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Bladmon, Bradley Wayne (M.S., Chemistry)
Temperature Dependent Rate Constant for the OH + O3 Chain Readion via High

Resolution Infrared Laser Absorption Methods

Theisdireded by Professor David J. Neshitt

The goal of thiswork isto determine the rate constant of the cdalytic dhain
readion d hydroxyl radical (OH) with azone (O3). This chain readion proceedsin
two steps. (1) OH+ O3 —» HO, + O,, with rate @mnstant ky, and (2) HO, + O3 —
OH + 2 O,, with rate @nstant k,. These rate mnstants are determined by observing
the temporal profile of OH radicd viadired infrared absorption, and fitting the data
to amodel consistent with the exad solution for the entire chain reaction process
The technique of dired infrared absorption all ows usto probe the kinetics over an
order of magnitude greater dynamic range of 0zone @ncentration than previous
studies, which provides clearer separation between the chain induction (King = ki +
ko), propagation, and termination steps. By utili zing a temperature-controll ed flow
tube, we ae aleto extrad the temperature dependence of the kineticsaswell. The

Arrhenius form for king = k1 + ko between 334and 24K is determined to be

em® O ) (1030 50)K . .
k (T =12.93%42) x10™*? ex . Thisvalueis
|nd( ) Dj_secg ( —0.38) @ T(K) E

significantly higher than the values currently recommended for use in atmospheric
models. Kinetic analysis of kinq below 240K andtheratio o ko/king have dso been

investigated.
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CHAPTER 1

INTRODUCTION

With the discovery of the ozone hole over Antarctica, the catalytic
destruction d ozone has become the subjed of much reseach and debate. Why are
these cdalytic destruction cycles 0 important to the chemistry of the stratosphere?
In order to answer this question, we must look bad in history.

Asfar bad as 1881,scientists have been aware of the existence of the ozone
layerl. The ozonelayer isaregion d the stratosphere with an unwsually high
number density of ozone (O3z). Chapman, in an attempt to explain the chemicd

processes that form the ozone layer, propased the foll owing cycle2:

O,+hv - O+0 1.0
O+0,+M - O3+ M 1.2
Os+hv - O+0; 1.3
0+03 - 20, (1.4

O+0+M 5 O,+M (1.9



However, subsequent laboratory measurements proved readion (1.4) to be much too
slow to destroy ozone d therateit is produced globally. There had to be ancther
pathway through which to destroy ozone and accourt for the observed stratospheric
ozone ancentrations (shown in figure 1-1). These other, more dficient pathways

consists of catalytic chainreadions. A simple catalytic ozone lossprocessis hown

below:

X+ 03 - XO + 0O, (1.6
XO0+0 - X+0, (1.7
O0+0; - 0+ 0O (1.8

where X = H and OH (HO,), NO (NOy), and Cl (CIO,).
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Figure 1-1. Ozone density as afunction d atitude.



It isimportant to ndicethat the catalytic spedes denoted by X isnot consumed in
thereaction. Thisallowstrace amospheric speciesto have nonnegligible dfects
on aher, more éundant spedesin the amosphere.

There ae many chain readions, invalving hydrogen, ntrogen, and chlorine
radicds that lead to the net destruction d ozone.3 However, the cdalytic chain
reagioninvolving OH radicd isimportant for many reasons.

OH+ O3 - HO, + O, ki (1.9
HO,+ O3 - OH+ 20, ko (1.10
Althowgh na affili ated with the medanism for the Antarctic ozone hde, the &ove
caalytic readionisresporsible for roughly half of the global ozone loss# This
cycleisadivein the mid-latitudes, at an atitude of < 25 km, which isin the lower
stratosphere, just above the tropopause (seefigure 1-2). Unlike the other chain
readionsinvolving ozone, the &ove cycle does not invalve O atoms as a readant.
Thisisimportant because, in the lower stratosphere, three-body recombination d O
atoms with O, isquiterapid. Therefore, O atom concentrations are quite low in this
region.

Stratospheric OH is creded through two primary pathways. The most direct
pathway is through the reaction o stratospheric H,O with O(*D).

Os;+hv — O, +O(*D) (1.12)
H,O + O(*D) — 20H (1.12

CH, + O(*D) — OH + CH3 (1.13
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Figure 1-2. Temperature s afunction d atitude. Also shown isthe divisions of
the various layers of the amosphere.

However, the stratosphere is known to be very dry. Thisisdue primarily to the
tropopause, which ads as a “cold-trap” preventing the exchange of H,O from the
troposphere (seefigure 1-2). Therefore, readion (1.13 ads as the primary source
for stratospheric OH.

