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Ii’ an alpha p :+r t ic le  of k i n e t t c  energy E i s  comple1,ely stopper1 
0 

i n  a gas, and in becomi-ng stopped produces N .  ion p a i r s ,  then the mean. 
1 

energy l o s t  per ion pai.r E /N 

alpha p a r t i c l e s .  The W of most gases 1 i . e ~  i.n tile range 20 t o  46 ev  

i s  commonly ca l l ed  the TET of the gas for 
o i  

per ion pair arid i n  many cases i s  found t o  be p r a c t i c a l l y  independent 

of the energy of t he  i n i t i a l .  io-nizing p a r t i c l e .  

The p r a c t i c a l  importance of w ( i n  the measm*ement of rad ia t ion  

dose, in the  ca l cu la t ion  of energies  of p a r k i c k s  i n  nuclear r e -  

ac t ions  and i n  t he  i n t e r p r e t a t i o n  of radiation-induced chemical 

rea.ct,ioris) and i t s  -I;iieoretical s ign i f icance  have been poirzted out  i n  

many recent  pu’olications on t h e  subjec t .  
1. -3 

been d-istinguished. One concerns the rna.rl;ed increase i n  ionizat ion,  

and- consequent decrease i n  W when small c m o ~ ~ t s  of some gasen are mixPd 

with the  no’ole gases. ‘j3ii.s hi2a been si;udied by Jesse and 

‘T us:ing helium a r i d  neon, and. by Melton, Hixst, and. Bo’i-tner 
4 -6 
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2 . 
usin, argon. the ef€ect  i s  a i t r l b u t e d ,  i n  p a r t ,  t o  t h e  exc i i a t ion  of 

t he  mPtastable level i n  t he  noble gases and the siibsequent ion iza t , ion  

of i h e  impurity (by in t e rac t ion  with the  exc i ted  atom) provided the  

ion iza t ion  potenLin1 of t n e  impurity i s  lower than t h a t  of the  meta- 

s t a b l e  s t a t e .  'This has been r e fe r r ed  t o  as the "Jesse effect". '  The 

fact, t h a t  increased ion iza t ion  occurs i n  argion, even when Lhe irnpiirity 

has an ion iza t ion  p o t e n t i a l  g rea t e r  than i l lat  of t he  rnetristab1.e l eve l ,  

has beer, dernonstrztzd by Melton, H u r s ' i ,  and Aortner, ' but  t he  ex- 
7 

planaiion o f  t he  e f f e c t  Is not, c n i i r e l y  c l e a r .  

The second cf fec- t ,  prominent i n  most gases, shows th2 W of the 

mixture t o  l i e  between the  extreme values for t h e  pure gases and t o  

change smoot'nly from one J.i.mit; Lo the other  as the composition o f  t he  

mixiure i.s changed. T h i s  has been s tudied  by Hubei- e t .  at. 

SwitzerLand, and by H u r s t  's group a t  the  Oak Rid.ge National 

9-10 in 
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Laboratory. 

gases can be expressed i n  terms of the W's of t,he pure gases, the  

pnrtinl pressures, and an empirical. constant, charactei-ist,i.c of the  two 

gases . 

It has been shown t h a t  t h e  W of any mixture of t w o  of these 

This report cons-ists mainly of an extensiori of the  work on b inary  

gas mixtures i n  an attempt t o  determine more (if these  empirical  constants 

and t o  study pose ib le  relat , ionships between them. 



I T .  EXP!dRLMENTAL TECHNLQUE AND RESULTS WZ'E3 STNGTE GASXS 

Mu.ch of the  work described here was c a r r i e d  nut i n  the Fhysics 

Department a t  &rea College i n  Rerea, Kentucky, usi.ng the  i.oni- 

zati-on chamber. and assoc ia ted  equipment described and used by Hortner 

and R i r s t .  

chamber enclosed. i.n a vacuum t m k  capable o.? iml.ding gas a-i p-ressizres 

up t o  two atmospheres. Alpha partJic7.es from the uncollima'ied source of 

Pu2?', loca ted  a t  - the center  of the bottom p l a t e ,  were completely 

stopped i n  the  chamber and the total ion lza t ion  w a s  measured by the 

time reqili-red t o  charge a capaci'tor t o  a f ixed  Po-tenti-al. E l e c t r i c  

f i e l d s  as hip) as  l o 3  vol..ts/cm could be appl ied 'Lo t he  chamber with 

the  l i m i t  usua l ly  being se t  by sparkimg i n  t h e  gas. 

