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l a  désactivation de IIF (v=1 ,2) a ~t6 rnesurée par la technique

du tube d’~ cou1ement a décharge. Les taux efficaces de dt~sactivation

l ibrationne lle de }1I (v=1 ,2) relaxé par C2
114, C2

11
3

1 , 1 , 1C2
U
2
F,, Cis 1 ,

trans 1 , 2C~ I I ) F 7 ,  C2
HF

3 
et C~ F

4 ont été d6ternin~s. Pour

}jf:(v 1), Ic taux de relaxation va de 4.9x104s ’ torr
1 
avec C2 114 a

3.SxlO 3s ’torr ’ avec (~~F4
; pour IIF (v=2), ii va de 1.3x105s’’ torr~~ a

8.8xlO 3s
1 

torr ’. La section efficace de collision pour la désacti-

vI l t ion de } I F ( v = I )  et 1 IF (v =2 )  par C2
11
4 et les fluoroéthylènes van e

linéair em ent avec le nombre d’atomes d’hydrogène . (NC)

ABSTRACT

A discharge-flow-tube techn ique has been used to measure

the deactivation of HF (v=l ,2). Effective vibrational deactivation

rate constants for IIF (v=1 ,2) relaxed by ~~~~~ C }l~F , l~ lC ,ll,F ,,

cis L2Ci,I f 1F~~, t rans 1~ 2C2
U
2
F~ , C

2
UF

3
, and C~F~ have been determined .

For IIF(v=1) the rate constants range from 4.9xlO s torr for C,H4
to 3.SxlO s torr for C F and for HF (v=2) from l.3x10 s torr

to 8.8x10 s torr . The cross sections for the deactivation of

UF(v=1) and IIF(v=2) by C
2
11
4 

and the fluoroethylenes are observed to

scale linearly with the number of hydrogen atoms . (U)
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1 .0 [NTRODUCTI(N

With the increasing interest in and developnent of lIE and

OF lasers , num erous studies have been undertaken to supp ly the requisite

information on both vibrational -vib rational and vibrational -translational

deactivation of vibrational ly excited 1W and OF. The three principal

experimental methods used were: laser-excited fluorescence (1 ,2), dis-

charge-flow -tube (3 ,4) and “steady-state ” chemiluntinescence techn i ques

(51. For the deactivation of 111 1 by CU
2
, one of the few reactions

stud ied by all three techn iques , the agreement among the results ob-

tained by these three techni ques appears to be very good.

Very little attention has been given to the deactivation of

lIE by either fluorinated or unsaturated hydrocarbons. \nlauf et al

(3) measured the rate of deactivation of IIF (v=l ,2) by C~ I I~ to be 5x10
1

torr 1
s ’ and 2.2x10

5 torr~~s~~ respectively. Bott and Cohen (1)

obtained values of (4.2±0.6)x10 , (l.6± 0.5)xl0~ , and (6.3~ l.0)x10
2

torr~~s
’ respectivel y for the deactivation of III (v=l) by CF4, C,116

,

and C
4

11
8. Recent studies by Jones and Matinopoulous (6) of the infrared

chemiluminescence produced by the reaction of II atoms with fluoroethylenes

have prompted an interest in the rates of deactivation of IIF (v=l ,2) by

fluoroethylenes. Consequently, the present study using the discharge-

flow-tube techni que was undertaken to determine the rates of deacti-

vation of HF(v=l ,2) by C
2H4 

and all the fluoroethylenes.

This work was performed at DREV during the latter half of

1976 under PCN 21102 (formerly PCN 07301, Project No. 970139) “Research

on Ch emi cal ly Exc it ed Lasers ”.

1-~ 
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2 . 0  E X P E R I M E N T A L

The experimental apparatus consisted of a medium -pressure

(-1 . torr) flow tube having a diameter of 3 .4  cm ( F i gure  1 ) .  The F

atoms were generated by passing SF( diluted with argon through a

2 4 5 )  ~ iz microwave discharge in a 13-mm side arm . The discharge and

the flow tub e were both coated with phosphoric acid to inhibit atom

recombination . The fuel , Cu 4, and the quencher along with additional

argon were injected into the F atom argon strean by means of a move-

able probe. This probe consisted of a glass tube with a teflon tip

having four spokes with 16 holes of 0.25 mm diameter ~~ spoke. The

holes were oriented perpendicular to the flow axis . The probe

posit ion could be varied from the observation position to a point

15 cm upstream . Characterization of the flow w aS accomplished by

m e a s u r i n g  t he  p r e s s u r e  w i t h  a quartz sp iral gauge (Texas Instrumentsj

and the flow rates of the reactant gases with Fisher Porter flowmeters.

