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Tllc work acco~llpl i s t l ed  d u r i n g  tlii s r a p o r t i  nq p c r i o d  f a 1  1  s  i n t o  t h e  f o l l o w i n g  1 

ca t c q o r i c s  ; ( 1  ) t e s t i n g  o f  t l l c  co l~ lputer  progral i l  used t o  o b t a i n  t r a n s p o r t  p r o p e r t i  as 
I 

f o r  the t l u l  bu r t - t l i r s ch fe l de t *  p o t e n t i a l  , ( 2 )  c a l c u l a t i o n  o f  t ranspor t :  p r o p e r t i e s  

f o r  the  C-6 i n t e r d c t i o n ,  (3),rough es t ia ia tcs  f o r  t r a n s p o r t  p r o p e r t i e s  f o r  t h e  I 
i ~ ~ i p o r t a t i t  ab la t io r :  spccies,  and ( 4 )  es t i l l la tcs  of t r a n s p o r t  p r o p a r t i c s  f o r  sorllc I 

! 

o f  t h e  spcc ics  assoc ia ted  w i t h  photochen\ical smog. The r e s u l t s  a r e  d i  scussed 1 
1 
I 

i n  s c c t i o r ?  I through I V  below. 1 
I 

I .  TCST OF THE HULUUIIT-IIIRSCHF[:LUEfI l'OIENTII\,L 

1  I t  was p r e v i o u s l y  r e p o r t e d  t h a t  a  co~i lputer  proqralri has been w r i t t e n  t o  

c a l c u l a t e  t r ans l ) o r t  c o l 1  i s i o n  i n t e g r a l s  f o r  t h e  Hul burt-141 r s c h f e l d e r  ( t i - t l )  

p o t e n t i a l  .2'3 Th i s  p o t c n t i a l  i s  p robaL ly  t h e  most accura te  genera l  purpose 
i' 

p o t e n t i a l  f o r  r ep resen t i ng  atom-atom i n t e r a c t i o n s .  I t  ccns i  s  r e n t l y  g i v e s  as 
1 good o r  b e t t e r  agreer:lent{ w i t h  t h e  l lexper imentalu Rydberg-Klein-Rees (RKR) 
i 

1  <4 p o t e n t i a l  cnergy cu rve  1 as any o t h e r  genera l  purpose p o t e n t i a l .  5 y 6 ' 7  The ll-ll 
? 

p o t e n t i a l  a l s o  has t h e  ~ ~ b i l i t y  t o  reproduce t h e  l o c a l  niaxialur!l i n  t h e  po ten t i a ' l  

energy cu rve  o f t e n  founc f o r  atom-at0111 i n t e r a c t i o n s .  8,9,10,11 

Tile col l lparison o f  li-1-1 and RKR p o t e n t i a l  energy curves p rov ides  one t e s t  o f  I 
t h e  tl-H p o t e n t i a l .  A f u r t h e r  t e s t  o f  t h i s  p o t e n t i i l l  i s  p rov i ded  by us i nq  i t  t o  

c a l  c u l a t e  b u l k  da td  such as t r a n s p o r t  p r o p e r t i e s  and v i  r n i  a1 c o e f f i  c i e n l s  and 

con~par i l lg  these r e s u l t s  w i t h  t he  expe r i l ~ t en ta l  r e s u l t s .  I t  was p r e v i o u s l y  r epo r t ed  12 

t h a t  v i s c o s i t y  c o e f f i c i e n t s  had been c a l c u l a t e d  fo)-  ar!joti us i ng  tile ti-ll p o t e n t i a l  . 
These c a l c u l a t i o n s  have been extended and t h e  d i f f u s i o n  and t h o ~ m a l  c o n d u c t i v i t y  

coefficients o f  clrgori have a1 so been c a l  c;,lated. I\ luodi f i c d  ve r s i on  0.F t h e  O't lara- 

S ~ r i  t h  prograsl  vras used f o r  these  c a l  cilla;ions. l 'he r e s u l  t s  o f  ttlese c a l c u l a t i o n s  

a r e  shown i n  F igures 1, 2 and 3. 1 
I n  add1 t i o n ,  second v i  r i a l  c ~ e . f f i c i e n ' t s  have been c a l  c u l a t c d  f o r  argon us ing  

t i le 1.1-ti p o t e n l i a l .  A l l i od i f i ed  ve r s i on  o f  a  p rev ious  p rog ra~~ ,14y15  was used f o r  

these c a l c u l a t i o n s .  The r e s u l t s  a re  shown i n  F i gu re  4. 