This consis ted of a large paral.1.el-plate ionizat,-ion 
11 

Since t h e  W, i n  most cases,  changes very l i k t l e  with energy of 

t he  incident  alpha par t , ic le ,  a ra-ther strong P u ? ' ~  source 

(approxihately 3 x 10 

thickness or" t h i s  source prohib i ted  the  possi-bi I.i.ty of olr,taiai.ng purely 

monoenergetic alpha p a r t i c l e s .  A s p e c t r a l  a1ialysi.s of Lhis source 

showed t h a t  over 90% of the  ionizati-on was Yrora alpha par t ie l -es  of 

energy above 3.0 MeV. The use of such a sou~rce r e su l t ed  i n  b e t t e r  

s ta t , i . s t ica l  accuracy than could have been obtai-ned with a very th in ,  

monoenergetic source and, Lherefore, a b e t t e r  demonstra-tion of the 

p a r t i c u l a r  e f f e c t s  un&r study was obtained. 

6 
cpm) was used i n  the  chamber even though the 

No purif ica'iion techniques were employed and comrnercialLy 

avai-lable gases were used throughout. These w e r e  reporLed., 'GY the  

manufacturers, t o  have puri . t ies of 99$ oi" more i n  a l l .  cases  except; 
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of measurements, i t ,  was assumed Lhat the  impiurities remaining i n  these 

tanks would not; markedly a f f e c t  the  resu l - t s  described. 

Absolute measurements of W were not  possible  with t h i s  arrange- 

ment, p r inc ipa l ly  because of the  1m'mown amount of self-absorpt ion i n  

t he  source. Relat ive rie8suremeni;s were made by comparing the  r a t e  of 

charge collec-Lion i n  the  mixture with tha-L i n  pure ni-Lrogen. Nitrogen-%% 

was assumed t o  have a W of 36.3 ev/ion p3.i.r' and a l l  mea.summents r e -  

ported a re  subject  t o  t h i s  assumption. At; each mixture, the r a t e  or" 

charge co l l ec t ion  was made se-vera]. times with d i f f e ren t  voltages on !;he 

chamber i n  a n  attempt t o  insure s a t w a t t o n  (complete co l lec t ion  of 

ions with no recombination). Howeva-, complete sn tu ra t i  on was nevei- 

achieved even a t  the highest  f i e l d  s t rengths  o'otainab3 e .  ConseqiientI.y, 

the co l l ec t ion  time was plo t ted  against  the  r ec ip roca l  of t he  voltage,  

the  bes t  s t r a i g h t  line dram through these poin ts ,  and the  l i n e  

extrapolated t o  zero  ( i n r i n i t e  vo l t a se ) .  I n  the case of any p a r t i c u l a r  

gas (o r  mixture) measured a t  s eve ra l  t o t a l  pressures ,  the r e s u l t i n g  

l i -nes  would extrapolate  t o  about t he  same point  even thou@ the sl-opes 

were d i f f e r e n t .  An example of t h i s  i s  shown i n  Fig.  1.7. 

The gases used i n  t h i s  study, with the  exception of the noble 

gases, a re  l i s t e d  in Table I al.o:ng with the measured W values.  These 

* 
Mass spectrographic ana lys i s  of a t y p i c a l  Lank of acetylene showed: 
C2H2 (97.8), N2 + CO (1.4), Acetone ( 0 . 5 ) ,  H20 (O.3), where numbers in 
parmtheses  a re  per  cent abundance. 

-E?+ 
Mass spectrographic a a l y s i s  of a c t u a l  task of N showed N2 (99.99?(), 2 B20 (0.0008), and A r  (0.002). 



b 

r e s u l t s  are comparable t o  those measured a t  other  laboyator ies  wIth the  

possible  exception of hydrogen for -whi.ch the  value quoted i n  Tab]-e I 

appears t o  be somewhat, 1.0~. This is  an indicaLion o f  t he  p u r i t y  found 

i n  most of the  gases, and i s  an i.ndi.cation of the  presence of some 

i-mpurities i n  the  hydrogen.* Tne i.oni.zatioiz p o t e n t i a l  has a J s o  been 

included i n  t he  tab le  as well as t he  r a t i o  of FJ t o  t h e  ion iza t ion  

p o t e n t i a l  s ince -the constancy of t h i s  r a t i o  i s  OF some t h e o r e t i c a l  

i n t e r e s t .  

1 )ii 

* 
Ma.ss spectrographic ana lys i s  of the  tank of 132 showed H2(99.3), 

H20 (O.3O), N2 + C O  (0.26), with t r a c e s  of CH4,  OP7 I C ,  Ar, and COP. 

