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Table S1. CIE coordinate and CCT values of the YMO:Tb3"/2xEu3* NTE

microparticles.
CIE coordinate
Compounds CCT
X Y

YMO:Tb** 0.328 0.566 5587 K
YMO:Tb3"/0.02Eu’* 0.429 0.485 3654 K
YMO:Tb*/0.06Eu* 0.520 0.421 2108 K
YMO:Tb3"/0.10Eu’* 0.578 0.380 1713 K
YMO:Tb*/0.14Eu’* 0.598 0.367 1820 K

YMO:Tb**/0.18Eu* 0.614 0.355 2059 K
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Figure S1. (a) FE-SEM image of YMO:0.06Eu** NTE microparticles. FE-SEM
images of YMO:Tb?"/2xEu*" NTE microparticles with different doping concentration

of (b) x =0, (c) x = 0.01, (d) x = 0.05, () x = 0.07 and (f) x = 0.09.
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Figure S2. (a) Particle size distribution of YMO:0.06Eu*" NTE microparticles.
Particle size distribution of YMO:Tb*"/2xEu?" NTE microparticles with different
doping concentration of (b) x = 0, (c) x = 0.01, (d) x = 0.05, (¢) x = 0.07 and (f) x =
0.09.



YMO:Th —%,, = 548 nm YMO:0.06Eu® A = 613 nM
(a) %, =297 nm (b) 5|_E ¢ e 393 nm
I - S "
5 5 o |Fo | )
g GlcT & * R, 5D,
oy ’Ls 5(1?:5 "? / . 5?1 F,
? t 2|\ sp’Folop, | 'y
8| VR )T g ? S GTI B
< =] I DA | *Dy
—_ | 7F,  L7F, ,
W it " D,

250 300 350 400 450 500 550 600 650 700 750 250 300 350 400 450 500 550 600 650 700 750

Wavelength (nm)

Wavelength (nm)

c YMO: Tb** ¥YMO:0.06Eu* ( d) YMO:Tb*/0.06Eu> — %, =548 nm
A = 613 %,.=297 nm %, =613 nm
D A =
—_ 5Ls 2 —_ ; 2, =297 nm
5 T T ] F,
. ; ’
Zjer 2 | Fo FﬂﬁD 2 °D, f
2 o ! P T *Dy
s 22 T =
0 T 3 w0 F, F,
5 sn 7F. |°D Fo 5 F,
g | iR - P ]
—_ e 5D,
e o Dof| T
[ 0 5D
0

250 300 350 400 450 500 550 600 650 700 750

Wavelength (nm)

250 300 350 400 4

LB T B B e

——r—
50 500 550 600 650 700 750

Wavelength (nm)

Figure S3. Excitation and emission spectra of (a) YMO:Tb*" and (b) YMO:0.06Eu**
NTE microparticles. (¢) Excitation spectrum of YMO:0.06Eu*" NTE microparticles
and emission spectrum of YMO:Tb3" NTE microparticles. (d) Excitation and

emission spectra of YMO:Tb*"/0.06Eu3* NTE microparticles.

Fig. S3(a) shows the excitation and emission spectra of YMO:Tb3* NTE
microparticles. The excitation spectrum monitored at 548 nm is composed of an
intense broad band and two sharp bands. Herein, the broad band at 297 nm is assigned
to f-d transition of Tb?* ions, while these two narrow peaks at 353 and 378 nm are
ascribed to the transitions of 'Fg — 3Ly and "Fg — >Gg, respectively.! Since the
excitation band at 297 nm shows the strongest intensity, we use it as the excitation
wavelength. Upon 297 nm excitation, only the featured emissions of Tb3' ions are
seen in the YMO:Tb*" NTE microparticles (see Fig. S3(a)). The emission bands at
487, 548, 582 and 618 nm are assigned to the Dy — F¢, Dy — Fs, °D4 — "F4 and
D4 — 7Fj5 transitions of Tb3" ions, respectively.!

