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v i  i 

ABS TRACT 

T h i s  work i s  concerned w i t h  a s tudy  o f  t h e  average energy r e q u i r e d  

t o  form an i o n  p a i r ,  W ,  when a lpha p a r t i c l e s  a r e  absorbed i n  m i x t u r e s  o f  

argon w i t h  o t h e r  gases. The o t h e r  gases have been s e l e c t e d  o n  t h e  b a s i s  

of t h e i r  i o n i z a t i o n  p o t e n t i a l s .  One group c o n s i s t s  o f  r e p r e s e n t a t i v e  

gases t h a t  have i o n i z a t i o n  p o t e n t i a l s  below t h a t  of argon (15.77 ev) and 

above t h e  d o u b l e t  metas tab le  s t a t e  o f  argon (11.49 and 11.66 ev) .  

l i s t  inc ludes  methane, carbon d i o x i d e ,  n i t r o u s  ox ide ,  xenon, and k ryp ton .  

The o t h e r  group of  s p e c i a l  i n t e r e s t  c o n s i s t s  o f  some gases w i t h  i o n i -  

z a t i o n  p o t e n t i a l s  below t h e  metas tab le  s t a t e  o f  argon. A l l  gases 

t e s t e d  i n  these two groups cause an increase i n  i o n i z a t i o n ,  i .e. ,  a de- 

crease i n  W ,  when added t o  argon. As an i l l u s t r a t i o n  o f  t h i s  e f f e c t ,  

t h e  a d d i t i o n  o f  1/2$ of  a c e t y l e n e  t o  argon w i l l  increase t h e  i o n i z a t i o n  

by 23s. 

Th is  

The exper imenta l  da ta ,  i .e.,  W as a f u n c t i o n  o f  r e l a t i v e  concen- 

t r a t i o n  o f  the  two gases, were f i t t e d  to  a model i n  which i t  i s  assumed 

t h a t  energy i s  t r a n s f e r r e d  f r o m  two e x c i t e d  l e v e l s  i n  argon t o  t h e  

a d d i t i v e  gases i n  c o l l i s i o n  processes. Good agreement between the ex- 

p e r i m e n t a l  da ta  and c a l c u l a t i o n s  based on the  model i s  taken as 

a d d i t i o n a l  evidence t h a t  t h e  e x c i t e d  s t a t e  n o t i o n  i s  c o r r e c t .  A q u a n t i t y  

o f  p a r t i c u l a r  i n t e r e s t ,  i .e.,  t h e  i o n i z a t i o n  e f f i c i e n c i e s  f o r  t h e  

a d d i t i v e  gases, was d e r i v e d  f rom t h e  data f i t t i n g  procedure and com- 

pared w i t h  those found i n  p h o t o i o n i z a t i o n  s t u d i e s  i n  a few of  t h e  cases. 
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ALPHA PARTICLE IONIZATION OF ARGON MIXTURES - FURTHER STUDY 

T. E. B o r t n e r ,  G. 

When s w i f t l y  mov 

OF THE ROLE OF EXCITED STATES 

S. H u r s t ,  M i l d r e d  Edmundson, and J .  E.  

I. INTRODUCTION 

i n i t i a l  energy, namely 5.14 

exc i t e d  s t a t e s  a r e  produced 

c o l l i s i o n  t imes. These exc 

f e r r i n g  t h e i r  energy i n  c o l  

Parks 

ng charged p a r t i c l e s ,  e.g., a lpha p a r t  c l e s ,  in -  

t e r a c t  w i t h  gases, they  expend most of  t h e i r  energy by e x c i t i n g  and 

i o n i z i n g  t h e  atoms o r  molecules making up the gas. 

where Eo i s  t h e  t o t a l  energy o f  one i o n i z i n g  p a r t i c l e  and N. i s  the 

number o f  i o n  p a i r s  which i t  produces, i s  amenable t o  a c c u r a t e  e x p e r i -  

menta l  d e t e r m i n a t i o n  and i s  c a l l e d  W. I t  i s  found t h a t  W g e n e r a l l y  

ranges between 20 and 40 e l e c t r o n  v o l t s  p e r  i o n  p a i r ,  i t s  p r e c i s e  va lue  

depending on t h e  type o f  p a r t i c l e ,  i t s  energy, and the k i n d  o f  gas. 

The a p p r e c i a b l e  d i f f e r e n c e  i n  W and t h e  i o n i z a t i o n  p o t e n t i a l  o f  a 

p a r t i c u l a r  a tomic o r  mo lecu la r  species is an i n d i c a t i o n  t h a t  a consid-  

e r a b l e  f r a c t i o n  o f  t h e  energy o f  the  charged p a r t i c l e  is expended i n  

n o n - i o n i z i n g  e x c i t a t i o n s  o f  t h e  atomic o r  mo lecu la r  system. 

The r a t i o  Eo/Ni, 

I 

I n  t h e  p r e s e n t  i n v e s t i g a t i o n  we a r e  concerned w i t h  t h e  amount o f  

i o n i z a t i o n  produced i n  a tomic  argon b y  a lpha p a r t i c l e s  w i t h  a f i x e d  

MeV. I n  c e r t a i n  atomic gases, e.g., argon, 

which have l i f e t i m e s  comparable t o  atomic 

ted  atoms may i o n i z e  a d d i t i v e  gases b y  t rans-  

ision processes. Hence, a study o f  t h e  

amount of  i o n i z a t i o n  produced as a f u n c t i o n  o f  r e l a t i v e  c o n c e n t r a t i o n  o f  

the  m i x t u r e s  may p r o v i d e  i n f o r m a t i o n  on t h e  amount o f  energy i n i t i a l l y  

depos i ted  i n  e x c i t e d  s t a t e s ,  the cross s e c t i o n  f o r  i t s  t r a n s f e r  to the 

a d d i t i v e  gas, and other- i n t e r e s t i n g  parameters o f  these systems. A lso ,  
r 



2 

P l a t m a n '  has shown t h a t  t h e  a n a l y s i s  o f  exper imenta l  da ta  obta ined f o r  

mix tu res  o f  var ious  molecules w i t h  the nob le  gases can g i v e  the  " i o n i -  

z a t i o n  e f f i c i e n c y "  for  h i g h l y  e x c i t e d  molecules. Recent ly  the s i g n i f i -  

cance o f  these "super exc i ted"  s t a t e s  t o  r a d i a t i o n  chemist ry  has been 

p o i n t e d  out .  Thus, i n  t h e  present  work p a r t i c u l a r  a t t e n t i o n  w i l l  be 

g i v e n  t o  the p r o d u c t i o n  n o t  o n l y  of d i r e c t i o n  i o n i z a t i o n  but: a l s o  t o  t h c  

p r o d u c t i o n  of  e x c i t e d  atomic s t a t e s  and to  t h e i r  r o l e  i n  e f f e c t i n g  

i o n i z a t i o n  o f  a d d i t i v e  gases. 

2 

I n  o r d e r  t o  analyze exper imenta l  i o n i z a t i o n  data t o  o b t a i n  t h e  

i n t e r e s t i n g  parameters assoc ia ted  w i t h  e x c i t e d  s t a t e s ,  a means i s  needed 

t o  account f o r  t h e  usual  o r  " regu la r "  behav io r  found when e x c i t e d  s t a t e s  

a r e  n o t  invo1ve.d. For  these cases i t  has been found 3-5 .that t h e  W 

v a l u e  f o r  a mix tu re ,  W m y  can b e  expressed by 

where f . P  
1 

2 =  f l p  -+- a f z  

R .  I... Platzman, J ,  de Physique e t  l e  Radium 21, 853 (1960). 

R .  L .  Platzman, Rad. Res. 17, 419 (1962).  

