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Figure S1 XRD patterns of (a) 20Yb/1Er: NaGdF,4 core, (b) 20Yb/1Er: NaGdF,@
20Yb/10Nd: NaYF, core-shell, (c) 20Yb/1Er: NaGdF,@20Yb/10Nd: NaYF,@
NaGdF, core-shell-shell samples. Bars represent standard hexagonal B-NaYF,
(JCPDS No. 16-0334) and B-NaGdF; (JCPDS No. 27-0699) diffraction data,
respectively.
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Figure S2 Photoluminescence spectrum of 20Yb/1Er:NaGdF,@20Yb/10Nd:NaYF,@
NaGdF, core-shell-shell sample under the excitation of 808 nm laser.
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Figure S3 Energy level diagrams of Er**,Yb3" and Nd*' ions, Nd**-sensitized UC
processes as well as the proposed mechanisms for water detection under 980nm or
808 nm excitation for the present UCNC:s.
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Figure S4 Fourier transform infrared spectroscopy (FTIR) of the oleic acid capped
20Yb/1Er: NaGdF4 UCNCs (bottom) and the corresponding ligand-free sample (top).
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Figure S5 UC emission spectra of core UCNCs dispersed in DMF solution with
different water contents under the excitation of 980 nm laser.
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Figure S6 UC emission spectra of core-shell UCNCs dispersed in DMF solution with
different water contents under the excitation of 980 nm laser.
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Figure S7 UC emission spectra of core-shell-shell UCNCs dispersed in DMF solution
with different water contents under the excitation of 980 nm laser.
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Figure S8 UC emission spectra of core-shell UCNCs dispersed in DMF solution with
different water contents under the excitation of 808 nm laser.
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Figure S9 Water-content-dependent UC emission decay curves of (a) Er’*: 2H;1,%S3,
emitting states (Ao, =540 nm) and (b) *Fo, one (A, =654 nm) for the core NCs under

the excitation of 980 nm laser.
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Figure S10 Water-content-dependent UC emission decay curves of (a) Er’':

2Hy1/,*S3/, emitting states (Ao, =540 nm) and (b) Fo, one (A.,=654 nm) for the core-

shell NCs under the excitation of 980 nm laser.

Ex=980nm 0), Ex=980nm
En=540nm ¥ Enr654nm
=F S

= F ¢ 0.05%

S Core-shell-shell| Ffi : o Core-shell-shell
! —i 02%
M 025%
%‘ - é‘ L 03%
& éi i 8.305/“/..
Q L 4%
k=03 < 045%
=X S
0L 20 i 10%
A 15%
3 i 3 H 20%
’ o 25%
Iy 30%
E 35%
3 0%
o 45%

1
0 1

Time (ms)

2
Time (1ms)
Figure S11 Water-content-dependent UC emission decay curves of (a) Er’':
’H;1,S3/, emitting states (Ao, =540 nm) and (b) Fo, one (A.,=654 nm) for the core-

shell-shell NCs under the excitation of 980 nm laser.
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Figure S12 Water-content-dependent UC emission decay curves of (a) Er’':
’Hy1,S3/, emitting states (Ao, =540 nm) and (b) F9, one (A.,=654 nm) for the core-

shell NCs under the excitation of 808 nm laser.
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Figure S13 Water-content-dependent UC emission decay curves of (a) Er’':
’H;1,S3/, emitting states (Ao, =540 nm) and (b) Fo, one (A.,=654 nm) for the core-

shell-shell NCs under the excitation of 808 nm laser.

@ (b) i —+—)_=808nm
[ & —+2,=980nm
Ex=808nm .. r 1
L X
i S 1
S
& 1
-S - A
Ex=980nm .. 8 B l
b n I Ik‘: l a
| fl A
vV PR—— .-’/‘\‘.\A’-I p— ;
l H.O - Ligand-free UC 400 450 500 550 600 650 700
7 nanocrystal WaVClength (nm)

Figure S14 (a) Schematic illustrations of the noncontact method for measuring UC
emission spectra under 808 nm or 980 nm laser excitation. (b) The corresponding UC

emission spectra.



