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The obJec~£Tes o f  t h e  reemnrch  a~e ~dem=Lficat ion o f  t h e  z o s c ~  

t n c e z u e d ~ t e s  p r e s e n t  ~ CO h y d ~ £ o n  ovec .  I t s ] .  as: ides, 

d e ~ : e ~  o f  the  z'e.scr.ion zechanLa~ ,  and • descz"Lpt::[.o~ o f  t he  ect:Lva 

£~ c a ~ e s  ~ ~ o t w s t ~  o f  ~ and h£~a ly  b ~  ~ 4,, a 

p r o c e s s  z~eferced t o  as  4~osynr.he~!~. I t  i s  • s i n g l e  m e t a l  o x i d e  which a l s o  

perc~.~s ~ e  r o l e  o f  one c ~ o n  ~ ~o be  ~ 4,, 

DE U'nOS OF ZESUSCS 

The ~ a r c h  has  c~ntLm~d ac  a t ~ p h e ~ ©  trod ~c ~ p r e s s u r e s  

r~e  p a s t  ~ .  The a t ~ s t ~ e r l c  ~ r k  c~nczn t r aced  on s~ ; t lue~ l  s y n t h u ~  

m e c ~ m ~ n ~  m ~  s u r f a c e  z ~ a c c t o u s .  ~ ~ p r e s s u r e  ~ o ~  has been dL.,rected 

t o a a ~  an ~ t 4 ~ i c a t ~  o f  t h e  carbon-caxt)on ~ 8 rouch  seep  dur ing  

~ m ~ e s ~ .  

~ s  s t u d i e s  a t  one a C n o ~ h e r e  ( I - 3 )  have r e v e a l e d  t h a t  CO mnl 1~ 

~ t e r a c t  ~ Z ~  t o  form t h e  f o r t e ,  ~ ~ ,  and I t ~ e  s ~  

Cures i n d i c a t e d  £u P£g. 1. ]Sethox:i.de z~mcted t o  methane i n  t h e  p t e senc~  o f  

Sss phase  It2 an~ t o  he,harm1 i n  t h e  p r e s e n c e  o f  Sas phase  B20. ge  con t i nued  

to  ~ e s ~ t e  ~ p r o c e s s  ~ r ~  met lumol  ~ f m ~ .  The- c o l e  o£ 

These  ~ s c u d i e s  have a l s o  p r o v i d e d  ~ s ! S h c  l u t o  t h e  s ~ e r  by ~ t c h  

focnmce i s  f o z l e d  ac a ZzO 2 s u r f a c e .  

m e ~ o l  work ~ ~ c  ~ - ~  by ~ use  o f  ~ .  2 ~ .  

Y ~ r e s  2 m ~  3 ~ r u e n C  t h e  masses  ~ t e c ¢ ~  ~ t ~ m ~ . . - ~ - p ~ , ~ . -  - :  

h e a c ~  o f  c~e Z ~  i u  a gas  s c r e ~  o f  CO/]a2/l~O. ~ Z ~  u s  p r e c r e a t m d  
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TEMPERATURE (=C) 

Te~pera~ure-pro~mmed st 'm~ o f  • qmt~m~ pz~ztt'e.ated ~Lth 

C160 i n t o  a floW.Ug s t r e m  o f  H2 /C160~180 .  
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by g:~lL~dLz:lb~ ZtO 2 at  ~O0°C, coo].lJsK to 25°C, r4szp~lLn8 the Z~D 2 to 620eC and 

cooli98 back to 25"C :In f l # . ~ g  CO/B 2. F t l~ re  2 presents the p~ducts  

fons~l fo3t3Lo~ p~et~s tnent  ~rZth C160, and ranp~Lng Ln CXSO/B2taO. ¥~q~ure 

3 p temmts  t h e  pcoduc t s  formed f o l l m r l n g  p r e t r e ~ t n e n c  v l t h  C180, and z ~ p £ n S  

i n  C180/H2160. Ftau~e 4 represents the mount of nettumol £ormed £ o ~  

a ~ p ~ e ~ e a ~  bu t  onZy coo l ing  t o  290°C a t  uhich t~[~e C O ~ O  

were caused to  f~cm o v e r  the  Z~O 2 . The t empe ra tu r e  was held  c o n s t a n t  a t  

290"C m~L1 ~.t~umol vas no l o ~ e r  formed. 