Stratospheric, supersonic arcraft threaen to dsturb the natural abundances
of CH, andH,0. These arcraft operate in the region d the stratosphere where the

OH/O3 chain reaction hes the most effed. Therefore, it isimportant to dscover



what damage, if any, the increased HOx and NOy levels will have on global ozone
concentrations.

Previous measurements of the OH + O3 readion (1.9) can be foundin the
literature.>8 The most recent measurement has been performed by Ravishankara &
al. 6 using aflash phaolyisis — resonance fluorescence system over atemperature
range of 238 — 257K. Intheir experiment, Ravishankara d a. used LIF detectionto
monitor the temporal profile of OH radicd in atemperature-controll ed flow cell.
Ravishankara & a. only report arate cnstant for reaction (1.9), which is roughly 30
times faster6.® than readion (1.10. Because of their dependence on H,O as bath a
preaursor and Mibrational relaxer, Ravishankara d a. could na extend their
measurements below 240K. Other measurements have been made & well .
However, all the measurements have used a resonance fluorescence system to
measure the concentration d OH radical.

These resonance fluorescence systems detect OH by observing fluorescence
from the first excited eledronic statel® of OH, which is popuated via an initial
“pump” flash of UV light. The resulting fluorescencel112 occurs at approximately
309 mm. Unfortunately, ozone has anon-negligible dsorption crosssedion at these
wavelengthsl3, Therefore, as 0zone number density increases, the absorption will
also increase, resulting in an owverall decrease in olserved OH signal. In addition,
the phaolysis of ozone by theinitia pump beam added to the phaolysis of ozone
from the subsequent fluorescencewill i ncrease the total radical popuation censity,
which can cause omplicaionsin the kinetics, espeaally at low temperatures.

In order to counter these adverse effects, it is necessary to limit the total



amourt of ozone present in the system. In previous experiments, the highest
reported azone density58is 7 x 10" moleaules’'cm®. By using a @mpletely
different methodfor detecting OH radicds, i.e. direct infrared absorption, we are
freeof this ozone density limitation.

Measurements of the HO, + Oz readion (1.10 can be foundin the literature
aswell 91415 Sinha ¢ al. report adirectly-measured value for k, based onthe first
order decay of isotopically labeled H'®0, in excess®0; vialaser magnetic
resonance (LMR) detedion® Other, lessdirect, measurements of k, by Zahniser et
al.14 and Manzanares et al.1> involved use of a scavenger (C,FsCl) that
preferentially reads with OH over HO,, thereby removing OH radicds from the
chain. By utilizing isotopic substitution, Sinha et al. were @leto avoid using an
OH scavenger, which interferes® with the kinetics at temperatures above 36(K.
Thelr measurements gan atemperature range of 243 — 4BK, and show upward
curvature in the Arrhenius plot at low temperatures, thus making extrapolation to
lower temperatures more difficult and proneto error. We propcse using a
completely different methodfor measuring k. based onthe full chain readion
Kinetics of the OH/O3 system.

The purpose of thiswork isthredold: (1) to measure k; over a broader
range of ozone concentrations, (2) to extend the measurement of k; to lower
temperatures, and (3) to measure k; and k; simultaneously. Thiswork uses dired
infrared absorption to monitor the OH radicd concentration. Therefore, we are
able to vary the ozone mncentration over arange an arder of magnitude greaer than

that of previous measurements. The OH decay is due primarily to readion (1.9).



However, the resulting increase in signal at these greater ozone wncentrations
allows usto analyze information contained in the tail of the OH decay, yielding
information onthe slower readion (1.10) (see Chapter 3 for amore detail ed
description d the kinetic analysis of the OH/O3 chain reaction).

Although the primary thrust of thisthesisis the kinetics of the OH/O; chain
readion, ou laboratory has been exploring other interesting areas of chemicd
dynamics. One such experiment is the determination d the vibrational/rotational
nascent state distribution d the HF(v,J) products from the reaction d F atom with
H, viadired infrared absorption. For this reason, this thesis includes a chapter
outlining some of our findings.

