
CERIC	  Research	  Grant	  

RENEWALS	  
gRaphENE	  for	  WAter	  in	  Life	  Sciences	  



RENEWALS Motivation 

But..	  s'll	  	  water	  is	  a	  ‘nightmare’	  for	  many	  spectroscopy	  and	  microscopy	  techniques.	  

Nanotechnology	  -‐	  Pollu'on	  and	  Health	  hazards	  
Nano-‐par7culate	  ma;er	  (inhaled,	  consumed	  orally	  or	  injected)	  can	  penetrate	  the	  cells	  and	  

affect	  their	  func7ons,	  depending	  on	  their	  ‘biological’	  reac7vity	  

 Clearly	  assessment	  of	  NMs’	  toxicity	  needs	  microscopy	  methods…	  
...while	  keeping	  cells	  in	  their	  physiological	  environment.	  

“Water	  is	  life’s	  maBer	  and	  matrix,	  mother	  and	  medium.	  There	  is	  no	  life	  without	  water”	  
[Albert	  Szent-‐Gyorgyi,	  Nobel	  Prize	  for	  Medicine	  in	  1937]	  	  

There	  is	  not	  reliable	  characteriza7on	  of	  biological	  samples	  without	  water!	  	  
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RENEWALS	  Key	  Objec7ve	  
Develop	  and	  implement	  environmental	  liquid	  cells,	  using	  photon	  and	  

electron	  transparent	  graphene	  membranes	  (Graphene	  Liquid	  Cell,	  GLC),	  
suitable	  for	  cross-‐talk	  characteriza7on	  of	  bio-‐cellular	  samples	  with	  atomic	  
force,	  photon	  and	  electron-‐based	  microscopes	  at	  Ele;ra,	  Charles	  University	  

and	  Na7onal	  Ins7tute	  of	  Materials	  Physics.	  	  

RENEWALS	  Ul7mate	  Scien7fic	  Goal	  
Assessment	  of	  nano-‐objects’	  toxicity	  by	  cu`ng-‐edge	  experiments	  using	  mul7-‐probe	  synergic	  

methodology	  and	  new	  concepts.	  	  
Demonstrate	  the	  poten-al	  of	  developed	  complementary	  micro-‐analysis	  by	  exploring	  the	  

correla-ons	  between	  cytotoxic	  effects	  of	  uptake,	  localiza-on	  and	  interac-on	  in	  human	  cells	  of	  Al	  
NPs,	  poten-al	  effec-ve	  addi-ves	  in	  bio-‐ethanol	  fuels.	  
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RENEWALS Partnership 
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FESEM	  

HRTEM	  

X	  ray	  Microscopy:	  
Imaging	  combined	  with	  	  
micro	  XRF	  and	  XAS	  

Deep	   X-‐ray	   Lithography	   (GLCs’	  
fabrica7on)	  

Photon	  beam	  

FTIR	  Microscopy	  
UV	  Raman	  Microscopy	  

AFM	  
(NanoInnova7on	  
Laboratory,	  3rd	  

Party)	  

Biological	  Assay	  
(Structural	  Biology	  
Laboratory,	  3rd	  	  

Party)	  



RENEWALS: Problem-focused WPs 

WP1:	  Design	  and	  fabrica7on	  of	  Graphene	  Liquid	  Cells	  (GLCs)	  
Delivery:	  engineered	  GLC	  for	  correla7ve	  microscopy	  of	  hydrated	  samples	  -‐	  key	  for	  in	  situ	  characteriza7on	  of	  
living	  systems	  since	  water	  plays	  a	  very	  crucial	  role	  in	  biomolecular	  interac7ons.	  

Graphene: the thinnest possible 
impermeable and conductive 

membrane, transparent for electrons 
and photons.  

WP2:	  Characteriza7on	  of	  10-‐50	  nm	  	  Al	  NPs	  upon	  interac7on	  with	  Lung	  Lining	  Fluid	  	  compared	  to	  pris7ne	  Al	  NPs	  
Evalua7on	  of	  the	  interac7ons	  of	  Al	  NPs	  with	  Lung	  Lining	  Fluid	  

Al NPs incubated 
with simulated LLF 

Shell Al NPs re-
suspended in NaCl 

0.9%. 

NPs kept hydrated in 
GLCs with 

physiological solution 
during measurements 

WP3:	  Cellular	  Internaliza7on	  of	  Shell	  Al	  NPs:	  localiza7on	  and	  cell	  adverse	  effects	  
To	  assess	  the	  effec7ve	  internaliza7on	  of	  NPs	  and	  their	  localiza7on,	  in	  order	  to	  correlate	  this	  informa7on	  
with	  the	  cytotoxicity	  results	  

A549 cells incubated with shell Al 
NPs in simulated LLF 

A549 cells after incubation in GLCs for multi-
method characterization 

Graphene membrane 



RENEWALS: Long-term benefit 
for CERIC-ERIC 
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Ø  Interna7onal	  recogni7on	  in	  complementary	  micro-‐analyses	  of	  cellular	  samples	  in	  
natural	  environment	  a;rac7ng	  broad	  life	  science	  user	  communi7es;	  

Ø  Prolifera7on	  of	  developed	  in-‐vitro/in-‐operando	  methodology	  into	  other	  fields	  of	  
material	  science,	  involving	  technology	  transfer	  as	  well;	  	  	  

Ø  Demonstra'on	  of	  the	  strength	  of	  CERIC	  in	  fostering	  collabora'ons	  for	  exploi'ng	  
new	  R&D	  challenges	  with	  high	  social	  impact!	  
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