The detection system consisted of CaF 2 windows mounted

flush with the walls of the flow tube , a McPherson 1 meter mono-

chromator equipped with a dry-ice-acetone cooled PbS detector chopped

at 200 lIz by a bulova L81111 optical chopper and a hewlett -Packard lock-in

anplifier. The 2 mm slit of the chopper acted as an iris limiting the

field of view . This gave a spatial resolution of 4.4 mm along the flow

axis.

Typical experimental conditions were: molar flow rates

(micromoles ~
.1
) Ar 884, SF

6 
0.45, CH~ 5.24; pressure 1.65 torr ;

average linear velocity l.8SxlO 3cm s~ ; temperature (298±2)°K.

— -— - ~~~~~ - —- —— ~~~ . . — -~~- - - - -
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3~f) RESULTS AND DISCUSSION

Vib ratio nal1 ~- excited lIE is produced by the fast reaction

Cu
4 + F llF (v<3J + (:ui _ (I)

which has a rate constant K 5.4SxlO 10
exp (-575/T) cm3nolecules 1

s ’

(‘). The emission spectrum of the lIE fundamental vibrational-

rotational hand is well resolved which permits the use of the R 1
(2)

and R~ (4) lines as a monitor of the ILF (v=1) and IIF(v=2 ) concentration .

IIP (v=n) is deactivated by the quenching reaction

hIF (v=n) + Q lIE (v=n— 1) + Q 2)

i..here Q is the added quencher , as well as undergoing collisional

deactiv ation with reactants and products , radiative decay and

wall deactiv at ion . The method of analysis employed is similar to

th at used by Kwok and Wilkins (8). The flow is treated as a fully

developed , viscous , laminar , axially symmetric pipe flow having a

parabol ic radial dependence. Axial diffusion and coupling between

l lF 1 v) ie’- ~ ls are assumed to be neglig ible. Mixing of the reactants

at the injector is assumed to be instantaneous . The value of the

number density averaged along the tube diameter , 
~~~~ 

as a function

of’ the radial coordinate z is approximately

N (z) = N
~
(z O)exp(_z/T

~
Ut ) (3)

where T
1
(z) is the overall decay rate. The velocity U’ compensates

for the distort i on of the iensity N caused by the paraboloidal

veloc ity profile. U’ = ~U where Ii is the average velocity calculated

from the continuity equation . The correction factor ~ can be

calculated for specified diffusion coefficients and given wall loss

4 - — - - - -..-——. — 
~~~