7be p r e t t ~ a t ~ t  enables netho~Lde to £ot~ pt~ot" to Teacr.4~ ~othox~e 

lr~th miter.  ~ 8tudy ~ t h  C160/IL2180 (F ig.  2) su~ests that the 0-Zr ~ d  

t~e  m e ~ e  ~ms c leaved  to  8 i r e  97Z-160-aetha~D1. The rencc~m~ v l t h  

112180 t~esu~ta ~ t h e  ~o~m~t~on of  Zr-18OH. ~'n~s 180 never appeared above 3Z 

i n  the  ~echanol  produced b y  c o n t ~ u l u g  the  c y c l e  o f  cool~ns In  C 1 6 0 / ~ r  

ralpilLlg in  ClSG/H2/H2180, cool:lLn~ in CI60/H 2, etc.  at Xeast Can =ore t ines .  

The ~ ~Lox~de a~4p~s tn Fig. 2 d m m t r a t e  ~ . a t  ~ost of the carbon 

~lLox~le m C1602, hoveve=, so~  ClS01eO an6 C1802 formed. (~b~Ls ('02 ~s 

l~houshc to de.--Xve f ro~ b4ca~bonate and ca rbona te  + spec*es.) 

The H2180 ,~lL~ty susKesCed that the CH3-O f~£Kuent rehashed i n tac t .  

E~per£nents v£tb cle0/6216o (FXS. 3) sSaku sbov scrambling among the carbon 

d;Loztde8. ]~a~uat~on o~ the t~ethanol peaks ~vea ls  that 47Z of the 

uetbsnol contaJ~ed 160. Th~s 160 was l a t t i c e  oxide ~blch ended up attached 

to umtt~Lde du~l~& t~e fo t l~ te  to nethoz~le tt-ansfomntion. 

l ~ t t l c e  o ~ d e  ~nvolveneuc i n  ~ e t h o ~ d e  £ o ~ t ~ o n  aZong ~Ich  t h e  ~bsence 

~f.~ ~ f ~  ~mounts o f  leo in  ~ethanol ~JLth ~ i p e a t ~ S  cycle~ prQvSdes 

~ K h t  'J.nto th8  nodu le  o f  a4 tes  a t  ~h~ch CO 4~ a c t i v a t e d  over Z ~  2. ~J~u~o 

" 5  l ~ t a  t h r e e  ~ t e s  to fomate.  The f~L~st tvo, renc t /ou~ 5-1 and 5-2, 

~LEIEe~r m~ty i n  t he  ozyaen v~ich  i s  bonded t o  ~ =twcouiun Ca*.ion i n  the 
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Figure 5. Possible z~c t tmm le~4iag to fotnate species. 
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~ t e x m e d J ~ t e  (Zt-G-(k~)  Zr .  ~Latt£ce oxysen i s  bonded t o  Zt i n  5-2)  Zz~O 

i s  W a n t  t o  zepxwsent l a t t i c e  0 2-  ~ud Zr i s  a c o o r d i n a t e l y  m m a t u r a t e d  (CUS) 
/ 

~ ~  ~ t ~ x ~ .  ~e ~ r o p o s e  t h a t  t h e s e  COS s i t e s  a t e  genera ted  at  tempera-  

above f~O'C and a re  ava£1sble  f o r  r e a c t i o n  v l t h  CO. The f o m a t e  

(EC(~-) foxes  by h~drogeuat£on o f  the  CO0- In terned: ra te .  ge su spec t  (?) 

t h a t  E c o b s  frem a d j a c e n t  hydroxyl  groups. The d i z e c t  :m~te t o  formate,  

r e a c t i o n  5 -3 ,  cannot  be d : l~ roven ,  hommer:  i t  appears ~ ! ! k ~ ! y  i n  / ~ h t  of  

t~m f a c t  t lm t  180H i s  fozwed from ]12180 an~ t h i s  never  _ ~ . ~  ~ c o r p o r a t e d  

i n t o  : e t h a n o l  t o  a ~ lgn t~ ican t  e x t e n t .  We auspec t  t h a t  CO (and CO..) i n t e r a c t  