T.  E. B o r t i i e r  and G. S .  H u r s t ,  Phys. Rev. 2, 1236 (1954). 

H. J. Moe, T.  E. B o r t n e r ,  and G. S .  Hurs t ,  J .  Phys. Chem. 61, 422 (1957).  

1 

2 

3 

4 

- 

- 
5 G .  S. H u r s t  and T. D.  S t r i c k l e r ,  "Alpha P a r t i c l e  I o n i z a t i o n  o f  t h e  

B i n a r y  Gas Mix tu res , "  N a t i o n a l  Research C o u n c i l  P u b l i c a t i o n  752, p. 134 
( 1960) . 
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The q u a n t i t i e s  f P and f P a r e  t h e  p a r t i a l  pressures f o r  gases whose W 

va lues a r e  W 

depending on t h e  p a r t i c u l a r  p a i r  of  gases. 

1 2 

and W 2 ,  r e s p e c t i v e l y ,  and 'laii i s  an e m p i r i c a l  parameter 1 

Where e x c i t e d  s t a t e s  a r e  invo lved i n  producing a d d i t i o n a l  i o n i -  

z a t i o n ,  f o r  example i n  t h e  m i x t u r e s  which have a noble gas as  one o r  

b o t h  of  t h e  components, W does n o t  bear  t h i s  s i m p l e  r e l a t i o n s h i p  t o  

t h e  composi t ion of  t h e  mix tu re .  The a d d i t i o n  o f  v e r y  small percentages 

o f  a second gas, e.g., less than l$, t o  a nob le  gas r e s u l t s  i n  a sharp 

decrease i n  W . Th is  e f f e c t  has been nanied t h e  "Jesse e f f e c t "  i n  

honor of W. P. Jesse who c a l l e d  a t t e n t i o n  t o  i t s  importance i n  h i s  

c a r e f u l  s t u d i e s  of alpha p a r t i c l e  i o n i z a t i o n  o f  hel ium. 7-9  

centage o f  t h e  a d d i t i v e  gas i n  t h e  m i x t u r e  i s  increased, t h e  v a l u e  f o r  

W passes through a minimum and then r i s e s  smoothly t o  the  W v a l u e  o f  

t h e  a d d i t i v e  gas. An e q u a t i o n  f o r  the  W o f  m i x t u r e s  i n  which e x c i t e d  

s t a t e s  a r e  taken i n t o  e x p l i c i t  account w i l l  be g i v e n  i n  a l a t e r  s e c t i o n .  

m 

6 
m 

A s  t h e  per -  

m 

R. L. Platzman, "The P h y s i c a l  and Chemical Basis  o f  Mechanisms i n  
R a d i a t i o n  B io logy , "  i n  R a d i a t i o n  B i o l o q y  and Medicine, W .  D. Claus, 
Ed. (Addison-Wesley P u b l i s h i n g  Co., Inc. ,  Reading, Mass., 1958), 
pp. 15-72. 

6 

7W. P. Jesse and J. Sadauskis, Phys. Rev. 88, 417 (1952). 

81b id  - 90, 1120 (1953).  

91bid., - 100, 1755 (1955). 



I I .  APPARATUS 

The apparatus f o r  t he  d e t e r m i n a t i o n  o f  t h e  i o n i z a t i o n  i n  the gas 

mixture cons is ted  o f  a parallel p l a t e  i o n i z a t i o n  chamber and i t s  accom- 

panying vacuum system, two l i n e s  f o r  i n t r o d u c i n g  t h e  gases i n t o  the  

chamber-, a hTgh v o l t a g e  s u p p l y ,  an e lec t rometer ,  a capac i to r ,  and a 

po ten t i omete r  necessary For r a t e - o f - d r i f t  readings.  

The p a r a l l e l  p l a t e  i o n i z a t i o n  chamber (see F i g .  1) was enclosed i n  

a s t a i n l e s s  s t e e l  c y l i n d e r ,  26 Gin i n  d iameter ,  14 cm h i g h ,  and sealed 

a t  bo th  ends. The s t a i n l e s s  s t e e l  p l a t e s  were supported by T e f l o n  i n -  

s u l a t o r s  a t  a s e p a r a t i o n  o f  6.85 cm. The lower p l a t e  was 18 cm i n  

d iameter  and was connected t o  the  h i g h  v o l t a g e  supply. On i t  was f l u s h  

mounted t h e  p l a i n  d i s k  P u ~ ~ ' ,  5.14-Mev a lpha source. 

p l a t e ,  a l s o  18 cm i n  d iameter ,  was surrounded b y  a guai-d r i n g  mounted 

a t  a d is- tance o f  0.08 cm from the p l a t e  t o  assure  a un i fo rm f i e l d  i n  

the  i o n i z i n g  reg ion.  The co l1,ect ing p l a t e  conta ined the  lead t o  a 

The c o l l e c t i n g  

Fast"  c a p a c i t o r ,  used f o r  ' I t - a te -o f -d r i f  tl' measurements. The po ten t  i o -  !I 

meter, designed b y  the Ins t rument  Department of  the  Oak Ridge N a t i o n a l  

Laboratory ,  was equippped w i t h  a h e l i p o t  by which the  v o l t a g e  cou ld  be 

v a r i e d  from 0 t o  5000 m i l l i v o l t s .  I t  a l s o  conta ined a s tandard c e l l  

and an adjustment  po ten t i omete r  f o r  c a l i b r a t i o n .  The e lec t romete r ,  Oak 

Ridge N a t i o n a l  Labora tory  model Qf326B, was m e d  as the  n u l l  i n d i c a t o r .  

A decade s c a l e r  coun t ing  on a 60-cyc le  l i n e  and equipped w i t h  a f i n g e r -  

t i p  s w i t c h  was used t o  measure the c o l l e c t i o n  time. 

The components o f  t h e  vacuum sys ten1 were connected by one- fou r th  

in .  copper tub ing.  A Wal lace and T ie rnan  pressure  gauge w i t h  a range o f  
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F i g .  1. Diagram o f  the I o n i z a t i o n  Chamber and t h e  E l e c t r i c a l  C i r c u i t  
f o r  Measuring W o f  Gas M i x t u r e s  
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0 io 228 mm Hg was mounted on t h e  chamber ( s z e  F I ~ ~  2) e 

was used t o  i n d i c a t e  the vacuum achieved i n  t h e  chamber d u r i n g  pumpdown. 

Each of t h e  gas I inns was e q u i p p e d  w i t h  a vacuum pressure  5auge. The 

c o l d  t raps  mounted on the  gas l i n e s  were made o f  4.5-cm copper tub ing ,  

15.5 cm long. 

A tlastinrgs gauge 

Two Welch Duo-Seal mechanical  pumps were i nco rpo ra ted  i n  t h e  

system. One was used t o  rough pump the chaid.)er, a n d  c o u l d  a l s o  be used 

as a by-pass t o  pump e i t h e r  01- h o t h  o f  t he  gas l i n e s .  The o t h e r  was 

connected d i r e c t l y  t o  the chalntier- w i t h  a Veeco 3/4-in. ang le  va lve .  

U l t e k  MT-100 molecu la r  s ieve  f o r e l i n e  t r a p  was placed i n  t he  l i n e  f rom 

t h e  v a l v e  t o  the pump. This  pump was capable o f  p u n p i n g  t h e  chamber 

down t o  about T o r r .  An U l t e k  SR-100 s o r p t i o n  roughing pump was O ~ S O  

connected t o  the chamber w i t h  a 3/4-in. Veeco ang le  va lve .  

Ai? 

A model 40060 power supply manufactured b y  t h e  John F luke  Manu- 

f a c t u r i n g  Company was used t o  p r o v i d e  vo l tages  from 500 t o  5000 v o l t s .  