J. F ie ld  and J. 1,. Franklin,  E lec t ron  Impact Phenomena, pp. 105-127, 
Academic P T ~ S G ,  N e w  York, 1957. 
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This r epor t  i s  concerned mainly with che determination o f  t he  W of 

mixtures of iwo gases. 

two "regular gases" ( i n  which the Jesse  e f f e c t  i s  not  pronounced) can 

be given by 

It has been shown'' that t he  W €or a inixture of 

1 1 1 1 

W w ~ 

' ij 'i j ri 

-=(---)z i j  + -  

where 

'i z.. = 
1J P. -+ a P 

I ij j 

Her2 W re fers  to the  W o f  the  mixture, W .  and W .  t o  t h a t  of the pure 

gases, each of which i s  present  w i t h  € r ac t iona l  pressures  P.  and P 

and a . .  is a constant  determined empirical1.y for any p a r t i c u l a r  p a i r  

jj 1 J 

1 j' 

XJ 

of gaues. 

I n  many respec ts  i.t is  conveni-ent t o  rcplace a i n  Eq.  (I) by 
f j  

W.f./difi i n  which case E q .  (1) can be writLen i n  simpler form, 
J J  

where 
P. 

(2) 
1 - - 

i 
fiPi P 

.- 2 " = - 

1- I. J J  1. 

This can be p lo t t ed  as a l i n e a r  r e l a t ionsh ip  between W .  . and Z "  pro-  
1 J  i j  

vided t h z  proper Val-ue o f  t he  empirical cons1,ant f. i s  used f o r  any 

pair of  gases. This has been done for marly p a i r s  of gases l i s t e d  i n  

1 3  

8 
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Table 1. The r e s u l t s  are shown i n  Fii;iul.es 1 through 3' and t h e  empir ical  

constant  f assoc5.a-ted with each p a i r  of gaases can be found i n  column 

3 of Table 11. These constants  have each 'oeen asstgned a probable e r r o r  

i j  

which was obtained by considerat ion of t he  accuracy of the  W measure- 

ments. For any p a r t i c u l a r  gas, the measurements idere found t o  be re- 

producible t o  about 0.2%. The probable e r r o r s  were then determined by 

f ind ing  t h a t  va r i a t ion  i n  f whi.ch would move the  W value a t  t he  m i d -  

po in t  of t he  curve (Z" This 

vai.iati.on is therefore  seen t o  be la rge  i n  the case of mixtures whose 

i j  

= 0.5)  off  the line by as much as Oe2$. 
i j  

two coinponent gases have W's w h i c h  a r e  close toge ther .  In  these cases,  

large changes i n  f have l i t t l e  effect, i n  s h i f t i n g  the  curve from a 

s t ra ight ,  l i n e .  

i j  

C o r r e  Is Lion Be tween P - H a t  i o s  

Closer observation of the  constants  l i s t e d  i n  t h i s  coliimn shows 

t h a t ,  wFi;h a few exceptions, i;hey very near ly  s a t i s f y  the  re la t ionship ,  

where i, j ,  and k r e f e r  t o  any three gases i n  the t a b l e .  In  fact,, i f  

the constants  a r e  replaced by the values shown i n  column It of t h i s  

t ab le ,  the  r e l a t ionsh ip  given by Ey. (3) is  made t o  hold exactly. Many 

of these constatits a r e  wi.thfn t'ne probable e r r o r  of those l i s t e d  in  

colium 3 and most of t h e  others  a r e  close approximations. Moreover, i f  

these  constants  a r e  used j n  Eq .  (2), the  curves obtained am very ne-trly 
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Fig. 1. 

C2H4, C2H6 C3H6 (cyclopl-opane) C3H8 CqHg (1-butene ) and C 4 H g  (2-butene ) 
using Z"  ca lcu la ted  f r o m  measured constants  shown i n  co1urn.n 3 o f  Table 11. 

j. j 



11. 

UNCI ASS1 F I  ED 
OWL-LR-DWG-52878 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... .. . . . . -~ 

'J 
0 I h 3 fF 

i l  I I  
5 6 .7 8 .9 

z';, - 

H2 

0 

vs Z" for mixtures of H2 with COz, CH4, C ~ I E Z ,  C2&, 'lot Of "ij ij Fig. 2 .  

C3H6 (cyclopropane), and CqRg (1-butene) using Z" 

constants shown in column 3 of Table 11. 

calculated Prom measwed ij 
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1 -  

*---- ____. -- 

J - I l -  L I I 

0 I 2 .3  4 .5 .S 7 8 .9 10 
--(CURVES WITH P O S I T I V E  SLOPE 1 

vs Z" for. mixtures of COz with 0 2 ,  CI-TL~, C2H2, C2Hq,  'lot Of 'ij T j  
Fig.  3 .  