r v  ------- -- -- -- 

, 
I 

1 

The excel  1  e n t  agree~nent between t h e  c a l  c u l  a t c d  and expc r i ~nen ta l  r e s u l  z;s 
4 

I 

f o r  t h e  t r a n s p o r t  p r o p e r t i c s  over  a  wide t e~npe ra tu re  range r e i n f o r c e s  t h e  I 

j 
c o t ~ c l u s i o n  draw11 fro111 d i r e c t  coniparisons o f  t h e  Il-H and RKR p o t e n t i a l  energy I 

curves; i .c. t h e  t i - t l  p o t e n t i a l  appears to  be an exce l  i a n t  tirodel p o t e n t i a l  f o r  I 

, 
atom-atom i n t e r a c t i o n s .  It t s  impo r tan t  t o  enlphasize t h a t  t h i s  agreenlent has 

been ob ta i ned  i n  s p i t e  of t h e  f a c t  t h a t  the  H-t i  p o t e n t i a l  c o n t a i n s  no a d j u s t a b l e  I 
i 
i 

parateeters. A1 1  cons tan ts  i n  I he p o t e n t i a l  a r e  determined f rom t h e  r~leasured i 
1 

16,17 I spec t roscop ic  co t i s tan ts  which a r e  known f o r  the  ground lY 4- s t a t e  o f  Ar2 
" 9 

Tl~us t h e r e  a re  no " fudge f a c t o r s "  i n  t h e  11-H p o t e n t i a l  which can be used t o  i 

d d j u s t  t h e  f i t  a f  t h e  c a l c u l a t e d  t o  t h e  exper in lentdl  r e s u l t s .  

K igurec 1-3 i t id ica te  t h a t  t h e  d i f f e r e r l r e s  between t he  c a l c u l a t e d  and 

~ x p e r i m e n t ~ l  t r a n s p o r t  1 ray:?rt.ies t end  t o  be l a r g e s t  a t  low te~apera tu res  . Th i s  I e f f e c t  i s  11iost pronounct,d f o r  t h e  v i s c o s i t y .  The e f f ec t  i s  p robab ly  b e s t  
R 

exp la i ned  by exa111i n i n g  i he tl-1.1 p o t e n t i a l  i n  ti1ore d e t a i l  . The constar) t s  i n  t h e  
i 

ti-ti po ten  t i  a1 were ob ta jned  by us i ng  t he  Dunhalli lilethotl 2 y 1 R 2 1 9  which i s  based on 
F 

Ihe use o f  a  p o l y n o a ~ i a l  ,expansion t h a t  does n o t  converge6 a t  l a r q e  va lues o f  r .  

Thus otle would expect  t l - a t ,  i n  genera l ,  the  H-H p o t e n t i a l  w i l l  n o t  g i v e  a  h i g h l y  

accura te  r e p r e s e n t a t i o n  o f  t he  l o n g  range p a r t  ( t a i  1)  o f  t h e  p o t e n t i a l  . A t  l ow  

ten~pera iu res ,  t h e  c o n t r i b u t i o n  of t h e  t a i l  o f  t h e  p o t e n t i a l  t o  t h e  t r a n s p o r t  
20,21 ,%? 

p r o p e r t i e s  i s  g r e a t e r  than  a t  h i g h e r  te lnperatures , e s p e c i a l l y  f o r  t h e  v i s c o s i t y .  

Thus t h e  g r e a t e r  d i f fe rences  between c a l c u l a t e d  and exper imenta l  r e s u l t s  a t  l ow  

te l l~pera tu res  a r e  expected. Since t h e  l ong  range f o r ces  between n e u t r a l ,  n o n l ~ o l a r  

I spec ies a re  d i s p e r s i o n  f o r ces ,  'Oy2 '  which a re  quantuil, l l ~echan ica l  i l l o r i r j i n ,  t h i s  
I 

i s  a  quantum l~ iechani  c a l  e f f e c t .  