A model H-30, 10-KV h i g h  v o l t a g e  power supply,  NJE Corpora t ion ,  was used 

f o r  vo l tages  rang ing  from 5000 t o  10,000 v o l t s .  
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W Values o f  Gas M ix tu res  
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I l l .  EXPERIMENTAL PROCEDURE 

- 3  The system was pumped t o  a p ressure  o f  a b o u t  10 T o r r  b e f o r e  t h e  

gases were in t roduced i n t o  t h e  i o n i z a t i o n  chamber. The argon was run 

through l i q u i d  n i t r o g e n  c o l d  t raps  and was f l ushed  through the  chamber 

b e f o r e  f i l l i n g .  The a d d i t i v e  gases were run  through c o l d  t r a p s  w i t h  t h e  

a p p r o p r i a t e  c o o l a n t  ( l i q u i d  n i t r o g e n  or  d r y  i c e ) ,  and were f l ushed  

through the  d e l i v e r y  system by  t h e  by-pass pump b e f o r e  be ing  in t roduced 

i n t o  the  chamber. T o t a l  p ressure  o f  50 cm Hg was used f o r  a l l  m ix tu res ,  

so  t h a t  t h e  a lpha p a r t i c l e s  expended a l l  t h e i r  energy w i t h i n  the  volume 

o f  the chamber. M ix tu res  were tnade by m o n i t o r i n g  t h e  p a r t i a l  pressures 

on t h e  Wal lace and T i e r n a n  gauge, 

success i ve l y  reducing the t o t a l  p ressure  t o  25 cm Hg and then adding 

argon t o  50 cm, thus success i ve l y  reducing t h e  percentage o f  the 

a d d i t i v e  gas by one-hal f .  A t  l e a s t  two s e r i e s  w i t h  a l t e r n a t i n g  per -  

centages were measured and checked a g a i n s t  each o t h e r  f o r  t h e  m ix tu res  

w i  t h  less  than 1% o f  t h e  addi  L i v e  gas. 

M ix tu res  below 1% were made by  

Vol tages used were w e l l  w i t h i n  t h e  s a t u r a t i o n  range such t h a t  com- 

ple te  c o l l e c t i o n  o f  the e l e c t r o n s  produced occur red  w i t h  no recombi- 

n a t i o n .  The W values ob ta ined were c a l c u l a t e d  by comparison t o  the 

we l l -es tab l . i shed W va lue  f o r  argon, 26.4 e l e c t r o n  v o l t s  (ev) pe r  ion 

p a i r ,  a n d  a l s o  w i t h  N a t  36.6 ev as a doub le  check. The t ime t o  make 

a 5000-mv c o l l e c t i o n  was niensiired. The unknown cd va lue  i s  then d e t e r -  

mined by the r a t i o ,  

2 
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or  
(Time) ,  

w =  rn WAr = ( T i m e ) m  X CAr 
(T i me) Ar 

where CAr is t h e  constant  multiplying f a c t o r  based on argon. 

was c a r e f u l l y  redetermined before  each new gas s e r i e s  was begun. 

This  f a c t o r  
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IV. EXPERPMENTAL DATA 

Tab es  I through X I V  and the  graphs g i ven  i n  F ys. 3 through 1’7 

show the  exper imenta l  r e s u l t s .  

accu ra te  t han  1 p a r t  i n  200. However, r e l a t i v e  va lues a r e  somewhat 

more accurate,  and f o u r  s i g n i f i c a n t  f i g u r e s  a r e  repo r ted  i n  t h e  t a b l e s  

f o r  da ta  f i t t i n g  purposes. 

The abso lu te  v a l u e s  o f  Win a re  n o t  more 
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TABLE I 

EXPERIMENTAL VALUES OF Wm FOR MIXTURES OF ARGON AND KRYPTON 

W in ev m Per Cent o f  
Kryp ton  

100 

90.0 

80.0 

70.0 

60.0 

50.0 

40.0 

30.0 

25 .O 

20.0 

15.0 

12.5 

10.0 

7.50 

6.50 

5.00 

3.75 

2.50 

1.88 

1.25 

1.00 

0.938 

0.625 

0.469 

0.234 

0.117 

0.059 

0 

24.04 

24.03 

24.00 

23.98 

23.98 

23 96 

23.93 

23.96 

24.00 

24.05 

24.17 

24.27 

24.39 

24.59 

24.73 

24.92 

25.13 

25.44 

25.59 

25.81 

25.88 

25.92 

26.06 

26.14 

26.23 

26.31 

26.33 

26.40 
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TABLE: I I 

EXPERiMENTAL VALUES OF Wm FOR MIXT'UKES OF ARGON AND XENON 

Per  C e n t  of 
Xenon 

100 

90.0 

80.0 

70.0 

64.0 

50.0 

40.0 

32,o 

25.0 

20.0 

16.0 

12.5 

10.0 

8.0 

6 -25  

5.00 

4.00 

3.13 

2.50 

W i n  ev m 

21.50 

21 "54 

21.58 

21.60 

21.63 

21 "68 

21.68 

21.69 

21.69 

21.71 

21.73 

21.76 

21.81 

21.92 

22 e 05 

22 * 20 

22 - 38 

22,42  

22 rn 87 

Per  Cent of 
Xenon 

2.00 

1.56 

1.13 

1 .oo 

0.781 

0.543 

0.500 

0.391 

0.281 

0.195 

0.141 

0.098 

0.070 

0.0488 

0.0352 

0.0244 

0.0176 

0.00879 

0 

W i n  ev 
IT 

.._._ 

23.12 

23 a 45 

23.75 

24.03 

24.38 

24.62 

24.80 

25.11 

25.32 

25.64 

25.75 

25.96 

26.04 

26.16 

26.20 

26.25 

26.30 

26.34 

26.40 
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TABLE I I I  

EXPERIMENTAL VALUES OF Wm FOR MIXTURES OF ARGON AND CARBON D I O X I D E  

Per Cent o f  
Carbon D i o x i d e  

100 

90.0 

80.0 

70.0 

60.0 

50.0 

40.0 

35.0 

30.0 

25.0 

20.0 

15.0 

12.5 

12.0 

10.0 

9.00 

8.00 

7.50 

7.00 

W i n  ev m 

34.45 

33.68 

32.76 

31.87 

30.98 

30,04 

29.13 

28.67 

28.20 

27.72 

27.27 

26.80 

26.59 

26.53 

26.39 

26.30 

26.22 

26.1s 

26.17 

Per C e n t  of 
Carbon D i o x i d e  

6.00 

5.00 

4.50 

4.00 

3.50 

3.00 

2.50 

2.00 

1.75 

1.50 

1.25 

1.00 

0.800 

0.750 

0.400 

0.375 

0.200 

0.100 

0 

W i n  ev m 

26.11 

26.06 

26.05 

26.03 

26 03 

26.03 

26.05 

26.07 

26.09 

26.12 

26.15 

26.18 

26.22 

26.25 

26.31 

26.32 

26.35 

26.39 

26.40 



14 

TABLE IV 

EXPERIMENTAL VALUES OF Wm FOR MIXTURES OF ARGON AND METHANE 

Per  C e n t  of 
Methane 

100 

90.0 

80.0 

70.0 

60.0 

50.0 

40.0 

35.0 

30.0 

25.0 

20.0 

15 .O 

12.5 

10.0 

8.00 

7.50 

6,OO 

kk i n  e v  m 

29.26 

29.03 

28.79 

28.53 

28.26 

27.98 

27.62 

27.43 

27.23 

27.03 

26.83 

26.56 

26.45 

26.30 

26.26 

26.20 

26.12 

Fer  Cent of  
Methane 

5 -00 

4.00 

3.00 

2.50 

2.00 

1.50 

1.25 

1.00 

0.75 

0.50 

0.375 

0.250 

0.188 

0.125 

0.0938 

0.0625 

0.0469 

0 

-̂I. 

