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Highlights of the main manuscript 
 Microemulsion synthesis and upconversion studies of UCNP-PLGA-

nanocurcumin 
 NaYF4: Yb,Er-PLGA-nanocur provide green and yellow emission at 980 nm 

laser  excitation 
 NaYF4: Yb,Tm-PLGA-nanocur give blue & NIR-NIR emission suitable for in 

vivo imaging 
 UCNP-PLGA-nanocur incubated with rat glioblastoma cancer cells reveal 

mild cytotoxicity 
 In vivo and ex vivo of UCNP-PLGA-nanocur with Lewis lung cancer mouse 

tumor model 
 

1. Optical Absorption and Luminescence Spectral Studies of Nanocurcumin 
The optical absorption and luminescence properties of the as-received raw curcumin 

and synthesized nanocurcumin were investigated with the UV-VIS spectrometer and 
spectrofluorometer. The curcumin samples were dispersed in water and unfiltered 
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aqueous solution was used. The UV-VIS spectrum of the raw curcumin (Figure S1a) has 
no characteristic absorbance peak at 420–450 nm [1,2], instead it shows a broad curve from 
350 to 550 nm. Relatively, nanocurcumin showed absorptions at 270 nm, 350 nm and 425 
nm due to its reduction in the particle size and aqueous solubility and [3]. The improved 
solubility of nanocurcumin could be useful for drug delivery application [4,5]. Photolu-
minescence property of curcumin and nanocurcumin was studied at an excitation wave-
length of 425 nm. The raw curcumin exhibits weak luminescence (Figure S1b) owing to its 
poor optical absorption, shows almost a flat-profile varies from 350 to 550 nm and its max-
ima located at 567 nm. But, the nanocurcumin shows ten times enhanced luminescence 
compared to raw curcumin. The nanocurcumin emission shows a broad spectrum, which 
ranges from 500 to 650 nm and its maxima centered at 567 nm. A high hydrophilicity of 
nanocurcumin is the reason for the increased light absorption and emission. The nanocur-
cumin attains a blue shift in the fluorescence spectrum, due to particle size reduction, 
which is favorable to enhance oral intake for drug delivery and biological applications [5]. 
Hence, the solvent antisolvent synthesis approach has improved the hydrophilicity of 
nanocurcumin which can make it as good photo-sensitizer for drug loading process. 
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Figure S1. (a) UV-VIS absorption spectra (b) photoluminescence spectra of raw curcumin and nanocurcumin. 

2. Thermal analysis 
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Thermal properties of the as-prepared nanocurcumin samples were studied using 
differential thermal analysis (DTA) and thermo gravimetric analysis (TGA).  The DTA 
curve of nanocurcumin is shown in Figure S2a, which reveals an endothermic peak at 180 
°C that related to the melting point of curcumin [6]. The TG curve of nanocurcumin is 
shown in Figure S2b, which shows the weight loss from 220 to 450 °C due to the chemical 
reduction curcumin molecule. It indicates nanocurcumin is stable up to 100 °C, so 
nanocurcumin was functionalized with UCNP-PLGA below 100 °C [7] to avoid decom-
position and hence it was not heat-treated further.  

 

 
Figure S2. Thermal analysis of nanocurcumin, (a) DTA and (b) TGA profile. 

3. EDAX and Elemental Mapping of NaYF4:Yb,Er (UCNP1)-PLGA nanocur 
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Figure S3. (a): EDAX survey spectrum of NaYF4:Yb,Er-PLGA-Nanocurcumin complex shows the presence of Na, Y and F 
(host ions); Yb and Er (dopant ions), and organic species C, O and N (from PLGA polymer and Nanocurcumin). 

 
Figure S3 (b): EDAX spectrum in the range 0 to 3 keV shows strong peaks for the elements F, Y, and 
Na ion and less intense peaks from 1.4 and 2 kev related to M-shell X-ray emission energy lines for 
dopant Yb and Er ions. The organic species C, N, O are from PLGA polymer and curcumin drug. 
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Figure S3 (c):  EDAX spectrum in the range 6 to 10 keV shows very weak peaks for Yb and Er  due 
to their  L-shell X-ray emission energy lines. (EDAX energy positions are assigned by referring 
AMTEK−EDAX interactive energy table available in the following websites) 
https://www.edax.com/resources/interactive-slide-rule-by-atomic-number 
https://physics.nist.gov/PhysRefData/XrayTrans/Html/search.html 
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Elemental Mapping of NaYF4 Host Material Elemental Mapping of Dopant Materials 

       

      

    

Molecular Structure of Curcumin 

 
Molecular structure of PLGA 
Poly(lactic-co-glycolic acid) 

 
Chemical elements From PLGA  and  Nanocurcumin 

          
Figure S4. EDAX elemental mapping of Na, Y, F, C, O, Er, Yb elements in the  NaYF4:Yb,Er-PLGA-Nanocur complex. 

4. Zeta potential analysis 
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The dynamic light scattering based zeta potential analysis is useful to understand 
about the surface charge properties of nanoparticles, estimation on the electrostatic poten-
tial of colloidal nanoparticle and hence helpful to predict the stability of nanoparticles for 
bio applications. This colloidal nano suspension has positive or negative electric charge 
[8,9]. Figure S5 (a−e) shows the zeta potential of the nanocurcumin, UCNP and UCNP-
nanocurcumin complexes in the neutral pH water solution. The nanocurcumin displayed 
the highest negative zeta potential of -60.3 mV that imply high stability; such property is 
beneficial to conjugate the drug molecule with UCNPs for increased stability in the bi-
ocelluar system. The curcumin drug free UCNP1 (NaYF4:Yb,Er) and UCNP2 
(NaYF4:Yb,Tm) shows a reduction in zeta potential of −28.3 mV and −39.5 mV respectively. 
It reveals that UCNPs with moderate zeta potential indicates sufficient stability to use it 
as drug nanocarrier [10]. Surprisingly, Zeta potential gets increased when UCNPs is func-
tionalized with PLGA. The UCNP1–PLGA–nanocur and UCNP2–PLGA–nanocur exhibits 
a high negative zeta potential of −42.9 mV and −59 mV respectively. This improved zeta 
potential indicates good colloidal stability. It specifies successful conjugation between the 
nanocurcumin drug and UCNPs  due to the effective functionalization through carbox-
ylic functional groups of PLGA [11]. Considering the fact that maximum cell membranes 
hold negative charge, the present zeta potential of nanocurcumin drug loaded UCNP-
PLGA complexes are able to improve biodistribution. Therefore, nanocurcumin incorpo-
rated UCNP-PLGA nanocomplex which displays a negative zeta potential could give ex-
cellent chemical stability for drug delivery and various biological applications [12, 9]. The 
zeta potential values are given in Table S1.  

 

Table S1. Zeta potential values of UCNP-Nanocurcumin complexes. 

S.No. Materials name Zeta potential 
1. Nanocurcumin  −60.3 mV  
2. UCNP1 (NaYF4:Yb,Er)  −28.3 mV  
3. UCNP1-PLGA-nanocur −42.9 mV 
4. UCNP2 (NaYF4:Yb,Tm) −39.5 mV 
5. UCNP2-PLGA-nanocur −59.0 mV 
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Figure S5. Zeta potential profiles of the nanocurcumin, UCNP1 (NaYF4:Yb,Er), UCNP1-PLGA-nanocurcumin, UCNP2 
(NaYF4:Yb,Tm) and UCNP2-PLGA-nanocurcumin complex (taken in aqueous solution at pH 7). 
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