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Figure S1: Photothermal efficiency of Gold-liposome nanoparticles developed with (a) 
DPPC/DSPE-PEG/DSPE-PEG-Amine liposomes and (b) DPPC/DSPE-PEG liposomes with two 
different ascorbic acid: gold chloride (AA: Au) ratios.

Figure S2. Physicochemical characterization of Gold-liposomes nanohybrids developed with 
DPPC/Chol liposomes and higher concentrations (0.1% and 0.3%) of chitosan coating and 8:1 
ascorbic acid to gold chloride ratio. (a) UV-Vis spectroscopy, (b) Hydrodynamic size, (c) Zeta 
potential and (d) Photothermal efficiency, and (e,f) TEM analysis (inset: Optical image of the 
sample in cuvettes) scale bar = 100 nm. Representative TEM images of (f) DPPC/Chol bare 
liposome and (g) chitosan-coated liposome. Scalebar=200 nm.
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Figure S3: Lower magnification TEM images of Gold-liposomes nanohybrids developed with 
DPPC/Chol liposomes and (a) 0%, (b) 0.001%, and (c) 0.01% chitosan and 8:1 ascorbic acid to 
gold chloride ratio. Scale bar =200nm in all images.

Figure S4. EDS analysis of 0% GLNs (a) low magnification and (b) high magnification TEM 
images along with EDS spectrum (region 1 corresponding to the GLNs and region 2 corresponding 
to the empty grid), and elemental mapping showing distribution of Au on GLNs.
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Figure S5.EDS analysis of 0.001% GLNs (a)low magnification and (b) high magnification TEM 
images along with EDS spectrum (region 1 corresponding to the GLNs and region 2 corresponding 
to the empty grid), and elemental mapping showing distribution of Au on GLNs.
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Figure S6.EDS analysis of 0.01% GLNs (a)low magnification and (b) high magnification TEM 
images along with EDS spectrum (region 1 corresponding to the GLNs and region 2 corresponding 
to the empty grid), and elemental mapping showing distribution of Au on GLNs.

Figure S7. Physicochemical characterization DPPC/Chol liposome with different concentrations 
(0.001%, 0.01%, 0.1%, and 0.3%) of chitosan coating. (a) Hydrodynamic size (b) Zeta potential

Figure S8. Physicochemical characterization DPPC/Chol/DSPE-PEG liposome with different 
concentrations of 0.001%, 0.01%, 0.1% and 0.3% of chitosan coating. (a) Hydrodynamic size (b) 
Zeta potential



9

Figure S9. Physicochemical characterization of GLNs developed with DPPC/Chol/DSPE-PEG 
liposome with different concentrations of 0.001%, 0.01%, 0.1% and 0.3% of chitosan coating and 
8:1 ascorbic acid to gold chloride ratio. (a) UV-Vis spectroscopy (b) Hydrodynamic size, (c) Zeta 
potential, (d) Photothermal efficiency, and (e) TEM analysis (inset: Optical image of the sample 
in cuvettes), (scale bar = 100 nm).
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Figure S10. Normalized Raman intensity of liposome alone

Figure S11. Thermogravimetry analysis of liposomes and GLNs
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Figure S12. In vitro stability of the GLNs 0%, 0.001% and 0.01% showing hydrodynamic 
diameter and polydispersity index (PDI), (a-b) in Milli-Q water for up to 14 days (c-h) in PBS, and 
culture media used for the cell uptake studies for up to 24 h.
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Figure S13. (a) Deflection error vs Z curves obtained during Peak Force QNM measurements, 
representing the approach (blue) and retract (red) curves. The approached curve was fitted and the 
fitted region using the (b) Hertz or (c) Cone-Sphere model is shown by the green curve that is 
superimposed with the raw data. Retraction was not utilized in the modulus computation, 
represented by the red curve. The indentation depth was kept within the bounds between maximum 
and minimum force fit boundary (red dotted lines) where the model assumptions hold by fitting in 
the approach curve's elastic regime.
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Figure S14. Young’s modulus measured for the different samples using the Hertz model

Table S1.  Young’s modulus of bulk/metal NPs 

Metal /modified metal nanoparticle Young’s modulus Model used Ref

1 Gold Nanostars on PDMS 200 MPa Derjaguin-Muller-
Toporov (DMT) model

1

2 Pristine GNPs 32.69 ± 6.57 MPa Derjaguin-Muller-
Toporov (DMT) model

2

3 Peptide modified GNPs 10.66 ± 1.75 MPa Derjaguin-Muller-
Toporov (DMT) model

2

4 AuNP doped hydrogel 2.7 MPa 3

5 Aerogels with AgNPs 83.9 MPa 3

6 Gold nanoparticle- decorated polyethylene 
glycol- hydroxyapatite (PEG-AuNP)

6 MPa 4

7 AuNPs > 6nm 60 GPa (elastic 
modulus)

Hertzian model 5

8 Nanodimensional metallic silver 103.93 GPa (elastic 
modulus)

6

9 Copper Alloys - Nickel Silvers 120-140 GPa 7
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Table S2. Reference on cell studies done with NPs and substrate stiffness