bb i n  ev  m 

26.09 

26.08 

26.04 

26.05 

26. io 

26.11 

26.12 

26.17 

26.21 

26.25 

26.29 

26.32 

26.34 

26.35 

26.37 

26.39 

26.39 

26.44 
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TABLE V 

EXPERIMENTAL VALUES OF Wm FOR MIXTURES OF ARGON AND NITROUS O X I D E  

P e r  Cent o f  
Nitrous Oxide 

100 

90.0 

80.0 

70.0 

60.0 

50.0 

40.0 

30.0 

20.0 

12.0 

10.0 

8.00 

6.00 

5.00 

4.00 

3.00 

2.50 

W i n  e v  
in 

34.43 

33.69 

32 97 

32.20 

31.41 

30.52 

29.64 

28.67 

27.63 

26.70 

26.46 

26.23 

25.98 

25.85 

25.74 

25.69 

25.64 

P e r  Cent of 
N i  trous Oxide 

2.00 

1.25 

1.00 

0,800 

0.625 

0.500 

0.400 

0.313 

0.250 

0.200 

0.156 

0.125 

0.0781 

0.0625 

0.0313 

0.0156 

0 

W i n  e v  rn 

25.65 

25.68 

25.74 

25.84 

25.83 

25.91 

26.01 

26.02 

26.08 

26.15 

26.14 

26.18 

26.20 

26.25 

26.29 

26,30 

26.40 
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TABLE V I  

EXPERIMENTAL VALUES OF W FOR MIXTURES OF ARGON AND ETHANE 
IT 

P e r  C e n t  of 
Ethane 

100 

90.0 

80.0 

70.0 

60.0 

50.0 

40 .O 

30.0 

25.0 

20.0 

18.0 

15.0 

14.0 

13.0 

12" 0 

11.0 

10.0 

9.00 

8.00 

7.00 

6.00 

5.00 

4.00 

3.50 

3 .OO 

2.50 

2.00 

W i n  e v  rn 

26.70 

26.64 

26.54 

26.41 

26.30 

26.18 

25.98 

25.70 

26.53 

25.30 

25.27 

25.09 

25.06 

24.96 

24.89 

24.85 

24.8 1 

24.74 

26.65 

24.56 

24.50 

24.43 

24.43 

24.44 

24.43 

24.46 

24.52 

P e r  Cent 0-F 

E t h a ne 

1.75 

1.50 

1.00 

0.750 

0.600 

0.500 

0.375 

0.300 

0.250 

0.188 

0.125 

0.0938 

0.0625 

0.0469 

0.0313 

0.0234 

0.0156 

0.0117 

0.00781 

0.00586 

0.003(j1 

o.oozg3 

0.00 195 

0.00146 

0.000977 

0.00732 

0 

W i n  e v  
iil 

24.58 

24.61 

24.8 1 

24.97 

25.06 

25.14 

25.29 

25.35 

25.46 

25.56 

25.66 

2.5.73 

25.83 

25.90 

25.92 

26.01 

26.07 

26.10 

26.18 

26.23 

26.28 

26.3 1 

26.33 

26.3.5 

26.37 

26.40 

26.40 
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TABLE V I  I 

EXPERIMENTAL VALUES OF Wm FOR MIXTURES OF ARGON AND ACETYLENE 

Per C e n t  of 
Acety lene 

100 
90.0 
80.0 
70.0 
60.0 

50.0 
40.0 
30.0 
20.0 
10.0 

9.00 
8.00 
6.00 
5.00 
4.00 

3.20 
3.00 
2.50 
2.40 
2.00 

1.60 
1.50 
1.20 
1 .oo 
0.800 

0.750 
0.700 
0.600 
0 3 0 0  
0.400 

Wm i n  ev 

27.64 
27.24 
26.86 
26.43 
25.96 

25.45 

24.21 
23.45 
22.41 

22.29 
22.14 
21.85 
21.67 
21.49 

21.31 
21.27 
21.15 
21.12 
20.98 

20.86 
20.83 
20 e 72 
20.63 
20.54 

20.54 
20 49 
20.49 
20.44 
20.40 

24.88 

Per C e n t  o f  
Ace t y 1 e ne 

0.375 
0.300 
0.250 
0.200 
0.188 

0.150 
0.125 
0.100 
0.0938 
0.0625 

0.0469 
0.0313 
0.0300 
0.0234 
0.0156 

0.0150 
0.0117 

0.0078 1 
0.00586 

0.00450 
0.00391 
0.00293 
0.00225 
0.00195 

0.00 146 
0.000977 
0.000732 
0.0004.88 
0.000244 
0 

o.00900 

W i n  ev m 

20.41 
20.43 
20.43 
20.48 
20.51 

20.57 
20.62 
20.67 
20.79 
21.08 

21.28 
21.68 
21.67 
21.92 
22.39 

22.38 
22.65 
22.99 
23.20 
23.44 

23.79 
24.02 
24.25 
24.54 
24.78 

24.95 
25.38 
25.47 
25.79 
26.05 
26.40 
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TABLE V I  I I 