•
~~~ •• - — —
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cond i t  ions us ing t h e  method out l i n e d  by I’ o i r icr  and C a rr  (9 1 . F i gure  2
shows ;t t vp i c;i 1 p l o t  of o b s e r v ed  number dens i t  v , N , a g a i n s t  d i s t a n c e

a long t h e  ax i s .  The dec;i~- 5 lOpCs  O b t a i n e d  from these p lot ;

d ( l i i  N ) , - I
- v = (i IIs lop e  - - S = — v ( -I )

V I .

are  t h e n  p lo t  ted aga inst 9uenchel- c onc cut rat ion Q t i) g lv i ’  the  q u e n c h i n g

r a t e  c o n s t a n t

=
(a )

dQ I I ’

F ;  ~~m r e  S h o w s  a r e p r e s e n t a t i v e  p lo t  of S v e r s u s  Q for  the d e a c t i v a t i o n

II -  ( v = 2 )  by C ,l lF ~ -

I h e  f l o w  sy s t e m  was  ve ry  s t e a dy  d u r i n g  t h e  m e a s u r e m e n t s

w i t h  changes  in gas  p r e s s u r e  and d i s c h a r g e  p a r a m e t e r s  b e i n g  l ess

than S .  The flows were stead y to wi th in  5
V~ w i t h  t h e  u n c e r t a i n t y

in  t h e i r  ab so lu te va lues  c a l c u l a ted to be le ss t h a n  20% of va lue .

l ) e t e c t o r  s e n s i t i v i t y  was s u f f i c i e n t  to  p e r m i t  t h e  decay of I I F ( v = l )  t o

be monitored over a distance of 10 cm and t ha t  of I I F ( v = 2 )  over  a

d i s t a n c e  of 5 cm . The si gnal for at the 1-cm posit ion varied by

less than 2°~ over 10 n i n u t e s  and at t he  10-cm position by less  than

As can he seen from Fi gure 2, the scatter about the least squares

line drawn through the strai ght portion of the curve is small which

permits an accurate determination of the slope. Similarly plots of S,~,
versus Q exhibit only small fluctuations from the expected linearity

(Fi gure 3).

To test the experimental method and the assumptions made

in the analysis , the rate of deactivat i on of IIF (v=l) by Cl!4, C,116 
and

CO2 was determined . The values of the rate constants obtained in the

present study together with literature values are given in Table I . 

t~~~~
- — - -— - - - -- -. —- - - - - - —

. - ~~~~~~
-. - - - - -
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lA bE L  I

C0’IP\R I .~O\ OF RA I L  (~~)N~ l \ N !~ FOR TIlE DEA(:rI V -V ! ION OF jii~ v= 1
bY Cl , H’ \NO CU ,

- -~~ — ------ -- - - - - - - - ~~~~~~~ - 

Quencher k (torr s ) Method R e f e r e n c e

( :1(
4 3. f~x l 0 1 d i s c h a rg e  f l o w  t u b e  p r e sen t  work

2 . 1 x 1 0 4 d i s c h a r g e  f l o w  tube  Kwok ~ Cohen (4 )

(4 .4X1 0
4 

di scharge flow tube Anlauf , Dawson )~
h e rman 3 )

5. 3 0 . 8 ) x 1 0 4 l a s e r  f l u o r e s c e n c e  Hancock ~ Creen 2)

_ _ 4  - -
C~ l I( 9..~xlO discharge tlow tube present work

( 1 . 1  ~0.  l~~) x l 0 5 l a s e r  f l u o r e s c e n c e  Hancock  ~ C re en ( 2 )

( x 1 0 4 d i s c h a r g e  f l o w  tube  A n l a u f , Daw son ~,

l l e rman ( 3 )

4 . 0 x 1 0 1 d i s c h a r g e  f l o w  tube  p resen t  w o r k

4 . l x l O 4 d i s c h a r g e  f l o w  tube Kwo k t~ Cohen ( 4 )

( 3 .( ,~ 0 . 2 ) x l 0 ’1 l a se r  f l u o r e s c e n c e  B ot t  t~ Cohen ( l u )

4.0xl0~ s t e a dy  s t a te  A i r e v  t~ S m i t h  (5)
chem i l um i n e s c e n c e

(5 .9 0 . 2 ) x l ( ) 4 
l a se r  f l uo rescence  h ancock (~ Green ~l l )

(4 .25 0.6)x10
4 

laser fluorescence Luch t t~ Cool (12)

( 3 . 9± 0 . - 1 ) x l O 4 l a se r  f luo rescence  Bot t  (13)
L ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- __ - - - - 
•‘ — 4 - 
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oo .j .i reemen t w i t h  the l i t  e ra t  u re  v a l u e s  i o b t a i n e d  in the case of

CO and good agreement w i t h  t h e  p r e i ’~r red  v a l u e  in  t he case  of C ,1I6.

fl e ( : 1(
4 t he presen t v a lue  l i e s  in t e r m ’ ’d  a t e  between t h e  two p re fe r r ed

v i  b e -

I h e  rate of d e ic t l v i i  ion of hIF(v- ~2) by CH~ and CO~ was
- .. 3 -1 -1 -

ils o l e t  .‘r ’i  i ned . I or I l l  a value of , . ~x 10 torr s was o b t a i n e d

w h i c h  i s  in re;ison.tble ;iiri’e ;:i eiit w i t h  the Kw ok and Cohen (4) value

of t~~~. I t or:- I - I  or L ) , t lie v i  b e  o f  1 . 3x 10° torr 1 - 1  is
- 

- 
. — i — i

- -- .~~
-
~~~ i t l-ac r than t~~~i t ’ v a l u e s  of l . hxlH torr s (4), l . xl0

( 5 )  i n . I  ( 2 . ’ ) . 2 ) x l 0 ° t o r r 1 s ’ ( 1 3 )  o b t a i n e d  by o t h e r  w o r k e r s .

