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COLLISIONAL DEACTIVATION OF LASER INDUCED ETHYLENE FLUORESCENCE 

LIFETIME OF VIBRATIONALLY EXCITED ETHYLENE I N  AIR AT ATMOSF'HERIC PRESSURE 

.James W. Robinson and James D. Dake 
Department of Chemistry 

Louis iana S t a t e  U n i v e r s i t y  
Baton Rouge, Louis iana  TO803 

I. INTRODUCTION 

Laser  induced i n f r a r e d  f luorescence '  ,2 is  a p o t e n t i a l  method f o r  

I n  e v a l u a t i n g  t h i s  t h e  remote d e t e c t i o n  of a tmospheric  p o l l ~ t a n t s . ~ , ~  

technique a s  a q u a n t i t a t i v e  a n a l y t i c a l  t o o l ,  two important  parameters  a r e  

( a )  t h e  l i f e t i m e s  of t h e  e x c i t e d  species and ( b )  t h e  quenching e f f i -  

c i e n c i e s  of var ious  molecules which would be expected t o  be i n  t h e  atmo- 

sphere  and which may c o l l i d e  w i t h  t h e  e x c i t e d  species. Such quenching 

would lead  t o  l o w  f l u o r e s c e n c e  i n t e n s i t y  and low a n a l y t i c a l  d a t a .  We 

have measured t h e  quenching of the f l u o r e s c e n c e  of e t h y l e n e ,  which is  a 

common hydrocarbon p o l l u t a n t ,  by n i t r o g e n ,  n i t r o g e n  s a t u r a t e d  w i t h  water  

vapor ,  and a i r .  

M i l l i k a n  has r e p o r t e d  t h a t  water  vapor is a very  e f f i c i e n t  quencher 

of carbon monoxide v i b r a t i o n a l  f l u o r e s c e n c e , 5  and s i n c e  water  vapor i s  

found i n  r e l a t i v e l y  l a r g e  c o n c e n t r a t i o n s  i n  t h e  atmosphere i t s  a b i l i t y  t o  

quench e t h y l e n e  f luorescence  was of cons iderable  i n t e r e s t .  It was found 

t h a t  the  quenching e f f e c t s  were n o t  g r e a t  and should not  p r e s e n t  a 

s i g n i f i c a n t  ana ly t i . ca1  problem. It was shown t h a t  major changes i n  

humidity would not  cause s i g n i f i c a n t  changes i n  f luorescence  i n t e n s i t y .  

From t h e  quenching d a t a  and from r e c e n t l y  publ i shed  l i f e t i m e  d a t a  

f o r  e t h y l e n e  a t  reduced pressures ,"  w e  c a l c u l a t e d  t h e  l i f e t i m e  of 
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ROBINSON AND DAKE 

v i b r a t i o n a l l y  e x c i t e d  e t h y l e n e  i n  a i r  a t  a tmospheric  p r e s s u r e .  From this  

l i f e t i m e  t h e  depth  r e s o l u t i o n  of a h y p o t h e t i c a l  remote p o l l u t i o n  monitor  

was c a l c u l a t e d .  

11. EXPERIMENTAL 

A. Equipment 

1. Laser  -- A cont inuous C02 gas l a s e r  was used a s  t h e  

e x c i t a t i o n  source .  The l a s e r  was tuned t o  10.6 p by a d i f f r a c t i o n  

g r a t i n g  which served  a s  t h e  r e a r  r e f l e c t o r  of t h e  l a s e r .  The l a s e r  

produced approximately 8 w a t t s  i n  a beam one c m  i n  d i a m e t e r ,  

v a r i e d  less than  5$ dur ing  t h e  experiments .  

The power 

2. Chopper -- A P r i n c e t o n  Applied Research,  Model 125, 

Mechanical Chopper was used t o  modulate t h e  l a s e r  beam a t  13 Hz. 

3.  Fluorescence C e l l  -- A g l a s s  ce l l  20 cm long and 4 c m  i n  

diameter  was used t o  c o n t a i n  t h e  gas  samples. 

was used f o r  t h e  l a s e r  beam e n t r a n c e  and e x i t  windows and € o r  t h e  

f luorescence  e x i t  window. Gas p r e s s u r e s  i n s i d e  t h e  ce l l  were measured 

w i t h  a metal  diaphragm vacuum gauge. 

4. 

I r t r a n - 2  (Eastman Kodak) 

F i l t e r  System -- A McPherson, Model 607, F i l t e r  Assembly 

was used t o  l i m i t  the r a d i a t i o n  s t r i k i n g  t h e  d e t e c t o r  t o  the 7 t o  14 

micron reg ion .  

