
.) 

'I 
J 

GI3OEGIA IBSTITUTE CIF TECHNOLOGY 
School of Chemical Engineering 

Atlanta ,  Georgia 

f 
Second Semi-Annual Report 

Pro jec t  B-509 

1 ,  

, '  ' \  \ ' - 
CHEMICAL REACTIVIfY OF HYDR@EN, NITROGEN AND OXYGEN 

ATOMS AT TEMPERATURES BELOW lOOoK 

z 
6 

by 
James A. Knight, Jr. 

NASA Grant NsG-337 (Supplement No. 1) 

Performed for  
National Aeronautics and Space Administration 

Washington, D. C.  

4 3 

January 1967 

https://ntrs.nasa.gov/search.jsp?R=19670011048 2020-03-16T18:06:35+00:00Z
brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by NASA Technical Reports Server

https://core.ac.uk/display/85248321?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


4 

I 

. 

GEORGIA INSTITUTE OF TECFDTOLOGY 
School of Chemical Engineering 

Atlanta, Georgia 

Second Semi-Annual Report 
Project B-509 

CHEMICAL REACTIVITY OF HYDROGEN, NITROGEN AND OXYGEN 
ATOMS AT TEMPERATURE3 BELOW 100°K 

by 
James A. Knight, Jr. 

NASA Grant NsG-337 (Supplement No. 1) 

Performed for  
National Aeronautics and Space Administration 

Washington, D. C. 

January 1967 



Preface 

This  r epor t  covers work performed from J u l y  1, 1966 t o  December 

31, 1966 under NASA grant  NsG-337 (Supplement N o .  1). 

s tudent  enrollment during t h e  past  year  has  somewhat c u r t a i l e d  progress  

on t h i s  research ,  bu t  we do expect t o  add from two t o  f i v e  new s tudents  

w i th in  t h e  next few weeks. Other than  t h e  p r i n c i p a l  i n v e s t i g a t o r ,  

people working on t h i s  program during t h i s  r epor t ing  per iod  have included:  

D r .  H. A. McGee, Jr. as p ro jec t  s c i e n t i s t ,  two predoctora l  s tuden t s ,  

M r .  R. J. Holt and M r .  P. H. L i ,  and one masters  s tuden t ,  M r .  M. A. Be l l .  

This  research  c o n s t i t u t e s  t h e  theses  of these  t h r e e  s tuden t s .  

A low graduate  

i 
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I. ILTRODUCTION 

This research progrm is concerned with the development of chemical 

information at cryogenic temperatures, particularly on systems that 

astronomers and astrophysicists feel are important in comets and in the 

atmospheric and surface chemistry of the Jovian planets. Each of these 

astronomical objects is very cold, and clearly insofar as chemistry plays 

a role in the behavior of these objects, this chemistry must be occurring 

at very low temperatures by terrestrial standards. This objective rather 

quickly resolves itself into studies of low molecular weight compounds of 

the four reactive elements of maximum cosmic abundance, namely hydrogen, 

carbon, nitrogen and oxygen. 

The approach here is not one of free radical stabilization or  of an 

attempt to isolate labile species in an inert matrix at very low tempera- 

tures. A l l  evidence to date suggests that the activation energy for the 

reaction of l o w  molecular weight free radicals is zero (or close to it), 

and hence it will be possible to prepare these species in "stable" forms 

only by diffusional inhibition techniques such as inert matrix isolation. 

The concentrations of such labile species that have been prepared are 

then limited to usually a few tenths of a per cent, and hence the import- 

ance of matrix isolated free radicals in cosmic chemistry would seem to 

be minimal. The matrix technique, particularly when combined with ir or 

epr, does, of course, provide a powerful means to study the physical and 

chemical properties of free radicals. By contrast, low molecular weight 

labile species which have singlet electronic ground states, i.e., species 

that are highly reactive but are not free radicals, are in an altogether 

different category. Typical species of this class are substances like 
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cyclobutadiene,  cyclopropanone, oxirene, diimide, afnmonium ozonide,  

benzyne, t e t r ahedran ,  and many o thers .  This se rves  t o  i n d i c a t e  t h e  

k ind  of molecule t h a t  i s  being discussed.  One would expect t hese  spec ies  

t o  e x h i b i t  an a c t i v a t i o n  energy for r eac t ion ,  but  we would a l s o  expect 

t h i s  energy t o  be unusual ly  small. I f  an a c t i v a t i o n  energy e x i s t s ,  then  

substances such as t h e s e  may be preparable  as s t a b l e  cryochemical reagents  

and a t r u e  chemistry a t  very low temperatures  may be developed. 

