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Change one parameter…

see what happens…

How can we modify the optical and 

photothermal properties of 

nanoparticles?



Presentation plan:

1. Application of optical properties of nanoparticles

2. Materials and methods

a) Why gold- (Au NPs) and platinum nanoparticles (Pt NPs)?

b) Synthesis of nanoparticles – mechanisms of stability of Au NPs and Pt NPs

3. Results – what happens with optical properties of nanoparticles, when I 

change one of the following parameters of during synthesis:

a) Time

b) Reducer concentration

c) Temperature

d) Synthesis method

e) Size of nanoparticles

4. Summary

Au NPs

Pt NPs



Optical properties of nanoparticles

Chemical, biological 

and physical sensors 
Photovoltaics: solar cells, light 

harvesting, photocatalysis 

Nanoparticles fabrication

Electronic 

devices e.g. 

diodes, phones

Medicine and pharmacy:

- Bioimaging

- Drug delivery system

- Photothermal therapy

- Photodynamic therapy

- Combined therapy

- Low cytotoxity

- Biocompatibility

- High conversion from light to 

thermal energy

- Anticancer properties

- Absorption light with wavelengths 

between 650 nm and 900 nm



Au NPs

Pt NPsPossibility to change size 

and shape = change of 

the optical properties

Why Au NPs and Pt NPs?

Anticancer properties

Biocompatibility

Possibility to synthesize 

in laboratory conditions

High thermal conductivity

Au - 317 W/(m•K)

Pt - 71.6 W/(m•K)

Stability in water as well as

in buffer solutions



II BLOCK: Synthesis of Au rods:

I step: Au3+ → Au+: CTA−[AuBr4] + C6H8O6 →

CTA-AuBr2 + C6H6O6 + 2H+ + 2Br-

II step: Au+ → Au0: 2CTA-AuBr2 + C6H8O6 →

2Au + C6H6O6 + 2 CTA+ 2H+ + 4Br-

I BLOCK : Synthesis of Au seeds

Seed mediated synthesis of Au NPs - mechanisms of stability 



I step: Au3+ → Au+: CTA−[AuBr4] + C6H8O6 → CTA-AuBr2 + C6H6O6 + 2H+ + 2Br-

II step: Au+ → Au0: 2CTA-AuBr2 + C6H8O6 → 2Au + C6H6O6 + 2CTA+ 2H+ + 4Br-

Seed mediated synthesis of Au NPs - mechanisms of stability 



Seed mediated synthesis of Au NPs



Seed mediated synthesis of Au NPs

Time Temperature Reducer concentration

Time [min.] 1 15 30 60 120 15 15 15 15 15 15 15 15

Temperature

[oC]
30 30 30 30 30 60 70 80 90 30 30 30 30

Reducer

concentration

[0.78M]

1x 1x 1x 1x 1x 1x 1x 1x 1x 2x 3x 4x 5x 



Time as shape control factor in Au NPs

1 min.            15 min.            30 min.           60 min.          120 min.



Mechanism of the influence of synthesis time 

on the shape evolution of Au NPs

The shape evolution of the Au NPs 

as a function of the reaction time 

results from the presence of CTAB 

and AgNO3 - chemical reaction 

between AgNO3 and CTAB 

molecules leads to the formation of 

AgBr ions, which block the growth 

of Au NPs in the {110} direction. 

As the synthesis 

time increases, the 

CTAB and AgNO3

solutions are used

Depciuch et al., Photodiagnosis and Photodynamic Therapy, 2020, 101670



Optical properties of Au NPs controlled by synthesis time

- Spherical Au1 NPs - 540 

nm. 

