Yb®* Phosphors,” J. Phys. Chem. C, vol. 122, no. 28, pp. 16289-16303, 2018, doi:
10.1021/acs.jpcc.8b04180.

[4] N. V. Hoang, D. T. Phuong, V. H. Pham, D. H. Nguyen, X. T. Cao, and Q. M. Le, “Control of red
upconversion emission in Er¥*-Yb*— Fe®* tri-doped biphasic calcium phosphate,” Inorg. Chem.
Commun., vol. 150, p. 110538, 2023, doi: 10.1016/j.inoche.2023.110538.

[5] N. V. Hoang, T. C. Le, D. H. Nguyen, T. T. Le, and V. H. Pham, “Effect of Sr substituted on
multifunction pure green emission of rare-earth-element doped HA/B-TCP nanocomposite for optical
thermometer,” Ceram. Int., July 2024, doi: 10.1016/j.ceramint.2024.07.119.

[6] N. V. Hoang, N. H. Vu, H. V. Pham, V. H. Pham, T. H. Bui, D. H. Nguyen, and M. T. Le, “A novel
upconversion emission material based on Er** - Yb* - Mo®" tridoped Hydroxyapatite/Tricalcium
phosphate (HA/B-TCP),” J. Alloys Compd., vol. 827, 2020, doi: 10.1016/j.jallcom.2020.154288.

[71 N. V. Hoang, D. T. Phuong, D. T. K. Nguyen, T. H. Pham, and V. H. Pham, “Enhancing the
luminescence of Eu®*/Eu®* ion-doped hydroxyapatite by fluoridation and thermal annealing,”
Luminescence, vol. 32, pp. 817-823, 2017, doi: 10.1002/bi0.3257.

[8] N. V. Hoang, T. H. Bui, T. K. Nguyen, D. T. Phuong, and H. V. Pham, “Controlling Blue and Red
Light Emissions from Europium (Eu®*)/Manganese (Mn?*)-Codoped Beta-Tricalcium Phosphate [b-
Ca3(POy), (TCP)] Phosphors,” J. Electron. Mater., vol. 47, pp. 2964-2969, 2018, doi: 10.1007/s11664
-018-6114-z.

[9] S. Gomes, A. Kaur, J. M. Grenéche, J. M. Nedelec, and G. Renaudin, “Atomic scale modeling of iron-
doped biphasic calcium phosphate bioceramics,” Acta Biomater., vol. 50, pp. 78-88, 2017, doi:
10.1016/j.actbio.2016.12.011.

[10] S. Basu and B. Basu, “Unravelling Doped Biphasic Calcium Phosphate: Synthesis to Application,”
ACS Appl. Bio Mater., vol. 2, no. 12, pp. 5263-5297, 2019, doi: 10.1021/acsabm.9b00488.

[11] Q. Xing, X. Zhang, D. Wu, Y. Han, M. N. Wickramaratne, H. Dai, and X. Wang, “Ultrasound-

http://jst.tnu.edu.vn 149 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 229(14): 144 - 150

Assisted Synthesis and Characterization of Heparin-Coated Eu** Doped Hydroxyapatite Luminescent
Nanoparticles,” Colloids Interface Sci. Commun., vol. 29, pp. 17-25, 2019, doi: 10.1016/j.colcom.
2019.01.001.

[12] M. Gallo, B. L. G. Santoni, T. Douillard, F. Zhang, L. Gremillard, S. Dolder, W. Hofstetter, S. Meille,
M. Bohner, and J. Chevalier, “Effect of grain orientation and magnesium doping on B-tricalcium
phosphate resorption behavior,” Acta Biomater., vol. 89, pp. 391-402, 2019, doi: 10.1016/j.
actbio.2019.02.045.

[13] V. H. Nguyen, T. H. Dinh, T. K. L. Nguyen, T. H. Bui, M. T. Nguyen, and N. V. Hoang, “Blue-
excited red emission of CeO,:Eu®*, AI** cubic phosphor: Influence of AI** ion doping and Judd-Ofelt
theory,” J. Lumin., vol. 263, p. 120047, 2023, doi: 10.1016/j.jlumin.2023.120047.

[14]V. H. Nguyen, T. K. L. Nguyen, T. H. Dinh, T. H. Bui, M. T. Nguyen, H. V. Pham, D. H. Nguyen, T.
A. Vu, and N. V. Hoang, “High-efficiency energy transfer in the strong orange-red-emitting phosphor
Ce0,:Sm*", Eu®*,” RSC Adv., vol. 13, no. 49, pp. 34510-34519, 2023, doi: 10.1039/d3ra07567b.