The percentage d e v i a t i o n  f o r  t h e  second v i r i a l  c o e f f i c i e n t  i s  niuch l a r g e r  

than For the  t ranspoi-+ p r o p e r t i e s  over  a  ve ry  wide temperature range. Th is  
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second v i r i a l  c o e f f i c i e n t  data,  t he  HKK r c s u l  t s  a r e  a lmost  c e r t a i  l i ly o~~oi-c 

accu ra te  i n  t h i s  r+cgioti .  Th i s  he lps  e x p l a i n  t l l c  r e l a t i v e l y  poor  r c s u l  t s  

ob ta i ned  f o r  t h e  second v i r i a l  c o e f f i c i e n t  us i ng  t he  H-H p o t e n t i a l  ; i .e. t h e  

good spec t roscop ic  fit a t  r i s  no t  ab le  t o  c o n s t r a i n  t i l e  ll-H curve  a t  l a r g e  
c, 

d i s t d t l c ~ s  we1 1 anougli t o  assure t h a t  v i r i i l l  c o c f f i c i o n t s  w i l l  ba o c c u r a t c l y  

p r e d i c t e d .  

The larple 1  ow t e ~ ~ ~ p c r a t u r e  dev ia t i o t i s  o f  t h e  v i  r ~ a l  c o c f f i c i e n t  a r e  p robab ly  

( h e  t.o r111i1r1 t IIIH meclido~ ica !  s F fec ts  sin(:(> i t i s knowri tl lal. ( ~ t ~ d o i t , i l ~ ~ ~  I I I O C ~ ~ ~ I I ~  C J I  

e f t ' e c t s  a re  much l a r g e r  Tot* v i r i a l  c o e f f i c i e n t s  than  f o r  t r a n s p o r t  p r o p e r t i e s .  22 

Howcvur, t h i s  i s  n o t  l i k e l y  t o  be due a1111ost s o l e l y  t o  d i s p e r s i o n  fo rces ,  ds 

f o r  t r a n s p o r t  p r o p e r t i e r ,  s ince,  f o r  t h e  r a r e  gases, t h e r e  i s  no temperature 

range  over  w \ l i c t ~  tile scdond v i r i a l  c o e f f i c i e n t  i s  deterni ined s o l e l y  by t i l e  

t a i  1  o f  t he  p o t e n t i a l .  4 
I 

111 sulalllaly, the  H-1 p o t e n t i a l  appears t o  accu l -a tc l y  represe t i t  t i l e  " t r u e "  

atoi11-atom p o t e n t i a l  ovei* a  wide enough ran!le o f  i n t e r a t o ~ l i i  c  separa t ions  so t h a t  

the t r a n s p o r t  proper t ie : ;  can be a c c u r a t e l y  est in la ted over  a wide temperature 

range w i  t hou t  t h e  need co ctnipir ical  l y  a d j u s t  any o f  t he  c x p e r i ~ n e n t a l  l y  detert l l ined 

spec t roscop ic  cons tan ts  used i n  t h e  p o t e n t i a l .  The second v i r i a l  c o e f f i c i e n t  

can p robab ly  o n l y  be a c c u r a t e l y  p r e d i c t e d  a t  higli temperatures where i t  i s  

r e l a t i v e l y  in,,cznsit ive t o  t h e  t a i l  o f  t h e  p o t e n t i a l .  It s l iou ld  be emphasized 

t h a t  t h e  g r o a t  u t i l i t y  o f  t he  H-H p o t e n t i a l  l i e s  i n  i t s  a b i l i t y  t o  es t in ia te  

bu l  k p r o p e r t i e s  For systems i n v o l v i n g  atom-atom i n t e r a c t i o n s  f o r  which these 

p r o l ~ e r t i e s  a r c  d i f  F i c u l  t o r  i t i ipossi b l e  t o  omeasure. The JANAF Ther~i loche~nical  

~ a b l  esZ4  and t h e  con~pi  1  a t i o n  o f  Hubei- and t i e r z b e r c ~ ~ ~  p r o v i d e  t h e  r e q u i r e d  

spec t roscop ic  cons tan ts  f o r  liiany atonl-atom i n t e r a c t i o n s ,  



I I .  TRANSPORT ['ROPERTICS 1'OR THE C-C INTERACTION 
i Ihc t * w , ~ l c ~ ~ l a t i o n  of the C-C trotlrport propcrt.ics, using the H-l l  ~ u t c t l l i ~ l  
I 

