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NOx	  life'me	  is	  controlled	  by	  its	  sinks	  

NOx	  ≡	  NO	  +	  NO2	  

NOx 

RONO2     Alkyl Nitrates (ΣANs) 

RO2NO2   Peroxy Nitrates (ΣPNs) 

HNO3        Nitric Acid 

α	  

Emission	  
Sources	  

ClNO2 

N2O5  



	  
λ	  >750	  nm	  532	  nm	  

NO2	  

NO2*	  

Laser-‐induced	  fluorescence	  (LIF)	  detec'on	  
of	  NO2	  

Vacuum	  pump	  

532	  nm	  
Mul:pass	  Cell	  #1	  	  

PMT	  

Mul:pass	  Cell	  #2	  

PMT	  

White	  cell	  configura:on	  with	  ~30	  passes.	  	  	  

Gas	  in	  -‐	  200-‐760	  torr	  
(ambient	  pressure)	  

7	  kHz	  Pulsed	  
Nd:YAG	  

Thornton,	  J.	  A.;	  Wooldridge,	  P.	  J.;	  Cohen,	  R.	  C.	  Anal.	  Chem.	  2000,	  72,	  528.	  
Bertram,	  T.	  H.;	  Perring,	  A.	  E.;	  Wooldridge,	  P.	  J.;	  Dibb,	  J.;	  Avery,	  M.	  A.;	  Cohen,	  R.	  C.	  Atmos.	  Chem.	  Phys.	  2013,	  13,	  4617.	  

The	  limit	  of	  detec'on	  of	  the	  instrument	  is	  15	  pptv/
10	  s	  for	  NO2	  at	  S/N=2.	  
•  Calibra'on	  done	  using	  NO2	  standard	  
•  Zero	  air	  used	  to	  obtain	  instrument	  zero	  



Thermal	  dissocia'on	  laser-‐induced	  
fluorescence	  (TD-‐LIF)	  

XNO2	  +	  heat	  à	  NO2	  +	  X	  

•  540°C	  Channel:	  
•  HNO3	  

•  350°C	  Channel:	  
•  Sum	  of	  alkyl	  nitrates	  
(RONO2)	  

•  ClNO2	  
•  190°C	  Channel:	  

•  Sum	  of	  peroxy	  
nitrates	  (RO2NO2)	  
such	  as	  PAN	  

•  N2O5	  



Inlet	  diagram	  
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Day,	  D.	  A.;	  Wooldridge,	  P.	  J.;	  Dillon,	  M.	  B.;	  Thornton,	  J.	  A.;	  Cohen,	  R.	  C.	  J.	  Geophys.	  Res.-‐Atmos.	  2002,	  107.	  

Residence	  'me	  for	  unheated	  channel:	  1	  s	  
Residence	  'me	  for	  heated	  channels:	  ~	  1.7	  s	  
Tubing	  material:	  PFA	  Teflon	  

Orifice	  



0.82	  data	  adjustment	  
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With TDLIF * 0.82

y = 1.075x + 0.029214
R2 = 0.97577

Ajer	  recalibra'ng	  our	  
NO2	  tank,	  we	  reported	  
out	  data	  should	  be	  
adjusted	  by	  0.82.	  
	  
	  Slope:	  1.31	  -‐>	  1.08	  
	  
Final	  data	  will	  include	  
adjustment,	  so	  make	  
sure	  to	  stop	  mul'plying	  
when	  using	  our	  final	  
data	  



190°C	  Channel	  
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y = 0.82111x + 301.729
R2 = 0.72603



190°C	  Channel	  
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190 Channel



190°C	  Channel	  
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190 Channel
ΣPNs
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350°C	  Channel	  



350°C	  Channel	  

•  Possible	  reasons	  for	  discrepancy	  
– Cl	  +	  NO2	  recombina'on	  ajer	  oven	  

•  Fast	  enough,	  but	  Cl	  is	  used	  up	  by	  other	  species	  
– Surface	  reac'ons?	  
– Temperature	  too	  low	  to	  capture	  all	  ClNO2	  



Temperature	  Scan	  
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540°C	  Channel	  vs.	  CIMS	  1	  
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y = 0.94265x + 91.6027
R2 = 0.88929

540°C	  Channel	  vs.	  CIMS	  1	  
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540°C	  Channel	  vs.	  CIMS	  1	  
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•  Comparison	  with	  CIMS	  1	  in	  Berkeley	  showed	  we	  
weren’t	  seeing	  2xN2O5	  in	  540	  channel	  

•  Could	  be	  different	  in	  
ambient	  air	  vs	  dry	  
calibra'on	  

•  HNO3	  comparison	  s'll	  
has	  N2O5	  correla'on-‐	  
subtrac'ng	  all	  N2O5	  
reduces	  scaoer	  
significantly	  more	  



540°C	  Channel	  vs.	  CIMS	  2	  
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Other	  540	  Channel	  Considera'ons 	  	  

•  How	  much	  N2O5	  are	  we	  seeing?	  
•  	  Are	  we	  seeing	  any	  ClNO2	  in	  this	  channel?	  
•  Water	  dependence?	  
•  Effect	  of	  different	  inlets	  (heated	  or	  not,	  etc)	  



NOZ	  Comparison	  

0 1 2 3 4 5 6 7 8
0

1

2

3

4

5

6

7

8

ARNOLD NOZ (NOY − NOX, ppb)

TD
LI

F 
NO

Z (S
um

 o
f h

ea
te

d 
ch

an
ne

ls
, p

pb
)



Conclusions	  

•  Despite	  challenges	  in	  interpre'ng	  each	  
channel,	  our	  overall	  NOy/NOZ	  compares	  well	  

•  Need	  to	  solidify	  understanding	  of	  N2O5	  and	  
ClNO2	  signal	  

•  How	  much	  N2O5	  are	  we	  seeing	  in	  the	  540°C	  
channel?	  

•  Issues	  we	  see	  with	  our	  inlet	  could	  be	  relevant	  
to	  other	  inlets	  