t h e  a c t i v a t i o n  energ ies  involved i n  t h e s e  systems i s  small ,  it w i l l  u sua l ly  

Since 

be  necessary t o  maintain t h e  compounds below some c r i t i c a l  temperature i f  

t h e y  a r e  t o  be manipulated a s  s t a b l e ,  pure reagents .  This means t h a t  

manipulat ive techniques must be developed f o r  use with uns tab le  substances 

a t  cryogenic temperatures .  Idea l ly ,  one would l i k e  t o  t ranspose  a l l  of 

t h e  common or  usua l  ope ra t ions  of bench s c a l e  chemistry t o  t h e  poin t  of 

convenient u s e at cryogenic temperatures.  The most important opera t ion  

i n  any chemical i n v e s t i g a t i o n  i s  a n a l y s i s .  

and i t s  precursor ,  NsG-337, t h e  development of a cryogenica l ly  cooled 

I n  p a s t  r e p o r t s  on t h i s  gran t  

r e a c t o r - i n l e t  system attachment t o  a t ime-o f - f l i gh t  mass spectrometer 

has  been descr ibed i n  d e t a i l .  The cryogenic mass spectrometer cont inues 

t o  be t h e  key a n a l y t i c a l  t o o l  i n  t h e  approach t o  low temperature chemistry 

t h a t  i s  being pursued i n  t h i s  labora tory .  
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11. EQUIPMENT 

A s  a r e s u l t  of an in te rv iew t r i p  by a graduat ing Ph.D. s tudent  i n  

t h i s  l abora to ry ,  t h e  poss ib l e  a v a i l a b i l i t y  t o  t h i s  research  program of a 

Model 14-107 Bendix t ime-of - f l igh t  mass spectrometer w a s  discovered. 

instrument  had been purchased by the  3M Company f o r  use on a government 

c o n t r a c t  research  p r o j e c t  t h a t  was being conducted a t  t h e i r  Cent ra l  Research 

Laboratory i n  S t .  P a u l ,  Minnesota. The p r o j e c t  was completed and t h e  

instrument  and c e r t a i n  accessor ies  were about t o  be dec lared  surp lus .  

This 

Af te r  much a c t i v i t y  on t h e  par t  of ourse lves ,  NASA, 3M and t h e  Defense 

Supply Agency, t h e  b a s i c  instrument toge the r  with a r a t h e r  rudimentary 

Knudsen c e l l  accessory f a c i l i t y  was t r a n s f e r r e d  t o  t h i s  I n s t i t u t e  on 11 Apri l  

1966. The t o t a l  eva lua t ion  of  a l l  NASA owned equipment t h a t  w a s  received 

w a s  $67,309. 

Af te r  s i g n i f i c a n t  rebui ld ing ,  t h i s  instrument i s  now f u l l y  ope ra t ive ,  

and it equals  o r  exceeds t h e  manufacturer ' s  s p e c i f i c a t i o n s  as regards 

s e n s i t i v l t y ,  r e s z h t i o n ,  e t c ,  Tho expanded ins t rumenta t ion  was c e r t a i n l y  

worth t h e  r ebu i ld ing  e f f o r t ,  and t h i s  l abora to ry  w a s  very f o r t u n a t e  t o  

have go t t en  t h e  bas i c  s t r u c t u r e  a t  e s s e n t i a l l y  no c o s t .  
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111. RESEARCH 

Some of the most interesting problems in astrochemistry, particulariy 

as regards cometary phenomena, are concerned with the types of compounds 

and reactions that occur under environmental conditions that are very 

extreme by terrestrial standards. 

of CN, C 

from which these species originate may be only conjectured, but in view of 

the very low temperature of the comet it seems clear that unusual and highly 

reactive parent species may well be present. Consequently, an important 

phase of this NASA program is the synthesis, reactivity, structure and 

energetics of principally C - H and N - H compounds that are of low molecu- 
lar weight, are highly reactive, and which may exist only at very low 

temperatures. 

be distilled, purified, reacted, etc. just as would any normal reagent 

at more ordinary temperatures. 

Spectral observations prove the presence 

NH2, C2,  OH, NH and CH in comet heads. The parent compounds 
3’ 

However, as long as these species are kept cold, they may 

Several studies ir! t h i s  low temperature, preparative chemistry are 

being pursued, and the progress on each is categorized below with respect 

to the particular sought-for product molecule. 