EXPERIMENTAL VALUES OF W FOR MIXTURES OF ARGON AND PROPANE in 

P e r  Cent o f  
P r o p a n e  

100 

90.0 

80.0 

70.0 

60.0 

50.0 

40 .O 

30.0 

20.0 

18.0 

15.0 

14.0 

12.0 

10.0 

8.00 

7.00 

6.00 

5 .oo 
4.50 

4.00 

3.50 

3.00 

2 2.5 

2.00 

W i n  ev rn 

26.30 

26.29 

26.25 

26.10 

26.03 

25.85 

25.65 

25.26 

24.92 

24. '7 1 

24.62 

24.5 1 

24.39 

24.22 

23.98 

23.95 

23.84 

23.79 

23.69 

23.6.5 

23.60 

23 *I 00 

23.53 

23.52 

P e r  Cent o f  
P r o p a n e  

1.80 

1.75 

1.50 

1.25 

1 .oo 
0.900 

0.8'75 

0.500 

0.450 

0.438 

0.250 

0 e 225 

0.125 

0.112 

0.109 

0.0625 

0.0563 

0.0547 

0.03 13 

0.0273 

0.0156 

0.0141 

0.013'7 

0.0078 1 

W i n  ev m 

23 e 52 

23.52 

23.57 

23.53 

23.60 

23.60 

23,58 

23 70 

2'3 75 

23.83 

23 e 92 

23 e 93 

24.01 

24,16 

24,16 

24.30 

24.37 

24.36 

24.64 

24.63 

24.91 

24-72 

24,92 

25 "30  

P e r  C e n t  o f  
P r o p a n e  

0.00703 

0.00684 

0.00391 

0.00352 

0.00342 

0.00195 

0.00176 

0.00171 

0.000977 

0.000854 

0.000488 

0.00042'7 

0.000379 

0.000214 

0.0001rr9 

0,000 107 

0,0000947 

0.0000533 

O.OOOOZ44 

0.0000474 

0.0000237 

0 

W i n  ev m 

25.20 

25.20 

25.63 

25.60 

25.53 

25.88 

25.85 

25.80 

26.11 

26.02 

26.28 

26.17 

26.07 

26.26 

26.22 

26.36 

26.28 

26.40 

26.40 

26.35 

26.40 

26.40 
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TABLE I X  

EXPERIMENTAL VALUES OF W m  FOR MIXTURES OF ARGON AND N-BUTANE 

P e r  Cent o f  
N-Butane 

100 
97.5 
95.0 
90.0 
80.0 

70.0 
60.0 
50.0 
40.0 
30.0 

20.0 
10.0 
9.00 
8.00 
7.00 

6.00 
5.00 
4.00 
3.00 
2.50 

2.00 
1.50 
1.25 
1.00 
0.750 

0,625 
0 5 0 0  
0.400 
0.375 
0.313 

W i n  ev m 

26.18 
26.13 
26.10 
26.04 
25.91 

25.79 
25.63 
25.47 
25.26 
24.99 

24.55 
23.88 
23.80 
23.69 
23.60 

23.49 
23.38 
23.25 
23.12 
23.07 

23.01 

22.97 
22.97 
22.98 

23.02 
23.03 
23.08 
23.10 
23.12 

22.96 

Per Cent of 
N-B utane 

0.250 
0.188 
0.156 
0.125 
0.100 

0.0938 
0.0800 
0.0781 
0.0625 
0.0469 

0.0400 
0.0313 
0.0234 
0.0200 
0.0156 

0.01 17 
0.0100 
0.0078 1 
0.00586 
0.00500 

0.00391 
0.00250 
0.00200 
0.00 125 
0.00100 

0.000625 
0.000500 
0.000250 
0.000 125 
0.0000625 
0 

Wm i n  e v  

23.17 
23 22 
23.26 
23.34 
23.41 

23.41 
23.46 
23.44 
23.55 
23.65 

23.72 
23.84 
23.96 
24.04 
24.18 

24.3 1 
24.44 
24.56 
24.69 
24.82 

24.98 
25.26 
25.40 
25.59 
25 73 

25.86 
25.98 
26.13 
26.21 
26,28 
26.40 
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TABLE X 

EXPERIMENTAL VAI-LIES OF Urn FOR MIXTURES OF ARGON AND ETHYLENE 

Per Cent of 
E t h y  1 ene 

WCn i n  ev 

100 

90.0 

80.0 

70.0 

60.0 

50.0 

40.0 

30.0 

20,o 

10.0 

5.00 

2.50 

2.00 

28 00 

27 I 97 

27 75 

27.52 

27.32 

26.96 

26.59 

26.14 

25.60 

24.85 

24.25 

24.02 

23 e 92 

Per Cent o f  
E t h y l e n e  

1 .oo 

0.500 

0.250 

0.12s 

0.0800 

0.0400 

0.0200 

0.0100 

0.00500 

0.00250 

0.00 125 

0.000625 

0 

ld i n  ev m 

23.90 

24.00 

24.07 

24.18 

24.48 

24.70 

24.94 

25.21 

25.53 

25.80 

26.10 

26.28 

26 e 40 
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TABLE X I  

EXPERIMENTAL VALUES OF Wm FOR MIXTURES OF ARGON AND !SOBUTANE 

Per Cent of 
I sobutane 

100 
90.0 
81.0 
80.0 
64.8 

60.0 
50.0 
40.0 
32.4 
30.0 

20.0 
16.2 
10.0 
9.00 
8.10 

8 .OO 
6.00 
5.00 
4.00 
3.00 

2.00 
1.40 
1.20 
1 .oo 
0.900 

0.860 
0.800 
0.700 
0.600 
0.516 

W i n  ev m 

26.52 
26.40 
26.28 
26.27 
26.03 

25.98 
25.80 
25.59 
25.32 
25.25 

24.79 
24.57 
24.06 
23.97 
23.90 

23.88 
23.64 
23.52 
23.42 
23.28 

23.18 
23.19 
23.18 
23.19 
23.20 

23.18 
23.20 
23.22 
23.25 
23.24 

Per Cent of 
I sobutane 

0.500 
0.450 
0.400 
0.350 
0.310 

0.270 
0.250 
0.240 
0.200 
0.162 

0.140 
0.100 
0.923 
0.0840 
0,0810 

0.080 
0.0743 
0.0700 
0.0594 
0.0500 

0.0405 
0.0400 
0.0297 
0.0202 
0.0175 

0.0149 
0.0101 
0.00506 
0.00253 
0 

Wm i n  ev 

23.24 
23.26 
23.30 
23 30 
23.32 

23.35 
23.35 
23.38 
23.46 
23.47 

23.51 
23.63 
23.63 
23.61 
23.69 

23.71 
23.73 
23.76 
23.84 
23.83 

23.98 
23.97 
24.18 
24.47 
24.55 

24.59 
24.92 
25.34 
25.70 
26.40 
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TABLE XI I 

EXPERIMENTAL VALUES OF W FOR MIXTURES OF ARGON AND CYCLOPROPANE 
(11 

Per C e n t  of  
Cyclopropane 

100 

90.0 

80.0 

70.0 

60.0 

50.0 

40.0 

30.0 

20.0 

15.0 

14.0 

13.0 

12.0 

11.0 

10.0 

9.00 

8.00 

'7.00 

6.00 

5.00 

4.00 

3.50 

3.00 

2.50 

2.00 

W i n  ev m 

26.11 

26.03 

25.82 

25 a 77 

25.62 

25 a 52 

25.19 

24.96 

24.46 

24.09 

24.07 

23.97 

23.93 

23.82 

23.79 

2'3.65 

23 a 59 

23.49 

23.33 

23.30 

23.18 

23.11 

23 e 07 

23.05 

23 03 

Per Cent o f  
Cy c 1. o p ro pa ne 

1.75 

1.25 

1.00 

0.600 

0.500 

0.300 

0.250 

0.150 

0.125 

0.0750 

0.0625 

0.0375 

0.0313 

0.0188 

0.0 1 50 

0.00938 

0.00781 

0.00469 

0.00391 

0.00234 

0.00195 

0.00117 

0.0005s6 

0.000293 

0 

23.03 

23.02 

23.05 

23.12. 