Thisthesisisoutlined asfollows. Chapter 2 contains the experimental
detail s of the determination d the rate cnstant for the OH/O3 chain readion.
Chapter 3 presents data and results from this gudy, including theinitial room-
temperature determination, systematic dheds, and the temperature dependance
Finally, chapter 4 contains data and results pertaining to the nascent state
distribution o HF(v,J) resulting from the reaction d F + H,. Also included in this
thesisisinstructions and code necessary to operate the DSPtransient digiti zer used

in these experiments.
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CHAPTER 2

EXPERIMENTAL

2.1 Introduction

This experiment uses a temperature-controll ed flash kinetic spectrometer to
measure the rate of the following chain reaction:
OH+0O3; - HO,+ O, (ka) (2.9
HO,+0; - OH+20, (k) (2.2
The rate constant is measured by monitoring the time-dependant OH radicd
concentration vadired infrared absorption. The infrared source is an F-center
laser, tuned to the v=1 - 0 P(5/2)1 transition d OH radicd, which probes the most
popuated state & room temperature. The P branch is chosen over the R branch
becaise the Einstein A coefficient is dightly largerl. In order to simplify the
Kinetics, [O5] isat least 1000times greaer than [OH], which resultsin pseudo-first

order behavior.
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2.2 The Experimental Apparatus

The gparatus used in this experiment is the temperature-controll ed flash
kinetic spedrometer shown in figure 2-1.23 The spedrometer consists of a
temperature-controlled flow tube into which various preaursor and reactive gases

are introduced.

_ (eYe}
Excimer Laser

°9

| / \ |
U L \ / ]
To Intensity
Servo
n n 0
Etalon Servo A - Meter Etalon
\ Intensity Servo
F-Center Laser Kr+ Laser
Ic HeNe Laser

Figure 2-1. Experimental setup. O(*D) is created by phaolysis of Oz at 308 m.
The O(*D) reads quickly with H,O and H, to from OH. The time-dependant OH
concentrationis then probed by the F-center laser tuned to thev=1 - 0 P(5/2)1°
transition. Theinfrared light is detected by liquid-nitrogen codled InSb detedors.
Signal subtradion and the intensity servo serve to reduce mmmon-mode noise.

The readion scheme, shown in figure 2-2, isinitiated by a 10 ns puse from

aXeCl excimer laser (308 ). The UV light serves to phaolyze 1% of the ozone
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present in the excimer beam, based ona beam diameter of 1 cm, a pulse energy of
0.5mJ/pulse, and 2308 m ozone aoss ®dion d 1.35x 10*° cm?® At room
temperature?, the branching ratio for the O(*D) product from the ozone phatolysisis

80%. Following the phatolysis, the O(*D) isfreeto react with precursor gases (H.

and H,0).
O(*D) + H,0 — OH + OH (ks=2.2x10%cm¥sed (2.3
O(D) +H, -~ OH +H (ks = 1.0x 10%%m®%/seq) (2.4
O3
hv (308 nm) H,0, H,
0; — 0O(tb) —— OH HO,

\63/

Figure 2-2. Readion scheme of the OH/HO,/O; chain reaction. An excimer laser
tuned to 308 M phaolyzes approximately 1% of the ozone in the 1cm diameter
excimer beam. The resulting O(*D) then reads with H,O and H, to form OH radicd
(Kizo = 2.2x 10 ecm*/seq ki2 = 1.0x 10™° cm®/sed). In addition, the H,O in the
cdl servesto vibrationally cool the OH into its groundstate (Kigax = 1.4x 10
cm®/sed). The groundstate OH is probed viadired infrared absorption whil e it
undergoes the chain readion.

In additionto being an OH preaursor, the H,O servesto vibrationally cod any
excited OH into its groundstate.

OH(v=1) + H,O - OH(v=0) + H,O (ks=1.4x 10" cm¥se (2.5
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The concentration d radicasin the flow tubeis alinea function o excimer laser
pulse energy and azone @ncentration. In an effort to keep probabili ty of radicd-
based side readions to a minimum, the excimer pulse energy is kept as low as
possble (~0.5mJ/pulse), yielding atypical OH radica concentrationof 1 x 10"
molealles’cm®. Even assuming ges-kinetic rates for radica-radical readions, the
time scde for these readions is on the order of 10 msec which isat least an order of
magnitude slower than the reaction d OH with azone.

Thetempora profil e of the OH radical concentrationis probed via an F-
center laser, which is cgpable of continuous, single-mode operation® between 2.5
and 3.3um (4000and 3030cm™), with alinewidth of 2 MHz. In order to measure
the frequency of the IR light, aportion d it is ®nt to aA-meter (traveling Michelson
interferometer) built after the design by Hall and Lee®, using apdarization
stabili zed HeNe laser as areference.

The temperature-controll ed flow cell consists of aninner 106cm long, 1”
diameter quartz tube surrounced by a3” diameter quartz jadket as sown in figure
2-3.