C ~ I I ~  C3H6 (cyclopropane 1, ~ 3 ~ 8 ,  G4H8 (1-buteiie) and ~ 4 ~ 8  (2-but,ene), u s i  ng 

calculated from m e a s u - e d  constants shown in column 3 of Table 11. 
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.i CH 4 

0 

vs 2" for mixtures of C H 4  with C2H2, C2H,+, C,H6, 'lot Of 'ij ij Fig. 4. 

C3H6 (cyclopropane), C3Hg and C 4 H g  (1-butene), u.sing Z!' calculated from 
i j  

measured constants shown in c o l m  3 of Table 11. 
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GNC1.4SSIFI ED 
ORNL- LR-DWG-SLHK! 

---Z'',,(CURVES WITH NEGATIVE SLOPE) 
9 8 -  7 .G 5 4 

----I ----I 

J...--L J ...... . .-U .......... I /  

0 .I .2 .3 4 .5 .6 .7 .8 .9 I .o 

3''ij- (CURVES WITH POSITIVE S L O P E )  

Fig. 5 .  Plo t  of  Wij vs Z" f o r  mixtines of C2H2 with C ~ H F ,  (cyclopropane) I j 
and ~ ~ 1 - 1 ~  (1-butene); f o r  mixtures o f  C ~ H ~  wi- t l i  C ~ H ~  (cyclopropane) and C ~ H ~  

(2-birtene 1 ; and f o r  the C3H6 (propylene) - C ~ H F ,  (cyclopropane 1 mixture ; a l l  

using ZI' . calculated from measured constants shown i n  col.umn 3 of Table 11. 
= J  



Table 11.  Measured and Calculated Ratios fl/fi for Various combinations of Molecular Gases 

GAS i GAS j fj /f; fj /fi 
(MEASURE D) (CALCULATED) 

co2 
0 2  

CH4 
C2H2 

C2H, 
C2H4 

CYCLOPROPANE 

C3H8 

1-BUTENE 
2-BUTENE 

co2 
CH4 
C2H2 
'ZH4 
CYCLOPROPANE 
1-BUTENE 

0 2  

CH4 
C2H2 

C2H6 
C2H4 

CYCLOPROPANE 

c3ti8 
1-BUTENE 
2- BUT EN E 

c2 H12 

C2H, 

C3H8 

C2H4 

CYCLOPROPANE 

1-BUTENE 

CYCLOPROPANE 
1-BUTENE 

CYCLOPROPANE 
2-BUTENE 

CYCLOPROPANE 

1.6 t 0.2 
1.2 f 0.1 
1.7 f 0.05 
3.5 f 0.1 
3.2 f 0.1 
3.5 t 0.1 
4.5 * 0.1 
4.7 f 0.1 
6.3 5 0.2 
6.3 f 0.2 

3.5 f 0.6 
3.8 f 0.15 
6.0 f 0.2 
7.2 k 0.2 
9.0 f0.25 

12.7 t0 .3  

0.75 t 0.1 
1.05 -t 0.05 

1.5 + 0.05 
1.7 .t 0.06 
2.0 50.06 
2.5 f 0.1 
2.7 t 0.1 

3.55 f 0.1 
3.2 r 0.1 

1.25 f 0.2 
2.0 f 0.4 
1.7 t0.15 
2.3 kO.2 

2.25 f 0.2 
4.0 5 0.4 

1.5 f 0.2 
2.0 k0.4 

1.3 t O . l  
2.0 -L- 0.2 

0.95 t 0.15 

1.8 
1.3 
1.8 
3.3 
3.4 
3.5 
4.5 
4.5 
6.3 
6.3 

3.6 
3.6 
6.6 
6.8 
9.0 

12.6 

0.72 
1 .0 
1.83 
1.89 
1.95 
2.5 
2.5 
3.5 
3.5 

1.83 
1.89 
1.95 
2.5 
2.5 
3" 5 

1.36 
1.91 

1.32 
1.85 



/- 1.0 

straight 1Lnes as seen f m m  Figures 6 through 10 where they have been 

shown on the  same s c a l e  as Figures 1 through 3. The shaded area.s shown 

i n  some of these  curves ai-e uspd t o  ind ica te  Lhe vari-ation from a 

s t r a i g n t  l i n e ,  aud acetylene appears t o  be tile only gas i n  the  group 

w'iose mjxtuires show W ' s  off t he  l i n e  by as much as I-$. 'Thus, i f  each 

gas i s  assigned an f value such as t h a t  si?own i n  c o l m  6 of ' M u l e  1 

(where ni t rogen was arbitrari3.y a s s i g m d  the  value l), then t h e  conskant 

= f ./f. detcrmined from any t w o  of these  can be used i n  E q .  (2 )  t o  
f i  j J I -  

give the  W of any m i x t u r e  of the gases within the accuracy descri.irted 

above. 