For th? botltid s t a t e s  of C lras been discussed in previous reports. 1,12 I!1 I 
L 

nddi t ion, two s t a t e s  i!)nor+ed in the original cal c ~ l a t i o n s ' ~  crore incl udcd i n  I 

thc ctllculat ion by usinq thc'porfcct pai  r i n t l  sathod.' "' '27 ~t l c sc  cnlculations 1 
2& (1  > I  I *  trvvc 11ow been col~~plotfd. Pesul t s  for  thc diffusion col1 ision integral , t i  ..2 1 

snd the viscosity coll isian integral , ( I  ' 'a2 ( 2 5 2 ) " ,  are shown in Table 2 .  i 
A col~~yat*isoti of the results in Table 2 with the previous resul ts  for ttri? 

coll i s io t~  it1 teg,*a 1 i 2 '  shows t h a t  t l ~ c  di fferetrces arc quite subs tantiul ( in  sonre 

c;lsc?s the col 1 isioti i tltcgral s di f f c r  by more than 50::) There arc tllree t.casons 

for t l !~se di ffercnccs ; 
Y 

1 ,  use of the H-H pntcr"tia1, rather t h a n  the Morse potential ,  to represent the I s tatcs wi t;h a potrrncial minimurn, 
ii 

3 + 2 .  inclusion of collision integrals for the Xui! at" 'j:',, s ta tes  wllich were 
X ,, - 9. 

L b ignored in the previ:ous calculation, and 
11 

J. opti~nization of the collision integrals fo r  tlrc repulsive s t a 4 e s  by using 

the i!lcthod of Hirsct fclder and ~ l i a s o n ~ '  t o  dotennine which range of inter-  

atonlic separations rnakes nlost of the contribution t o  the transport coll ision 

i ntcgral s fo r  a gi vcn ten~perature range. 

This optilllization technique requires some explanation. f:or a given 

ter~iperature, i t  i s  observed that most of the contributiol~ t o  the transport 

col1 i sion integral s conies fro111 a region of the intc rraolecul a r  potenti a1 repre- 

senting a narrow range of interatolllic separations.28 I n  the limiting case of 

a r igid spl1elAe potential ,  a l l  of the contribution io  the collision integrals 

corlles from a single interatonlic separation; i . e .  the riqid sphere diameter, 

LJ r s '  Based on the observation mentioned above and the fact  that  a r igid sphere 

tt~odel gives a good f i r s t  ayproxirilation t o  the transport collision integrals for 



atoa~-d to l l l  i r l  t t t rde t io t l s  ( i l l id for l l iost ~ t l ~ r  i n t ~ r a c t i o n s  as we1 1  ) ,  I l i r s r t i f e l d e t *  

a n d  ~ l i a s o t i ~ ' ~  proposed c v l c u l n t i n y  an equ i va l en t  r i g i d  sphere d i o ~ ~ l o t e r ,  v,,., , 

u s i n g  t h e  c o l  l i s i o t l  i n t e g r a l s ,  uRQ8 d e t e r n ~ i n c d  f o r  solilc assuncd i n t e r a c t i o n  

~,ul.utl t i d l  vrli ich g i  vcs t he  b e s t  f i t  t o  ava i  l a b l o  exper i r l~c t i ta l  and/or t t ~ c o r c t i c a l  

i t ; f o n t l ~ t i o n .  I l l c  c q u i v a l c n t ' r i g i d  sphere d i v l l ~ c t c r  i s  c a l c u l a t e d  tt-ols 28 

Tor  t he  repulsive s t a t e s  o f  C ., i . ~  u2i)'"b)* were deternrined f o r  the exponential 
h B 'L3 

r o p u l  s i  ve ~ o t c n t i a l  29, u s i r ~ g  t h e  p o t e n t i a l  paran\eters deter l l l ined 11.y l i laking J 

b e s t  f i t o f  t h i s  po tc?n t ia l  t o  t i l e  theoretical c a l c u l a t i o n s  o f  f'ouqet-e and 

11 Ncsbot arld t o  tho r c s u l  t s  o f  the  p e r f e c t  p a l  r i n g  c a l r u l a t i o n s .  1  

Accord ing t o  H i r s c t f f e l d e r  and ~ l i a s o n , "  t h ~  r e g i o n  o f  t h e  p o t e n t i a l  i n  t h e  

v i c i n i t y  ol: oerS(T). as deterni ined f rom equa t i on  ( I ) ,  shou ld  be t h e  reg ion  o f  I 
the p o t e f ~ t i ~ ~ l  t h a t  ~llakaq tnost o f  t h e  c o n t r i b u t i o n  t o  t h e  t r a n s p o r t  c o l l  i s i o n  

