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l 	
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  feedback	
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  feedback	
  

l 	
  Probe	
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  substrate	
  

h`p://www.msstate.edu/dept/Chemistry/dow1/secm/secm.html	
  

IntroducTon-­‐-­‐-­‐-­‐	
  Principle	
  of	
  SECM	
  

ü 	
  Evaluate	
  the	
  distance	
  between	
  UME	
  and	
  	
  the	
  substrate	
  
ü 	
  QuanTtaTve	
  descripTon	
  of	
  the	
  reacTvity	
  of	
  the	
  substrate:	
  k,	
  c	
  	
  

5	
  

l 	
  SECM	
  scanning	
  
IntroducTon-­‐-­‐-­‐-­‐	
  Principle	
  of	
  SECM	
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IntroducTon-­‐-­‐-­‐-­‐	
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CharacterizaTon	
  of	
  UMEs	
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 Our Improvements on the Probe Fabrication 
Ding group, Can. J. Chem. 83, 1779, 2005 
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  Our	
  Improvements	
  on	
  the	
  InstrumentaCon	
  

A closed-loop SECM makes probe to relocate the target 
place precisely (20 nm resolution)! 
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WE2

Data acquisition 
system

3-axis
positioner

Bipoten
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WE1

Stage
Controller

WE1(Green): UME
WE2(black): Substrate
RE (White): Ag/AgCl
CE (Red): Pt-Wire

Ding group, Can. J. Chem. 83, 1779, 2005 
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Substrate—Metals	
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V2	
  

ReacTvity	
  and	
  structures	
  of	
  	
  metal	
  alloys	
  by	
  SECM	
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1.	
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2.	
  Imaging	
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   4.	
  CV-­‐Sub	
  

Vf	
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   3.	
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Ding and collaborators, Chem. Mater. 19, 2533, 2007; Anal. Chem. 80, 1437, 2008 
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 Our Improvements on the Instrumentation 
Ding group, Can. J. Chem. 85, 175, 2007 
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  Our	
  Development	
  on	
  the	
  InstrumentaCon-­‐AC	
  SECM	
  

Ding group, PCCP, 9, 5966, 2007  

 

Experimental AC approach curves (normalized R  
vs. normalized d) obtained over conductive band  
on the band electrode surface (curve a) and over  
insulating band (curve b) with 2 m Pt tip electrode 
 in 10 mM KCl at 90 kHz frequency, 200 mV  
p-p amplitude and Edc = 0.4 V. Inset - constant  
height AC-SECM image of the band electrode. 
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ElectroChemical	
  Atomic	
  Force	
  Microscopy	
  Setup	
  (EC-­‐AFM)	
  

 Our Development on the Instrumentation-EC AFM 

Ding group, in preparation  
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Our development and applications of scanning electrochemical Microscopy 
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Phys. Chem. Chem. Phys. 9, 5966 (2007) 
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  Commun.	
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  2617(2007)	
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  112,	
  15562(2008)	
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  14261	
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  1437(2008)	
  
Electrochem.	
  Commun.	
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  1234	
  (2009)	
  
Electrochem.	
  Commun.	
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  773	
  (2010)	
  
Can.	
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  Chem.	
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  569(2010)	
  
Anal.	
  Chem.	
  in	
  press	
  
……	
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1.	
  Select	
  proper	
  technique	
  

Zhao,	
  X.;	
  Ding,	
  Z.	
  Can.	
  J.	
  Chem.	
  2007,	
  85,	
  175-­‐182.	
  

4.	
  QuanTtaTve	
  studies	
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  of	
  
inflammatory	
  response	
  	
  

3.	
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  pathway	
  upon	
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  sTmulaTon	
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Research	
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  Study	
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  X.;	
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  Petersen,	
  N.;	
  Ding,	
  Z.	
  In	
  preparaTon	
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Probe:	
  H2DCF-­‐DA	
  	
  

Intracellular	
  ROS	
  

Confocal	
  microscopy	
  

Zhao,	
  X.;	
  Zhu,	
  R.;	
  Diakowski,	
  P.	
  M.;	
  Anikovskiy,	
  M.;	
  Petersen,	
  N.;	
  Ding,	
  Z.	
  In	
  preparaTon	
  

Research work --- Study of  extracellular and intracellular ROS 
released from COS 7 cells 
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  Study	
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  ROS	
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from	
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  cells	
  