A. CYCLOBUTADIENE 

1. Synthesis 

The synthesis of cyclobutadiene, C4H4, has been of interest to 
1 

organic chemists for a long time. Pettit and his group at the University 

of Texas have recently reported on the preparation of cyclobutadiene and 

have presented indirect evidence f o r  its existence. The reported synthesis 
2 

involves the decomposition of cyclobutadieneirontricarbonyl with ceric ion 

in an alcoholic solution. In all experiments reported by Pettit except one, 
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the decomposition was carried out in the presence of an acetylenic compound. 

The reaction product isolated in these experiments was either the llDewarll 

benzene or a benzene derivative. This sequence of operations may be indicated, 

- J 

I 

3 , COOCH 

____3 

I1 

COOCH, 

I11 
or 

wherein the free cyclobutadiene(I1) was never isolated or directly identi- 

fied. In one experiment the gases evolved from the Ce IV decomposition at 
0 

0 were passed through a short tube containing a plug of glass wool and 

condensed in a trap immersed in liquid nitrogen. Arter methyl propiolate 

w a a  " addcd to the condense4 mat.Prial in the flask, a small amount of methyl 

benzoate(1V) was detected by gas chromatography in the product, indicating 

that cyclobutadiene was present and that the vapor must have maintained its 

chemical integrity in its transfer from the reactor to the liquid nitrogen 

cooled condensor. This sort of evidence, while compelling, is not proof 

of the existence of cyclobutadiene as a free molecular species. Nor, of 

course, does it provide any insights into the physico-chemical behavior of 

this very interesting and theoretically significant molecule. 

We are attempting to obtain and isolate free cyclobutadiene at 

low temperatures. Then, by taking advantage of the refrigerated mass 

spectrometer inlet apparatus developed in this laboratory, the mass spectrm 
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of the free cyclobutadiene will be determined. 

first direct physical observation of this molecular species. 

of this compound are also of great interest and are being investigated by 

ionization efficiency techniques. 

This would represent the 

The energetics 

Cyclobutadieneirontricarbonyl is itself a difficult substance to 

obtain and is prepared by the following sequence of reactions starting with 

cyclooctatetraene (COT). 

V 

CO CH c' 2 3 
I ii  
ciCO CH 2 3  

VI 
7 

VI1 

VI11 - 
Pyrolysis 

unstable 
c1 

c1 

CO CH 
, 2 3  

CO CH VI11 \ a 2 3  a IX 2 3  

CO CH 

CO CH 
2 3  

Ci 

f- 
/ 4 

\ 
c1 

IX .-) // C!/" Fe2(C0)9 

Pyrolysis 'H - m  
XI I 

In the last report, 1 we indicated the successful preparation of 

cyclobutadieneirontricarbonyl from cyclooctatetraene through the above 
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Synthesis procedure, and that the yield of product was poor. 

we have improved the yield dramatically by preventing the presence of acid 

and water during the chlorination of the cyclooctatetraene. About 8 grams 

of pure C H Fe(C0) is obtained from 78 grams of COT, which is an adequate 

amount to enable US to do many of the further experiments with free cyclo- 

butadiene. 

gas will cause the formation of hydrochloric acid which willconvert cis-7,8- 

dichloro-l,3,5-cyclooctatetraene(VII) to the corresponding trans structure 

(VI). 

with potassium carbonate and calcium dichloride. After chlorination a 

large amount of potassium carbonate is added immediately and is stirred 

vigorously to neutralize any acid present in the reaction mixture. This 

mixture contains mainly cis-7,8-dichloro-1,3,5-cyclooctatetraene which 

yields cyclobutadieneirontricarbonyl after the indicated three additional 

synthesis steps. 

Since then, 

4 4  3 

As discussed by A ~ r a m , ~  the presence of water in the chlorine 

Consequently, the chlorine was first passed through a tube filled 

Comparing the boiling point, infrared spectra and pale yellow 

color of the cyclobutadieneirontricarbonyl that we obtained with those 

properties reported by Pettit4’5, it is evident that we have obtained 

the same compound. 