23.18 

23.2,Z 

23.34 

23.42 

23.49 

23.63 

23.70 

23.90 

24.00 

24.28 

24.43 

24.7 1 

24.82 

25.14 

25.28 

25.49 

25.60 

25.53 

26 + 00 

26.21 

26.40 
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TABLE X i  I I 

EXPERIMENTAL VALUES OF W FOR MIXTURES OF ARGON AND PROPYLENE m 

Per Cent of  
P ropy 1 ene 

100 

90.0 

80.0 

70.0 

60.0 

50.0 

45.0 

40.0 

35.0 

30.0 

25.0 

20.0 

17.5 

15.0 

12.5 

10.0 

9.00 

8.00 

7.00 

6.00 

5.00 

4.00 

3.00 

2.00 

1.50 

1.20 

Wm i n  ev 

27.28 

27.22 

27.04 

26.85 

26.62 

26.42 

26.28 

26.14 

25.95 

25.70 

25.56 

25.32 

25.14 

24.99 

24.80 

24.61 

24.50 

24.42 

24.32 

24.22 

24.14 

24.01 

23.90 

23.83 

23.79 

23.79 

Per Cent of 
P ropy 1 ene 

1 .oo 
0.800 

0.600 

0.400 

0.300 

0.200 

0.150 

0.100 

0.075 

0.050 

0.038 

0.025 

0.0188 

0.0125 

0.00938 

0.00625 

0.00469 

0.003 13 

0.00234 

0.00156 

0.00078 1 

0.000579 

0.000289 

0.000 145 

0.0000723 

0 

W i n  ev m 

23.79 

23.81 

23.85 

23.90 

23.94 

24.00 

24.05 

24.13 

24.17 

24.27 

24.35 

24.45 

24.55 

24.73 

24.87 

25.02 

25.12 

25.28 

25.39 

25. S6 

25.77 

25.86 

26.00 

26.12 

26.18 

26.40 
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TABLE X I V  

EXPERIMENTAL VALUES OF Wm FOR MIXTURES OF ARGON AND BUTENE I 

Per  Cent o f  
Butene I 

100 

90.0 

80.0 

70.0 

60.0 

50.0 

40.0 

30.0 

20.0 

15.0 

14.0 

13.0 

12.0 

11.0 

10.0 

9.00 

8.00 

'7.50 

7.00 

6.00 

5.00 

4.00 

3.75 

3.00 

2.50 

2"  00 

1.88 

W i n  ev 
m 

27.09 

26.91 

26,69 

26.52 

26.37 

26.13 

25.87 

25.53 

25.06 

24.74 

24.64 

24.57 

24.48 

24.40 

24.31 

24.20 

24.10 

24.09 

23 I) 95 

23.84 

23.72 

23 e 62 

23.58 

23.45 

23.41 

23.32 

23.30 

-I 
Per Cent o f  

Butene I 

1.25 

1 .oo 
0.500 

0.300 

0.250 

0.150 

0.125 

0.0750 

0.0625 

0.0375 

0.0313 

0.0188 

0.0156 

0.00938 

0.0078 1 

0.00469 

0.00311 

0.00234 

0.00195 

0.00117 

0.000977 

O.OOO586 

0.000488 

0.000293 

0 * 000244 

0.00146 

0 

W i t i  ev 
rn 

23.28 

23.22 

23.27 

23.40 

23.41 

23.53 

23.57 

23.68 

23.80 

23.90 

24.00 

24.12 

24.28 

24.44 

24.65 

25.00 

24.01 

25.19 

25.40 

25.53 

25.75 

25 .77 

25.95 

26.03 

26.07 

26.18 

26.40 
I - I 
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UNCLASSIFIEO 
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- --4 r 
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EXPERIMENTAL 
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CALGULA TI ON. 
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CALCULATION. 

F i g .  3 .  Graph ica l  Comparison o f  the W, Values,  b o t h  Exper imental  and 
Ca lcu la ted ,  fo r  M i x t u r e s  o f  Argon and Propane 
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UNCLASSIFIED 
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F i g .  4. Graphical.  Comparison of the  Win Values, b o t h  Exper imenta l  and 
Ca lcu la ted ,  f o r  M ix tu res  o f  Argon  and Kryp ton  
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F ig .  5. Graph ica l  Comparison o f  the  W, Values, bo th  Exper imenta l  and 
Ca lcu la ted ,  f o r  Mixtures o f  Argon and Xenon 
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F i g .  6 .  Graph ica l  Comparison o f  the W, Values, both  Exper imental  and 
Calculated, f o r  Mixtures o f  Argon and Carbon D i o x i d e  
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F i g .  7. Graph ica l  Comparison o f  t h e  W, Values, both Exper imenta l  and 
Ca lcu la ted ,  for M i x t u r e s  o f  Argon and Methane 
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F i g .  8. Graph ica l  Comparison o f  t h e  W, Values,  both Exper imenta l  and 
Calcu la t ed ,  fo r  Mixtures o f  Argon and N i t r o u s  Oxide 
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* EXPERWENT 
+ CALCULATION 

UNCWSS I F I  ED 
ORNL-LR-DWC-70224 

I I I I . - L . I  .__....._ 
A 0  IO 20 30 40 50 60 70 80 90 100 
8 0  I 2 3 4 5 6 7 8 9 10 

f("/o ETHANE) 

F i g ,  9. Graph ica l  Comparison of the Wm Values, b o t h  Exper imenta l  and 
Ca lcu la ted ,  fo r  M i x t u r e s  of Argon and Ethane 
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F i g .  10. Graph ica l  Cornparison o f  t h e  W,, Values, bo th  Exper imenta l  and 
Ca lcu la ted ,  f o r  Mix tu res  o f  Argon and Acety lene 
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F i g .  11. Graphical Comparison of t h e  W, Values, both Experimental and 
Calculated, for Mixtures o f  Argon and Propane 
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UNCLASSIFIED 
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c a l  Comparison o f  t h e  Y,, Values, bo th  Exper imenta l  and 
a ted ,  f o r  Mixtures o f  Argon and N-Butane 
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EXPERIMENT 
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UNCLASSIFIED 
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F i g .  13.  G r a p h i c a l  Comparison of the W, V a l u e s ,  both E x p e r i m e n t a l  a n d  
C a l c u l a t e d ,  f o r  M ix tu res  o f  Argon and E t h y l e n e  
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LNCLASSIFIED 
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F ig .  14. Graphical Comparison of  the Wm Values, both Experimental and 
Calculated, f o r  Mixtures o f  Argon and lsobutane 
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- EX PER IM ENT 

tCALCULATION 
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A 0  2 0  30 40 50 60 70 80 90 IO0 
B O  0. I 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 I .o 

f (% CYCLOPROPANE) 

F i g .  15. G r a p h i c a l  Comparison of the W, Values, both Experimental and 
Calcu lated,  fo r  M i x t u r e s  o f  Argon and Cyclopropane 
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F i g .  16. Graph ica l  Comparison o f  the W, Values ,  b o t h  Exper imental  and 
Ca lcu la ted ,  fo r  M i x t u r e s  o f  Argon and Propylene 
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EXPERIMENT 
t CALCULATION 

ORNL-1.R-DWG-70226 U N C I A S S I F I E O  
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f (% BUTENE I )  

F i g .  17. Graph ica l  Comparison o f  t h e  W, Values, b o t h  Exper imental  and 
Ca lcu la ted ,  fo r  M i x t u r e s  o f  Argon and Butene I 
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V .  INTERPRETATION OF RESULTS 

1 n prev ious  work lo”l i t  was suggested t h a t  the passage o f  a lpha 

p a r t i c l e s  through argon leaves argon atoms i n  two s t a t e s  o f  e x c i t a t i o n ,  

each of  which l a s t s  long enough t o  t r a n ~ f e r  energy i n  c o l l i s i o n  p ro -  

cesses. L e t  us suppose t h a t  an a lpha p a r t i c l e  o f  enerqy E produces 

PIEo s t a t e s  e x c i t e d  a t  energy E (about  11.6 ev) and PZEo s t a t e s  ex- 

c i t e d  a t  energy E~ (about  15 ev) .  

o f  these s t a t e s  inay b e  dep le ted  by  t h r e e  mechanisms: 1) spontaneous 

r a d i a t i o n  from the  i n i t i a l  s t a t e ,  2) t r a n s f e r  o f  enerqy from the i n i t i a l  

s t a t e  due t o  r a d i a t i v e  o r  r a d i a t i o n l e s s  c o l l i s i o n s  w i t h  argon atoms, 

and 3) t r a n s f e r  o f  energy i n  a c o l l i s i o n  w i t h  o t h e r  k i n d s  o f  atoms o r  

molecules o f  genera l  d e s i g n a t i o n  X. 

0 

1 

F u r t h e r ,  we s h a l l  assciriie t h a t  e i t h e r  

Accord ing  t o  t h e  assumed model, 

.1, 

Arrc -> A r + hv 

.L 

Ar” ’  -t- Ar .-) A r  4- ,4r 3 h v ’  

( 3 )  

(4) 

(5) 

where the  ::: i n d i c a t e s  e l e c t r o n i c  e x c i t a t i o n  i n  a genera l  sense, e.g., 

Ar-” may be e i t h e r  e x c i t a t i o n  o f  the l e v e l  E or  t h e  l e v e l  e 2 ,  and X-’’ 

is  an u n s p e c i f i e d  l e v e l  o f  X .  