- Cubic Au2 NPs - 725 

nm

- Rod-like Au3 NPs -750 

nm 

- Rod-like Au4 NPs - 780 

nm

- Bone-like Au5 NPs –

800 nm

Along with the extension of the synthesis time, 

the SPR peak shifts towards larger 

electromagnetic wavelengths

Depciuch et al., Photodiagnosis and Photodynamic Therapy, 2020, 101670



Photothermal properties of Au NPs controlled by synthesis time

The values of photothermal conversion efficiencies for the obtained Au NPs 

after irradiation by 808 nm lasers. 

∆T

- Spherical Au1 NPs - ∆T 

3.2 oC

- Cubic Au2 NPs - ∆T 

5.1 oC

- Rods-like Au3 NPs -∆T 

5.7 oC

- Rods-like Au4 NPs - ∆T 

6.5 oC

- Bone-like Au5 NPs – ∆T 

7.0 oC

Depciuch et al., Photodiagnosis and Photodynamic Therapy, 2020, 101670



Temperature as porosity factor in Au NPs

Depciuch et al., Journal of Materials Science, 2020, 55(12), 5257-5267

As the 

temperature of 

the synthesis 

increases:

 the size of 

nanoparticles

increases

 the number 

of pores

increase

 Au NPs 

become

more

crystalline



Mechanism of the influence of synthesis temperature on the 

evolution of the porosity of Au NPs

Depciuch et al., Journal of Materials Science, 2020, 55(12), 5257-5267

As the synthesis 

temperature

increases, 

decomposition of 

CTAB solution

was noticed

Pore formation is due to the temperature-

controlled increase in the rate of reduction of the 

gold precursor and to unblock the growth of 

nanoparticles towards {110} by destabilizing 

CTAB molecules. In addition, the Au seeds 

present in the solution combine with the already 

formed AuHP NPs nanoparticles, contributing to 

their growth.



Optical properties of Au NPs controlled by the synthesis 

temperature

Depciuch et al., Journal of Materials Science, 2020, 55(12), 5257-5267

Along with the extension of the synthesis temperature, the SPR 

peaks have a wide range with a tendency to shift towards longer 

electromagnetic wavelengths

Synthesized AuHP 

NPs showed a very 

wide range of light 

absorption, which 

is continuous 

between 500 nm 

and 900 nm



Photothermal properties of Au NPs controlled by synthesis 

temperature

Depciuch et al., Journal of Materials Science, 2020, 55(12), 5257-5267

∆T

 Higher temperature values for all nanoparticle solutions were obtained after

exposure to 650 nm wavelength (for smaller AuHP1 NPs and AuHP2 NPs - 9°C,

for larger nanoparticles ~ 7°C

 For irradiation by the 808 nm laser similar temperature increase for all AuH NPs

was observed (~ 5.8°C)

∆T



Photothermal properties of Au NPs controlled by synthesis 

temperature

∆T

Cross-sectional views of the calculated near-field

distributions (|E/ E0|
2 )

Zhang et al. J. Phys. 

Chem. Lett. 2014, 5, 

370−374.

Each porous NP

possesses a large 

numbers of hot 

spots with local 

field 

enhancements 

significantly more 

intense than those 

achievable on the 

spherical NPs of 

the same overall 

size.



Changes in the reducer concentration allow to create gold

nanostars (AuS NPs)

Depciuch et al., International Journal of Molecular Sciences, 20, (2019), 5011



Mechanism of extending the arms of AuS NPs depending on 

the reducer concentration

Depciuch et al., International Journal of Molecular Sciences, 20, (2019), 5011

Higher concentrations of

the reducer are responsible

for:

