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.‘?;. Approved for public releases,
’:§ distributionunlimited
W This report represents the Final Technical Report for an
R : . . .
D0 eguipnent grant from the Department of Defense -University
%3 Research Instrumentatiorn Program (FY 1984/FY 1985) adnministered
N
o
!q by the Air Force Office of Scientific Research.
b
! This grant provided for the acguisition of a diode laser
$$ system which has greatly expanded the ability of the principal
i
"
;ﬁ: investigator to conduct research involving the detection and
o)
SR . . . . :
! monitoring of transient gas phase species. Included in the
ﬁz general types of species to be investigated with this system are
D
i . . . .
%ﬁ coordinatively unsaturated organometallic compounds, organic
Vg,
‘S" . - : :
Wt radicals and neutral, saturated molecules. The mode of investiga-
’ “af 3 ) . 3
'ﬁ tion Involves transient infrared spectroscopy with the details of
‘
‘%' the experimental procedure have been delineated in references
Pk ‘ .
ul. 1-7. A brief description of the apparatus (shown in figure 1)
i"-; N .
&f follows. The excimer laser produces the transient species to be
Vb
B . s .
ﬁy studied via UV photolysis of an appropriate precursor molecule. [
Tl {
o ; . : ; .
e The probe laser, in this case the diode laser, is incident on the
T . . .
" photolysis cell and counterpropigates with respect to the exciner ‘
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&N laser. The diode laser is incident on an infrared detector which
senses changes in the amplitude of the diode laser beam due to
absorption produced by *the *transient species. These absorptions
cause a transient change in the light intensity incident on <the
detector which is converted into a time versus intensity trace.
" This trace is captured via a transient digitizer and fed %o a

N computer which stores this signal along with signals taken at

oyt other diode laser frequencies. When signals have been acquired

over an appropriate frequency range, the computer is instructed

o P

to assemble a transient spectrum by connecting points at a common

K-

iy

:* delay time from each transient. This produces an infrared

f. spectrum at a given delay time over the frequency range tha% has

! g Y

r

é: been probed by the diode laser. This procedure can be repeated to
a’ assemble spectra at different delay times which allows one <o

e observe the change in the IR spectrum due to reaction or relaxat-
!

‘1 ion of the transient species. Since IR spectra are highl

Y P ghiy

Pl

Q{ structure specific, this, in turn, allows one to obtain informa-

tion on the structure of the transient speciesl 8,7, From the

rate of decay of the transient, rate constants can be obtained

iy for reaction of the transient with appropriate added gasesi-7. I:x

r addition, it has been shown to be possible to obtain information

% on the disposition of energy in the internal degrees of freedom

' .

@ of the transient species and on the rate of relaxation of the
transient species3:6.7, Thus, clearly the diode laser system

; provides us with a high degree of versatility which allows us <=

o

h shtalin valuable and unigue Information on the siricture and

reaction kinetics of a variety of transient species.
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The diode laser system, which was purchased from the Laser
Analytics Division of Spectra Physics Corp., provides continu-

ously tunable radiation from 500-2400 cm~i and f

"

on

2900-3300 cm~1. This spectral range overlaps the absorptions of
virtually all transient species of interes%*. In addition to the
diode lasers, the laser system includes a mounting head and
associated electronics which provides for temperature and current
control of the lasers, a monochromator which allows for the
determination of the operating frequency of the diodes, appropri-

ate infrared detectors, two of which (an InSb and a Au:Ge) were

[

purchased from Santa Barbara Research Corp, and a Computer systen
which is used for data acquisition and analysis. This computer
system is based on an IBM PC-AT system which was purchased from
Inacomp Corp. The total cost of the entire diode laser system was
$93,385.

Acguisition of the essential components of the diode laser
system was completed in November of 1986 with the delivery of the
last set of diode lasers. Since that time we have been :involved
with set-up and initial experiments. We are currently actively
engaged in two projects involving the diode laser system. In one
project we are looking at the reaction of vinyl radicals with
various H atom and halogen atom donors8 . The vinyl radicals are
produced via UV laser photolysis of vinyl bromide which Is
synthesized in-house. Once preoduced the vinyl radicals, which are
very important species in combustion processes, are allowed ¢~
react with, for example, HCl or Hs and the reaction Is monitored

via a change In absorption of a diode laser tuned to an absorp-
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tion of ethylene, a product of the reaction as shown below in

equation (1). These studies will allow us *o measure %the rate

CopHg + Hp ——— CoH, + = ren

constants for reaction of the vinyl radical with a varie+ty :f
hydrocarbon species. These rate constants are necesszar:y, far

modeling of combustion processes. Since nei
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v
(9]

or the typical reaction product have conveniently accessible UV
absorption spectra it is very difficult to monitor the reactions
of this radical by any means other than transient IR spectro-
scopy. Once these initial studies are complete, we hope to obtain
spectral information on the vinyl radical itself. This data will
be invaluable for obtaining precise information on the structure
0of the radical.

The other project we are working on involves obtaining
information on energy disposition in CO produced via excimer
laser photolysis of various metal carbonyls? . We have postulated

that the gas phase photodissociation of metal carbonyls iavelves

’lt
V3
[N

an tial loss of one CO molecule and the production of a

coordinatively unsaturated fragment with a high degree of
Y

internal excitation®:7 . This is illustrated schematically :-

equation (2}.

Fe(CO0)g + v ---- Te(£0)g + CO {2)
Zf the coordirnatively unsaturated fragment contains sufficient
internal energy it can continue o Isse £O0's in a RRKM +ure
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process until the internal energy content is sufficiently low
that further dissociation is improbable.®.7 Since each CO that
is lost comes from a parent with a very different internal energy
distribution, the CO should be produced with different Internal
energy distributions. Thus by monitoring the CO internal energy
states with a diode laser it should be possible to determine If
this dissociation mechanism is indeed the operative mechanism. In
addition, we have postulated that certain excited electronic
states of coordinatively unsaturated photofragments are interme-
diates in some of the photodissociation processes in these
systems. This should also be definitively ascertainable wvia the
experiments currently in progress. When completed this work will
provide a much more definitive picture regarding the dissociation
dynamics of metal carbonyls than currently exists. This will
allow for the prediction of rates of production cf the various
coordinatively unsaturated photofragments from a given parent.
This in turn will establish a maximum rate for reaction of the
coordinatively unsaturated fragments since they obviously cannot

react until they are produced.
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