4, .L 

1’ 

‘OC. E. Melton,  G. S. Hurs t ,  and T. E.  Bor tner ,  Phys. Rev, 93, 643 

11 

(1954) . 
F. kl. Sanders, G.  S. Hurs t ,  and T. E. Ro r tne r ,  “A Study o f  Alpha 
P a r t i c l e  I o n i z a t i o n  i n  Argon Mix tu res , ”  ORNL-2807 (October 9 ,  1959). 
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We a r e  i n t e r e s t e d  i n  t h e  c o n t r i b u t i o n  t o  t h e  t o t a l  i o n i z a t i o n  due 

t o  energy t r a n s f e r  to  X. I n  o r d e r  t o  o b t a i n  t h i s  we must f i r s t  ca l cu -  

l a t e  N(X"), t h e  number o f  energy t r a n s f e r s  t o  X as a f u n c t i o n  o f  gas 

concen t ra t i on .  When fXP,  t he  p a r t i a l  p ressu re  o f  X, is s u f f i c i e n t l y  

s m a l l  compared t o  f P, t h e  p a r t i a l  p ressure  o f  A r ,  i t  i s  e a s i l y  seen 

t h a t  

A r  

- 1,2 
N1,20('F) = vx "x fx  

f h / N  P "X rX f X  + 'Ar fAr 0 
- 1,2 1,2 - 

where the s u p e r s c r i p t s  1,2 a r e  used t o  show the v a l i d i t y  o f  t h e  ex- 

p r e s s i o n  f o r  each o f  the energy l e v e l s  F. 1 

average r e l a t i v e  v e l o c i t y  of ArJ6 and X ,  7 A r  

v e l o c i t y  of Ar "  and A r ,  o- i s  the c ross  s e c t i o n  f o r  energy t r a n s f e r  t o  

X (Eq.  5 ) ,  uAr i s  t h e  cross s e c t i o n  f o r  energy t r a n s f e r  t o  A r  (Eq.  4), 

X i s  .the decay cons tan t  f o r  spontaneous emission ( E q .  3 ) ,  No i s  t he  

number o f  gas atoms per  cm a t  1 mm Hg, and P i s  the p ressu re  i n  mm Hg. 

The f r a c t i o n  of N(X") which i o n i z e s  i s  determined by compe t i t i on  o f  

i o n i z a t i o n  w i t h  d i s s o c i a t i o n  and r a d i a t i o n ,  i .e.,  

and E ~ .  I n  Eq. (6) Lx i s  the 

i s  t he  average r e l a t i v e  

X 

3 

+ -+ e- x::: x 
.L <. 

X '  + A  3. B, i f  X i s  a mo lecu le  

X'" --t X + hv 
J. 

(7) 

d. 

Thus, i f  we l e t  7 be t h e  p r o b a b i l i t y  t h a t  XCLs w i l l  i o n i z e ,  t he  c o n t r i -  

b u t i o n  t o  i o n i z a t i o n  due t o  an e x c i t e d  s t a t e  i s  ?N(X"). 
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I nasmuch as i t  has been demonstrated t h a t  Eqs. (1)  and (2 )  g i v e  

t h e  number of i o n  p a i r s  produced per  e lec - t ron  v o l t  o f  energy expended 

fo r  b i n a r y  m ix tu res  where e x c i t e d  s t a t e s  a r e  n o t  formed, we may add the  

c o n t r i b u t i o n  due t o  two e x c i t e d  s t a t e s  t o  o b t a i n  

where 

I n  E q .  (8 )  t he  f a c t o r  ( 1  - Z )  i s  inc luded t o  remove the  r e s t r i c t i o n  i n  

Eq.  ( 6 )  t h a t  f X  << f A r .  

f o r  t h e  decrease i n  the  number o f  e x c i t e d  s t a t e s  formed i n  argon by  

t h e  a lpha p a r t i c l e  i n  the  same sense a5 "a" i s  regarded as  ' ' e f f e c t i v e  

s topp ing  power r a t i o "  i n  t h e  e m p i r i c a l  Eq. ( 1 ) .  Also,  i n  Eq .  (8)  the  

h/N P term i n  t h e  denominator o f  Eq.  (6 )  i s  o m i t t e d  s i n c e  i t  has been 

shown" that  the exper imenta l  da ta  a r e  p ressure  independent. T h i s  i s  

Th i s  f a c t o r  may be  regarded as a c o r r e c t i o n  

0 

e q u i v a l e n t  t o  the c o n d i t i o n  t h a t  
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where P 2 100 mm Hg. 

When exper imenta l  da ta  a r e  f i t t e d  t o  Eq. ( 8 ) )  the number o f  ternis 

I X ’  r e t a i n e d  depends on the i o n i z a t i o n  p o t e n t i a l  o f  X,  

If I x >  f t h e  f i r s t  term on t h e  r i g h t  of  Eq.  (8 )  i s  re ta ined,  
2’ 

and one parameter, 2, i s  invo lved.  

I f  E l  < I < E2’ the  f i r s t  and t h i r d  terms a r e  re ta ined,  and t h r e e  X 
2 

- - 2 - ( ‘Ar (rAr X X 
- 

parameters,  a, a2 = q2p2, and C - /; o- ) a r e  invo lved.  

I f  I x  < E a l l  t h r e e  terms a r e  r e t a i n e d ,  and f i v e  parameters, a, 1’ - 
a C2, al ’  and C a r e  invo lved.  S ince  t h e  equat ion  f o r  W i s  symmetric 

1 m - 2’ 
_ . - -  

i n  a and C y  t h e  s e t s  of va lues a C and a2, C cannot be un ique ly  1 ’  1 2 
assoc ia ted  w i t h  the energy l e v e l s  E and E2, r e s p e c t i v e l y .  1 



V I .  FITTING THE EXPERIMENTIdL DATA 

The experimental.  da ta  p o i n t s  were f e d  i n t o  a computer t h a t  was 

programiiied t o  make a l e a s t  squares f i t  and y i e l d ,  upon convergence, 

va lues f o r  the  va r ious  parameters l i s t e d  above. The need f o r  a 2 - s t a t e  

model i s  i l l u s t r a t e d  i n  F i g .  3. Data f o r  argon-propane were f i r s t  

f i t t e d  t o  E q .  (8 )  where o n l y  one e x c i t e d  s t a t e  was considered. As seen 

i n  F i g .  3, the 1 -s ta te ,  3-parameter c a l c u l a t i o n  i s  rather- poor. When 

b o t h  s t a t e s  a r e  considered,  ac; they should b e  s i n c e  the  i o n i z a t i o n  

p o t e n t i a l  o f  propane i s  l ess  than 11.7 ev, the  c a l c u l a t e d  curve agrees 

q u i t e  w e l l  w i t h  experiment. Acco rd ing l y ,  when I < 11.7 ev, the  

2 - s t a t e  model was used, and when I 7 11.7 ev, t h e  1 - s t a t e  model was 

used, F igu res  4 through 17 show p l o t s  o f  the  exper imenta l  da ta  and 

the  c a l c u l a t e d  curves. Tab le  XV l i s t s  the  va lues o f  the  parameters 

ob ta ined  i n  t h e  c a l c u l a t i o n .  

X 

X 

The c a l c u l a t i o n  o f  t h e  curves f o r  the  a p p r o p r i a t e  number o f  

parameters proceeded i n  a s t r a i g h t f o r w a r d  manner i n  a l l  cases except  

xenon. For  xenon, the  s tandard c a l c u l a t i o n  would n o t  converge t o  a 

b e s t  l e a s t  squares f i t ,  and t h e  d i f f i c u l t y  i s  probab1,y due t o  the  

absence of a minimum i n  the  exper imenta l  curve  ( F i g -  5 ) .  S ince  xenon 

i s  an a tomic  gas ( l i k e  k r y p t o n ) ,  i t  fo l l ows  from t h e  d i s c u s s i o n  o f  

i o n i z a t i o n  e f f i c i e n c i e s  (see n e x t  s e c t i o n )  t h a t  we wou1.d expec t  t he  

m ix tu res  w i t h  xenon and w i t h  k r y p t o n  t o  have the  Same va lues  f o r  t he  

parameter a I n  t h i s  case, t he  v a l u e  o f  Z i n  the term o f  t h e  equat ion  

g i v i n g  t h e  c o n t r i b u t i o n  due t o  energy t r a n s f e r  was a l lowed to take  on 

a v a l u e  d i f f e r i n g  from i t s  va1,ue i n  the f i r s t  term o f  t he  equat ion ,  