r i t e  c o n s t a n t s  for t i e  deact ivat ion of lIF (v~~l )  and

(IF (v=2 1 b .  C 
~ 1 

ir ~ I i l l  the iluoroethylenes are  g i v e n  in  ( a b l e  I I  -

~ e .  yr 1 de ’ e r a i r l : l t  i o n s  of  each rate onstant were made , si x b e i n g

he u - ’ r - : i a  1 n:iaher i~ t h  three b e in g  t h e  m m  i;nuu - The m a x i m u m  d e v i . i t  ion

h e t w e - u  v.iIu e-~ i s i S  I 5’- w i t h  t h e  av e r a g e  d e v i a t i o n  b e i n g  c o n s i d e r a b l y

ic - s . I h e  -: t Pies o f  t h e  r at e  c o n s t a n t s  a re  cons i d e r e d  to  have un—

ce r ! a i r t  i e~ ‘f l e~ t h a n  a f a c t o r  of 2 a l t h o u g h  t h e  agreement  be tween

t h e  . , , l a e V o } ’ t , i i i i e d  f or  t h e  d e a c t i v a t  ion  of h I F ( v = l )  by CI I 4, C~ I I~ and
(5) and t h e  l i t  era t t I r e  vu lues  i n d i c a t e  t h a t  t i l e  u n c e r t a  I n t v  is p r o b a b l y

considerabl y l e s s . The v a l u e s  of 4 .9x 1 0
1 
and 2.2x10 ° ob tained for  t he

Pact i.at i o n  ~f h!F)v = l ) and IIF(v=2) by C ,11
4 

are thus in good accord

w i t h  t h e  approxi m ate v a l u e s  of S x l O 4 
and 2 . 2x10 ° g i v e n  by A n l a u f

et al (3).

h h c  cross section fo r  the  d e a c t i v a t i o n  of I I E ( v = l )  and I I F ( v = 2 )

1ev f l uo r o c t h v l e n e s  (C ) h h ~~~~~F J  appears to scale linearly with the number

ot hyd rogen atoms (2x-m ) which is equa l to the number of CII stretching

frequencies (Figures 4 and 5). Since the CII stretching frequencies for

the fluoroethy lenes fall within the range 3060t75 cm ’, the eltergy

defect , Mi, for each member of the series of reactions

- - a — ——— - -. — . - - — - —- .— --
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h h I { \ = n )  -4- ( ‘ I I  I Ih i : (~~r r i _ I )  + f ~I 
I: + I; (6)- 

- 2x -in m 2 x - m  m

is essent i a l  Iv the same , and t h e  i ncr e a s e d  e f f i c  i e r i v y  can be at t  r i b u t e d

to  an i n c r e a s e  in the number  of (:11 s t r e t c h i n g  nodes a v a i l a b l e .  b lancoc k

and Green ( 2 )  observed a s i n i l a r  dependence of c o l l i s i o n  c ross  s e c t i o n

on the  number  of hy drogen a toms  for the deactivation of hI, : (~~~l) by
a l k a n e s

TABLE I I

RATE CONSTANTS FOR TIlE DEACT I VA ’I ’ION OF 1IF (v=l ,2)

BY FLUOROETI I YLE N E S 
______________

Quencher k
q
(torr

1
s

1 )