The temperature of the gas within the tube is maintained by pumping fluid
between a hed-transfer coil and the outer jadket of the cell. Our current pumping
system exchanges the fluid in the outer jadket every 15 seands. Temperature
within the cdl ismeasured via aK type thermocoupes (Chromel-Alumel) located
just above the probe region d the inner tube. By using atransverse flow aaossthe

tube, temperature gradients are kept to a minimum (0.5(5)° C).
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| 106 cm

|
TOp ] Gas Outlet
View
[ 10 11 10 ) ) i i \
o O O Je o)
[ 1 I [ 1[ NI 11 1L
Q ]
Evacuated Coolant Inlet Gas I( Access Port Coolant Outlet ~ Evacuated
Chamber (bottom) (top) Chamber
Side \ \
View C / D)
7

Figure 2-3. The temperature-controlled flow cdl. The @owve figure shows the
layout of the temperature-controlled flow cell. The gasinlet and oulet manifolds
are designed such that gas flows aaossthe cdl (transverse flow). Transverse flow
serves to reducetemperature and concentration gadients along the length of the
cdl. Surroundng the readion chamber is a maling jacket through which a
temperature-controlled fluid is pumped. Also shown isthe various accessports
where we measure temperature and presaure of the gas.

Prior to entering the cdl, the IR laser beam is lit i nto two beams, which
serve & sgna andreference The IR signal and excimer beams are overlapped via
a90% IR transmissve, 95% UV refledive dichroic mirror, and sent down the
midde of the flow tube. The reference beam travels diredly to the detector. The
signa and reference beams are detected via 0.25 mm diameter, cryogenicaly-cooled
INSb detectors. The detedors operate with atransimpedance of 50 kQ and a
bandwidth of 1 MHz. The resulting signals from the detector/amplifier combination
are then sent to a differential amplifier, which alows subtraction o the cmmon-
mode naise. In addition,thereferencesignal is snt to an intensity stabili zation

servo, developed by Bill Chapman and Terry Brown?. This rvo uses an electro-
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optic (EO) moduator to vary the intensity of the Kr ion pump laser in an effort to
cancel the naise onthe reference detector. The combination d the intensity
moduation servo and signal subtradionresultsin ndse figuresthat are within a

fador of 2 of the shat-noise limit, as siown in figure 2-4.

104 1

No Subtraction

=

o
&
|

=

o
&
L

Absorbance Sensitivity (Hz™)

Subtraction Only

Subtraction +
107 o Intensity Servo

Shot Noise

T T T T

0 2x104 4x10* 6x10* 8x10* 10°

Frequency (Hz)

Figure 2-4. IR detedion nase spectrum. The top trace shows the noise & viewed
onasingledetedor. Theintensity servo worksto moduate the intensity of the Kr
ion laser to cancd the noise onthe reference InSh detedor. The combination o this

servo and signal subtraction pus our detedion sensitivity to within afactor of two
of the shat noise limit.

The subtraded signal is digiti zed and averaged with a100MHz digita
oscill oscope. A typicd datatrace refleds approximately 250 averages. The

averaged signal istransferred via aGPIB interface to a computer for storage and
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analysis. The endresult isan OH temporal profile with an absorption sensiti vity of

2x 108 HZ "
Flow Cell
® Flow Meter Outlet Reference
& Valve Cell
Buffer
Gas (Ar)
Pump — |
i
HZO Exhaust
- Bubbler
X)
Ozonator
Ho,Ar Ar O»

Figure 2-5. The gas handling system. Concentrationsin the cel are proportional to
their relative flow rates (equation 2.9, as measured by massflow meters. Ozoneis
produced by an AC arc discharge (ozonator), and stored onsilicage at a
temperature of ~200K. The asolute ozone mncentration d the ozoneis
determined by 308rm absorptionin the flow cdl, and relative ozone concentration
ismeasured by 254rm absorptionin an 857 mm cdl (reference cdl). H,O isadded
to the cdl by flowing Ar or H, through abubHler fill ed with H,O. The fradion o
H,0 present in the flow is determined by its vapor presaure & room temperature.

The various readant and precursor gases are introduced into the flow cell by
the gas handling system shown in figure 2-5. The mncentrations are determined via
their relative flow rates, which are measured by massflow meters which are

cdibrated prior to the experiment by timing a presaure rise into aknown vadume. A
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measured flow of Ar is passed through the ozone trap, where ozone is €luted into the
Ar flow. A secondgas flow into the flow cdl i s formed by passng Ar or H; gas
through a porous frit immersed in a H,O bubler, which generates an H,O
concentration at the eguili brium vapor presaure, as shown in figure 2-6. At
temperatures below 240K, however, we bypassed the H,O bublder and wsed a flow
of pure H; to serve athe preaursor gas. A third flow meter measures the flow of Ar

buffer gasinto the cdl.