The excitation and emission spectra of the YMO:0.06Eu*" NTE microparticles



are shown in Fig. S3(b). When the monitoring wavelength is 613 nm, the excitation
spectrum can be divided into two parts, namely, the broad band at 256 nm is
attributed to the charge transfer (CT) transition of O> — Eu’*, whereas these sharp
peaks at 319, 363, 377, 381, 393, 416, 464 and 535 nm originating from the
transitions of Eu?" ions from "F to 3Dy, °G,, 3Gj3, °Lg, °Ds, °D; and 3D,,? respectively.
Excited by 393 nm, the YMO:0.06Eu** NTE microparticles only emit the featured
emissions of Eu®" ions and emission bands located at 593, 613, 652 and 705 nm
corresponding to the Dy — Fy, 3Dy — "F,, Dy — F3 and Dy — ’F, transitions.?

As we known, spectral overlap between the emission of Tb** ions and excitation
of Eu?" ions is the necessary prerequisite to the occurrence of ET from Tb3' to Eu3*
ions in Tb**/Eu*" co-activated phosphors.? Considering this, the excitation spectrum
of YMO:0.06Eu*" NTE microparticles and emission spectrum of YMO:Tb*" NTE
microparticles are shown in Fig. S3(c). As disclosed, the emission band of Tb*" ions
at 548 nm is overlapped with the excitation band of Eu®* ions arising from "F, — 3D,
transition, suggesting that the energy is able to be transferred from Tb** to Eu** ions.
To further confirm the existence of ET between Tb*" and Eu®" ions in the Tb**/Eu?*-
coactivated YMO NTE compounds, we measured the excitation and emission spectra
of the representative YMO:Tb3*/0.06Eu?* NTE microparticles, as shown in Fig. S3(d).
Compared with the YMO:Tb** NTE microparticles (see Fig. S3(a)), an extra
excitation band at 319 nm originating from FEu?" ions is seen in the
YMO:Tb?**/0.06Eu" NTE microparticles aside from these bands from Tb3" ions when
the monitoring wavelength is 548 nm corresponding to the emission band of Tb** ions.
Furthermore, upon 297 nm excitation, both the characteristic emissions of Tb3* and
Eu’" ions are observed in the prepared samples. These results suggest that the energy

can be transfer from Tb** to Eu?* ions in the YMO:Tb?*/2xEu*" NTE microparticles.
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Figure S4. Emission intensities of Tb3" and Eu’" ions in YMO:Tb3"/2xEu** NTE

microparticles as a function of doping concentration.
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Figure S5. Normalized emission intensity of Tb3" ions in YMO:Tb*"/2xEu** NTE

microparticles as a function of Eu** ion content.

As we know, the energy transfer between the sensitizer and activator is able to be
realized via either exchange interaction or multipolar interaction, which can be judged
by evaluating critical distance (R.) between dopants. As previously proposed, the R,

value can be calculated by the following expression:*

R, = 2[3V/4nx z]'?

c
where V and N are the volume per unit cell and number of host cations in the unit cell,
respectively, whereas x, is total critical concentration of Tb3" and Eu" ions, in which
the content of Eu’" ions corresponds to the emission intensity of Tb3" ion decrease to
half of its initial value without Eu** ions. From Fig. S5, one knows that the emission
intensity of Tb3* declines to half of its initial value when x = 0.033. In terms of YMO
host, the values of V and Z are 1380.82 A3 and 4, respectively, while the total
concentration of x, is 0.063. Thus, R, value of YMO:Tb?**/2xEu?* NTE microparticles
is 32.04 A, which is much larger than 5 A, indicating that the involved ET mechanism

between Tb3" and Eu* ions is dominated by multipolar interaction.
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Figure S6. Fitted decay curve of YMO:Tb**/0.18Eu*" NTE microparticles monitored

at 378 nm by using the I-H model
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Figure S7. Emission spectra of the YMO:Tb*"/0.06Eu** NTE microparticles excited

by 297 nm as a function of temperature.
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Figure S8. Emission spectra of the YMO:Tb*"/0.10Eu** NTE microparticles excited

by 297 nm as a function of temperature.
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Figure S9. Emission spectra of the YMO:Tb*"/0.06Eu** NTE microparticles excited

by 378 nm as a function of temperature.
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