5 .  Detec tor  -- A Barnes Engineer ing p y r o e l e c t r i c  d e t e c t o r  was 

used. 

6. Amplif ier  -- A P r i n c e t o n  Applied Research,  Model 124, 

lock- in  a m p l i f i e r  and a PAR, Model-116, p r e a m p l i f i e r  were used. 

7. Power Meter -- The l a s e r  power was monitored throughout  

t h e  experiments  w i t h  a Coherent R a d i a t i o n ,  Model Xl, Power Meter. 
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ETHYLENE FLUORESCENCE LIFETIME: 

B .  Gases Used 

1. Ethylene - -  Matheson Chemically Pure e t h y l e n e  was used 

wi thout  f u r t h e r  t rea tment .  

2. Nitrogen -- Nit rogen  source  w i t h  a p u r i t y  of 99.9 -I-$, was 

used wi thout  f u r t h e r  t rea tment .  

3.  A i r  - -  Room a i r  was used. 

The o p t i c a l  arrangement i s  shown i n  Figure 1. 

C. Experimental Procedure 

The f luorescence  c e l l  was evacuated,  f lushed  w i t h  e thylene  and 

re-evacuated.  Ethylene was then  introduced i n t o  t h e  c e l l ,  and t h e  

pressure  a d j u s t e d  t o  t h i r t y - f  ive  t o r r .  The f luorescence  i n t e n s i t y  then 

was measured. 

The f luorescence  spectrum of ethylene‘ was r e p o r t e d  i n  a 

previous p u b l i c a t i o n .  

the d e t e c t o r  t h e  t o t a l  r a d i a t i o n  from the  I luorescence  bands a t  7.2 u. 

By us ing  a 7-14 IJ. f i l t e r  between t h e  source  and 

and 10.6 P were observed. 

The i n t e n s i t y  of s c a t t e r e d  l a s e r  r a d i a t i o n  i n s i d e  t h e  c e l l  was 

much less  than t h e  f luorescence  i n t e n s i t y ,  and was e a s i l y  s u b t r a c t e d  from 

t h e  t o t a l  s i g n a l .  

A f t e r  measuring t h e  f luorescence  i n t e n s i t y  of t h e  pure 

e t h y l e n e ,  var ious  atiiounts of n i t r o g e n ,  o r  n i t r o g e n  s a t u r a t e d  w i t h  water  

vapor ,  o r  a i r  w e r e  added t o  t h e  c e l l .  A f t e r  each a d d i t i o n  of t h e  

quenching g a s ,  the  p r e s s u r e  i n s i d e  t h e  c e l l  and t h e  f luorescence  

i n t e n s i t y  were recorded.  The quenching gases  were added u n t i l  atmo- 

s p h e r i c  p r e s s u r e  waii reached i n s i d e  the  c e l l .  

111. RESULTS AND DLSCUSSION 

The f luorescence  i n t e n s i t y  of the pure e thylene  d iv ided  by t h e  

10 f luorescence  i n t e n s i t y  a f t e r  t h e  a d d i t i o n  o f  t h e  quenching g a s ,  - 1 ’  
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1. 

4. 

1. Grating 

2. CO, Laser 

3. Chopper 

4. Fluorescence Cell  

5. F i l t e r  Assembly 

6.  Detector 

7. Power Meter 

FIGURE 1. Optical Arrangement 

0 2 4 6 8 
Pressure of Quenching Gas 

(Hundreds of Torr) 

FIGURE 2. Quenching of Ethylene Fluorescence by Nitrogen 
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ETHYLENE FLIJOEESCENCE LIFETIME 

was p l o t t e d  a g a i n s t  t h e  p r e s s u r e  of t h e  gas added. 

quenching of e t h y l e n e  by n i t r o g e n .  

n i t r o g e n  s a t u r a t e d  wi th  water  vapor. 

by a i r .  

F igure  2 shows t h e  

F igure  3 shows t h e  quenching by 

And Figure  4 shows the  quenching 

I n  each c a s e  t h e  i n i t i a l  amount of e t h y l e n e  was 35 t o r r .  

From t h e  p l o t s  i t  i s  apparent  t h a t  t h e  quenching e f f i c i e n c i e s  of 

t h e  t h r e e  components t e s t e d  were small and t h a t  t h e  e f f i c i e n c i e s  were 

about  t h e  same va lue .  

cence s l i g h t l y  more than  d i d  d r y  n i t r o g e n ,  and room a i r  quenched 

s l i g h t l y  more e f f i c i e n t l y  than n i t r o g e n  s a t u r a t e d  w i t h  water  vapor 

Ni t rogen  s a t u r a t e d  w i t h  H20 quenched t h e  f l u o r e s -  

The minor d i f f e r e n c e s  i l l u s t r a t e d  by Figures  2 and 3 between dry  

n i t r o g e n  and n i t r o g e n  s a t u r a t e d  by water  i n d i c a t e  t h a t  major changes i n  

humidity would cause very  l i t t l e  change i n  f luorescence  i n t e n s i t y .  Also 

i n  a i r  samples it would be expected t h a t  t h e  n i t r o g e n  c o n c e n t r a t i o n  

would remain reasonably  c o n s t a n t .  