The dominant peaks in the mass spectrum of cyclobutadieneirontri- 

4 carbonyl reported by Pettit 

136, 108, 52. The mass spectrum of cyclobutadieneirontricarbonyl was also 

determined in this laboratory and the relative abundances of the several 

ions are presented in Table I. In addition, a typical spectrum appears 

in Figure 1. The solid sample of cyclobutadieneirontricarbonyl is kept 

in a tube immersed in an ice bath, and a room temperature inlet line 

connects this reservoir to the ion source of the mass spectrometer. Immedi- 

ately on introducing the sample into the mass spectrometer, the spectrum 

and by Watts5 are at m/e values of 192, 164, 
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showed only small amounts of impurity compounds. 

was p u r i f i e d  by continuous pumping as w a s  apparent  from t h e  decreasing 

peaks of tshe impuri ty  compounds i n  t h e  mass spectrum. 

hours  of continuous pumping on the  sample and a f t e r  t h e  small peaks of 

impuri ty  compounds had disappeared, t h e  mass spectrum of pure cyclobuta- 

d i ene i ron t r i ca rbony lmay  be observed, and a t y p i c a l  t r a c e  i s  repor ted  

h e r e i n  ( s e e  Table I and Figure 1). 

The sample i n  t h e  tube  

Following s e v e r a l  

The mass spec t r a  of complex metal-organic compounds which have a 

sandwich type  s t r u c t u r e ,  diene-metal atom carbonyl complexes, and metal  

carbonyls  have a l l  been r e c e n t l y  repor ted .  6,7 Successive removal of CO 

Ions corresponding t o  i s  found i n  t h e  mass spec t r a  of C H Fe(C0) 
3' 6 8  

C4H4Fe(C0)2 + , C4H4Fe(CO)+, C4HITe + which suggest t h e  stepwise l o s s  of CO 

from t h e  parent  molecule ion  w i t h  i nc reas ing  energy of  t h e  bombarding 

e l e c t r o n s  a r e  a l s o  de t ec t ed  i n  the  mass spectrum of C H Fe(C0) 

dicarbonyl  and i r o n  monocarbonyl i ons  were found t o  have a low abundance 

i n  t h e  C6H8Fe(CO) mass spectrum and no Fe(C0) was observed. S imi l a r ly ,  

+ + s m a l l  peaks of Fe(CO)* and Fe(C0)' and no Fe(C0) 

of  t h e  mass spectrum of C H Fe(C0) 

spectrum of C H Fe(C0) 

and Mn2(CO) 

r e s p e c t i v e l y .  I n  t h e  mass spectrum of C H Fe(C0) t h e  FeC ion  i s  found 

i n  low abundance. 

I ron  
4 4  3' 

+ 
3 3 

a r e  a l s o  c h a r a c t e r i s t i c  3 
+ 

N o  FeC ion i s  found i n  t h e  mass 
4 4  3' 

bu t  t h e  mass spectrum of C H Mn(C0) NO, Co (CO)  
6 8  3 5 5  2 2 8  
6 + + + 

d i d  y i e l d  peaks corresponding t o  MnC , CoC , and MnC 10 
+ 

4 4  3' 

The s t r i k i n g  d i f fe rence  i n  our mass spectrum and t h e  spectrum 

+ + + r epor t ed  by P e t t i t  l i e s  i n  t h e  presence of FeC2H2 , Fe , and C2H2 

our  work. 

s t rong ly  suggest t h a t  t hese  ions a r e  Fe56C H , Fe C2H , Fe C2H2 , 

i ons  i n  

The peak he igh t s  a t  m/e 82, 81, 80, 79, 57, 56, 54, and 26 

+ 56 + 54 + 
2 2  

+ , Fe and C2H2 . Based on t h e  absence of t h e s e  Fe 54 C2H + , Fe57+, Fe56+ 54+ 



Table I. Relative abundances of t he  p r i n c i p a l  posi t ive 
ions  from cyclobutadieneiron t r icarbonyl  a t  70 
e .v. 

m/e 

192 

190 

164 

162 

136 

134 

112 

108 

106 

84 

82 

81 

80 

79 

68 

57 

56 

54 

52 

~~ ~ 

Abundance 

C4H4Fe 56 (CO); 

C4H4Fe 54 (CO); 

C4H4Fe 56 (CO); 

C4H4Fe 54 (CO); 

C4H4Fe 56 COf 

C4H4Fe 54 CO' 

Fe56 (co )+2 
C4H4Fe 56+ 

C4H4Fe 54+ 

Fe 56C0' 

Fe54CO+ 

Fe c 56 
2 2  

Fe 56 C2H + 

Fe 54 C2H + 

54 + Fe C2H2 

FeC' 

