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~Experimen ta1 and computer modeling studies were carried out on chemical reactions
a t h igh tempera tures , in par t icu lar  on reac t ion s which part t c t pate in combus ti on
processes . React ion init iation was by ‘ :hock—w av e heat ing, and reactton progress
was moni tored by spectroscopic methods. Systems stu d i ed  In c l u d e  CS — O ,,  Cll4~ 0 ,,
CH
4
—Ar , ,H2

-’Ar , C
2
H
4
—Ar , and C 2H 6—Ar.
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F i n a l  Repor t  on Experiment ,tI and Mode Ii ng Studies of

Chemica l React  i ens In Shock W a ves

• Statement of problems studied. The in itial goals 01 this research were
threefo ld. The f i rs t  was a technical  one • to exp lore further the use of
ER laser absorpt ion spec t roscopy for the st ud~’ o I bvd rocarhon chemistry
at Ii igh t empe rat t ires. The second was to  cit ii ize th is  technique (together
w i t  ii others)  to ca r ry  out experiments on import ant small hydrocarbon
pv ro lv s is and ox I dat ion mechanisms . The third was to undertake an emission
sps ’ct rosco p ic invest igat ion of t he C S . — O ~ react ion w i t h  a view towards
b e t te r  understanding o f the mechanism of population inversion of CO
produced in t he CS~, flame laser. Signif icant results were obtained in all
t hree direct ions.

Resu l t s  obt .t [ned and discussion. At the t line the proposal for this grant
was w r i t t e n , we were s t i ll engaged in theoretical research on the CU4 IR
laser absorption and do ing experiments on the absorpt ions of other hydro—
cac hons. The theoret ica l  work finally led to a coherent descript ion of

he CU 4 ahsorpt ion as I unction of temperature , although the cr i tica l
d 1st inc t ton We ’ had hoped tø he able to make w i t h  regard to line—broadening
mode ls did not mater ia l ize.  As to the other hydrocarbons , as our data
ee l lect ion continued, our ent husiasm for gett ing into Ze’eman tuning of t he
Ne or Xe laser lines diminished as our interest In ut llI .~1ng t he totally
tlnt’xpec ted Iii gh absorpt ivit ics for k inet ics  expe rirne’nt s grew . The CU4
resu l ts  were Pub lished in JQSRT , t he results for ‘ 211b’ C3HU, (.4 1110 and
C 511 j .  in App lied Spectroscopy.

Th’ essence of the imp lication of these resu l ts  b r  combustion
exper iments  is that w hile the lack of s p e c i f i c i ty  was .i d isappoint ment ,

t he high absorpt i v i t y  tor  the untuned Ne line opened the door for a
number of highly successfu l  experiments. Since the wr i t ing e* t  this proposal
the’ advent of c ommercia lly available tunable diode lasers has rendered

~e’ernan—tuned rare gas lasers obsolete anyway. Thereto re , to pursue t he
or i gina lly contemp lated experiments on C1I .O and C1I~ w i t h ~R laser spectroscOpy
wou ld now entail adding a diode laser to our shock tube’ . I’ ’fore undertaking
such experiment s , however , there are many easier ones begging to he done
on t he same s ys tems .

Pyro lvsis experiments have been done and published on CU4 , (‘ .119 , C1H4
and (‘

~
ll6. The principa l techniques were l a se r—sch l  leren observations on

dens I tv gradients and laser—absorption measurements on hydrocarbon disappearance .
Data inte rpretat ion was done by computer modeling. While the main result
in eac h case was the rate constant for the primary dectinposit ion step, con—
c liisions could also be drawn about the rate constants lor important secondary
react  ions.

Combust ion studies we re a 1 so brought to the pub Ii cat  ion s tage  on CH4.
In t he course of the data interpretation it was found that the re l.it lye
lac k ot  r e a c t i v i ty  of CH3 radicals forces a ma lor p.irt of the react ion to
prc *ct ’ed via C , — hydrocarhon steps , part icularlv for r ic h  m ix t u r e s .  In order
to  pursue t his further , a broad—sca le comput er model ing  el Io t  t was made to
determine how well a conventional methane combustion mechanism w i l l
reproduce C- .—hydrocarbon ignition data. The resul ts ind ica ted , pr imar i ly ,
that  additional da ta  is needed.



Pyrolysis experiments were also done , but not yet brought into
publication f orm , on the pyrolysis reactions of CH3I, C.1H8 and C4H10.
Combustion experiments upon wnich data analysis is stil] in progress are
on C2H4 and C,116.

The final major effort on this grant concerned the oxidation of CS2.
This reaction was successfully studied using SO2~ luminescence and unsuc-
cessfully studied using IR thermal emission. Computer modeling of the
S02” results showed a good capability of the mechanism to account for
ignition delays , but many basic questions about it remained unanswered.
The essential problem with the IR emission experiments , which should have
provided a means of probing major produc t species concentrations during
the ignition period , was CS2 thermal emission , The broadening of the CS2
V3 emission band i~~: combustion temperature proved to be so great that it
obsc ed all other emissions in the wavelength region available to us
until the end of the ignition delay period . While IR ignition delay measure-
ments were possible , the CS2 emission totally prevented attainment of the
main object , exponential growth constant measurements. It will be necessary
to repeat this study using a broadband IR detector.
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