This would n o t  be t r u e  f o r  s t a c k  gases  where a c o r r e c t i o n  f o r  

v a r i a t i o n  i n  N, may be necessary.  The d a t a  i l l u s t r a t e d  i n  F i g u r e s  2 and 

4 a l s o  i n d i c a t e  t h e s e  w i d e  v a r i a t i o n s  i n  0, caused only minor e f f e c t s  on 

f luorescence  i n t e n s i t y .  No c o r r e c t i o n  f o r  oxygen v a r i a t i o n  may be 

necessary  i n  s t a c k  gas  monitor ing d a t a .  

Using t h e  Stern-Volmer quenching  equation"^^ t h e  l i f e t i m e  of 

e x c i t e d  e t h y l e n e  i n  a i r  a t  a tmospheric  p r e s s u r e  was c a l c u l a t e d  a s  

fo l lows .  

Where ro  i f  t h e  l i f e t i m e  of t h e  f luorescence  of t h e  pure gas  and r1 i s  

t h e  l i f e t i m e  of the  c o l l i s i o n a l l y  quenched f l u o r e s c e n c e .  

Yuan and Flynn have r e p o r t e d  t h e  l i f e t i m e  of v i b r a t i o n a l l y  e x c i t e d  

e thylene  a t  55 t o r r  t o  be 3.8 p set.= From t h e  e q u a t i o n  above, ‘1 was 
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8 

6 
I0 - 
I 

4 

2 

0 2 4 6 8 
Pressure of Quenching Gas 

(Hundreds of Torr) 

FIGURE 3. Quenching of Ethylene Fluorescence by 

Nitrogen Saturated with Water Vapor. 

8 
0 

0 2 4 6 

Pressure of Quenching Gas 

(Hundreds of Torr ) 

FIGURE 4. Quenching of Ethylene Fluorescence by Room Air 
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ETHYLENE FLUORESCENCE LIFETIME 

c a l c u l a t e d  t o  be 0.5; s e c  i n  a i r  a t  atmospheric pressure .  This l i f e t i m e  

corresponds t o  5 x lo3 c o l l i s i o n s  per  e x c i t e d  e thylene  molecule. 

Using an  approximation proposed by K i l d a l  and Byer t h e  range 

r e s o l u t i o n  of a remote monitoring device  may be ~ a l c u l a t e d . ~  

Where A R  i s  the  range r e s o l u t i o n ,  c i s  t h e  speed of l i g h t ,  t o  i s  t h e  

l a s e r  pu lse  width,  tg is the  g a t e  width of t h e  d e t e c t i o n  system, and T 

is  the l i f e t i m e  of the  f l u o r e s c e n t  spec ies .  Assuming a l a s e r  pu lse  width 

of 200 n s e c  and a g a t e  width of 50 n sec, the  depth r e s o l u t i o n  t o  one 

s i g n i f i c a n t  f i g u r e  i.s 100 m. This  r e s o l u t i o n  i s  s u f f i c i e n t  t o  permit  

range determinat ions of molecular p o l l u t a n t s  when u s i n g  a remote sens ing  

apparatus .  
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v. SUMMARY 

The c o l l i s i o n a l  d e a c t i v a t i o n  of l a s e r  induced e thylene  f l u o r e s -  

cence was measured f o r  n i t r o g e n ,  n i t r o g e n  s a t u r a t e d  w i t h  water  vapor ,  

and a i r .  From these  measurements t h e  l i f e t i m e  of v i b r a t i o n a l l y  e x c i t e d  

e thylene  i n  a i r  a t  atmospheric p r e s s u r e  was c a l c u l a t e d  t o  be 0.5 p s e c .  

The depth r e s o l u t i o n  of a h y p o t h e t i c a l  remote monitoring device was 

c a l c u l a t e d  t o  be 100 meters. R e s u l t s  showed t h a t  t h e  quenching e f f e c t s  

were s i m i l a r  i n  a l l  cases  and i n  no c a s e  were they  g r e a t .  Major changes 

i n  humidity should n o t  present  an a n a l y t i c a l  problem i n  p r a c t i c e .  
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