Vapor Pressure of H,0

10.0 o

Vapor Pressure (Torr)
=
o

01 T T T T T T
240 250 260 270 280 290 300 310

Temperature (K)

Figure 2-6. Vapor presaure of water as afunction d temperature.

The partial presaure of each spedesin the cdl i s determined by the following

equation:

= Xip 2.6
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where f; is the flow rate & measured by the particual massflow meter, x; isthe
fradion d the spedes present within the particua flow, and Pror isthe total
presaure in the flow cdl as measured by a 100 Torr Baratron gauge.

Ozoreis produced in an AC discharge from moleaular oxygen (99.9%6) and
adsorbed in a pyrex cylinder fill ed with sili cagel at approximately -110°C.89 Prior
to entering the flow tube, the mncentration d ozone is determined by absorption d
the Hg emissonline & 253.7 i in a cdibrated 8.56mm transmisson cdl, based
on the known absorption cross gction 1012 of g = 1.137x 10 cm?. In addition,
the dsolute ancentration d ozoneis measured in situ via308 nm UV absorption.
Because of the important role the @solute amncentration d ozone playsin the
determination d the rate cnstant, it is of utmost importancethat the measurement
be acurate. For this reason, we utili ze the in situ 0zone ncentration measurement
to determine the asolute ozone density. In arder to dothis properly, we must take
into acourt subtle experimental factors, such as the proper emisson wavelengths of
the XeCl excimer and the temperature dependence of the ozone aosssedion at 308
nm. The ozone UV cross ctionis cdculated using aweighted average of the two
XeCl emissonlines (307.9 i and 308.2 m) with their proper 2:5 integrated
intensity ratio.13 We dso correded the ozone aoss ®ction at these wavelengths for

their temperature dependence, as own in figure 2-7 1415
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Temperature Dependent Ozone Cross Section

308nm
1.40

2143

0,5(T) =1.15+2882e T

1.35 A

1.30 +

1.25 ~

1.20 +

1.15 +

308 nm Ozone Cross Section (x 10 cm?)

1.10 T w T w T w T \ ‘ ‘
200 220 240 260 280 300

Temperature (K)

Figure 2-7. Temperature dependence of the ozone cross ®ctiont415 at 308 rm.
Ead cross gdionis based onthe XeCl emisgonlinesat 307.9and 308.2 m, with
a2:5 integrated intensity ratio.

In order to properly interpolate the aosssedion between measured temperatures,

the data isfit to an exporential form given by

_C
=

0308(T) =A+Be T, (2.7
where A = 1.15x 10*° cm?, B = 288x 10*° cm?, and C = 2143K. Thisform is

chosen to refled asimple “Arrhenius-type” expresson. That is, at any given

temperature, the probabili ty of absorption d 308rm light by an ozone moleauleis

-C
givenby e™ . AsT increasesto infinity, 03pg becomes A + B, andas T decreases to

Zero, 0308 goesto A. A table of the 308 rm ozone UV cross gdions aswell asthe
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correspondng quantum yields for O(*D) (®)at various temperatures appeasin table

2-1.

Temperature (K) o>%[04] (10%cm?) D> 04] (%)
334 [1.628)] [81]
314 [1.467)] [81]
295 1.353) 81
287 1.31(3) 80
273 1.263) 76
266 1.243) 74
253 1.21(3) 68
250 1.2003) 66
240 1.193) 60

Table 2-1. The temperature dependant cross £diont415 (o) and quantum yield4 (P)
for ozone & 308m. The numbersin braces represent extrapolation from measured
quantiti es.

2.3 The Temperature-Controlled Flow Cell

The temperature-controll ed flow cell used for these experimentsis shown in
figure 2-3. Thetubeis made aentirely of quartz, and consists of agasinlet/outlet
manifold, reaction chamber, and codling jadket.

The readion chamber isatube 106cm long, 2.5¢cm in dameter, with a
volume of 0.56L. The ends of the chamber are made of IR grade, quartz optics,
with atransmittance of >90% in bah the IR and UV. Ead end d the reaction
chamber has a set of such ogtics, separated by an evacuated chamber. This
evaated chamber, pasitioned ouside the wdling jadket, servesto proted the
optics from condensation at low temperatures. Each otic istilted at approximately
5° from normal to minimize interference dfeds due to reflections from the surface.

The readion chamber possesses threeobservation pats, all owing measurement of
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parameters such as temperature and presaure. In addition, there aetwo ports, on
either end d the cdl, that allow cleaning of the interior surfaceof the optics.