Fe 

Fe 

Fe 

57t 

56+ 

54+ 

43.0 

5*2  

27.4 

3.2 

10.8 

1.0 

3.8 

100 

9.6 

18.8 

70.0 

18.2 

6 .1  

1.0 

4.0 

3.4 

41.2 

5.6 

1.7 



Table I (continued) 
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t 
C H  4 3  

C4H2+ 

C2H2+ 

1.7 

1.7 

2 . 1  

peaks i n  h i s  mass spectrum, P e t t i t  favored t h e  s t r u c t u r e  

over a conceivable bis(acety1ene)- i ron t r i c a r b o n y l  formulation f o r  h i s  

compound. I n  t h e  mass spectrum o f  ferrocene,  ( C  H ) Fe, i ons  of  FeC H + 
5 5 2  3 3 '  

+ + + 
FeC3H2 , FeC2H , C3H3 a r e  found. Also i n  t h e  mass spectrum of C H Mo(C0) NO, 5 5  2 

+ 
t h e  ion  C H Mo , i s  found. 

cyclopentadienyl bonds. 

This s t rong ly  i n d i c a t e s  t h e  breakdown of t h e  
3 3  

Therefore t h e  breakdown of cyclobutadiene bonding 

seems reasonable i n  C H Fe(C0) N o  Fe + peak was r epor t ed  by P e t t i t .  From 
4 4  3' 

t h e  mass s p e c t r a  of complex compounds r epor t ed  by Denning 6 and by Winters 7 , 

t h e  metal  i on  i s  p re sen t  i n  t h e  spectrum of each compound. Analogous t o  and 

i n  c o r r e l a t i o n  with t h i s  we conclude t h a t  i ons  of FeC2H2 + , Fe + , and C2H2 t 

are  a l s o  p re sen t  i n  t h e  mass spectrum of C4H4Fe(CO) The mass spectrum of 
3 '  

C4H4Fe(C0)3 r epor t ed  by P e t t i t  4 i s  t h e r e f o r e  quest ionable ,  bu t  it may be 

t h a t  t hey  j u s t  neglected t o  r epor t  i ons  of  lower abundance. 

The v a r i a t i o n  of i o n  i n t e n s i t y  as a func t ion  of  i o n i z i n g  energy 

i s  being s tud ied ,  and i n i t i a l  i on iza t ion  e f f i c i e n c y  curves have been 

obtained.  

of t h e  appearance p o t e n t i a l s  of t h e  dominant i o n s ,  but  t h e s e  d i f f i c u l t i e s  

Experimental d i f f i c u l t i e s  have prevented an accu ra t e  determination 
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a r e  being resolved and accu ra t e  data w i l l  soon be a v a i l a b l e .  The i o n i z a t i o n  

p o t e n t i a l  of C,+H4Fe(CO) and t h e  appearance p o t e n t i a l s  of  Fe and C4H4 a r e  

r e c e i v i n g  most a t t e n t i o n  a t  t h e  present t i m e .  

t h e  i o n i z a t i o n  p o t e n t i a l  of C H Fe(C0) 

appearance p o t e n t i a l  of Fe 

+ + 
3' 

Approximate da t a  i n d i c a t e  t h a t  

l i e s  between 11 and 1 2  e .v .  The 4 4  3 
+ + 

i s  around 19 e.v.  and A(C4H4 ) i s  around 20 e .v .  

Upon completion of t h e  energet ic  measurements on t h e  product 

molecule i t s e l f ,  it w i l l  t hen  b e  pyrolyzed i n  one of our Yast flow mass 
h 

6 spectrometr ic  furnace arrangements i n  which t h e  furnace e f f l u e n t  may be 

immediately analyzed p r i o r  t o  any f u r t h e r  molecular c o l l i s i o n s .  This 

p y r o l y s i s  i s  t o  be conducted both i n  a c l ean  pyrex tube and i n  a tube 

coated with s o l i d  Ce(NH ) (N03)6. P e t t i t  and h i s  cor,~orkers have a l r eady  4 2  
r epor t ed  t h a t  CeIV w i l l  ox id i ze  the t r i c a r b o n y l ( I ) ,  bu t  because t h i s  r e -  

a c t i o n  w a s  always conducted i n  so lu t ion ,  t h e  thus  l i b e r a t e d  cyclobutadiene 

was l a r g e l y  l o s t  before  it could be evolved i n t o  t h e  gas phase and quenchLd 

t o  low temperatures.  The furnace p y r o l y s i s  i n  t h e  presence of CeTV would 

appear t o  a f f o r d  a much improved y i e l d  of cyclobutadiene.  