11 

i n t e g r a l s .  Tlius [T,, W ~ S  c a l c u l a t e d  a t  1000°K and 25,00OC'K, us i ng  equa t ion  ( 1 )  
If 

arid the v i s c o s i t y  c o l  1 i : i ion i n t e g r a l  , n u ( s i n c e  ther-nial con t l uc t i + : i t y  i s  

t h e  t r a n s p o r t  [ ~ r o p c r t y  c j f  g r e a t e s t  i n t e r e s t ) ,  t o  Find t h e  range o f  uQr, as a  

funct- ion o f  te l l lpcrature.  Then t h e  expanent i  a1 r e p u l s i v e  p o t e n t i a l  was 

reop t in l i zed  so t h a t  t h e  b e s t  f i t  t o  t h e  t h e o r e t i c a  l r e s u l t s  was ob ta i ned  over  

the range o f  cr ds  detert i l ined fronl  equa t ion  ( 1  ) . Then a  new s e t  o f  c o l l  i s i o n  e r s  

i n t e g r a l s  was deter in ined f o r  t h e  reop t i i i i i zed  para~ne te rs .  Then a  new range o f  

!r was cletern~ir ied, us i nq  equa t ion  (1  ) ,  e t c .  This  i t e r n t i o n  procedure was e r s  

repeated u n t i l  t h e r e  was no change i n  t h e  oers. TJIP ' l a s t  i t e r a t i o n  was assu~lied 

t o  be t ho  bcs t f i t o f  t h e  exponen t ia l  r e p u l s i v e  p o t e n t i a l  t o  t he  t h e o r e t i c a l  

r n s u l  t s  and t h e  l r a n s p o r t  c o l l  i s i o n  i n t e q r n l  s were c a l  c ~ l a t e d ~ ~  us i ng  t h c  

paranieters ob ta i ned  f o r  the l a s t  i t e r a t i o n .  



Sorrte of the t l i  fforcncc) l)c)tr.ieen Lhr? t*c~ijl t 'i f o r  t l~!  tt*dn.c,l)orf: C O ~  1 i io r i  

integjrdls ill 'Table 2 and the previous rcsul tsZ6 i s  due t o  ttlc opt i~airnt ior~ o i  

the curve t i t  oi' thc en1l)irical t o  the calculated rcpulsivr! potcntiitl over t t ~ a  

ter!~peraturc rdtuju of in te res t ,  as discussed above, and  sorite of the cli ffertince 

i s  due to the inclusion of t;io s ta tes  that  were previously ignored. Iiowcvcr, 

triost of the d i f f ~ r c n c e  i s  ckic to  the use of the Ji-t1 potential ,  rather than the 

Morsc potential , t o  represent the pot~r i t ia l  energy curves with an a t t r ac t i  ve 

nri tiimuni. Sirice the 11-H potential usually g i  ves better agreement with the KKK 

resu l t s  than docs the Morse potential ,  these resul ts  for the transport collision 

integrals arc consideral\ly rnore re1 iablc than the rosul t s  reported previously, 26 

One interesting r e ~ u l t  of the C2 study i s  the possibil i ty t h a t ,  in bor~ie 
'J 

cases, the ti-t1 poten1;ia niay be Inore accurate thar, the liKR potential .  In 

general, the ti-li give het ter  agreement with the R K R  resul ts  than do 
I 

3 the Morse resu l t s .  Thid i s  i l lus t ra ted  in Table 3 for the I[, s t a t e .  However, 
I 

the r7:yreelnent i s  revcrsqd for the '11 s t a t e  a t  larclc separations, as shown in 
<1 

'Table 3. The R K R  and  Mcrse resul ts  predict t h a t  th i s  s t a t e  does no t  have a 

local ~~iaxirrluni ( h u m p )  while  he H-1.l results predict a hump.  Ttie theoretical 

calculations of Fougere and ~ e s b e t "  also prcdict I t ld t  Chis s t a t e  has a hur~ip .  

