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Latest  Advances  in  Preparing  Microfabricated  TLC  
Plates  from  Pa?erned  CNT  Scaffolds


	
  

• Three	
  new	
  advances	
  
• LPCVD	
  of	
  silicon	
  nitride	
  
• Fast	
  
• Very	
  robust	
  plates	
  
• SiO2	
  

• Glass	
  substrates	
  
• Fluorescent	
  substrates	
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Low  Pressure  Chemical  Vapor  DeposiEon


Deposi;on	
  Chamber	
  
~200	
  mTorr	
  

Reagent	
  gasses	
  con;nuously	
  flow,	
  and	
  vola;le	
  biproducts	
  are	
  con;nuously	
  removed	
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LPCVD  of  Silicon  onto  CNTs
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LPCVD  of  Silicon  Nitride  onto  CNTs
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LPCVD  of  Silicon  Nitride  onto  CNTs
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Nitrogen  Can  Be  Completely  Removed  from  the  Near  Surface  
Region  of  the  Si3N4  plates


(a)  as	
  deposited	
  Si3N4	
  film	
  	
  
(b)  oxidized	
  at	
  600	
  °C,	
  48	
  h	
  
(c)  oxidized	
  at	
  1000	
  °C,	
  48	
  h	
  



Analytes:	
  Food	
  dye	
  mixture	
  
Run	
  distance:	
  45	
  mm	
  
Elu;on	
  ;me:	
  ca.	
  5	
  min	
  
Robustness:	
  Plates	
  can	
  be	
  washed	
  
and	
  reused	
  dozens	
  of	
  ;mes	
  
Data	
  processing:	
  Color	
  enhanced	
  for	
  
visualiza;on	
  
Comment:	
  2	
  –	
  3	
  ;mes	
  as	
  fast	
  as	
  a	
  
commercial	
  plate	
  

SeparaEon  on  an  LPCVD    
Silicon  Nitride  TLC  Plate


Densitometer	
  scan	
  at	
  different	
  
wavelengths	
  



Fabrica;on:	
  Plates	
  (i)	
  and	
  (ii)	
  made	
  
with	
  different	
  masks	
  
Analytes:	
  CAMAG	
  test	
  dye	
  mixture	
  
Run	
  distance:	
  25	
  mm	
  (i	
  and	
  ii),	
  35	
  
mm	
  (iii)	
  
Elu;on	
  ;me:	
  (i)	
  1	
  min	
  10	
  s,	
  (ii)	
  1	
  min	
  
20	
  s,	
  (iii)	
  3	
  min	
  15	
  s	
  
Spot	
  size:	
  3	
  mm	
  
Mobile	
  phase:	
  t-­‐butyl	
  benzene	
  
Humidity:	
  21%	
  (typical)	
  
Temperature:	
  22	
  C	
  (typical)	
  
Comment:	
  2	
  –	
  3	
  ;mes	
  as	
  fast	
  as	
  
commercial	
  plates	
  

SeparaEons  from  our  Lab  at  BYU  on  LPCVD  
Silicon  Nitride  TLC  Plates
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SeparaEon  of  two  dyes:  BB7  and  Rhodamine


•  Separa;on	
  of	
  BB7	
  and	
  rhodamine	
  
dye	
  on	
  	
  
•  (a)	
  Merck	
  TLC	
  plate	
  	
  
•  (b)	
  M-­‐TLC-­‐plates.	
  	
  
•  Development	
  solvent:	
  
EtOAc:MeOH:H2O	
  (75:15:10)	
  	
  
•  Run	
  ;mes:	
  1	
  min	
  15	
  s	
  and	
  3	
  min	
  43	
  
s	
  for	
  M-­‐TLC	
  and	
  Merck	
  TLC	
  plates,	
  
respec;vely	
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Two  Quick  Teasers


•  Transparent	
  (glass)	
  substrates	
  
•  Fluorescent	
  plates	
  



Transparent  Substrate
A	
  Few	
  Observa;ons:	
  
•  Need	
  to	
  find	
  high	
  
temperature	
  
substrate	
  
•  Somewhat	
  
challenging	
  
problem	
  

•  Most	
  glasses	
  sofen	
  
and/or	
  deform	
  at	
  
elevated	
  
temperatures	
  

•  Adapt	
  process	
  to	
  
somewhat	
  lower	
  
temperatures	
  

•  Transmission	
  mode	
  
detec;on	
  is	
  important	
  
for	
  TLC	
  scanners	
  

	
  

720	
  °C	
  for	
  48	
  h	
  
One	
  substrate	
  unaffected,	
  another	
  

bends	
  slightly,	
  another	
  to	
  a	
  
significant	
  degree	
  

620	
  °C	
  for	
  48	
  h	
  
Flat	
  as	
  a	
  board	
  



Transparent  Substrate


•  The	
  lithography	
  changes	
  a	
  liRle	
  on	
  a	
  different	
  substrate	
  
•  S;ll	
  op;mizing	
  
	
  

PaRerned	
  CNT	
  forests	
  grown	
  on	
  
a	
  high	
  temperature	
  glass	
  

•  Separa;on	
  of	
  a	
  
food	
  dye	
  mixture	
  
on	
  a	
  glass	
  TLC	
  plate.	
  	
  

•  Color	
  enhanced	
  for	
  
easy	
  visualiza;on	
  of	
  
spots.	
  	
  



Making  a  Fluorescent  Plate

•  Deposited	
  ZnO(s)	
  into	
  the	
  silicon	
  nitride	
  plates	
  
•  ALD	
  of	
  dimethylzinc	
  (DMZ)	
  and	
  water	
  
•  Depending	
  on	
  deposi;on	
  condi;ons,	
  plates	
  show	
  green	
  fluorescence	
  
•  Fluorescence	
  good	
  with	
  254	
  nm	
  excita;on	
  
•  Analytes	
  on	
  the	
  plates	
  quench	
  the	
  fluorescence	
  
•  The	
  chromatography	
  doesn’t	
  change	
  –	
  same	
  selec;vity	
  
	
  

After hydroxylation

1 2 3 4 5 6 Analytes:	
  caffeine	
  (1)	
  and	
  
phenace;n	
  (2)	
  	
  
Mobile	
  phase:	
  

chloroform:methanol:ace;c	
  
acid	
  (80:15:5	
  v/v/v)	
  	
  



Making  a  Fluorescent  Plate

•  Intriguing	
  result:	
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Conclusions


•  LPCVD	
  of	
  silicon	
  nitride	
  leads	
  to	
  good	
  silica	
  TLC	
  plates	
  
•  No	
  deforma;on	
  of	
  features	
  
•  No	
  nitrogen	
  lef	
  by	
  XPS	
  afer	
  oxida;on	
  
•  Good	
  separa;ons	
  of	
  food	
  dyes,	
  CAMAG	
  dye	
  mixture,	
  and	
  other	
  dyes	
  
•  Plates	
  are	
  very	
  robust	
  –	
  can	
  be	
  washed	
  and	
  reused	
  mul;ple	
  ;mes	
  
•  Separa;ons	
  comparable	
  in	
  resolu;on	
  to	
  those	
  on	
  HPTLC	
  plates,	
  but	
  2	
  –	
  3	
  ;mes	
  
faster	
  

•  Glass	
  substrates	
  being	
  developed	
  
•  Photolithography	
  is	
  possible	
  
•  Preliminary	
  separa;ons	
  performed	
  

•  Fluorescent	
  plates	
  
•  Progress	
  towards	
  the	
  produc;on	
  of	
  a	
  fluorescent	
  plate	
  
•  Preliminary	
  separa;ons	
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