Depth	
  SECM	
  imaging	
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  R.;	
  Diakowski,	
  P.	
  M.;	
  Anikovskiy,	
  M.;	
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  N.;	
  Ding,	
  Z.	
  In	
  preparaTon	
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Research	
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from	
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Depth	
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  imaging	
  

Zhao,	
  X.;	
  Zhu,	
  R.;	
  Diakowski,	
  P.	
  M.;	
  Anikovskiy,	
  M.;	
  Petersen,	
  N.;	
  Ding,	
  Z.	
  In	
  preparaTon	
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T24	
  cell	
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  cell	
  

Research	
  work	
  -­‐-­‐-­‐	
  SECM	
  of	
  single	
  human	
  urinary	
  bladder	
  cells	
  using	
  ROS	
  
as	
  a	
  probe	
  of	
  inflammatory	
  response	
  

Zhao,	
  X.;	
  Lam,	
  S.;	
  Jass,	
  J.;	
  Ding,	
  Z.	
  Electrochem.	
  Commun.	
  12,	
  773,	
  2010	
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Research	
  work	
  -­‐-­‐-­‐	
  SECM	
  of	
  single	
  human	
  urinary	
  bladder	
  cells	
  using	
  ROS	
  
as	
  a	
  probe	
  of	
  inflammatory	
  response	
  

T24	
   A498	
  
A498	
  T24	
   A498	
  Control	
  

Challenged	
  
with	
  bacteria	
  

Control	
  
Challenged	
  
with	
  bacteria	
  

Zhao,	
  X.;	
  Lam,	
  S.;	
  Jass,	
  J.;	
  Ding,	
  Z.	
  Electrochem.	
  Commun.	
  12,	
  773,	
  2010	
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Research	
  work	
  -­‐-­‐-­‐	
  SECM	
  of	
  single	
  human	
  urinary	
  bladder	
  cells	
  using	
  ROS	
  
as	
  a	
  probe	
  of	
  inflammatory	
  response	
  

Flow	
  cytometry	
  of	
  cells	
  stained	
  by	
  H2DCF-­‐DA	
  	
  

T24	
   A498	
  

Zhao,	
  X.;	
  Lam,	
  S.;	
  Jass,	
  J.;	
  Ding,	
  Z.	
  Electrochem.	
  Commun.	
  12,	
  773,	
  2010	
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Research	
  work	
  -­‐-­‐-­‐	
  SECM	
  of	
  single	
  human	
  urinary	
  bladder	
  cells	
  using	
  ROS	
  
as	
  a	
  probe	
  of	
  inflammatory	
  response	
  

A498	
  cells	
  lack	
  TLR4	
  while	
  the	
  T24	
  cells	
  have	
  both	
  TLR4	
  and	
  CD14	
  

LPS:	
  lipopolysaccharide	
  	
  

Zhao,	
  X.;	
  Lam,	
  S.;	
  Jass,	
  J.;	
  Ding,	
  Z.	
  Electrochem.	
  Commun.	
  12,	
  773,	
  2010	
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1.  DC potential was 
superimposed with sine 
wave AC potential 

2.  Electrode was moved down 

3.  AC current gmanitude was 
collected fro 15 s, average 
value, Rref; standard 
deviation, Rsd 

4.  Movement of tip, comparing 
AC current  with Rref: 

       Out of the range Rref± 4Rsd, 
the electrode was moved up 
or down  

Research work --- Spatial location of  reactive oxygen species released from 
RAW 264.7 cells by using constant distance SECM 
 

Ding	
  group,	
  Anal.	
  Chem.	
  in	
  press	
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AC-­‐SECM	
  
NegaKve	
  AC	
  feedback	
  above	
  both	
  conductors	
  and	
  insulators	
  

Ding group, Electrochem. Commun. 9, 2617, 2007 
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l 	
  SpaKal	
  locaKon	
  of	
  reacKve	
  oxygen	
  species	
  released	
  from	
  RAW	
  264.7	
  cells	
  by	
  using	
  
constant	
  distance	
  SECM	
  

Ding	
  group,	
  Anal.	
  Chem.	
  in	
  press	
  

Research work --- Spatial location of  reactive oxygen species released from 
RAW 264.7 cells by using constant distance SECM 
 

27	
  

Constant	
  distance	
  mode	
  	
  

Research work --- Spatial location of  reactive oxygen species released from 
RAW 264.7 cells by using constant distance SECM 
 

Ding	
  group,	
  Anal.	
  Chem.	
  in	
  press	
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Scanning	
  Electrochemical	
  Microscopy	
  and	
  Scanning	
  