Gas enters and leaves the readion chamber through the gas inlet/outl et
manifold. The gasinlet system runsthe entire length of the tube, allowing fresh gas
to flow into ead areaof the chamber. Offset from these inlet ports are the outlet
ports, though which the gasis pumped away. Theresult isanet flow across the
readion chamber that servesto reduce @ncentration and temperature gradients of
the reactants and products along the length of the cdl. Therate of thisflow is
determined by the total rate of flow into and ou of the tube, but under typical
condtions, the readion chamber isrefreshed every 10 seconds.

The madling jadket surrounds the gas inlet/outlet systems and the readion
chamber. Thejadket contains afluid, whose temperature is varied externaly via a
hea-exchanger apparatus. The fluid iscirculated by a32 L/min pump between the
codling jacket of the flow cdl and a apper heat-exchanger coil, immersed in a
constant temperature bath. At this pumping speed, the fluid in the wadling jadket is
refreshed every 15 seconcs.

The chaiceof fluids used in the heat-exchanger bath and the @aling jacket
isdictated by the temperature that one wishesto achieve. It isimperative that the
freezing paint of the fluid used in the maling jacket be lower than that of the hed-
exchanger bath. Otherwise, freezing of the fluid might occur, causing damage to the
flow tube. A table of variousfluids andtheir freezing points are mntained in table

2-2.
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Fluid Freezing Temperature (C)
Water 0
Ethanadl -115
Pentane -130

Table 2-2. Thefreezing paint for various fluids used to cod the cell.

2.4 The Questek Excimer Laser

Performance of the Questek 2000series excimer laser is dependant on two
fadors: (1) gas purity, and (2) electrode mndtions. Gas purity isageneral
concern, especialy when switching the excimer from a dlorine-based mixtureto a
fluorine-based mixture. The Questek manual describes a procedure for successully
changing gas mixtures, bu experience has shown that it is necessary to open the
chamber and physicdly clean all surfaces. In addition, multi ple fluorine passvation
cycles must be performed before the laser operates reliably.

Eledrode and dscharge mndtions play an important rolein the operation d
the laser. If proper safety precautions are taken, it is passble to view the discharge
using areasonably thick pieceof plexi-glass(1” - 2" thick). However, if thereisa
nonlasing mix in the chamber, it is possbleto view the discharge with apair of lab
safety glasses. During the discharge, ore shoud see an even glow between the two
eledrodes. The discharge shoud be free of any sparks, or “lightning balts”,
between the dedrodes, which will eventually damageits surface If these sparks
arevisible, it may indicae uneven spacings between the pre-ionization gnslocaed
onether side of the dedrode asembly. The pre-ionization pn spadng is0.040,

which is much small er than the 0.740 spadng of the dedrodes. Hence a small
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eledric discharge occurs between the pins, caalyzing the breakdown between the
eledrodes. These pre-ionization gaps increase over time, due to the harsh
environments to which they are mnstantly exposed. When thisocaurs, it is
necessary to readjust or replacethe pins. Prolonged exposure to improper
breakdown condtions will causethe dectrodesto become pitted. Because the
eledrodes are made of solid nickel, they can be palished. However, one must take

caeto preserve the dight bow along the length of its surface

2.5 The Kr lon Laser

The Kr ionlaser ads as a pump laser for the F-center laser. In order to insure
reliable operation d the Kr ion laser, constant attention and care ae required. In
order to more fully understand the operation d the ion laser, ablock diagram
outli ning the major comporentsisincluded in figure 2-8.

In order to pump the F-Center laser properly, it is necessary to have & least
one Waitt of output power. This value of one Waitt originates from the 800 mWatts
needed to pump the F-Center laser plus an extra 20% to make up for lossfrom the
intensity servo. If the Kr ionlaser canna achieve this power, the most likely cause
isoverpresaure of Kr in the tube. Asthe presaure in the tube increases, the eff ective
resistance of the tubeincreases. Therefore, for a given tube voltage, the aurrent will
deaease asthe dfediveresistanceincreases. In order to recmver the lost power,
one must either increase the voltage or decrease the presaure. Increasing the voltage
onthe laser tubeis achieved by adjusting the taps on the auto-transformer in the
power supdy. A table containing laser tube voltage and tap pasitionsis siownin

table 2-3.
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Figure 2-8. Block diagram of the Kr ion laser.

Tap Position (Primary lead =9)  Tube Voltage (Volts)
435
460
485
510
540
560
575
600

Table 2-3. Krionlaser tube voltage & various auto-transformer tap pasitions

O~NOOTHA WN P

The presaure of the laser tube can be measured viathe Hastings TC gauge
locaed near onthe cathode end of the ball ast reservoir. Unfortunately, we do nd

have aHastings TC gauge reader. We have cdibrated one of the ubiquitous Varian
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801TC gaugereadersin the lab in order to read the adua presaureinthetube. This
cdibration curveis contained in figure 2-9. The optimum Kr presaurein the tubeis
150mTorr (180mTorr asread by Varian 802gauge). If the presaurein thetubeis
50% greaer than ogimum, it is necessary to pump the laser tube down to its

optimum presaure.