The best avai lable evidence indicates 11,30 that  the '3 s t a t e  should have a 
9 

1 
tlurnp in order t o  avoid crossing another 11 potential energy carve. Thus i t  

9 
1 appears tha t ,  for the 1 s ta te  o f  C2, the H-H resul ts  are more rel iable  than 

g 
the R K R  resul ts  a t  large separations. This i s  not surprisiqg since,  as 

d i s c ~ ~ s s e d  previously, errors are introduced into the R K R  results a t  large 

separations. Nevertheless, this  result  i s  satisfying and provides additional 

evidence of the r e l i ab i l i t y  of the H-ti potential .  



'Tlic colllpo';ition a t  t ho  su r f ace  o f  a  probc rloon e n t r y  i n t o  t h e  Jcrvi~tl 

attilosplwi*u i s  i) i vf?nJ1 i n  Tablo  4. TLs "a t~~ losphc rc "  rt!pr.cscnted lry t t l c  spcc ics  

1 isted i n  i d b l o  4 i s  c !n t i re ly  due t o  the prcsenrc  o f  a b l a t i v e  spcc i cs .  Notc 

t l l a t  t t ~ c  l l ioltl f r i r c t i o n  o f  these spoc ics  i s  l r n i t y  t o  f ou r  s i g ~ ~ i f i c a r r t  ficjurer3; 

i ,e .  thr!se spocies accourlt  f o r  e s s e n t i a l  ly the  c n t i  rc at l l losl~hore a t  the 

s u r f a c e  of the e n t r y  probe, 

A t  the rc r lucs t  o f  Dr .  J ,  N, Moss, an es t ima te  was made o f  t h e  t rdnspol ' t  

c011is ior1 i r l t c ~ l r a l s  f o r  the s[ jeci t ts l i s t e d  i n  Table (I-, W t ~ i l e  t he  pt+oceclurc used 

i s  r c l a t i v c l y  crut lc,  t ho  es t imates  should  be au rc  r e l i a b l c  than  those t)ased on 

t h e  tnothod proposed by Esclr, c t  a1. ,32 tk,e o n l y  p rev ious  a t t e w p t  o f  which the  

d u t h o r  i s  aware t o  ca1r:;late t ho  t r a n s p o r t  p r o p e r t i e s  o f  a b l a t i o n  p roduc ts  

1 u s i n g  t he  k i n e t i c  t l ~ e o r , ~  o f  gases, 
d 

l 'hc "uni  vei-sal"  se.; o f  c o l l  i s i o n  i n t e g r a l s  ob ta i ned  by  Boushe l~ r i  , e t  a1 . 22 
N 

l iavc bcec uscd t o  estitl1:jte t h e  t r a n s p o r t  c o l l i s i o n  i n t e g r a l s  For t he  spec ies 

1 is t t :d  i n  Tablc 4. The p r i i ua ry  j u s t i f i c a t i o n  f o r  t h e  assuli ipt ion t h a t  these 

c o l l i s i o n  i n t e g r a l s  can be d p p l i e d  t o  a wide v a r i e t y  o f  i n t e r a c t i o n s  i s  the 

observat ion2 '  t t l a t  t he  t r a n s p o r t  p , *oper t ies  o f  t i l e  r d r c  gases a re  r e l a t i v e l y  

i n s e n s i c i v a  t o  t h e  d e t a i l s  of' t h e  i n t e r a c t i o n  p o t e n t i a l  ; i .e. t h e  r e p u l s i v e  

w a l l  o f  the  p o t e n t i a l  (wh ich  tends t o  va ry  l i t t l e  f ro lu i n t e r a c t i o n  t o  i n t e r -  

a c t i o n )  makcs t h c  pr in lary  c o n t r i b u t i o n  t o  t he  . t ranspor t  c o l l  i s a i o n  i n t e g r a l s .  

Th is  s e t  o f  c o l l i s i o n  i , \ t e g r a l s  has been a p p l i e d  t o  a  v a r i e t y  o f  atoai-molecule 

and 11lo1 e c ~ l ~ ) - t i ~ o l e c u l e  i t ,  t e rac t i ons2 '  333'34 '35 ' 36$37  w i  t l ~  good r e s u l t s .  However, 

ona cannot  be c e r t a i n  t h a t  these c o l l i s i o n  i n t e g r a l s  a r e  a p p l i c a b l e  t o  any 

