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The Proverbial A
pple 

The fam
ous story that N

ew
ton cam

e up 
w

ith the idea for the law
 of gravity by 

having an apple fall on his head is not 
true, although he did begin thinking 
about the issue on his m

other's farm
 

w
hen he saw

 an apple fall from
 a tree.  

Friedrich A
ugust K

ekulé said that he had 
discovered the ring shape of the benzene 
m

olecule after having a reverie or day-
dream

 of a snake seizing its ow
n tail (this 

is a com
m

on sym
bol in m

any ancient 
cultures know

n as the O
uroboros). This 

vision, he said, cam
e to him

 after years of 
studying the nature of carbon-carbon 
bonds.  

O
bservation of N

ATU
R

E 

N
ew

ton's Law
 of G

ravity 
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I. Am
ent, J. Becker, C. Sönnichsen, M

olecular Plasm
onics 2009, 

Jena/G
erm

any, 14-16.05.2009 

SER
S Sensoric 
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X
. Sun, Y. Li, Adv. M

ater. 17, 2626 (2005); H
. Liang, H

. Yang, W
. W

ang, J. Li, H
. X

u, J. Am
. Chem

. Soc. 131, 6068 (2009); C
. M

archal-
R

och, C
.M

. M
ayer, et al., Chem

. Com
m

un. 36, 3750 (2007); J. Zhang, H
. Liu, P. Zhan, Z. W

ang, N
. M

ing, Adv. Funct. M
ater. 17, 1558 

(2007); S.E. Skrabalak, L. A
u, X

. Li, Y. X
ia, N

ature Protocols 2, 2182 (2007); B.K
. Jena, B.K

. M
ishra, S. Bohidar, J. Phys. Chem

. C
 113, 

14753 (2009) 

Silver N
anostructures 



Silver Plasm
onic N

anosrtructures 

Porous SiO
2 tem

plate on Si substrates w
ith A

g-dendrites   

Ag 

06.03.2014 
D

r. V
ladim

ir Sivakov, IPH
T 

SI1893/2-1 



Sw
ift H

eavy Ion Track Technology 

Si/SiO
2 substrate 

Si 

SiO
2 

SH
I irradiation

 

A
u

26+, X
e 17+, 

U
28+ 

A
u

26+, X
e 17+ 

Energy 350 M
eV,  

Fluence 5 10
8 cm

-2 

Latent SH
I tracks 
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C
h. Trautm

ann, in Ion Beam
s in N

anoscience and Technology, R
. H

ellborg et al. (eds.), 
2009, Springer, 369. 



Latent SH
I tracks 

Etching 
(H

F) 

Etched SH
I tracks 

d
base  

d
SiO

2  
lpore  

d
top  
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D
. Fink, Fundam

entals of Ion-Irradiated Polym
ers Springer Series in M

aterials Science 2004, 63, 
Springer, 391. 



06.03.2014 
D

r. V
ladim

ir Sivakov, IPH
T 

planar scanning electron m
icroscopy m

icrograph and (b) elem
ent m

ap (blue: silicon; red: 
oxygen) from

 energy dispersive X
-ray analysis of a Si/SiO

2  sam
ple irradiated w

ith 350 M
eV

 
gold ions and exposed to chem

ical track etching 

Sw
ift H

eavy Ion Track Technology 

V. Sivakov et al., subm
itted 2014 
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(a) SEM
 m

icrographs of silver dendrite nanostructure on n-Si (100) grow
n 

for 30 s at atm
ospheric conditions; (c) EBSD

 analysis of single silver 
dendrite; colour coded inverse pole figure representation. 

Sw
ift H

eavy Ion Track Technology 
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Porous SiO
2 tem

plate on Si substrates w
ith A
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Silver Plasm
onic N

anosrtructures 

SEM
 m

icrographs of silver nanostructures w
ith (a) “sunflow

er”, (b) “azalea” and (c) 

“corn”-like shapes. 

V. Sivakov et al.,  subm
itted 2014 



The diversity of the A
g-structures 
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Silver Plasm
onic N

anosrtructures 
(b) 

500
1000

1500
2000 N

N
H
2
+

ON

C
H
3

C
H
3

SERS Intensity

w
avenum

ber, cm
-1

521(c-S
i)

593 (N
B

)
1643(N

B
)

(a)

V. Sivakov et al., N
ano Letters, subm

itted 2014 
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Introduction 

•Silicon 
(Si) 

is 
the 

1-st 
elem

ent 
for 

sem
iconductor 

m
icroelectronics 

and 
solar  

cells 
•Si constitutes above 27 %

 of the m
ass of 

Earth 
crust 

(the 
2-nd 

elem
ent 

after 
oxygen) 

•Si content in a norm
al healthy adult body 

(70 kg) is about 0.5-1 g, which m
akes this 

elem
ent to be the 3rd m

ost abundant trace 
m
ineral (after Fe and  Zn ) 
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Breast C
ancer 