IIF(v=l) lhF(v= 2(

C 2 h1
4 

4 .9x 10 4 b . 3 x 1 0 5

C 2 II 3F 3. I x l O 4 8. 7 x l 0 4

1 , 1 C 2 112 F 2 
2 .~’x l 0 4 6 . 5 x 1 0 4

cis  1 , 2 C 2 Il 2
F~ 3 . l x l 0 4 5 .9x 10 1
- 4 .1

trans 1 ,2 C2
I1
2
F2 2.9xlO 6.ôxlu

C21!F3 
l .9xl04 4.2xl0

4

C2
F
4 

3.5x10
3 8.8x103

-- -- - ~~~~~ _.—-4~~
_.-_ -- - —- —

~~~~~
. . - -• - ---——
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N U M B E R  OF HYDROGEN ATOMS
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1 . 1) c oN ( : I . I J S  I

A .lisch arip’ — f l o - . t ube :~t t ’t l i o d  ia  . been u :ed t o  let - r m i n c

t h e  r i t e  of  . I e ;i c t  i v i t  i o n  of  I l l - i ~‘ = I  I and  i l l  ( v r 2 )  bc ( ‘0 , ,  C hh
1 , C

C )hI ) and all the fluu roethv leue s . Fhi e v t l w’-. u i  t h e r a t e  c o n s t a n t s

obtained for t h e  deac t  i ’;at  ion  of ’ I l I ( v = l )  b CD ) , (~h I ~ - m d  C 1 1 ( i r e

i n  good .i~~re emt ’ t i t  w i t h  the 1 i t e r i t t i r e  v a l u e - ; ; i t  ‘ i t  t ie r c t ’
~ rv F

cony laded that the d i s c h a r g e  f l o w  tube  method  w i t h  t h e  :m s s a m p t  i o n s

m a d e  i n  t he  a n a l v s i : ;  i s  c ap a b l e  of y i e l d i n g  ta t i ; t a c t - > r  r e s u l t s . I o r

t h e  d e a c t i va t i o n  of l IF t v = l )  t h e  v a l u e  of t h e  r a t e  c ’ n , t ; i r i t s r i n g e d

f r o m  4 .9 x10 4 t o r r ~~~s~~ for  C ,1I 4 to  3 . S x b O ° t o r r ~~~s~~ fo r  C ,F4 
and fo r

l I h - ( v ~~2) f rom l . 3 x l 0 3 t o r r ’s fo r  C ,l1 4 to 8 . Sx l O 3 t o r r~~~s~~ fo r  C 2 1-
4 .

i’he cros s  sec t  ions for  t he  d e a c t i v a t i o n  of I I F ( v = l  ) and I I F ( v = 2 ) be

C~ l l 1 and the  f l u o ro e t h y l e n e s  are observed to s c a l e  l i n e a r l y w i t h  t h e

number  of hy drogen a toms .
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A P P E N D I X

The data was analysed in the manner described by Kwok

and Wilkins (8) and Poirier and Carr (9). Consequentl y, only a

brief resume of the method will be given here. The flow reactor

is axiall y symmetrical with flow in the axial direction only. The

reactions are assumed to occur isothermally in laninar flow. ‘rhus ,

the differential equation describing the system is

+ D(
’u C

i + ~ 
°-

1 + - R .  = 0 (lA)

~i~z 
) 

‘
\.~ r

2 r ~r ~~2 /
=

where v = axial velocity, = axial coordinate measured from the

reactor inlet , r= radial coordinate measured from the tube axis ,

C = c o n c e n t r a t i o n , 1) . = molecular diffusivity, P.. = reaction rate
1 1 1

of the i th component. When the velocity profile is described by

Poiseui lle ’s equation , axial diffusion is neg ligible in comparison

to radial diffusion and when there is no volume change on reaction ,

equation 1A for an irreversible first order reaction is:

+ 

~ 
+ ~ - kC = 0 (2A)

where v = center line velocity and R = tube radius. In demensionless
0

form equation 2A is:

+ 
~~~~~~~ 

+ 

~
)- 

C = 0 (3A)

with C = 1 at A = 0, aC/BA = 0 at U = 0 and -cz~C/~tJ = BC at U = 1;

where U = r/R , C = C/C0, A = k / v 01 a = P/kR 2 and ~ = k
~
/kR.  For a

homogenous first order reaction with a concurrent first order wall

-

~

-- - - — — - - ---—-—— . -T—---—- — ’-— ..— .’ — —  - —‘
~~~~~~

- - - — - . -  
• _

~~~~~~~~~~~ . — — . — ‘ — -
~~ 
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reaction , the parameter v in the boundary condition -‘z tC/’)U = BC has

positive values . The continuity equation , 3A , was solved using a

finite difference techni que. Concentrations were averaged along a

principal diameter of the reactor

= C d u  ( 4A)

0

and p l o t s  of - log C
1
/C0 

versus A were obtained as a function of

and S as  i s  done in reference  9. The slope , - log(C 1/c~
)/A for

t he  expe r i m e n t a l l y dete r m i n e d  v a l u e s  of and B,  is ~ , the correction

to t he  av e r a g e  f l o w  v e l o c i t y  requ i red to compensate for the d i s t o r t ion

of t h e  n umber d e n s i t y ,  N , caused by the parabolic velocity profile. 
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