( l iven ill t e r a c t i o n  and workers i n  t h e  f ics ld  w i t t l  who111 t h e  au tho r  has co~ril l iunicated 

a re  s k e p t i c a l  about  t he  genera l  app l  i c a b i  1  i t y  o f  t h i s  metliod. Never the less,  

t h i s  i s  probab ly  t h e  bes t  tliethod a v a i l a b l e  f o r  e s t i m a t i n g  t r a n s p o r t  c o l l  i s i o t i  



i t i  tk!t!t*a: s ill tlhr abst'ncc of d e t a i  lcd i n f u r t ~ i d  tion dboc~t  i t l k c r a ~ t i u t ~  p o t ( i t ~ t . i ~ ~ l $ .  

ill 1 of  thcb potential shoul d 111c7ke till! pr ia tnry  co t r t r i bu t * ia r \  t o  the trdnsport I 
p r o p e r t i e s .  i t i c r c a s i n l j  t l i c  r c l  i s b i  1 i ty  o f  t ! ~ e  u r l i ve r sa l  c o l l  i s i o n  i n t e q r d l s .  22 t 

r i c l i d  sphere cliarseter, atld , t l lb  depth o f  t h e  p o t c t i t i a l  r v c l l ,  arc3 rlecdcd. ! I 

1 
T t ~ e  ~ s t i r i i a t c ~  o f  these j ) a r a l t t e t ~ r ~  ob t i l i r ~e t l  by E s c ~ ,  c t  a1 .32 were lrscd i n  t h c  I i 

t ;  
i l  

c ~ 1 c u l n t : i a n s .  ' I I I P ~  t l ~ ~  { l i ven  i n  Tabltk t i ,  The r c s u l  t i n ( !  d i f f u s i o n  c o l l  i s i o r i  i j 
incc!,)r i l ls a r c  qivc'n i n  'l~lltle 6 and tl~! v i s c o s i t y  c o l l  i s i o n  intctqrt\ l ! ,  arc ( l i ven  

i n  T a b l ~  7. 

I V  . TIIANSI'ORT PROPERTIES ASSr)CIATED PIITH Pt.IOTGCHEMICAL SMOG 

The I m s i  c  chr?mical aqua t i  ons associated w i  t t i  t h e  p roduc t i on  o f  photocheaica l  I sllluq from nu tns lob i l c  csl.issions a re  38 
li 
I' 

1 hv NO2 (autuirtobi l e  exhaust)  --, NO -I 0 
b 
I! 

Transpor t  p r s p e r t i c ? ~  have been est i l i ia ted f o r  t h e  spec ies g i ven  i n  t h e  f i r s t  1 , 
i 

two chen~ i ca l  r e a c t i o n s  1  i s t e d  above. The two Lady i n t e r a c t i o n s  i nvo l  v i  nq i 

these spec ies a re  l i s t e d  i n  t l i e  f i r s t  c o l u ~ ~ i n  o f  Tabla  3. 1 
A v a r i e t y  o f  techniques were used t o  cs t i n i a t e  t h e  i n t e r a c t i o n  p o t e n t i a l s  

atid t r a n s p o r t  p r o p e r t i e s  f o r  these i nterac . t i ons .  The enlpi r i c a l  i n t e r a c t i o n  

p o z e n t i a l  s  used a r c  t 4 o  exponen t ia l  r e p u l s i v e  ( E R )  p o t e n t i a l  ; i .e.  



I 

anti t h ~  ir!verso power a t t rae t ivc  ( I A )  potential ; i . c .  

For a I I U I I ~ ~ C F  of the i r i t ~ r ~ c t i o n s  l i s ted  in ;able 8, the pcriplleral force 1 
~ c t t ~ o d "  was uscd t o  obtain atotli-tlrolccul~ and laolceulo-111ol ccule ill tclacliolis 

! 
fr*ali a tom-st0111 inter*~ct ions.  Thc basic atoll)-atom interactions used arc 

1 4 -  for  tllc 14-N intcraciion' between two ground s t a t e  ( C a t o ~ l l s ~ ~ ,  a r ~ d  
(1 

I 

for* tlic N-0 interaction for NO in i t s  lowest s t a t e  (211) .39 These potentials 

were used t o  obtain orientation avera!]ed atos-n~ol ecu le and 11\01 eculc-molfculc 

potentials according t o  the puriplleral force method. y 1 2 y 4 0  The interactions 

f o r  wliich tlie peripheral force n~ethod has been used are  1 isted in the second 

column of Table 8 \ri ti1 the label PF. Tlicse orientation averaijed potentials 

were then best f i t  with the IA potential . The best f i t  paranleters are shown 

in the tliird colul~l~l o.F Tab le  8. 