 the increase of the

number of initial

nucleation sites,

 the increase of the

synthesis reaction speed

= too short a time for

AgNO3 and CTAB

molecules to react leads

to the formation of

AgBr ions = no control

of the growth of

nanoparticles in a

specific direction



Optical properties of AuS NPs controlled by the reducer

concentration

Depciuch et al., International Journal of Molecular Sciences, 20, (2019), 5011

- AuS1 NPs - 640 nm

- AuS2 NPs - 675 nm

- AuS3 NPs - 670 nm 

- AuS4 NPs - 770 nm

Increase of the reducer concentration caused

shift of the SPR peaks to the higher wavelenghts



Photothermal properties of AuS NPs controlled by reducer

concentration

Depciuch et al., International Journal of Molecular Sciences, 20, (2019), 5011

Values of photothermal conversion efficiency for the obtained gold nanostars

irradiated with lasers with electromagnetic wavelengths of 650 nm and 808 nm

∆T ∆T



Photothermal properties of AuS NPs controlled by reducer

concentration

∆T

Electric field strength as a function of arc length

Chatterjee et al., : J. Phys. Chem. C 2018, 122, 13082−13094

The sharper 

the nano star's 

arm = the 

higher the 

electric field 

strength value

The longer

nano star's arm

= the higher the 

electric field 

strength value



AuHP NPs – wide range of light absorption at wavelengths 

between 500 nm and 900 nm

+

AuS NPs – high active surface and high value of absorbance in 

small concentration of nanoparticles

=

High probability to use these NPs in photothermal therapy



Au nanodahlias

Depciuch et al., Journal of Materials Science, 55 (2020), 2530–2543

approximately 70 

nm, crystalline Au 

NPs with dahlia 

shape and 

absorption light 

range between 500 

nm and 800 nm

∆T



Au nanodahlias

Depciuch et al., Journal of Materials Science, 55 (2020), 2530–2543

∆T

Temperature

increase after

irradiation by lasers

with wavelengths:

 405 nm – 2.1°C

 650 nm – 5.3°C

 808 nm – 4.8°C

Values of 

photothermal

conversion

efficiency after

irradiation by lasers

with wavelengths:

 405 nm – 13%

 650 nm – 50%

 808 nm – 43%



Au nanodahlias

Depciuch et al., Journal of Materials Science, 55 (2020), 2530–2543

∆T



Synthesis method as a factor for changing optical and 

photothermal properties of Pt NPs

Depciuch et al., Applied Organomettalic Chemistry, (2020), e5401. 

Small, approximately 2 nm Pt NPs obtained by polyol and green synthesis methods.

The overview STEM images of Pt NPs obtained by green synthesis (Figure b1) show that

the nanoparticles do not occupy the entire image surface and are placed on some kind of

support. This support constitute most likely globules of the green tea.



Green synthesis of Pt NPs - mechanisms of reduction 

FTIR spectra of: green tea (black spectrum) extract and Pt NPs 

(pink spectrum). 

Depciuch et al., Applied Organometallic Chemistry, (2020), e5401. 

 1644 cm-1 , 1760 cm-1 , 

2960 cm-1 – C=O 

functional groups from 

amino acid – possible 

interactions between Pt 

NPs and stretching modes 

of C=O groups from green 

tea

 disappearance of the band 

at 1760 cm-1 in the Pt NPs-

flavonoids and 

polyphenols act as capping 

agents for Pt NPs

 shift of peaks: from 1120 

cm-1 to 1200 cm-1 and 

from 2860 cm-1 to 2790 

cm-1 – reduction of Pt 

precursor



Optical properties of Pt NPs obtained by different synthesis

methods

Depciuch et al., Applied Organometallic Chemistry, (2020), e5401.

In the UV-Vis spectra of:

 green tea extract one 

absorbance maximum was 

observed at a wavelength of 

about 320 nm – reducing the 

Pt precursor by flavonoids

present in green tea 

 PtI and PtII NPs are 

characterized by the 

presence of absorbance 

maximum at a wavelength 

between 270 nm and 280 

nm, which can be attributed 

to platinum nanoparticles



Depciuch et al., Applied Organometallic Chemistry, (2020), e5401. 

Photothermal properties of Pt NPs obtained by different 

synthesis methods

Temperature changes in Pt NPs solutions produced by

polyol method (circles) and green synthesis (stars)

irradiated with lasers with electromagnetic wavelengths

650 nm (orange), 808 nm (red). The black squares

correspond to the solution containing pure water

(control).