Varian 801 Meter Calibration
550

500 —

450 —

400

350

300 —

Varian 801 Readout (mTorr)

250 —

200 —

150 I I I I I I I I I
140 160 180 200 220 240 260 280 300 320 340

Pressure (mTorr)

Figure 2-9. Calibration d the Varian 801 meter reading a Hastings TC gauge.
Optimum tube presaure is 150mTorr, which reads as approximately 180mTorr on
the Varian 801gauge. Thedata oveisfitted to a 2" order polynomia with the
following coefficients: a[0] = 197.3,a[1] =-1.141,3[2] = 6.64410°.
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Pumping the laser tube is very risky, and grea care must be taken to insure
the purity of the Kr is not compromised. All tubing must be dean, andal joints
must be vaauum tight. A liquid-nitrogen trapped, dffusion punp system works
espedally well. Dueto the small orificeof the Nupro valve onthe Kr ion laser tube,
overloading the diffusion punp isnot a mncern. Typicaly, it takes approximately
20 minutes to reducethe presaure in the Kr laser tube by 50 mTorr.

The transistor bank serves to regulate the aurrent through the laser tube by
limiti ng the tube voltage. Because of the high currents (~40 Amps) and vdtages
(~500V), the regulating transistors must work in paral e, dividing the voltage and
current between them. The most common fail ure mode of the laser is the shorting of
one or more transistorsin the “Master” or “ Slave” power transistor bank. When this
ocaurs, it is necessary to find the “blown” transistor and replaceit.

Thetest circuit for the “Master” transistor bank is iown in figure 2-10.

47Q
\ — 10V, 1A Power Supply

—* (Should Read 0 A)
DVM % 3Q,1Q

(Should Read 0V)

Figure 2-10. Test circuit for the “Master” and “ Slave” transistor banks. When
testing the “Slave” bank, it isaso necessary to dsconrect the driver transistor. A
properly working transistor bank shoud sink very littl e aurrent, and the voltage drop
over the 3Q (1Q for “Slave”) shoud be negligible.
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Using a~1A current limiti ng power supdy, conred the paositive lead to the
transistor’s colledor, and the groundlead to the 3 Ohm resistor. If the transistor is
blown, the power supdy current shoud read its limiti ng value, and the voltage drop
over the 3 Ohm resistor shoud be the voltage difference between the leads. A
properly working power transistor bank shoud sink very littl e aurrent (~50 mA),
and the voltage drop over the 3 Ohm resistor shoud be 0 Volts.

The procedure for testing the “Slave” transistor bank is very similar to the
abowe procedure. However, it is necessary to first disconnect the small driver
transistor (not shown in block diagram). If you do na disconnect this driver
transistor, the “Slave” bank will sink current even if working properly. After
disconreding the driver transistor, the “Slave” transistor bank can be tested in the

same manner as the “Master” transistor bank (seetest circuit in figure 2-10).
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CHAPTER 3

DATA AND RESULTS

3.1 Kinetic Analysis

The chemical chain processisinitiated by pulsed laser phaolysisof O; at
308 m, thus creaing O(*D) atoms. These excited O(*D) atoms rapidly read with
waterl-3 and hydrogen47 in the flow cdl to yield bah vibrationally “hat” (i.e., v>0)
and“cold’(i.e., v=0) OH radicds. These studies!-3 have shown that the ratio of
OH(v=1) to OH(v=0) resulting from reaction 3.1is approximately 0.40. In addition,
studies* of the OH vibrational distribution resulting from reacion 3.3 fave shown

adistributionin which 8% of the OH popdationisinv=7.

O(*D) + H,O — OH + OH k=2.2x 10"°cm®sec (3.1)
O(D)+H, - OH+H k=1.0x 10*°cm®/sec (3.2
H+0; - OH+ O, k=2.9x 10 cm®/sec (3.3

Thereis also rapid competition to guench or react the O(*D) species with Os (k =2.4
x 10" cm® molealle® s*) or O, (k= 3.2x 10™ cm® moleaules® s?) to yield

groundstate oxygen atoms or molecul es via8-10
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O('D)+0; - 20, k=1.2x 10'°cm®sec (3.4
O('D) + O3 — 0, +20CP) k=1.2x 10*°cm®sec (3.5
O('D) + 0, — 0, +O(CP) k=4.0x 10 cm®/sec (3.6)