W
orld H

ealth O
rganization, Breast C

ancer Facts &
 Figures 2011-2012, 

http://w
w

w.cancer.org/acs/groups/content/@
epidem

iologysurveilance/docum
ent

s/docum
ent/acspc-030975.pdf 



Concentration dependence of 
citotoxicity of Si nanoparticles 
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 Cell number (%)

C
oncentration of nc-pSi (m

g/m
l)

 L. O
sm

inkina, V. Tim
oshenko et al., Bull.Exper.Biol&

M
ed. (2011) 



Bio-degradation Porous nc-Si 

100 nm
 

J.-H
. Park et al. N

at.M
at. 2398 (2009)  



H
ow to visualize 

Si nanoparticles? 
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SEM
 LD

-SiN
W

s 

3 µm
 

30 nm
 

TEM
 

3 µm
 

50 nm
 

TEM
 

TEM
 

FE-SEM
 

SEM
 

SEM
 

Top-D
ow

n Silicon N
anostructures 
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V. A
. Sivakov et al. Phys. R

ev. B 82, 125446(2010) 
 K

. A
. G

onchar et al., J. N
anoelectr. O

ptoelectr. 7(6), 
602 (2012) 

Top-dow
n: W

et-C
hem

ical Etching  



Photolum
inescent im

aging with dispersed SiN
W

s  

Photolum
inescent 

im
ages 

of 
CF2Th 

(dog 
thym

us) 
cells 

with 
SiN

W
s. 

Green, blue, and red colors correspond to the PL of cell m
em

brane, cell 
nucleus, and SiN

W
s, respectively. 
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SiN

W
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PL Intensity (arb. un.)

W
avelength (nm

)

c-Si

25 µm
 

SiN
W

  Length < 200 nm
  

10 nm
 

V. A
. Sivakov et al., Phys. Rev. B 82, 125446 (2010) 

K
. G

onchar et al. , Journal of N
anoelectronics and O

ptoelectronic 6(4), 519-524 (2011) 
L. A

. O
sm

inkina et al.,  N
anoscale Research Letters 7, 524 (2012) 
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•
C

ell line: M
C

F-7 (M
ichigan Cancer Foundation - 7)  

     a breast cancer cell line 
  

•
Labeling: 
 

405nm
 – cell nucleus: D

A
PI 

488nm
 – cell body: C

alcein A
M

 
 561 nm

 / 642nm
 – Si 

W
ide-field (W

F, left) and SIM
 (right) im

aging 
of M

C
F-7 cells transfected w

ith C
y5-coupled 

siR
N

A
-peptide com

plexes 
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Bioim
aging w

ith SiN
W

s  

A
. Jost und R

. H
eintzm

ann, Annu. Rev. M
ater. Res., Bd. 43(1), 261, 2013. 

L. Scherm
elleh, R

. H
eintzm

ann, und H
. Leonhardt, J. Cell Biol., 190( 2),  165, 010. 



SIM
 im

age of M
C

F 7 cells (green) +Si H
D

 (red)  
(24h incub. + C

alcein A
M

) 

x 

y 

z 

z 
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Bioim
aging w

ith SiN
W

s  
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Bioim
aging w

ith SiN
W

s  

E. Tolstik et al.,  in press (2014). 

N
on-invasive 

R
am

an Im
gaing 



Singlet O
xygen Photosensitization by 

m
icroporous Si at Room

 Tem
perature 
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• Q
uantum

 efficiency of the SO
 generation:  h

SO = 
PL h

E   5 %
  Triplet O

xygen 

-Energy 

A
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Energy D
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O
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Suppression of the cancer cell proliferation  
by photo-excited nc-Si  

0
1

2
0.0

0.5

1.0

 in darkness
 under illum

ination
 

 

Number of cells, arb. un.

C
oncentration of nc-Si, g/l

The decrease of cancer cells (m
ouse fibroblasts) num

ber was observed 
in suspensions of silicon nanocrystals under illum

ination.  This decrease 
is explained by the effect of singlet oxygen photosensitized by nc-Si. 

V.Yu. Tim
oshenko et all.,  

JETP Lett.  83 (9), 423 
(2006). 



M
in U

SI ~0.2 W
/cm

2 

U
SI-treatm

ent w
ith m

inim
al pow

er in the presence of nc-Si nanoparticles 
did not destruct instantly the cancer cells, but they lost their proliferation 
properties and died w

ithin 20-80 h after the treatm
ent. 1 – U

SI 
 2 – U

SI+ nano-por-Si 

Effect of Low Intensity U
ltrasound 

Bull. Exper. Biol. &
 M

ed. 
(2011) 
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W
ith Silicon N

anow
ires/N

anoparticles From
 

O
ptoelectronic to Pow

erful 
D

rugs@
Therapy! 
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attention! 
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