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Fig. S1 Statistical analysis of size distribution including length, diameter and aspect ratios of 

the AuNRs. a-c) AuNRs-620; d-f) AuNRs-660 and g-i) AuNRs-740.

Fig. S2 Characterization of UCNPs. a) Representative TEM image. b) Diffraction pattern. c) 

HRTEM. 
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Fig. S3 Statistical analysis of size distribution. a) Diameter and b) Height of six prism-shaped 

UCNPs-PAA.

Fig. S4 FT-IR spectrum of UCNPs-PAA, indicating the existence of -COOH group.



4

Fig. S5 Quantitative analysis of the relationship between the radiance and penetration depth 

for the samples of the UCNPs in combination with plasmon nanostructures of AuNRs-660 

spaced by 8 nm polyelectrolyte multilayers and only UCNPs as reference (Ref.) collected at 

red emission of 650 nm.
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Table S1 Statistical analysis of size distribution for AuNRs.

AuNRs-620 AuNRs-660 AuNRs-740

Parameters Length 

(nm)

Diamete

r (nm)

Aspect 

Ratio

Length 

(nm)

Diamete

r (nm)

Aspect 

Ratio

Length 

(nm)

Diamete

r (nm)

Aspect 

Ratio

Mean 51.6 20.3 2.6 55.2 18.6 3.0 55.2 14.2 3.9

Max 62.4 25.5 3.7 67.5 32.3 4.2 83.5 22.0 6.5

Min 38.6 12.5 1.8 38.9 13.2 1.7 32.3 9.8 2.2

SD 3.6 1.7 0.3 5.1 2.2 0.4 8.2 1.8 0.6

Table S2 Statistical analysis of size distribution for UCNPs-PAA.

Diameter 

(nm)
Height (nm)

Mean 37.5 29.7

Max 45.8 38.6

Min 30.4 25.5

SD 2.2 1.7

Table S3 LSPR wavelength of AuNRs on different conditions.

Nomenclatur

e

LSPR wavelength

in solution (nm)

LSPR wavelength 

on silicon (nm)
Blue-shift (nm)

AuNRs-620 670 620 50

AuNRs-660 725 660 65

AuNRs-740 810 740 70


