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f'ram dlrect ioniP;ation of the parent molecules and not froln &et= 

frapentation." 

Ths results of these several s tuaes  of me v ~ p m  of sulfur h v e  

led tbs various invw3tigators t o  tho conclusian that aom corrrgle;~ 

iuixture of po&atcdc tnoleculss is present, but the em& nature: of 

this mixture haa regained quite uncerti3+n0 

Tb ob$& of this Investigation miss therefore, t o  attempt t o  

atemixwit the composition of oatwtod  vapor a$ a 

function of tqeraturs. 
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Fig. 5 .  Sulfur distillation apparatus. 
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%ha effwt of temptaratwe on the I a n  currents of a u l f w  was 



electrons 

teqwrature to become a"Labilo, and focus the ma3 apsctroneter on a 
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AU. the data reported were obtained with a single container of 

sul fur  and exaept where noted are net ion current8 (i.e, the differ- 

ence between measurements made with the shutter open and closed)m 

The r9s ta t icn  temperature dependence measurementa are presented as 

r a t i o s  w i t h  respect t o  S 2 t  in  the ahronological order W e n  in  

Table 11, and graphically i n  Figs, 6, 7$ and 80 These ratio8 were 

o a l d a t e d  w i t h  respect t o  the first S + peak measurement, 80 t ha t  

the last column in Table I1 is a measure of the reproducibility (or 

lack of it) of the Set ion uurrent. The linerp drawn t o  oorrelate 

the data i n  Figs, 6, 7, and 8 favor the higher values of the ratios. 

Beaause the mdurimum value of the S ' ion ourrent peak could be obtained 8 
more consietently than the m&um values of the lwsr mass ion 

8 

current perks, the scatter of the data would not be random. 

reason f o r  ahoosing the higher values of the ratios is presented fn 

Another 

the general diseuesion seatione 

The measurtweata taken during heating and cooling, presented as 

logwithrdo plots w i t h  reapect t o  1/T i n  Figs, 9 through 15$ are only 

a fract ion of those obtained. However, the measurements shown were 

those taken over the largest temperature range and generally had the 

best agreement between points obtained during heating and cooling, 

The electron energy dependenoe of the s u l f w i o n  currents i w  pre- 

sented graphieally in Figs, 16 through 22, and Figs, 23 and 24 are 

of the electron energy dependence of the background S2+ and H8@& 
ion  m e n t e  respectively (all of these ion eurrents have been 

normalized t o  2000 at  74 ev), 
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be reflected. 

As the reflected portion of the mLocuLQI. bew that effused 

from the su l fur  container would contribute, .e0 the sulfur vapor Wetbin 

the 6 0 W € ? ,  the mgnitudc of tihis b a c k m d  pressur0 mula be dce- 

Incidence of tho heat- and cooling d&a also c e m d  to f ir l icata 
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straight  chain moleculeo 

r ings  of f i v e  or more members, so tha t  s t r a i n  energy should a l so  be small% 

f o r  sulfur r ings  of f ive  or  more members and ring molecules should be 

For hydrocarbons s t r a i n  energies are small for 

@ 

expected t o  be more s table  than l inea r  molecules f o r  temperatures i n  the  .+ 

range studied i n  this work. 

Siqce rhombic sulfur i s  known t o  contain eight numbered, r ings  and, 

Donohue et  a1 have found a sol id  modification olp sulfur tha t  contains S6 rings, 

there i s  d i r e c t  evidence tha t  both s8 and s6 r ings  exis%. 

appearance p o t e n t i a h  fo r  the four ions S 

t o  within experimental error suggests tha t  the  ions are produced by 

reaction with molecules of similar s t a b i l i t i e s  toward simple ionization. 

s8 (gas) i s  known t o  be a ring; the implication i s  t h a t  S5, S6, and S 

also be r ing molecules. 

The f a c t  tha t  

+ + +  , s6 s7 4 s + are ident ica l  8 

7 

The complete absence of S or higher molecular weight molecules 9 
i n  the vapor i s  probably because s8 is t h e  vaporizing species, with S7, 

s69 and S resul t ing from Se dissociation, (The observations tha t  

the S,+/S8+ r a t i o  approached zero were made when the sulfur vapor had 

not equilibrated with the  condensed phase.) 

t o  study sulfur vapor evaporating under Langmuir conditions a t  a 

temperature a t  which the equilibrium concentration o f  S 

i n  order t o  determine whether o r  not S a r i s e s  from dissociation of  S 

or  from d i r e c t  evaporation,, 

was 0,010 in. i n  diameter, whiuh did not produce s igni f icant ly  different  

S /S ra t ios .  

investigate the  evaporating species, it would be necessary t o  have a 

much la rger  sample of sulfur and a means of removing all! wsecondary” 

5 

It would be quite in te res t ing  

i s  appreciable, 
7 

7 8 
The la rges t  o r i f i c e  used during t h i s  study 

In order t o  use a suff ic ient ly  la rge  o r i f i c e  t o  7 8  
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sulfur. The! sulfur source used for t h i s  study could not be adapted f o r  

use with larger  molecular beams, since even i f  the shutter were placed 

d i r ec t ly  over the  effusion hole, the vapor pressure of sulfur within the 

source would. be so large t ha t  it would undoubtedly eclipse the effusing 

vapor. 

h 



0 
The resu 

CONCLUSIONS 

s of t h i s  study lead t o  the conclusion tha t  sulf'ur vapor i n  

- equilibrium with the condensed phase, i n  the  temperature range of 120 t o  

0 210 C, contains appreciable quant i t ies  of Sg9 S,, S6, and S molecules only, 

It appears tha t  all four of these molecules are r ing  shaped rather  than 

5 

linear, and tha t  S7, S6, and S5 most l i ke ly  result from dissociation of 

Ss, which i s  evidently the vaporil;ing speciese 

establish the quantitative composition of the vapor, but upper limits were 

obtained f o r  s8 and S, a t  UOOC o f  86% and U$ respectively. 