2 "  
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TABLE XV 

IONIZATION POTENTIAL AND PARAMETERS USED I N  
CALCULATING Wm OF THE GAS MIXTURES 

Kryp ton  

Xenon 

Carbon D iox ide  
( 9  

Methane 

N i t r o u s  Oxide 

(CH4) 

(N20) 

E thane 
(C2H6) 

Acety lene 

Propane 

n-Butane 
(‘4* 10) 

€ thy  lene 

I sobutane 
(‘qH 10) 

( 5 H 2 )  

(c’3H8) 

( 5 H 4 )  

Cyclopropane 

Propylene 

Butene- 1 

( C3H6) 

( C3H6) 

( ‘.rH8) 

- - 
‘X 
- 

13.9 

12.1 

14.4 

13.1 

12.3 

11.6 

11.4 

11.3 

10.3 

10.8 

10.3 

10.2 

9.8 

9.7 

__I 

a 

0.412 

0.285 
a=& 36 1 

0.637 

0.487 

0.521 

0.167 

0.256 

0. 1.58 

0.210 

0.255 

0.195 

0.197 

0.262 

0.203 

c 1  

3.00 138 

0.0000 10 1 

0.000061 1 

0.0000296 

0,00005fj2 

0.000108 

0.0000584 

0.0000 137 

3.0000 197 

1 
a 

0.00804 

0.00185 

0.00324 

0.00373 

0.00254 

3.00469 

3.00429 

I. 00242 

I .  00329 

0.0617 

0.0121 

0.0351 

0.0160 

0.00656 

0.0122 

3.000 1 li 

3.00556 

I .  000852 

1.00143 

I .  00437 

I .  0035 1 

1.000645 

1.00209 

2 a 

0.00456 

0.00456“ 

0.00209 

0.00 1 14 

0.00193 

0.0040 1 

0.00924 

0 e 00255 

0.00234 

0.00193 

0.001 29 

0.002 13 

0.00206 

0.00248 

.L ,,- 
F i xed parameter , 
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I .e. , 

1' 
( 1  - Z ' )  

Xe ___ 1 

W 2Kr fXe  + CzfA, -  
----.I 

m 

where 

Xe + a f  Xe A r  
2 =  

and 

The c a l c u l a t i o n  f o r  xenon w i t h  f i x e d  a- = 0.00456 and v a r i a b l e  

parameters a, a ' ,  and C 2  produced s a t i s f a c t o r y  r e s u l t s .  

assumption t h a t  u2 has t h e  same va lue  f o r  xenon and k r y p t o n  i s  reason- 

a b l e ,  p rov ided  t h a t  some ad jus tment  i s  p e r m i t t e d  o f  the  parameter  a.  

L 

'Thus, t h e  
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V I I .  IONIZATION EFFICIENCIES 

I t  i s  t o  be r e c a l l e d  t h a t  'q i s  the f r a c t i o n  o f  i o n i z a t i o n s  p r o -  

duced i n  the a d d i t i v e  gas molec.ules which a r e  e x c i t e d  by  t h e  t r a n s f e r  

process. Kryp ton ,  b e i n g  a monatomic gas, i s  n o t  s u b j e c t  t o  d i s s o c i -  

a t i o n .  On t h i s  b a s i s  t h e  v a l u e  of 7) f o r  k r y p t o n  can be taken as  1 i f  

one assumes t h a t  t h e  r a t e  o f  photon emiss ion  induced by k r y p t o n  i s  

n e g l i g i b l e ,  Thus, k r y p t o n  may be used as a re fe rence  f o r  c a l c u l a t i n g  

the  i o n i z a t i o n  e f f i c i e n c i e s  o f  gases w i t h  I g r e a t e r  than 11.5 ev, 

i.e., i f  (%2Kr = 7jKrP2 = 0.00456, and qKr = 1, then p2 = 0.00456. Hence, 

= 0.00456 'q'12x, and I-J = cU2x/0.00456. The values thus ob ta ined  a r e  a2X 2x 

t a b u l a t e d  i n  Tab le  X V I  , 

The values f o r  i o n i z a t i o n  e f f i c i e n c i e s ,  q ,  a r e  compared i n  Table 

12 X V I  t o  W e i s s l e r ' s  values ch ta ined  f o r  gas i o n i z a t i o n  produced by 

photons w i t h  the  same energy a s  t h a t  o f  t h e  t r a n s f e r r i n g  e x c i t e d  s t a t e  

of argon. The corresponding abso lu te  va lues  f o r  7 (Tab le  X V I )  a l l  f a l l  

w i t h i n  a f a c t o r  of  2, and t h e  r e l a t i v e  values compare ve ry  favo rab ly .  

S ince  i t  i s  n o t  p o s s i b l e  t o  a s s i g n  un ique ly  the  va lues  f o r  a and 1 

CL w i t h  energy l e v e l s  E 

e f f i c i e n c i e s  f rom t h e  2 - s t a t e  c a l c u l a t i o n  f o r  comparison w i t h  photo- 

i o n i z a t i o n  e f f i c i e n c i e s  f o r  many hydrocarbons of i n t e r e s t .  

and E ~ ,  we cannot o b t a i n  i o n i z a t i o n  2 1 

13 

12G. L. b le i ss le r ,  " P h o t o i o n i z a t i o n  i n  Gases and P h o t o e l e c t r i c  Emission 
f rom S o l i d s , "  i n  Handbuch der  Phys ik ,  Vol .  X X I ,  S .  Fl l igge, Ed. 
(Sp r inge r -Ver lag ,  B e r l i n ,  1956) , pp. 304-382. 

R. I .  Schoen, "Absorpt ion,  I o n i z a t i o n ,  and Ion Fragmentat ion Cross 
Sec t ions  of Hydrocarbon Vapors f o r  Vacuum U l t r a v i o l e t  Rad ia t i on , ' '  
Tech. Report  No. 1, Dept. of Phys. U. of  C a l i f .  (June 15, 1960). 

13 
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TABLE XVI 

CALCULATION OF IONIZATION EFFICIENCIES FOR Kr-CH4, 
Kr -COZ,  AND K r - N 2 0  WlTH KRYPTON AS 1.0 

CH4 
7 

N2° 
7 

P r e s e n t  Resul ts  

1 

0.25 

0.46 

0.42 

Weiss l e r ' s  Summary 

0 . 5  

0 . 9  

0.7 
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VIII. DISCUSSION 

The amount of i o n i z a t i o n  produced i n  m i x t u r e s  of  argon w i t h  o the r  

a tomic  and molecu la r  gases i s  v e r y  a c c u r a t e l y  descr ibed by an equa t ion  

which i s  based on t h e  assumption t h a t  two e x c i t e d  s t a t e s  a r e  produced 

by  the passage o f  a lpha p a r t i c l e s  through argon, Furthermore, the 

cons tan ts  d e r i v e d  from f i t t i n g  t h e  exper imen ta l  da ta  t o  t h e  equa t ion  

based on t h e  model a r e  q u i t e  reasonable i n  magnitude. There fore ,  the 

i n d i c a t i o n  i s  r a t h e r  s t r o n g  t h a t  t h e  n o t i o n  o f  two e x c i t e d  s t a t e s  i n  

argon i s  c o r r e c t .  However, t h e  s e t s  of cons tan ts  cannot be un ique ly  

assoc ia ted  w i t h  the r e s p e c t i v e  energy l e v e l s ,  and the  cons tan ts  C and 

Cz i nvo l ved  the r a t i o s  o f  cross s e c t i o n s .  

c o u l d  be removed i n  p r o p e r l y  executed spec t roscop ic  experiments. The 

study o f  the  emiss ion  spectrum due t o  charged p a r t i c l e  i r r a d i a t i o n  o f  

argon and argon m i x t u r e s  may a l s o  i d e n t i f y  t h e  p a r t i c u l a r  e x c i t e d  s t a t e s  

i nvo l ved  . 

1 

Both o f  these l i m i t a t i o n s  
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