Photoelectrochemical	
  Microscopy	
  for	
  Solar	
  Cells	
  

Phys.	
  Chem.	
  Chem.	
  Phys.	
  Special	
  Issue:	
  1st	
  Ertl	
  Symposium	
  for	
  Electrochem&Catalysis	
  (invited)	
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SECM	
  images	
  in	
  dark	
  and	
  under	
  light	
  of	
  CIGS	
  film	
  
prepared	
  by	
  CV	
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SECM	
  images	
  of	
  Ti-­‐2	
  

Gap	
  distance	
  (Roughness)	
  3.8-­‐5.6	
  m	
  (1.8	
  m	
  )	
   3.3-­‐10.8	
  m	
  (7.5	
  m	
  )	
  

Current	
  range	
  0.53-­‐0.65	
  nA	
   0.50-­‐0.83	
  nA	
  

No	
  potenTal	
  on	
  Ti-­‐2	
  

nA	
  

PotenTal	
  of	
  0.0	
  V	
  on	
  Ti-­‐2	
  

nA	
  

Ding and collaborators, Chem. Mater. 19, 2533, 2007 
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Comparison	
  of	
  Images	
  of	
  
Ti-­‐2	
  SECM	
  

OpTcal[a]	
  

[a]	
  M.	
  J.	
  Donachie	
  Jr.	
  Titanium:	
  	
  A	
  Technical	
  Guide.	
  2nd	
  EdiCon.	
  	
  Materials	
  Park,	
  OHIO:	
  	
  ASM	
  internaConal,	
  2000.	
  	
  

Ding and collaborators, Chem. Mater. 19, 2533, 2007 
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PACs	
  at	
  different	
  regions	
  on	
  Ti-­‐2	
  surface	
  with	
  
different	
  potenCal	
  

AcTve	
  spot	
   Non-­‐acTve	
  spot	
  

ConducTve	
  
simulaTon	
  

Insulate	
  
simulaTon	
   Ding and collaborators, Chem. Mater. 19, 2533, 2007 

Ding	
  and	
  collaborators,	
  Anal.	
  Chem.	
  Acta,	
  submi`ed	
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SEM	
  of	
  Ti-­‐7	
  

Mat N C O Fe Al Pd Mo Ni 

Pure - - - - - - - - 

Ti-2 0.01 0.01 0.13 0.11 - - - 0.02 

Ti-7 0.13 0.01 0.01 0.18 - 0.16 - - 

Ti-12 - - 0.16 0.12 - - 0.79 0.31 

Ding and collaborators, Anal. Chem.80, 1437, 2008 
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SECM	
  images	
  varied	
  with	
  bias	
  potenTal	
  
on	
  Ti-­‐7	
  

Ding and collaborators, Anal. Chem.80, 1437, 2008 

35	
  

KineTcs	
  of	
  Fc+	
  at	
  Ti-­‐7	
  
Ding and collaborators, Anal. Chem.80, 1437, 2008 

36	
  

KineTcs	
  of	
  Fc+	
  at	
  Ti-­‐7—-­‐Approaching	
  toward	
  a	
  
non-­‐acTve	
  spot	
  

Ding and collaborators, Anal. Chem.80, 1437, 2008 
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KineTcs	
  of	
  Fc+	
  at	
  Ti-­‐7—-­‐Approaching	
  toward	
  an	
  acTve	
  
spot	
  

Ding and collaborators, Anal. Chem.80, 1437, 2008 
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SEM	
  of	
  nuclear	
  grade	
  Zr	
  

Ding and collaborators, Electrochem Commun. 

39	
  Ding and collaborators, in preparation. 

SEM	
  of	
  nuclear	
  grade	
  Zr	
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Ding and collaborators, in preparation. 

SEM	
  of	
  nuclear	
  grade	
  Zr	
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  Simulated	
  Probe	
  Approach	
  Curves	
  versus	
  
Experimental	
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  Curve	
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SEM	
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  grade	
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Ding and collaborators, Electrochem Commun. 
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  200	
  μm	
  SECM	
  image	
  superimposed	
  
with	
  SEM	
  and	
  Tof-­‐SIMS	
  image	
  of	
  the	
  same	
  
Ni	
  surface	
  
 

Yu	
  Sun,	
  Zhifeng	
  Ding	
  (UWO) 	
  in	
  preparaTon	
  
Heny	
  Huang,	
  Vlad	
  Paserin	
  (Vale)	
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