∆T

 Higher temperature 

increase for both Pt NPs 

nanoparticles after 

irradiation by 650 nm 

wavelength 

 Only 0.1°C difference in 

the temperature increase 

between nanoparticles –

higher increase for Pt NPs 

obtained by polyol 

method

The values of photothermal 

conversion efficiency were 

very similar for PtI NPs and 

PtII NPs solutions: 40 % and 

38 % for the 650 nm and 34 

% and 33 % for the 808 nm 

laser



Depciuch et al., Photodiagnosis and Photodynamic Therapy, 29, (2020), 101594.

Pt NPs – size effect

 The average size of the obtained Pt NPs was 80 nm and 2 nm

 Pt NPs form a monolayer and occupy the entire image surface, which means that the

synthesized nanoparticles have not aggregated.

 High resolution STEM images show that 80 nm platinum nanoparticles consist of small,

spherical nanoparticles with a diameter of about 6 nm, which aggregated into a spherical object



Depciuch et al., Photodiagnosis and Photodynamic Therapy, 29, (2020), 101594. 

Photothermal properties of Pt NPs controlled by size

Temperature changes in solutions of nanoparticles

with a diameter of 80 nm (circles) and 2 nm (stars)

irradiated with lasers with electromagnetic

wavelengths of 650 nm (orange), 808 nm (red).

The black squares correspond to the solution

containing pure water (control)

 larger temperature increase 

was observed in samples 

irradiated with 650 nm 

wavelength

 independent on the laser 

wavelength used, higher 

temperature increase was 

recorded in the solutions with 

smaller 2 nm Pt NPs (6.6 °C 

– 650 nm and 6.4 °C – 808 

nm), than for bigger 80 nm 

NPs (5.5 °C – 650 nm and 6.0 

°C – 808 nm)

∆T



Depciuch et al., Photodiagnosis and Photodynamic Therapy, 29, (2020), 101594. 

Mie theory – estimation of the value of Pt NPs

photothermal conversion efficiency

Change of photothermal efficiency as a function of Pt NPs

diameter for 650 nm laser (black color) and 808 nm laser

(red color). Experimental data are presented in the

form of dots, while the curves represent the value of the

Abs/Ext ratio for PtNP with different diameters calculated

using the Mie theory

 Small objects -

absorption, large 

objects – dispersion 

 measurement 

conditions

 suspension of Pt NPs 

in water

 the system was not 

closed = heat loss to 

the environment

 distance between the 

source of the 

electromagnetic wave 

and the solution with 

Pt NPs



Depciuch et al., Photodiagnosis and Photodynamic Therapy, 29, (2020), 101594. 

Mie theory – estimation of the value of Pt NPs

photothermal conversion efficiency

The trend is maintained - as the diameter of nanoparticles 

increases, the value of photothermal conversion efficiency 

decreases.

The value of photothermal conversion efficiency for nanoparticles presented in the 

paper. Photothermal conversion efficiencies were calculated for two 

electromagnetic wavelengths 650 nm, 808 nm



Addition the optical and photothermal properties of Au 

NPs and Pt NPs - PtAu NPs raspberries

Depciuch et al., Journal of Nanobiotechnology, 17, (2019), 107 

 Platinum core (140 nm) is decorated by small, about 10 nm Au NPs.

 Both Au NPs and Pt NPs have a spherical shape, but their surfaces are different.

 The surface of Au NPs is smooth, while the surface of Pt NPs is „furry-like” (Pt NPs

actually consist of small NPs with a diameter of approximately 2-5 nm)



Addition the optical and photothermal properties of Au 

NPs and Pt NPs - PtAu NPs raspberries 

Depciuch et al., Journal of Nanobiotechnology, 17, (2019), 107 

XRD data:

 lattice constants (aAu = 4.076 Å and aPt = 3.922 Å with uncertainties ~0.001 Å)

 full width at half-maximum (FWHM) of the peaks from the Pt phase is larger than the

FWHM from the Au shell = the size of crystallites in the platinum core was smaller than the

size of the Au NPs.

 the average coherent scattering lengths were around ~ 10 nm and ~ 5 nm.