~ t h  Z~-OH to  f o x :  t h e  b~carbonate  and p o s s i b l y  carbona te  s p e c i e s .  The 

a u r a r  of  CUS centers i n  our s t u d i e s  l s  su~ested by the s teady-state amount 

of  ~mtlu~ol fozmed @u the expez~ent  zepzesented iu  ¥tg- ~. A t o t a l  of  6.~ 

x 1017 ( m l e c u ~ e s  of  CH3OH)/m 2 ~a~ observed .  This a~zees ~£th s t u d l e s  by 

N ~ m o  e t  a~. (4) ~ho r epo r t ed  approximate ly  2 x 1016 (=olecu~.es o f  

~ ) / ~  and 1.6 x 1017 (~o l ecu l e s  o f  C 0 2 ) / ~  adsorbed a t  t h e  a c l d l c  and 

b u l c  s £ t e e  o f  ZiOn, ~ e ~ e c t S v e l y .  They found tha t  t he  amount 0£ t h e s e  

s i t e s  ~as  a ~unct /on of  the  c a l c ~ a t i o n  tempera ture .  

The almosp~e~-£c s t u d i e s  have shmm the  types  of  C 1 s p e c l e s  vhtch form 

end have r e v e a l e d  t h a t  t he  a c t i v e  s £ t e s  may be a s s o c i a t e d  v l t h  CUS c a t i o n s .  

The n t u d i e s  have a l s o  shovn c l o t  l a t t i c e  oxygen tons  p a r t i c i p a t e  in  CO 

~ e ~ a t t o n .  ~ a r e d  s t u d i e s  a re  in  p rog re s s  to  determine i f  Zr-H fo re s  

and,  :~  so ,  I f  i t  i s  J~volved in  the  convers ion  o f  CO to  ~e~hoxide.  The 

a l t e r n a t i v e  source  o f  H t s  hydroxyl  hydz~gen (2 ) .  

The h igh  p r e u s u t e  s t u d i e s  have not  been as c o n c l u s i v e  ~ the  

" a t a o s p h a r l c  s t u d i e s  b u t  a re  beEi~n~-o to  s h ~  pxomlae and have sugges ted  the 

- appzopz'~Late . d t zec t t on  ve  must t ake .  EaY]Ltet work (5) had r evea l ed  thac  C~ 

produc t s  ve r~  fozwed in  a steF-~rlae fash ion  between a C 1 and a C 3 s p e c i e s .  



. -. -~--:~ 

p ~  p~x tuc t s  a t  1 ~  c o n v e z ~ i ~  (<SZ) ~ d  a p z e s m ~  oE 35 t m  m~-"t~bat ~. 

t h e s e  p r l n a r y  p r o d u c t s  v e r e  most  l t h e l 7  £ o m e d  fz~n  a comma i n t ~ m e d ~ t t o .  

We r e b u i l t  our  sys tem s e T e r a l  fanes  I n  an e f f o z t  t o  o b t a i n  _better 

k i n e t i c  data on the Cl-Cs hydtoca=i~n p r o d u c t s  and have mx~r~/Jd o ~  

a n a l y t i c a l  nethods to  £o l l ov  the Cs m~l C6 products.  Fnzl~e= m o d ~ i c a t ~ s  • 

a=e /n  p r e s s e s 8  vh~ch ~ e r e  8uKKe.~ted by the r e s u l t s  d~c~188ed belmr. 

z m d l f l c a t ~ a s  i n c l u d e  ~=sta l ] . InS a s y r l n s e  pump t o  cont:to~L t h e  ~ a t e ~  :=- . . . .  

a d d i t i o n  o f  i n t e r m e d i a t e  p r e c u r s o r s  which ~ e n a b l e  u se  t o  c l o ~  materJLal 

b a l a n c e s  on the  sys tem and pu rchas lnS  (wi th  l o c a l  funds)  a m n l t ~ I / a a n s l o n a ~  

sam, chromatos~aph a c c e s s o r y  f o r  ou~ on-lAne sa~ cht 'omtto~caph wh~Lch 

e n a b l e  us t o  r e s o l v e  and me.asure a l l  t h e  CI-Cs l ~ r o c a t b o u  and o x ~ e n a t e d  

p r o d u c t s  ~c~ch a r e  p roduced .  

