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TECNAI G2 F20 S-TWIN 

HREM

Point res.      0.24 nm 

Inf. Limit       0.15 nm 

STEM   (HAADF)

Point res. 0.2 nm 

EDS
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Cz. I. Metalic nano-crystalline (Au, Ag, Cu)                   

in amorphous matrix (SiO2)

in collaboration with                        

prof..Monika Ferraris 

Politechnic of Torrino 

(POLITO)
10 nm



Lycurgus Cup is the only complete example of a dichroic type of glass, which changes 

colour when held up to the light. The opaque green cup turns to a glowing translucent red 

when light is shone through it. The glass contains tiny amounts of colloidal gold and silver

British 

Museum     

IV th Cent. 

A.D.



Paul Mulvaney, MRS Bulletin, Dec. 2001, p.1009

Au Atom: ~0,1 nm (1A), colorless

Au clasters: < 1nm, nonmetalic, orange 

Au nanocrystallites: 3 - 30 nm, metalic, transparent / red

Au particles: 30 - 500 nm, metalic, transparent / turbid

crimson -> blue

Au bulk: golden color!

M. Faraday, Philos. Trans. R. Soc. London, 147 (1857) 145-181



Paul Mulvaney,                   

MRS Bulletin,                         

Dec. 2001, p.1009

in the

limit of                

very small 

spacings               

and                          

a gold volume 

fraction 50%,          

the film spectrum  

is almost identical 

to that                    

of the bulk

gold thin film



50 nm



Au/SiO2 as deposited



Au/SiO2  HT 200 nm



200 nmAu/SiO2  HT



Au/SiO2 as deposited



Au/SiO2 HT



Au/SiO2  HT

Au/SiO2  as deposited



Tilt 0o

Tilt 10o

30 nm

thin foil thickness ~170 nm



Cz. I. Au nano-crystallites: summary

Problems solved:

• The microstructure of Au-nanocrystallites was described 

in as-deposited (AD) and heat treated state (HT).

• The performed measurements indicated that the size of 

nano-crystallites agrees with normal distribution and that 

the they average increases from 3 to 5,5 nm for AD and HT 

respectively

Problems to be investigated/determined:

• Nano-crystallites density

• Minimum size of nano-crystallites

• Minimum size of defected nano-crystallites 

NANO-MAGIC

NANOstructured materials with tailored MAGneto- optICal properties for 

novel sensor systems



Cz. II. Nano-composites: ceramic + CNT

Increased conductivity:                          

(CNT~1GA/cm2, Cu ~1MA/cm2)

• ZrO2 + CNT                                                             

(Jan Dusza IMR SAS,                                 

Koszyce)

Increased strength:                                              
(CNT ~45GPa, stal  <2GPa)

(Zr,Ti)O2 + CNT                                                         

(Waldemar Pyda, AGH)

• Bioglass + CNT                                                   

(Aldo Boccaccini/ Imperial College London)



CNT

Prof.. Stanisław Błażewicz, 
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AGH

Prof. Aldo Boccaccini, 

Imperial College, Londyn





ZrO2 + CNT

HAADF











(Zr, Ti)O2 + CNT 

(mixed powders)



(Zr, Ti)O2 + CNT 

(mixed powders)



(Zr, Ti)O2 + CNT 

(mixed + reacted 

powders)



FFT