If t h e s e  py ro lys i s  experiments a r e  success fu l ,  t h e  next s t e p  w i l l  

be p y r o l y s i s  followed by cryogenic quench and followed i n  t u r n  by s t u d i e s  

wi th  t h e  cryogenic mass spectrometer i n  t h e  usual  way. 8 

2.  Metal Atom Spectra i n  Comets 

Sodium i s  observed i n  comet head spec t r a  a t  about 1 A.U. and i r o n  

and n i c k e l  appear a t  about 0.01 A.U. Both i r o n  and n i c k e l  form v o l a t i l e  

carbonyl compounds as we l l  as hydrocarbon carbonyl complexes of  t h e  s o r t  

discussed i n  t h e  preceding sect ion of t h i s  r e p o r t .  The poss ib l e  ex i s t ence  

a t  very low temperatures of  sodium i n  a s t a t e  very d i f f e r e n t  from i t s  

u s u a l  m e t a l l i c  s t a t e  has  been inves t iga t ed  i n  t h e s e  l a b o r a t o r i e s ,  and 

re la ted systems have been s tudied i n  o t h e r  l a b o r a t o r i e s .  It seems not t o o  



unreasonable to suggest that the source of the metal atoms, which give rise 

to their corresponding spectra in comets, may be from such highly reactive 

molecules and molecular complexes, 

very low temperatures. Hence, although we are presently studying cyclobuta- 

dieneirontricarbonyl largely as a convenient precursor of cyclobutadiene, 

the information developed on the iron complex itself may bear some relevaricy 

to cometary phenomena. A paper, now in preparation, will summarize some 

of the energetics and decomposition behavior of this as well as several 

other known diene-iron complexes. 

These may perhaps be only stable at 

3. Low Temperature Charge Transfer Complexes as a Source of Color of 

Planetarv Disks 

In a recent report from this laboratory,' the results from a series 

of observations on the quenched acetylene-atomlc O X y G e n  f lame were presentf.3 

and discussed. Mass spectrometric techniques failed to identify a red coli 3 

ilhich bleached on warming through -135 to -115 C icith the simultaneous 0 0 

evolution of free acetylene. However, arguments were presented to suggest 

that the red solid was a charge transfer complex of' acetylene and formic 

acid which was stable only below -135°C. 

charge transfer complexes of this molecule are well known. 

Benzene behaved similarly and rzd 

The presence of unstable low temperature charge transfer complexes 

in equilibrium with its constituent molecules could be the source of, e.g., 

the colors on Jupiter. The equilibrium, and. hence the degree of color, 

would shift with temperature and pressure as these meteorological variables 

changed with time of day, season of year, etc. 

B. OXIRENE 

We are attempting to prepare the unsaturated, hetero, three membered 



. 

_ - _ _  

r i n g  compound, oxirene,  

/O\ 
H -C=C -H 

The s ta tus  of t h i s  syn thes i s  i s  about as descr ibed e a r l i e r  wherein a s e r i e s  

of  experiments were conducted i n  which atomic oxygen from a resonant r f  d i s -  

charge w a s  contacted with acetylene i n  a r e a c t o r  immersed i n  l i q u i d  oxygen 

(9O0K). 

green chemiluminescent flame, yielded a yellow-red s o l i d  deposi t  on t h e  

This low pressure gas phase r e a c t i o n  was accompanied by a blue-  

co ld  wal ls  of t he  r e a c t o r ,  and underwent both co lo r  change and e f f e rvescen t  

behavior on warm-up. 

during t h e  warm-up of t h e  composite s o l i d  product.  

was t h e  absence of ketene i n  t h e  product mixture.  

had e a r l i e r  shown t h a t  ketene w a s  formed a t  20°K by t h e  r e a c t i o n  of photo- 

Only C02, (CHO)2, 02, HCOOH and H 0 were observed 2 
A po in t  of  some note 

1 0  Ha l l e r  and Pimentel 

- 
l y t i c a l l y  produced ground s t a t e  'P oxygen atoms (from N 0 )  with C2H2 i n  a 

s o l i d  matr ix  of argon. 

must have been due t o  t h e  i n e f f i c i e n c y  of t h e  quenching process .  This r e -  

a c t i o n  would be exothermic by 127 kcal/mole. 