The ca=ben-carbon bond form/rig r e a c t i o n  has  been ~nves t~sa ted  by  

i n t r o d u c i n g  C1 and C3 compounds i n t o  t h e  C0/H 2 r e a c t a n t  ~ x t u t e  mud n o t ~  

t h e i r  e f f e c t  on t he  r a t e  o f  hydrocarbon  p toduc t4on  and on t h e  b ranehed /nozsml  

c a r l o  o£ t h e  C~ h y d r o c a r b o n s .  Two such expe r imen t s  a r e  d e s c r i b e d  b e l o e .  

Ta b l e  1 l i s t s  the  e f f e , . t  ©f a d d ~ s  49 ppm o f  p ropy l ene  t o  the  f e e d .  

P=opylene vas  added a t  t h e  l e v e l  a t  which . "  was produced and i t  e s s e n t 4 ~ l l y  

passed  thzou~h t h e  ~ e a c t o r  u n r e a c t e d  and had a n e K l i g i b l e  e f f e c t  on t h e  C~ 

p r o d u c t s .  Pz~pylene vas  added t o  t e s t  £o= p o s e 4 b l e  cazbontna  z~.act /ons 

between an o l e f t n  and = e t ~ a n o l  (a  ~igh p~e~su=e p r o d u c t )  o r  b~twems • C3 

carbon~u= ion  and the  C I s p e c i e s  shmm i n  F i e .  1.  Table  2 l i ~ t :  t he  t e m p t s  

o f  a d d ~  p~optonaldehyde to the f e e d .  Thta  expe t~e~ t  m • s e q u e n t ~ t l  r~n  

• u vh~Lch the  middle  column was ~ecorded 6 .12 t o  9 .77 hour s  ~ t e t  statt~Lu~; 

t h e  expe r imen t .  The C1 and C2 p=oduets  a l ~ e a r  t o  tnct~&se t r ~ h  t~z=m-on - 

s t r e w n .  The C3 p r o d u c t s  i n c r e a s e d  d ~ s ~ a t i c a l l y  i n  t h e  p remmce  o f  



T = 1125"C 

P = 515 P$]A 

FEED 
FLOHRATES 

ADDITION OF C3H_6 

AVERAGE CONCENTRATioNS (PPR) 
,~ I ,  i . .  H |1  

COIlt21HE CO/H21HE+C3H 6 
4414~112 g5/45/10 (49 PPH) 

C3H 6 41 92 

I -CelH 8 48 54 
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C3H 8 
i-BUTANE 
~-BUTENE 
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¢-2-BUTENE 
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ptop£oua ldehyde  and n e a r l y  z e t u r n e d  t o  t h e  / n i t ~  c o n d t ~ n  a f t e r  

F z u p ~  mas no ~ n s e r  f e d  (92 plnn r e p r e s e n t ~  t h e  sum o f  p r o p y l e n e  

and p ~ ) .  The C~ ' s  went up an  a v e r a s e  o f  ~ f a c t o r  o f  1.5 and most  

~ z p o r t a n t l y  r e t u r n e d  t o  t h e  i n i t i ~ T  l e v e ' . s .  The major  C 5 p r o d u c t s  a r e  shown 

aad t h e / :  response v~s s ~ l a r  co t h a t  d i s p l a y ~ d  by t h e  C~'s. The C~ 

b r a n c h e d / l i n e a r  r a t i o  ~as  u n a f f e c t e d  ~ t h e  a b s o l u t e  ~ a t e s  i n c ~ s e ~  vheu  

pz~p~xnxL~lel~de -san l rcese~t  i n  t h e  f e e d .  These a n d  o t h e r  scud£es  we have 

cm~cte~ l  B ~ e s ~  t ha t  oxygenated ~ t e z ~ e d i a t e s  aze p~esent 4,, t~.e C~ 

f o m ~ g  re~cc~ns .  