It was not possible t o  

The ionisation potentials of S8' S,? Sb,  and S appear t o  be ident ical  
I 5 

and are equal t o  9.8 

values of the  heats of vaporization,'but the r e su l t s  indicate tha t  the heat 

. of vaporization of S is 2,5 kcal greater than tha t  of Ss a t  U O 0 C  t o  2moc* 

0.4 ev. It was not possible t o  determine absolute 

- 7 
Information was also  obtained tha t  sulfur vapor impinging om a 

40°C copper surface apparently has a finite probabili ty of being reflected, 

J 



-79- 

X : t  i a  a pleasure to have this opportun5ty to exprees my 

apgrociatfon for tlrs he1p"f haw received from rn many pogle 

during; the course of this worko 

Alan 5barcy for suggesting t h i s  work add naking tho ~ c s r s s ~ y  

X an indahtrsd to I'rofusw.~r 



words were furnished by herc 

The entire steff of the glaau shops, eleotmnica groups, and 

raaahh  plhopar at the Radiation Laboratory were a t  one t h e  or 

another involved in this work, 

and Qordon Young made pocrsible the exbtence and life of t h s t  mlfur 

esourotv, and Ooorgo Kllllan and Milton Firth &Ld likewise with all 

the @latctrodc components of the mass spectro::atoro 

maahialste who kept the l i q u i d  nitrogsn and ~ o l i d  carbon dioxide 

traps fllbcsd 21 hours a day were also inciiopensabl~ t o  t h i o  work. 

The effort8 of Hardy Wandesford 

Tho maintenance 

Last, but by no maam h a s t ,  I would like to express qy aincere 

appreaiation for the fact t h a t  1 was able to writs t h i s  .thesis whi le  

-1oyQd a t  th Research Laboratorlus of the 8isofles and $paw 

Division o f  LockhcJed Almraft Corporation, and tha t  mveral of the 

typisto, in particular ?ha Ruth Pricep were kind csnouglr to asswie 

tha, burden of t y p h g ,  retyping, and retyping thfsa manusoript. 

Although there i a  8 poss ib i l i ty  t h a t  I could have written this thesits 

dur- my "spare" time, 5 am convlnued tha t  tii ia becam a certainty 

only when it \pa@ euggeated by Or. Clarence Kooi thl; w h i l e  1 wa5 

waiting for equip-ent, I6;o  ahsad and get  the infernal thing done, 

A large portion of this resawch was aarriad out durin, a two 

year tenure of a General ISlectrfc FeLlowtoIiip, and this work was done, 

under the  auspicoa of the 0. 3, Atomio I5mrgy Co:mla3eion. 
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T h i s  r e p o r t  was  p r e p a r e d  a s  a n  a c c o u n t  o f  G o v e r n m e n t  
s p o n s o r e d  w o r k .  N e i t h e r  t h e  U n i t e d  S t a t e s ,  n o r  t h e  Com- 
m i s s i o n ,  n o r  a n y  p e r s o n  a c t i n g  on b e h a l f  o f  t h e  C o m m i s s i o n :  

A .  Makes a n y  w a r r a n t y  o r  r e p r e s e n t a t i o n ,  e x p r e s s e d  o r  
i m p l i e d ,  w i t h  r e s p e c t  t o  t h e  a c c u r a c y ,  c o m p l e t e n e s s ,  
o r  u s e f u l n e s s  o f  t h e  i n f o r m a t i o n  c o n t a i n e d  i n  t h i s  
r e p o r t ,  o r  t h a t  t h e  u s e  o f  a n y  i n f o r m a t i o n ,  a p p a -  
r a t u s ,  m e t h o d ,  o r  p r o c e s s  d i s c l o s e d  i n  t h i s  r e p o r t  
may n o t  i n f r i n g e  p r i v a t e l y  owned r i g h t s ;  o r  

B. Assumes a n y  l i a b i l i t i e s  w i t h  r e s p e c t  t o  t h e  u s e  o f ,  
o r  f o r  d a m a g e s  r e s u l t i n g  f r o m  t h e  u s e  o f  a n y  i n f o r -  
m a t i o n ,  a p p a r a t u s ,  m e t h o d ,  o r  p r o c e s s  d i s c l o s e d  i n  
t h i s  r e p o r t .  

A s  u s e d  i n  t h e  a b o v e ,  " p e r s o n  a c t i n g  o n  b e h a l f  o f  t h e  
C o m m i s s i o n"  i n c l u d e s  a n y  e m p l o y e e  o r  c o n t r a c t o r  o f  t h e  Com- 
m i s s i o n ,  o r  e m p l o y e e  o f  s u c h  c o n t r a c t o r ,  t o  t h e  e x t e n t  t h a t  
s u c h  e m p l o y e e  or c o n t r a c t o r  o f  t h e  C o m m i s s i o n ,  o r  e m p l o y e e  
o f  s u c h  c o n t r a c t o r  p r e p a r e s ,  d i s s e m i n a t e s ,  o r  p r o v i d e s  a c c e s s  
t o ,  a n y  i n f o r m a t i o n  p u r s u a n t  t o  h i s  employment  o r  c o n t r a c t  
w i t h  t h e  C o m m i s s i o n ,  o r . h i s  employment  w i t h  s u c h  c o n t r a c t o r .  




