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A t l a n t a ,  G e o r g i a  

The TP-LIF OH sensor  is based on t h e  p r i n c i p l e  t ha t  a molecule having mul- 
t i p l e  energy s ta tes ,  a l l  of which are bonding, can be pumped i n t o  t h e  h i g h e s t  
s t a t e  wi th  the r e s u l t i n g  f luo rescence  being b lue - sh i f t ed  r e l a t i v e  t o  a l l  pumping 
wavelengths. I n  t h i s  way, one can success fu l ly  d i s c r i m i n a t e  a g a i n s t  v i r t u a l l y  
a l l  n o i s e  sou rces  i n  t he  system us ing  long wavelength blocking f i l t e rs  i n  con- 
j u n c t i o n  wi th  so l a r -b l ind  pho tomul t ip l i e r  tubes. 
" s i g n a l  l i m i t e d "  ra ther  than "s ignal- to-noise  l i m i t e d "  as is t r u e  of the  SP-LIF 
technique  as well as o the r  convent ional  a n a l y t i c a l  methods. The t r i c k  t o  
achiev ing  the  above sampling scheme, with high e f f i c i e n c y , ' i s  i n  the use  of high 
photon f l u x e s  of s h o r t  time dura t ion .  Obviously, t he  l a t t e r  type  of l i g h t  
source  is f u l f i l l e d  n i c e l y  by a v a i l a b l e  pulsed lasers. 
po in t  of view, however, t h i s  laser source  needs t o  be tunable .  The l a t t e r  char- 
ac t e r i s t i c  permi ts  extremely h igh  s e l e c t i v i t y  f o r  t h e  d e t e c t i o n  of a d ia tomic  or 
s imple  polyatomic molecule by t ak ing  advantage of the h igh- reso lu t ion  spec t ros -  
cop ic  features of these type  spec ie s .  

Thus, these systems tend  t o  be 

From an o p e r a t i o n a l  

The Georgia Tech group has now appl ied  t h i s  multi-photon L I F  d e t e c t i o n  
scheme t o  s e v e r a l  chemical systems including:  NO, Hg, 12,  and OH. The most 
ex tens ive ly  developed system is t h a t  involving t h e  d e t e c t i o n  of NO. 
system has undergone both ex tens ive  ground-based and a i r b o r n e  f i e l d  t e s t i n g .  

Th i s  TP-LIF 

The c u r r e n t  TP-LIF OH sys t em e x i s t s  i n  p ro to type  form only ;  even so,  it has 
enabled us  t o  carry ou t  proof-of-concept t e s t s  and i n  a d d i t i o n  has permi t ted  a 
r e a l i s t i c  a p p r a i s a l  of two of t h e  major ques t ions  related t o  t h e  L I F  d e t e c t i o n  
of OH: ( 1 )  UV laser generated OH in t e r f e rence ;  and ( 2 )  non-resonance f l u o r e -  
scence background noise .  

The p ro to type  TP-LIF OH system is based on the  s e q u e n t i a l  pumpin of OH 

The s h o r t e s t  pumping wavelength r equ i r ed  i n  e i ther  
from 211, vV1=O t o  211, v"=1 or  2 followed by e l e c t r o n i c  pumping of t h e  $lI (vV1=l or 
2)  s t a t e  t o  22 (vT=0  o r  1 ) .  
of these schemes is - 347 nm whereas f luorescence  occur s  a t  - 309 nm. Based on 
t h e  r e s u l t s  der ived  from the  pro to type  system, p ro jec t ed  d e t e c t i o n  limits f o r  
OH under t r o  osphe r i c  cond i t ions  range from t h e  low l o 4  t o  t h e  low 105 

t h e  e x i s t i n g  pro to type  sys t em t o  t h e  above stated l e v e l  of performance is t he  
a v a i l a b i l i t y  of a high-energy I R  pulsed l a s e r  centered  a t  - 1 . 4  o r  2 . 8 ~ .  A 
d i s c u s s i o n  of p o s s i b l e  f u t u r e  I R  laser sources  which w i l l  meet our  requirements  
as well as other ope ra t iona l  c h a r a c t e r i s t i c s  of t he  TP-LIF OH system w i l l  be 
p re sen ted  du r ing  the  H,Oy workshop. 

molecules/cm 5 f o r  a 10-minute i n t e g r a t i o n  time. The major requirement i n  moving 
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Comments 

The two-photon method of d e t e c t i o n  of OH has been demonstrated only i n  a 
l abora to ry  instrument a l though,  t hese  i n v e s t i g a t o r s  stress, two-photon 
d e t e c t i o n  hardware f o r  NO has proved f l i g h t  worthy. This  was thought of by 
most of t he  p a r t i c i p a n t s  as a va luable  t h i r d  technique,  behind t h e  long-path 
abso rp t ion  and reduced pressure methods, which would be ready i n  2 o r  3 years .  

A major ques t ion  r a i s e d  was t h e  ease wi th  which t h e  requi red  pu l se  energy 
(200 mJ per  pulse)  i n  t h e  i n f r a r e d  could be generated.  
p o s s i b i l i t i e s ,  a l l  y e t  t o  be eva lua ted :  ( i )  A t i tanium-sapphire  tunab le  
laser ,  Stokes-shif ted twice i n  H2; t h i s  w i l l  r e q u i r e  1 t o  1.5 yea r s  develop- 
ment; ( i i )  An e f f i c i e n t  i n f r a r e d  dye pumped by Nd:YAG 1.064vm radiation, which 
has been demonstrated i n  Japan and the  dye d e l i v e r e d  t o  Georgia Institute of 
Technology; within a year it should be known how well this can be operated; and 
(iii) An I laser which, when Stokes-shifted once, may have a coincidental over- 
lap with an OH line; borrowed from the manufacturer, this possibility can be 
checked within the year. 

There are s e v e r a l  
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I n t e r f e r e n c e  l e v e l s  are q u i t e  low us ing  t h i s  method. A t  60 ppb, t h e  
0 -H 0 l aser -c rea ted  OH w i l l  cause background s i g n a l s  equ iva len t  t o  <5000 OH 
p e r  cm . 
of H202 a t  1 ppb g ives  an OH s i g n a l  of 10/cm3. 
o v e r a l l  c a l i b r a t i o n  accuracy of 20 percen t ,  deduced from an  examination of t h e  
methods (H202 and 03-H20 pho to lys i s )  i n  t h e  CITE-I eva lua t ion .  
minutes averaging time, an o v e r a l l  accuracy wi th in  a f a c t o r  of 1.5 i s  
expected,  with d e t e c t a b l e  l i m i t s  lower than 10 /cm a t  a s igna l - to-noise  l e v e l  
of un i ty  . 

2 3  3 Photo lys i s  of HN03 a t  100 ppt  y i e l d s  OH s i g n a l s  of 70/cm , and t h a t  
This group e s t ima tes  an  

With 1 t o  10 
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