Tile peripheral force lllethod does not work well for soso of tile interactions.  

This has been discussed previously. 41 '4P For these interactions,  the "universal " 



coll i s i o n  I tltcqral s rc?coi~~iimflcd by ilousf~c!bri, c t  a1 .22 llavc t~ccn u5ail ts 

ealculatc! l l l c  transpor't (~ropc~*ties.  Tllc uso o f  t n i s  tochniquo i s  dcnotcd i n  

trrc socend colua~ri of Tablt! S by the label B .  Thc rcquircd values of ir and i 

w d l - c  obtn inud fro111 tabulations for the L.enr~ard-Junes (6,12)  potential or I r  

was cstinl;tttld fro[!\ bond lenqths using a "ri!lid spt~cre rr~odcl" and t was 

I 
f , 

$ 

estin~atcd fro111 poli\rizabil i t ies .  2 0 i I I i 

: 1 
The 0-0 transport coll i sion integrals wore extral~ola ted to  lower t nspo ra -  1 I 

\ 

turcs fro111 tllc tables provided by Yuu and  aso on^^ dnd tllc po tuntidl s su!lqtbs tcd i 
by Yun arid bldsonJ(J wcrc used for thc 0-O2 and Q2-OZ int;c!ractiorbs. I l ~ o  para- I 
~neters ahtsinect for the various i nterdction potentials are shown in thr;! third i 
colurlin of Table 8. 

The calculation of t h o  transport properties has been di scussfd previously. 1 20943 

S O I I I ~  sarnplc resu1t;s arer shown i n  Tab les  9 and 10, These results art. no t  
i 

i ntendcd t o  be de f i  ni tiQr since ill~provol~~ents i n scvcrel of the assullled 3 
1 

potentials are possible:. Howavcr these results do suclgest . t ha t  sollie of  the  

tecllniques being used t 3 calculate the effects u f  ablation products on  t h e  

transport properties are a1 so useful for other practical calculations. 
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Table  5 

The P a r a i ~ ~ e  ters f s /k  and tr to be Used Wit/) t h e  Set o f  Universal Collision 

Integrals 



Tho Diffusion Collision I ~ t e g r a l s ,  o ? y , for the C3-C3, Cqll-Cqli, 

511-C211,  C. ti-C H ,  and C2t!L-C2112 Intcroctiot~s 3 3 



T a b l e  7 

2,,(2,2)* The V i s c o s i t y  C o l l i s i o n  I n t e g r a l ,  C I  . for the  L, ,, , u,,ll-b,ll, 
\ 



Tablct 8 

I t i to rac  t i o n  P o t c r i t i a l  s f o r  t h e  Spcci  es Assoc ia ted w i t h  Photoc l~a i l i  ca1 Sll~oq 

It1 % t r t r ac t i on  =. Pp,t:g~ I. i n 1 .k - 23 f'_ilral;le t c r s  . ..-_- 
0-n Many 3 9 , 

0-O2 6,R. 39 A.2162, p 3 . 4 7 9  

0-El0 1.A. (P.F.) 8 ~ 1 3 4 7 ,  ~ - 8 , 6 7  

0-NOZ 1.A. (f).F.) 0 = 4 . 9 5 6 ~ 1 0 ~ ,  ~ ~ 1 3 . 6 7  

NO-NO 1.A. (P.F.) D=3.871~10 4 , ~ = 1 1 . 0 8  

* 
The parase te rs  a r e  chosen so t h a t  p o t e n t i a l  energy i s  i n  e l e c t r o n  v o l t s .  



fr'~ln!;pr~r t; haopc?r t i  as o f  t i la Pure Species Associa tad w i  th I'ho tosllca~ieal Sttlog 

and the B i  ti as^ D i f f u s i o n  Coe f f i c i  c?nt 

Thcsc resu l t s  ore for a tci~~psraturo s f  250 '~ .  





Parccntnrllrz t l ~ i v i a l i o n  p l o t  of the cxpc r i t~~s r i  t a l  v i  scos i t y  of r?rcjQn coeiparcd 
t o  tBc v i s e o b i  ty enlculnted iro111 tllc I I - t i  potential . Data  fro~ii: 0 ( 3 3 ) ;  o ( 1 4 ) .  
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