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Figure S1. XPS spectrum of oleic acid capped sample K1 synthesized by thermal
decomposition method and cumulative peak fit.
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Figure S2: XRD pattern of as synthesized B-NaYF,:Yb**/Ho*" matching with the standard
diffraction pattern of f-NaYF, (JCPDS No-16-0334).
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Figure S3: Rietveld refinement plots of ADXRD data of (a) K6 (b) K7 and (¢) KS8.
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Figure S4: Rietveld refinement plot of cubic KYb3F;( (K48).
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Figure S5: Y1-F1 and Y2-F2 bond lengths obtained from Rietveld refinement analysis of
samples KO, K1, K2 and K3.
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Figure S6. The normalized XANES spectra of samples K0, K2 and K3 at (a) Ho L3 edge and

(b) Yb L; edge. The inset shows the 15 derivative along with the reference’s oxide (+3 state).
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Figure S7. The Fourier Transform (FT) of k?>-weighted (k) spectra of K0, K2 and K3 at (a)

Ho L; edge and, (b) Yb L; edges, respectively.



Table S1. Shows the variation of CN (coordination number), R (bond distance) and o?

(DebyeWaller factor) by EXAFS data fitting at Ho L;-edge, Y K-edge and Yb L;-edge. The

numbers in parentheses indicate the uncertainty in the last digit.

Ho L3-edge Y K-edge Yb Ls-edge
Sampli CNgo.. Rpor(A) 67 Ho- CNyr Ryp(A) o’vr(A? CNyp: Rypr G2yb-F
e F r(A?) F (A) (A?)
K-0 8.6 2.274 0.0032 7.2 ¢ 2.379 0.0091 8.2 2.277 0.0064
(3)
(2) (2) (2) 3) 3) (2) (2) 3)
K-20 7.8 2.235 0.0046 7.4 2.293 0.0085 8.1 2.249 0.0064
(3)
(2) 3) (2) (2) (3) (2) 3) (3)
K-30 7.4 2.232 0.0072 7.5 2.211 0.0088 7.8 2.271 0.0076
(2) 3) 3) (2) (2) 3) (2) 3) 3)
0.001 cps/eV
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Figure S8: EDS spectra of sample K1.
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Figure S9: EDS-based elemental mapping of sample (a) K1, (b) K2, (¢) K3, (d) K48
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Figure S10: Schematic of energy-level diagram of upconversion luminescence in
NaYF4:Yb*/Ho*" involving Yb3* (sensitiser) and Ho3" (activator), and the proposed

mechanism of upconversion luminescence.
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Figure S11: Williamson-Hall plots of samples KO to K3 UC crystals. Strain is obtained from
the slope of the fit.

Lattice strain calculation using Williamson hall Plot
The micro strain present in the lattice of materials were calculated by Williamson Hall (W-H)

plot governed by the mathematical equation:
fcos@ 1 &£S5inf



Where, A is the wavelength of radiation (x-ray from synchrotron radiation= 0.75428 A), B is
full width at half maximum (FWHM) of diffraction peak, D is the crystallite size in A, 0 is the
peak position and ¢ is the micro strain present in the sample. Plots are drawn between sin6/A
and PcosB/A and micro strain is calculated from slope and particle size from intercept at Y-axis

of the fit.



