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Fig. S2. Power dependence of UC intensities of Bigg9sEr g025R€0.002sOCI crystals. (Re
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.SEM patterns of Bi0.9725EI'0.0025Yb0.025OC1 crystals.
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Fig. S3. Power dependence of UC intensities of Big ¢725Er0 0025R€0.025OCI crystals. (Re

= La, Gd, Dy and Lu)
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Fig. S4 (a) UC spectra of 4% Er’* doped and 4% Er3"-4%Yb3" copded BiOBr crystals;

Pump power dependence of UC emission of (b) green (c) red emission.
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Fig. S5. Raman spectra of Bi(.004,)Ero0aYb,OCl crystals with different Yb**

concentration. The inset is the enlarged Raman spectra of the peak at 1015 cm-!.
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Fig. S6. NIR fluorescent spectra of Big 9725Er( 0025 Ybg.025OCI crystals under excitation
at 980 nm. The inset is the power dependence of the NIR emission (1550 nm) with

different Yb3* concentrations.
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Fig. S7. UC emission lifetime decay curves of Bi(i_g04.,)Ero04Yb,OCI crystals with
various Yb*' concentration under excitation at 980 nm with power density of 90
W/cm? (upon threshold) and 55 W/cm? (below threshold). (a) 4Ss, level and (b) 4Fq),

level upon threshold; (c) #S;; level and (d) “Fy; level below threshold point.
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Fig. S8. UC emission lifetime decay curves of *Ss/, level of Bi(;.9.025.1E10.025 Yb,OCl
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crystals with various Yb3' concentration under excitation at 980 nm with power

density of 90 W/cm? (upon threshold).
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Fig. S9. The downshifting luminescence lifetime decay curves of (a) 4Ss,, and (b) 4F),
level of Bi(1.9,04.)Er0.04Yb,OCI crystals with various Yb** concentration under 380 nm
excitation.
The UC and downshifted luminescence lifetimes were both fitted using a single
exponential function.
I(t) = Ip+ Arexp(-t/t1)
where [ and /,, are the luminescence intensity at time ¢ and 0, A, is a constant, ¢ is the
time, and 7, is the decay time for the exponential components, respectively. In the
case of UC emission process (Fig.S5), the lifetimes of samples upon excitation
threshold point is just slightly longer than those below threshold point, which is
probably due to the influence of increasing power on the enhancement of ET UC
process.!> Meanwhile, the elevated amount of Yb*" dopants concentration decrease the

lifetimes of green and red light upconcverted levels, exhibiting the similar effect on

the lifetime of conventional UC emissions,** in which Yb*" ions may act as trapping
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centers and dissipate energy nonradiatively.’ It is necessary to clarify that the decrease
of lifetimes should not be the critical factors restraining the PA behaviors. For
instance, for the samples with 0.25 % mol Er’" ions, the lifetimes of green UC
emission level increase first and then decrease with increase in the Yb3" dopant upon
threshold (Fig. S6, Supporting Information).

In the case of downshifting Stocks process, the lifetimes of green and red
emission levels excited by UV light (380 nm) increase at first and decrease with
increasing Yb*" dopants subsequently (Fig. S7). The most likely cause of this trend is
that Yb3*" dopants can weaken the magnitude of lattice vibrations due to Er** doping,
which reduce the NVR and prolong the lifetimes of emission levels consequently. On
the other hand, the higher concentration Yb*" dopant will also act as trapping centers

and dissipate energy nonradiatively, and eventually decrease the lifetimes as do in the

conventional UC process.
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Fig. S10 Energy levels diagram of Er** and Yb*" and possibly PA UC mechanisms
Fig. S10 depicts energy levels of Er*" and Yb** ions as well as the proposed mechanism

of PA responsible for violet, green, red and NIR emissions. For the PA process, it is generally
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based on the existence of an efficient cross-relaxation (CR) process which can populate the
intermediate state. We supposed that the *I;3, level will become a dominant reservoir level
through relaxation from I, level under the effect of intense internal polarized electric field
as well as intense nonradiative vibration relaxation that is originated from the vibration of
lattice and surface absorbed groups. The great enhancement of electron phonon interaction
upon the threshold of excitation power can readily remedy the energy mismatch between
the transitions with the intermediate energy level of Er3" ion. Thus, the intermediate
population of *Fg;, level (red emission), 2H;1/*S35 level (green emission) and 2Hg), level
(violet emission) could were greatly enhanced and resulted in the occurrence of remarkable
ratio between the population of reservoir level and the excited-state level, which initiated
necessary condition for the UC PA processes and lead to the NIR PA behavior synchronously.
However, the increase of Yb*" ion dopant concentration reduced the magnitude of internal
polarized electric field and polarizable chemical environment of BiOCI crystals, which would
reduce the excitation and transition of Er3* ions, resulting in the decrease of the cycle numbers
for the CR processes of UC and NIR PA emissions. Meanwhile, the enhanced ET process
from the Yb*" to Er’* ions simultaneously improve the population of upconverting levels
through the traditional ET processes in most Er-Yb co-doped compounds, thus, the PA

phenomenon disappeared consequently.
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