Depciuch et al., Journal of Nanobiotechnology, 17, (2019), 107 

Addition the optical and photothermal properties of Au 

NPs and Pt NPs - PtAu NPs raspberries 

Temperature changes in PtAu NPs solutions during

irradiation for 5 minutes with 650 nm (red line) and 808

nm (orange line) lasers. The black line corresponds to

the water solution (control).

 larger temperature 

increase was observed in 

samples irradiated with 

650 nm wavelength

 5.8°C - after irradiation 

with 650 nm wavelength, 

4.8°C - 808 nm

 the value of photothermal

conversion efficiency, for 

a 650 nm laser ~ 62 %, 

for 808 nm the η value 

was 51 %

∆T



Application of photothermal properties of synthesized NPs

Cell 

culture

Electromagnetic

wavelengths:

• 405 nm

• 650 nm

• 808 nm



Application of photothermal properties of synthesized NPs

Results of MTS 

test for two 

colon tumor cell 

lines (SW480 –

primary tumor, 

SW620 –

metastatic

tumor) cultured 

with NPs and 

subjected to 

Simulated

Photothermal

Therapy



Conclusions:

 the values of Au NPs photothermal conversion efficiency increase with

the extension of the synthesis time, the decrease in pore size with

simultaneous increase in their number, and the increase in the length of

the nanostars arms

 the positions of the SPR peak for Au NPs shift towards larger

wavelengths along with the increase in the synthesis time and the length

of the arms of nanostars

 longer synthesis time, higher temperature and higher concentration of the

reducer, caused greater crystallinity of the obtained Au NPs

 the method of obtaining Pt NPs does not affect the optical and

photothermal properties of NPs

 plant extracts are good candidates for the role of compounds reducing

metal salts

 the size of NPs affects photothermal properties of Pt NPs

 the chemical composition and shape of nanoparticles increasing their

active surface affect the optical and photothermal properties of NPs

 all synthesized NPs can be used in PTT



 Number of papers: 56

 Including publications in JCR journals: 48

 Number of publications where I was the first author: 35

 Number of publications with the correspondent author function: 34

 Number of projects: 5 (2 leader - UE, MNiSW; 3 executor – NCN)

 Number of stages: 3 (1 national; 2 international)

 Number of collaborations: 14 (7 national; 7 international)

 Number of conferences and seminars: 50 - 30 national; 20 international (26 author –

19 oral presentation (4 invited); 7 posters, 24 – co-authors)

 Number of Awards: 11 (7 national; 4 international)

 Number of patent applications: 2

 Supervision of students: co-supervision of 2 PhD – 1 finished, 1 open; master – 2;

undergraduate – 4

Few words about other activities :



Future…

In situ Lab

Nanolive 3d cx-a

- real-time and long-term measurements of in

absorption dynamics of NPs inside the living cells

and the places of their accumulation – model of NPs

absorption dynamics

- degradation behavior of the nanocatalysts during

electrochemical processes

- loading density of the catalytic nanosystems

deposited on carbon supports

Application for funding for 

implementation

investments related to scientific 

activities 2020 „3D imaging

laboratory” dr inż. Joanna Depciuch

In situ FTIR

OPUS 18 2019-2022 „Electron Beam

Nanochemistry with Liquid Cell

Scanning Transmission Electron

Microscopy: study of synthesis,

dissolution and electrodeposition

kinetics of Pt, Pd, Au i Ag

nanoparticles” dr hab. inż. Magdalena

Parlińska- Wojtan, Prof. IFJ PAN

- identification of the chemical

composition of products and byproducts

obtained during synthesis of different

nanomaterials
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