Analysis of Mixtilres Containing H e l i u m ,  Neon, and Argon 

Neglec'iing the  e f f e c t s  (such as Lhe Jesse e f f ec t )  of the addi t ion  

of  s m a l l  por t ions  of impuri t ies  i n  the  gases heliwi,  neon, and a r g o n ,  

it has been t h a t  f u ~ r t h e r  addi-tion of t he  second. gas leads t o  

more regular  changes i n  W si-mi-lar t o  -t"at observed i n  the  molecular 

gases.  

f o r e  a l s o  by Eq. (2)  by proper choice of constants .  I n  these  cases,  

::he s t r a i g h t  l i n e s  obtained d o  not  n e c e s s a i - l y  pass through the  W of 

t h e  pure noble gas but  through some poin t  c h a r a c t e r i s t i c  of the  "con- 

taminated" gas. 

'l'hese I a t t e r  changes can be represented by Eq.  (1) and there-  

i n  Fi.gure 11 the  W ' s  have been p l o t t e d  for mixtures of helium wit'n 

ni.trogen, acetyl-ene, and cyclopropane. With the  a'ddition of a small 

frac'Lion of I.$ of t he  second gas, t h e  W drcps 

30 ev/ion pa i r ,  but from t he re  on the  chmges are more gradual ... 
from aboiit 46 t o  about 

Fig.  12 
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Fig. 6. Plot  of wij vs zyj fo r  mixtures of N2 with C02, 0 2 ,  C H 4 ,  C2I12, 

CzH4, CzH6, C3H6 (cycl-opropane), C 3 H 8 ,  C 4 H g  ( I -butene) ,  and C4H8 (2-butene) 

ustng Z"  ca lcu la ted  from measured constants shown i n  column 4 of Table 11. 
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vs Z" f o r  mixtures of  H2 with CO,, CE4, C21i2, C2H4, 
'lot Of "ij ij 

Fig. 7. 

C3h6 (cyclopropane), and C4& (J_-butene) using Z" c s l c u l a t e d  from measured 

constariLs s'nown i n  colwnn 4 o f  Table 11. 
ij 
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Fig. 8. Plo t  of W vs Z? fo r  mlxtures of CO, with O,, CH4, C2H2, C2H4,, 
i 5 1 3  

Cz&j ,, C3Wg (cyclopropane 1, C,Hg, C4Hg (1-butene 1, and C4Hg (2-butene ) , using 

Z; calcula.t;ed from measured constants  shown i n  column 4 of  Table 11. 
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vs Z l ' .  fo r  mixtures of CH4 with C21E2, C2H4, CzH6, 
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Fiti;. 9. 

C ~ H ~  (cyclopropane), C,H~ and C4&3 (1-butene) , insing Z"  

mpasured constaflts shown in colunn 4 of Table 11. 

cl-aculated f r o m  
ij 
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Fig. 10. Plot  of W vs Z”  €or mixtures of C2fi2 with C3B6 (cyclopropane) 

i j  i j  
and. C A H ~  (1-butene) and for mixtures of  C2H2, w i t h  C3H6 (cyclopropanr) and C4Hg 

(&butene), u s h g  Z” calculated from cons-Lmts shown i n  column 4 of Table 11. i j 
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function of the f rac t iona l  pressure of H e  i n  the mixture. 



shows the  same data  p lo t t ed  

T&le 111. The da ta  poin ts  

l i n e  down t o  a value of z’! 

s l i gh t ly  ’oelow t,he l i n e  and 

1 5 

from Eq. ( 2 )  using constants  f given in 

are seen t o  follow the  predi-cted s t ra ight ,  

equal Lo 0.2 o r  0.3 where t h e  cxrve &GPS 

then r i a e s  sharply t o  the  W of pure helium 

iJ 

I n  these rnensi.u-ernents, t he  bes t  grade of helium ava i lab le  hac? a measured 

W of  38 ev/ion p a i r  whi.ch can ’oe empared with the  value hh ev/ion pail. 

measured by B o r t n e r  and H u r s t  .15 

being present  i n  t h e  tank.  These I.mpurities should have l i t L l e  e f f e c t  

on the  port ions of t’ne curves shown i n  Figures 1.1 and 1.2. 