2 

The f a i l u r e  t o  observe ketene i n  our experiment 

One would expect oxirene t o  be formed by t h e  add i t ion  of an exc i t ed  

D oxygen atom ac ross  t h e  t r i p l e  bond of acetylene.  Recent a t tempts  t o  1 

11,12 
i d e n t i f y  oxirene from room temperature experimentc have f a i l e d ,  

with good quenching it should be poss ib l e  t o  i s o l a t e  t h i s  very i n t e r e s t i n g  

product molecule. Goo4 qaenching i s  even more c r u c i a l  here  than w a s  t r u e  

f o r  ketene s ince  t h e  'D atom i s  45 k c a l  above t h e  ground s t a t e  3P atom. 

Whereas t h e  e a r l i e r  experiments involved a quenched low p res su re  d i f f u s i o n  

flame, t h e  more severe qumching requirements have l e d  t o  an apparatus  which 

permits  a mixture of O( p) and O( D )  atoms t o  be bubbled through e i t h e r  

l i q u i d  acetylene o r  through a solut ion of acetylene i n  any one of s e v e r a l  

b u t  

3 1 
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cryo-solvents .  Oxirene, o r  acetylene oxide,  w i l l  be very unstable  because 

of i t s  highly s t r a i n e d  t h r e e  membered r i n g  StructurP,  and it i s  expected 

t o  be  an a c t i v e  low tcmperEture reagent.  

C .  CYCLOPROPANONE 

a A s  discussed i n  an e a r l i e r  r epor t ,  t h i s  l a b o r a t o r y  i s  endeavoring 

t o  synthesize and i s o l a t e  t h e  f r e e ,  unsubs t i t u t ed ,  h igh ly  s t r a i n e d ,  small 

r i n g  compound cyclopropanone, 

H2C - c = o  

by t h e  r eac t ion  of  l i q u i d  ketene (CH C O )  and l i q u i d  diazomethane (CH N ) 
2 2 2  

a t  -145OC. Several modif icat ions t o  e a r l i e r  procedures have been made. 

The previous p repa ra t ion  of ketene had y i e lded  a crude product of about 

80% ethylene and only 2% ketene.  

p y r o l y s i s  of acetone on a heated f i lament ,  followed by t r app ing  and bulb-to- 

bulb d i s t i l l a t i o n  of t h e  crude product. To inc rease  y i e lds :  

This syn thes i s  involves  e s s e n t i a l l y  t h e  

(1) a more 

r a p i d  sweep of gaseous n i t rogen  carrying t h e  acetone i s  used f o r  s h o r t e r  

f i lament  contact  t imes; and ( 2 )  it w a s  suspected t h a t  t h e  f i r s t  t r a p  f o r  

t h e  condensation of unreacted acetone which w a s  maintained a t  -100 C w a s  0 

a l s o  condensing a l a r g e  amount of t h e  ketene.  Therefore t h i s  t r a p  was 

r a i s e d  t o  a temperature of -50 C .  0 

Diazomethane w a s  previously separated from i t s  r e a c t i o n  mixture (a  

t h i n  s l u r r y )  by vaporizat ion,  but poor and impure y i e l d s  have r e s u l t e d .  A 

much quicker and more cleancut  method w a s  found. F i r s t ,  t h e  r e a c t i o n  was 

allowed t o  t a k e  p l ace  f o r  20 minutes a t  3OoC. 0 Then, a f t e r  cool ing t o  C C ,  

c a r e f u l l y  t h r o t t l e d  gaseous ni t rogen was used t o  blow t h e  explosive 



diazomethane out of i t s  r e a c t i o n  mixture and c a r r y  it i n t o  a r ece iv ing  

f l a s k .  

Both of t h e s e  reagents  were p u r i f i e d  by d i s t i l l i n g  from a t r a p  whose 

0 temperature could be va r i ed  from -145 

t r a p  which w a s  h e l d  a t  -196'. 

with t h e  mass spectrometer,  any desired f r a c t i o n  could be obtained by a 

simple switching of r ece iv ing  t r a p s .  

t o  room temperature i n t o  another 

By con t inua l  monitoring of t h e  d i s t i l l a t i o n  

This could be repeated as necessary.  

0 
The r e a c t i o n  of l i q u i d  ketene and l i q u i d  diazomethane a t  -145 has 

been performed with continuous mass spectrometr ic  monitoring of t h e  gaseous 

products .  An inc rease  of m/e = 28 during t h e  r L a c t i o n  i n d i c a t e s  t h e  react ior i ,  

CH2N2 + CH2C0 -> Cy-CH CH,CO + N2 2 2  

0 
i s  occurr ing.  

w i t h  two sepa ra t e  maxima a t  m/e = 56 a t  -130 C and -35 C .  

nor diazomethane had m/e = 70 o r  56 i n  t h e i r  spectrum; thus  it i s  concluded 

t h a t  70 and 56 a r e  a r i z i n g  from reac t ion  products .  