 Nanoparticle uptaken by cells Young’s Modulus Model used Ref

1 DSPC:DSPG liposome (molar ratio 4:1) 3.6±1.2 Mpa Hertz/Sneddon model 8

2 DSPC:DSPG:CHOL (molar ratio 4:1:2) 1.4±0.5 MPa Hertz/Sneddon model 8

3 Nanolipogels with alginate core 0.036- 24 MPa - 9

4 Phospholipid liposomes 45 kPa- 53.3 MPa - 10

5 PLGA core lipid shell nanoparticles 5 MPa- 110 Mpa - 11

6 PEG hydrogel nanoparticles 0.01-3 MPa - 12

7 Zwitterionic nanoparticle with 
carboxybetaine dimethacrylate and 

carboxybetaine methacrylate

4.4- 165 MPa - 13

8 Silica nanocapsules 0.7 MPa Hertzian contact model 14

9 Hydrogel nanoparticles 0.37-3.15 MPa - 15

10 Gelatin nanoparticles 5.48-14.26 MPa Hertz model 16

 Substrates for cell growth Young’s Modulus Model used Ref

11 Polydimethylsiloxane (PDMS) 5kPa-1.72 MPa - 17

12 Polyacrylamine (PAA) hydrogel 7.2-37 kPa - 18

13 PDMS 1.8-0.2 MPa - 18

15 PDMS 10-1500 KPa - 19

16 Polyvinyl alcohol 4.5-37 kPa - 20

17 PAA-PAH films 150 MPa Hertz model 21

18 Silica layer on PDMS 7 MPa Hertzian model 22
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Table S3. Quantitative comparison of nanoparticle size, roughness, and Young’s Modulus 
estimations using Hertz and Cone-Sphere Contact Mechanics

Nanoparticles 
(NPs)

Size (nm) 
(Mean ± SD)

Roughness (nm)
(Mean ± SD)

Young’s Modulus 
(MPa) 

Hertzian Model
 (Mean ± SD)

Young’s Modulus 
(MPa)- Cone-Sphere 
Model (Mean ± SD)

20 nm AuNPs 51.2 ± 6.28 1.8 ± 0.3 7.54 ± 2.32 46.3 ± 6.75
100 nm AuNPs 145.4 ± 16.2 3.4 ± 0.9 4.76 ± 1.38 39.2 ± 7.17
Liposome 114.0 ± 10.7         1.8 ± 0.5 0.79± 0.48 4.01± 0.98
0% GLNs 167.9 ± 14.8 2.2 ± 0.7 1.04 ± 0.64 11.5 ± 2.27
0.001% GLNs 200.7 ± 12.1 2.7 ± 0.7 2.05 ± 0.63 19.3 ± 2.28
0.01% GLNs 156.8 ± 16.4 3.2 ± 0.9 7.33 ± 2.55 50.5 ± 4.99
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Figure S15. In vitro cellular viability of finalized Gold-liposome nanohybrids developed with 
DPPC/cholesterol liposomes without chitosan (0%), DPPC/cholesterol liposomes with 0.001% 
chitosan, and DPPC/cholesterol liposomes with 0.01% chitosan. (a) DC 2.4 and (b) MODE-K 
cells. P.C. represents cells alone, and N.C represents cells treated with 0.1% Triton-X 100.
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Figure S16. Representative images showing cellular uptake of different concentrations of 
DPPC/cholesterol liposomes with 0.001% chitosan obtained after 6 h incubation in (a) DC2.4 and 
(b) MODE-K cells. Scalebar=40µm

Figure S17. In vitro cell uptake of finalized Gold-liposome nanohybrids developed with 
DPPC/cholesterol liposomes without chitosan (0%), DPPC/cholesterol liposomes with 0.001% 
chitosan and DPPC/cholesterol liposomes with 0.01% chitosan. Representative images showing 
cellular uptake at different time points from 1h to 24h in (a) DC2.4 cells and (b) MODE-K cells. 
Scalebar=50µm. 
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Figure S18. In vitro cell uptake of different GLNs at different time points from 1h to 24h in (a) 
DC2.4 cells and (b) MODE-K cells validated using ICP-MS analysis
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Figure S19. In vitro cell viability performed after treating (a) DC2.4 and (b) MODE-K cells with 
different inhibitors. Representative overlay images of brightfield and DAPI (blue) in (c) DC2.4 
and (d) MODE-K cells incubated with GLNs synthesized without chitosan (0%), with 0.001% 
chitosan and with 0.01% chitosan for 6 h with and without pre-treatment with inhibitor (genistein). 
Scale bar=40µm. Here genistein inhibits caveolae-mediated endocytosis.
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Figure S20. a) Representative images of MODE-K cells stained with calcein/PI after incubation 
of 10 µg/mL and 15 µg/mL GLNs for 6h followed by laser irradiation b) Representative images 
of DC2.4 cells stained with calcein/PI after incubation of 15 µg/mL GLNs for 6h and 8h. Scale 
bar=90 µm. 
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Figure S21. a) Quantification of the different functional parameters for glycolysis from ECAR 
curves a) glycolysis and b) glycolytic reserve.
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