This is an indica-Lion of impuri t ies  

A more cornplicatxct s i t u a t i o n  i s  found i n  t’ne case of neon when 

rnjxed wit,h ni t rogen,  acetylene,  rind cyclopropane. Figure 13 shows the 

v a r i a t i o n  i.n W with increasing concentrations of these gases. The 

12 
acetylene mixture tias previousljr been nieasured by Moe. Ill the 

mi.xtu.re neon-cyclopropane, the r i g h t  ’nand p ~ r - t i o ~  of the curve 

(above 3% C3H6) can be p lo t t ed  on a st,rsi.ght l i n e  with Eq. (2)  i f  f . .  
3- J 

i s  set; equal to a’oout 0.2. I n  t,his pl.o-t, shown in  Figure 1.14-, bel.ow 

z 1 7  = 0.2> the  cu rve  again dlps below t h e  I.i.ne, but  much more ~ h a r p l y  

than i n  the case of helium, before r i s i n g  to the W of pwt? neon. Die 

da ta  01-1 neon-nitrogen and neon-acetylene mixtnres n0.t s u f f i c i e n t l y  

det,ailed t o  warrant, an anaiysis of this type.  

ij 

I n  a tes t ,  of the  pressure dependence of this dip  i n  Line W curve, 

it w a s  found t h a t  a t  cne p a r t i c u l a r  concentration ( 0 . 6 $ C  I3 ), t he  W 

steadily increased from 26.65 ev/ion pair at 60 c m  €I@ t o t a l  pressure t o  

26.80 ev/ion p a i r  a t  150 e m  toi;al. pressure.  

percept ib le  but, j-ndicated t?iat, perhaps the e f f e c t s  w11i.ch give r i s e  t o  

3 5  

t ~ r h i s  c’na.nge W R . ~  bare ly  
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(cyclopropane) using cons'cants shown in Table 111. 



Table 111. Ratios f ./I?. for Sorae Molecular Gases 
J 1  

Mi.xed with the Inert; Gases 

Gas i Gas j f .Ifi 
J 

Cyclopropane Ne 

14 Ax 
2 

1 -But m e  AT 

Cyclopropane ,4r 

0.16 

0.16 

0.05 

0.2 

1.0 

0.23 

0.22 
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Ne FRACTIONAL PRESSURE OF Ne 

Fig.  13. P l o t  of Wi for mixtures of Ne wri th  Nz, C2H2, and C3H~ as a 

funcbion of the fractional pressure of Ne in the mixture. 
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Z'! . -- 100% 

CYCLOPROPANE 
' I  

Plo t  of wij V G  z" far  mixtures of neon and. cyclopropane u s h g  
ij Fig. 14. 

f i j  = 0.2. 



.Lhlis dip d-o depend on the to ta l .  pressure of the mi.xture. This type of 

pressure dependence is  not  found i n  most other  port ions o f  the  curves. 

Several  argon mi.xtures were i-ncI.iided i n  t h i s  study. Figure 13 shows 

the W f o r  mixtures of argon-nitrogen, argon-1. butene, argon-cyclopropane, 

and argon-krypton. 

mixture, -the changes are again "regiilar" and can be represented as 

s t r a i g h t  l i n e s  as shown i n  Figure 1.6. 

in Table III have been used with Eq. (2 ) .  

whikh has an ionihat ion poten-Lial wel l  above Lhe metastable l e v e l  i n  

argon, the 1Tne approaches the W of pure argon, while i n  the o-tner cases 

they approach val.ues considerably lower. No ind-i-cation was observed of 

any d ip  below t'nis l ine  as seen i n  the neon mix-tuxes (and very slight3.y 

i n  .the bel-ium cases) .  

W i t ' ?  more than 7% of the second gas present  i n  the 

Here again the  constanks shown 

In -the case of nitrogen, 

The krypton mixture i-epresents a case vhere there i.s a considerable 

loweri-ng of the  W of argon by a gas with an ion iza t ion  p o t e n t i a l  w - e l l  

a'oove the  metaskable l e v e l  i n  argon. The curve has been noted i n  

lief'. 7 and the  expeyiment w a s  rcpeated here f o r  an examination of the 

pressure dependence. Tne total. pressure of  the mixture was changed 

from 150 cm t o  110 ern Hg, while the  charge col. lection tlirne w a s  measured 

ai; Lhree d i f f e r e n t  f i e l d  s t rengths .  FIfgiilre 1.7 shows Z;he r e s u l t s  a t  

POIX d i f f e r e n t  pressures,  of a p l o t  o f  co l l ec t ion  time against  the  

reci-procal of the  voltage on the  chamber. 'The mixture i n  t h i s  case was 

82% srgon-18$ krypton and a t  each pressure the  curve extrapolates  

roughl-y t o  the same poin t  within 0.2%. 