[15]V. T. Cu, T. D. Nguyen, V. H. Nguyen, T. N. M. Vu, X. T. Nguyen, A. T. Pham, V. H. Pham, and N.
V. Hoang, “Intense green upconversion emission of rare-earth-doped Sr3(PO,),/Sr,P,0; powder: Effect
of annealing temperature and temperature-sensor properties,” Optik (Stuttg)., vol. 264, p. 169446,
2022, doi: 10.1016/j.ijle0.2022.169446.

[16] B. Hou, M. Jia, P. Li, G. Liu, Z. Sun, and Z. Fu, “Multifunctional Optical Thermometry Based on the
Rare-Earth-lons-Doped Up-/Down-Conversion Ba,TiGe,0g:Ln (Ln=Eu®*"/Er**/Ho**/Yb®*) Phosphors,”
Inorg. Chem., vol. 58, no. 12, pp. 7939-7946, 2019, doi: 10.1021/acs.inorgchem.9b00646.

[17] G. Xiang, X. Liu, J. Zhang, Z. Liu, W. Liu, Y. Ma, S. Jiang, X. Tang, X. Zhou, L. Li, and Y. Jin,
“Dual-Mode Optical Thermometry Based on the Fluorescence Intensity Ratio Excited by a 915 nm
Wavelength in LuVO,:Yb*/Er¥*@SiO, Nanoparticles,” Inorg. Chem., vol. 58, no. 12, pp. 8245-8252,
2019, doi: 10.1021/acs.inorgchem.9b01229.

[18] F. Paz-Buclatin, F. Rivera-Lopez, O. Gonzalez, I. R. Martin, L. L. Martin, and D. J. Jovanovic,
“GdVO,:Er¥'/Yb* nanocrystalline powder as fluorescence temperature sensor. Application to monitor
the temperature of an electrical component,” Sensors Actuators, A Phys., vol. 299, 2019, doi:
10.1016/j.5na.2019.111628.

[19] T. Pang, W. Wan, D. Qian, and Z. Liu, “Calibration of optical temperature sensing of Cai.
Na,MoO,:Yb* Er** with intense green up-conversion luminescence,” J. Alloys Compd., vol. 771, pp.
571-577, 2019, doi: 10.1016/j.jallcom.2018.08.309.

[20] S. Sinha and K. Kumar, “Studies on up/down-conversion emission of Yb*" sensitized Er** doped
MLay(MoOy); (M = Ba, Sr and Ca) phosphors for thermometry and optical heating,” Opt. Mater.
(Amst)., vol. 75, pp. 770-780, 2018, doi: 10.1016/j.0ptmat.2017.10.036.

[21] M. Lin, L. Xie, Z. Wang, B. S. Richards, G. Gao, and J. Zhong, “Facile synthesis of mono-disperse
sub-20 nm NaY (WO,),:Er**, Yb* upconversion nanoparticles: A new choice for nanothermometry,” J.
Mater. Chem. C, vol. 7, no. 10, pp. 2971-2977, 2019, doi: 10.1039/c8tc05669b.

[22] A. Pandey, V. K. Rai, V. Kumar, V. Kumar, and H. C. Swart, “Upconversion based temperature
sensing ability of Er**-Yb**codoped SrWO,: An optical heating phosphor,” Sensors Actuators, B
Chem., vol. 209, pp. 352-358, 2015, doi: 10.1016/j.snb.2014.11.126.

[23] D. Y. Wang, P. C. Ma, J. C. Zhang, and Y. H. Wang, “Efficient Down- and Up-Conversion
Luminescence in Er¥*-Yb* Co-doped Y;OgF, for Photovoltaics,” ACS Appl. Energy Mater., vol. 1, no.
2, pp. 447-454, 2018, doi: 10.1021/acsaem.7b00093.

[24] X. Li, P. Gao, J. Li, L. Guan, X. Li, F. Wang, D. Wang, Z. Li, and X. Li, “Enhancing upconversion
emission and temperature sensing modulation of the La,(MoO,)s: Er**, Yb*" phosphor by adding alkali
metal ions,” Ceram. Int., vol. 46, no. 13, pp. 20664-20671, 2020, doi: 10.1016/j.ceramint.2020.04.116.

http://jst.tnu.edu.vn 150 Email: jst@tnu.edu.vn