Analysis of t h e  l i q u i d  product shows a m/e = 70 near  -50 C 

Nei ther  ketene 0 0 

Consider t h e  r eac t ion :  

cy-CH2CH2C0 + CH2N2 

(56) (42) 

wherein it i s  c l e a r  t h a t  t h e  

i s  a l i k e l y  byproduct formed 

cy-CH2CH2CH2C0 + N2 T - 
very s t a b l e  compound, cyclobutanone, (m/e = 

by t h e  mere i n s e r t i o n  o f  a second CH group 2 

i n t o  t h e  three-membered cyclopropanone r i n g .  

Both from t h e  l i t e r a t u r e 1 3  and from c a l i b r a t i o n  experiments i n  t h i s  

l a b o r a t o r y ,  it i s  c l e a r  t h a t  m/e = 56 i s  not p re sen t  i n  t h e  spectrum of 

cyciobularioiie. Zthcr p l a x z b 1 e  r e a c t i o n  products of m/e = 70 and 56 



, 

(as we l l  as a d d i t i o n a l  c h a r a c t e r i s t i c  peaks) must be el iminated by e i t h e r ,  

o r  a l l , v a p o r  p re s su re ,  s p e c t r a ,  and energy measurements before  t h e  p o s i t i v e  

i d e n t i f i c a t i o n  of cyclopropanone can be j u s t i f i e d .  

system i s  p a r t i c u l a r l y  d i f f i c u l t  t o  study and i n t e r p r e t  because of t h e  many 

overlapping ions  : 

(70,42,28),  and cyclopropanone (56,42,28). 

spectrometers used he re  (Rendix t ime-o f - f l i gh t )  i s  not adequate t o  d i s -  

t i n g u i s h  between ions  such as H C = C = 0 

The s p e c t r a  of this 

ketene (42,14), diazomethane (42,14,28),  cyclobutanone 

The r e s o l u t i o n  of t h e  mass 

+ + and H C = N = N . 
2 2 

D. OTHER SPECIES OF INTEREST 

Several  o t h e r  compounds a r e  of immediate i n t e r e s t  i n  t h i s  research 

program, bu t  progress  on t h e  study of t h e s e  substances does not warrant 

more than a passing n o t a t i o n  a t  t h i s  t ime. 

Cyclopropene, 

H C c H  

0 
i s  an i n t e r e s t b g  molecule t h a t  i s  i n d e f i n i t e l y  s t a b l e  a t  77 K ,  bu t  slowly 

polymerizes a t  dry i c e  temperature, -8oOc. 14 Experiments a r e  j u s t  now 

g e t t i n g  underway t o  study several  simple a d d i t i o n a l  r e a c t i o n s  of t h i s  

spec ie s  a t  cryogenic temperatures. Additions of s i n g l e t  spec ie s  such as 

e x c i t e d  0 and CH a r e  of p a r t i c u l a r  i n t e r e s t .  2 

Benzyne, 
H 

H 

i s  another r e a c t i o n  intermediate  t h a t  i s  o f t e n  p o s t u l a t e d  by organic 



chemists ,  but  t h a t  has never been d i r e c t l y  observed. 

o f f e r  t h e  b e s t  p r o b a b i l i t y  of s t a b i l i z i n g  and i s o l a t i n g  t h i s  h ighly  r e a c t i v e  

hydrocarbon. 

Cryochemical techniques 

D i  i m i  de, 

H N  = N H  

has  been r ecen t ly  made i n  t h i s  l abora to ry  from t h e  r e a c t i o n  of atomic 

oxygen wi th  ammonia i n  a quenched d i f fus ion  flame type  of conf igura t ion .  a 
This  m a t e r i a l  ev iden t ly  r e a c t s  with i t s e l f  near  -113 0 C t o  y i e l d  N2 and 

N2H4. E f f o r t s  a r e  underway t o  prepare t h i s  i n t e r e s t i n g  substance i n  

workable amounts, say 10 - 20 em 3 , and t o  then i n v e s t i g a t e  i t s  low tempera- 

t u r e  r e a c t i v i t y  with s e v e r a l  simple substances.  

very  powerful reducing agent .  

Diimide i s  ev iden t ly  a 
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