changes i n  W with changes i n  t o t a l  pressure,  were made with other  

Similar  attempts t o  de tec t  



29 

UNCLASSIFIED 
ORNI.-LI(-DWG-52871 R 

22L ............... I...'............ 1 ...... -.J .................. L ~ .... 1 ................. I . ~ _ I ~ . I  
1.0 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 

100% 
A r  FRACTIONAL PRESSURE OF Ar 

c4H8 

C3H6 
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for mixtures of Ar w i t h  N2,  K r ,  C& (cyclopropane), 
'lot Of 'ij 

Fig. 15. 

and C4&3 (1-butene), as n function of Vi?e f ract ional-  pressure of Ar i n  t h e  

mix-kure. ' 
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for mixtures of Ar wit'n TJ2, C3H6 (cyclopro- 
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Fig.  16. 

pane) and C4Hg (1-butene) using constants show:n i n  Table 111. 
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Fig. 1’7. Plo t  of collection time vs (voltage)-’, at four d i f fe ren t  

pressures, for a mi.xture of’ 82$ Ar - la$ Kr. 



mixtures. 

98% Ar - 2% C3H6; 99% Ar - 1% 1-butene; 9'[5 Ar - 3% C2H6; and 93% Ar- 

5% 02. 

changes i n  W were detected g rea t e r  than 0.2%. Most of these  (with the  

'I'hese i-ncluded 915.2$ AT - 4.8% Kr; 98.75 AT - 1.3% I(r; 

Between -the same press i re  limits mentioned above, no consis-Lent 

exception of t he  krypton mixtures) represented mixtures near  t h e  mini- 

mum poin t  of the  \$ c i rve .  

P o s s i b i l i t y  of a Jesse  Ef fec t  i n  Nitrogen _I...-._I 

Closer zxamination of Figure 1 slnnws an e f f e c t  i n  n i t rogen  sirni- 

l a r  t o  t h e  Jesse  e f f e c t .  This was f i r s t  not iced i n  the  case of mixtures 

of ni t rogen and acetylene where the  best stl-aight l i n e  using blq.  (2 )  

w a s  obtained w i t h  f I = 3.3. This l i n e ,  however, approached a W of 

36.1 ev/ion p a i r  ins tead  of 36.3 ev/ion pair ( the W of pure n i t rogen) .  

1j 

An i l l u s t r a t i o n  of t h i s  i s  given i n  F i g w e  1.8 where t h e  n i t rogen-  

acetylene (3at.i. are drawn using seve ra l  values of t he  constant f i.j . 
SubsequeI-Lt mixtures o f  ni t rogen with ethylene , cyclopropsne, 1- 

butene, and 2-butene showed the  same r ap id  decrease i n  W as t h e  f i r s t  

1% t o  3% of the  second gas was added 'io the ni t rogen and the  more 

"regular i r  decrease from t he re  on. Eisu-ye 19 shows a n  expanded view of 

t h e  upper por t ion  of these  curves frotn Z" 

rpsion near  t h a t  of pure mltrogen. In  the case OP CO the  l i n e  

= 0.5 to Z y j  = 1 .O i n  the 
ij 

2, 

approaches 36.3 ev/ion pai.r but  i n  the case of C H 

the s t r a i g h t  l i n e s  approach poin is  considerably below the  W of ni t rogen.  

C H and C)+If8, 2 2' 3 6' 

Furthermore, i n  the  cases  Shown, the  lower the  ion iza t ion  p o t e n t i a l  of 

t he  second gas, the  g rea t e r  is the  depression of Lhe l i n e .  I n  f a c t ,  
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Fig. 18. P l o t  of W vs Z.!' for mixtures of N2 - C2H2 using three d1.P- 
ij 1 3  

fererit values of f 
ij' 
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Fig. 19. Expanded. sca le  p l o t  of Wi vs Zv f o r  mixtures of N2 with G O z ,  
- lj 

~ 2 ~ 2 ,  ~ 3 ~ 6  (cyclopropane 1, ~ 4 3 8  and C7Bg ( to luene) .  
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i n  the  case of cyclopropane and I-butene, the butene has a lower 

ionizat ion p o t e n t i a l  than the  cyclopropane but  a higller W .  The i n i t i a l  

drop i n  W from 36.3 ev/ion p a i r  i s  therefore  grea te r  for butene :and the  

two l i n e s  subsequently cross  at about Z "  = 0.8. 
i j  

W of Toluene Vapor 

A Yurther check on t h i s  effeck was made by mlxiag s m a l l  mounts of 

toluene vapor w t t h  nitrogen, s ince toluene has a r a t h e r  low ionizat ion 

po ten t i a l .  A t  room temperature, as much as 3 em Hg of thi.s vapor could 

be admitted t o  the  chamber with nitrogen, r e s u l t i n g  i n  a mix-hwe up t o  

1246 toluene - 88$ nit rogen.  Above 1% tol.uene, the  W ' s  of the mixtures 

f a l l  on a f a i r l y  s t r a i g h t  l i n e ,  using Eq. (2), provided f 

t o  about 13. Figirre 20 shows t h i s  Line as well  as the  curvature which 

r e s u l t s  whelz the constant f i s  macle as  low as 10 or  as high as 20. 