The proposed r e ~ - . l o ~  :echa~sm to the £so-C; p r o d u c t s  l s  p r e s e n t e d  i n  

l~Lg. 6 .  This  4s an a l d o l - t ~ p e  p r o c e s s  i n  ~ h i c h  t h e  carbon f~ t o  a cazbony l  

carbon ~ a c t i v a t e d  f o e  h y d ~ i d e - a b s t r a c t £ o n  by a base  as  a consequence of  

the  ~ , ~ a n c e  s t r u c t u r e s  s h m ~ .  We p=o~ose t h a t  prop~ona~dehyde fed  ~ t h  

CO/R 2 a~so~bed and v a s  c ~ d i z e d  co p z o p t o n a t e .  The ca rban ion  i s  proposed  t o  

a t t a c k  a m e t h o x ~ e  carbon  ptodu¢£ng t h e  m e t h y l - s u b s t i t u t e d  p~op tona te  and a 

l a t t £ c e  oxygen i o n .  The me thy l  p top~ona t e  £s expec ted  to  be reduced  t o  a 

~eChyl - subs t :L tu ted  propoz~de :Ln e manner an~lo'gous t o  r e , m a t e  t o  ~e thmclde  

(1 -3 ) .  ~e cannot  add re s s  t h e  f a t e  o£ ~h:Ls p ropo~de~  ~ m e t l ~ v l - l - p t o p a n o l  o r  

~sobu*.e~e. The a~cohol  I s  expec ted  t o  d e h y d r a t e  t . ,  £eobutene  (5 ) .  The 

a ~  p~odu : t  d i s t r i b u t ~ o u  i n  t h e  p r e s e n c e  Of p~optonaldehyde  (Table  2) 

s t r o n g l y  s u s g e s t s  t h a t  t he  mechanism in  FJ4~. 6 i s  r e s p o n s i b l e  f o r  t h e  

p t o ~ t t o u  of  h:Lghly b=anched products d u r ~  l sosTnthests .  

C~ p r o d u c t s  nay  form ~ a r e l a t e d  ~ n e r .  In  t h l s  case t h e  

h ~  sa~r~ be abstracted f = ~  t h e  p r o p ~  ~altl[ch ~0u~d not f a v o r  a -  over 

I ! -absttact£on. The a - c a z ~  ~ u l d  a g a i n  r e ~ e t  ~Lth ~ethox~de and t h e  

h~dro~enated  form ~ be a l ~ e n r  C~. 
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~ e  b ~ b  p t e m m t e  s e e d . s  ~ ~ n n e  o v e r  ZzO 2. The s t ~ t e s  v t 1 1  

detemf.ue : i f  c~rgenaCed ccmpoc, s ~  ~ e  the pz-L~tzy p ' ~ , ~ c ~  a ~  ~ 

ate f o m e d  :In o e ~  r e a c t i o n s .  A c o ~ l e t e  a ~ . y s ~  o f  

oz)rlmmce¢! m~l nonozyse~ted  p r o d u c t s  ~ pez~l.¢ us ¢o deve,Top the  co~) .e te  

fo~" CO b y d ~ e n ~ : t o n  ove r  Z ~ .  

&Idol  condensa t ion  i s  ba~e c a t a l y z e d .  Tb~ r o l e  o f  ~ add*e lves  (6) 

be  r e e n n i n e d  to  d e t ~  i f  t h e y  enbnnce t he  p r o d u c t i o n  o f  i s o p r o d u c t s  

and b~r ~ 8 1 t e t  r.he ~ u t e r a c c i o n  o f  CO vil :h t he  z t r c o n ~  ~ur~ece.  We ~:e  

£u~ . r e~ ted  i n  t h e i r  e~fec¢  on zbe  r a t e s  and on t h e  s e - ~ c ¢ I v i ~  3 t o  p roposed  

~ l ~ t e n m d ~ t e s .  

Theae f u t u r e  sCudie~ ~ ~uvolve t n J e c t ~  s u s p e c t e d  ~ n t e ~ t e  

p r e c u r s o r s  tu~o t h e  f e e d  ~ ,d  measur£nS t h e  =aces  o f  a3.1 p roduc t s  end 

¢u.£ra.ced flnmsc.'f.sat'/.ons o f  the p o ~ s l b l e  reaccanSez.encs o f  C2+-oxysenaces on 

Z ~  and 8 1 k s ~ - p r e a o c e d  Z~)2- 
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