The line approaches 35.3 ev/ion p a i r  on t.he ni t rogen s ide ,  ind ica t ing  

a large i n i t i a l  drop from t h e  value of pure nitrogen ( the  upper port ion 

of t h i s  curve i s  also reproduced i n  Figure lg), and. approaches the value 

28 ev/ion p a i r  on the toluene s ide .  

W of pure toluene may be in e r r o r  by as much as ?$, but; l;he value has 

been included i n  Table I f o r  cornparlson. 

of using %his method of mixtures 1 x 1  obtain the  W of other  'vapors, 

p a r t i c u l a r l y  heavy vapors, when the  vapor pressure of' the pure substance, 

a t  room temperature, i.s riot alone s u f f i c i e n t  to cmp1etel.y s-bop the alpha 

p a r t i c l e s  i n  the  chamber. To subs t an t i a t e  f u r t h e r  t h i s  W measurement 

o f  toluene, mixtures were also run of toluene and cyclopropane. 

i s  set  equal 
i j  

i j  

This  extrapolated esti.mate for the 

It points out the p o s s i b i l i t y  

Assuming 
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Fig. 20. P l o t  of Wij vs ZYj for mixtures of 1\12 - C7Hg using three dif-  

fesent values of fij.  
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the vall.dlty o f  Ey. (3) i l z  -thi.s case, the c o n s t a t  f 

(using TaliLe 11) End the r e su l t i ng  l i n e  for this mixture is shown at the 

bottom of FiLwe  20. 

amounts of toluene and extrapolates very rough1.y .to about 27 ev/ion pa i r .  

= 15/4.3 = 3.3 ij 

"he W of -this mixture in.creases wit 'n increasing 



IV . c ONcLusrONs 

%ne r e s u l t s  dcscri.bed i.n t h i s  repor t  represen-i; an attempt t o  show 

the  wide a p p l i c a b i l i t y  of Eq. (2)  [or equal ly  well ,  Eq. (l)] i n  pre-  

sen t ing  data on W ' s  of binary gas mixtures, even t o  some exten t  when 

one of the cons t i tu3nts  i s  a noble gas. By use of these equations,  it 

i.s possible  t o  pick out those regions where other  e f f ec t s ,  such as the  

Jesse e f f e c t ,  axe predominant, whereas these other  e f f e c t s  might not 

otherwise be dis t inguished.  Such is the  case i n  ni t rogen,  where the  

e f f e c t s  of small impuri t ies  of gases with low ion iza t ion  p o t e n t i a l  be-  

come not iceable  only when the  da ta  are p lo t t ed  i n  t h i s  way. It is a l so  

possible  bo ext rapola te  the  s t r a i g h t  l i n e  obtained. with these equations 

t o  p red ic t  the  W of pure vapors even when the vapor is  p a r t  of a mix- 

t u r e  and can only be obtained i n  concentrations up t o  10% (by volume). 

The r e l a t ionsh ip  between t h e  f constants  given by Eq. (3) is  some- 

whai; surpr i s ing ,  and i s  of considerable p r a c t i c a l  i n t e r e s t  i n  that it 

allows one to predict unknown W ' s  of mi.xtu;res of gases such as might 

be found i n  nuclear  counters.  The extensive appl ica t ion  of t h i s  

relst ionshTp t o  other gases has not  been t e s t ed ,  but it might be found 

t o  apply t o  m a n y  o ther  molecular gas rnrixtures. 

The accuracy of any p a r t i c u l a r  combination may be 3-imited by gas 

p u r i t y  s ince  no a-ttempt w a s  made t o  p u r i f y  the  gases used. 

repea t ing  tha t  the W ' s  were measured r e l a t i v e  t o  - .  nit rogen which w a s  

assumed t o  have a W of 36.3 ev/ion p a i r .  Furthermore, t'ne r e s u l t s  do 

not necessar i ly  apply t o  monoenergetic alpha p a r t i c l e s  of 5 MeV s ince  

the  energy s p e c t r m  w a s  considerabl.y broadened by the thickness of  the 

l?'11*~' alpha source. 

It i s  worth 

38 
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