Sincethe high-resolution IR laser samples on P(5/2)1 transitions out of OH
(v=0, J=2.5), the early time signals reflea only the fradion d vibrationally “cold”
OH radicals. Rovibrational codling of the “hot” OH species by colli sions with H,0O
and Ar buffer gas rapidly brings the system to room temperature equili bration.
Under typicd flow cdl conditions, rapid quenching of these rovibrationally “hat”
OH radicals, resultsin an esentially “prompt” rise in OH signals probed ou of the
v =0, low N quantum levels, which onamuch longer timescde, reads with Oz to
initi ate the chemicd chain reaction cycle (seefigure 3-1). The key point is that the
OH popdations are equili brated to atemperature distribution on<5 pstime scde,
whichis1 o 2 arders of magnitude faster than the subsequent chain reaction
Kinetics under investigation.

Thus, for the purposes of kinetic analysis, initiation d the dain reaction can
be gproximated simply by prompt generation d [OH]g at t = 0. For typicd XeCl
pulse energies and bean sizes, [OH]p is3 o 4 arders of magnitude smaller than
[O3],which is necessary to ensure apseudo-first-order kinetic regime and
discriminate against radical-radicd termination readions. In thislimit, the relevant

coupded kinetic eguations becme

AOH] = i [OH][O;] + k,[HO,][05] 3.7

22l = | [OH][0;] - k,[HO,][O] (3.9
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OH Production From O(*D) + H,0

@

0.10 4

P H,0 = 0.30 Torr

0.05 4 PO3 =0.40 Torr

0.00 -

% Absorbance

(b) |

P H,0 = 3.9 Torr
PO3 =1.2Torr

I I I I I I I
-10 0 10 20 30 40 50 60 70

Time (us)

Figure 3-1. OH time profil es measured viatime-resolved IR laser absorption onthe
v=10,P(2.51 transition. In a and b,the buffer gas condtions are dhosen to
modify the rate of colli sional relaxation d the OH radicds, which in effect samples
the ealy time scde dynamics for OH production. (a) At the lowest H,O quenching
gas concentrations, thereisa “prompt” component of OH(v=0) absorption die to
rapid readion o O(*D) with H,0, which then rises to roughly twicethis value with
subsequent collisionsin the buffer gas. This nealy 2-fold additional increase in OH
signal refledsthat vibrationally “hot” (i.e., v>0) and “cold” OH(v=0) radicds are
generated in roughly equal numbers, correspondng to “active” and “ spedator” OH
bondsin the O(*D) + H,O readion. (b) For typicd H,O concentrations, however,
this colli sional relaxationistoo rapid to dstinguish these two comporents. The net
effect isaprompt production d colli sionally equili brated OH radicdsonthe 5 ps
time scae, which is much faster than the subsequent OH/HO,/O3 chain readion
kinetics of interest.
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d[OH] , d[HO,] _
& T dt2 =0, (3.9

where the last expresson reflects the negled of any net lossof chain radicd
concentration dwe to slow wall | osses, diffusion ou of beam, etc. Thesekinetic

eguations can be readily solved for [OH](t) and [HO,](t) to yield

[OH](t) - Ky @ Kina [Os]t +L (3.10
[OH], ki +k; K+ ks
[HO,I(t) — ky @_e_kind[o3]t), (3.1)

[OH], Kk +k,
where the dfedive thain induction rate and steady-state concentrations of OH

radicd and steady-state rate of chain propagation are given by

King = Ky + Ky (3.12
- k2
(OH, =[OH, 2 (3.13
k, k
k=K g1 (3.14

Equation (3.10 for the time dependence of [OH] ill ustrates sveral

important points. First of al, [OH](t) startsinitially at [OH]o and undrgoes sngle-

exporential decay to anoreero baseline value of [OH]., =[OH], % , witha
1 2

chain “induction” time nstant Ting = { kina [O3]} . Thisinduction time nstant
reflects the time required for OH and HO; radicals to come into stealy state, and
therefore is controll ed by the magnitude of both chain propagation steps.
Consequently, any kinetic analysis of this exporentia time dependence yields the
sum of the two pseudo-first-order propagation rate constants, k; andk,. Thisis

different from previous kinetic analyses'1-13 of OH + Os readion rates, which
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negled the slower seaond chain step and ascribe the observed time dependence
entirely to Uting=ki[O3]. Sewmndy, the OH decaysto anonzero value at t >> Tjnqg
due to chain regeneration d OH from the secondary HO, + O3 readion. This also
differs from previous analyses of OH + O3 kinetics, which treat the OH signal as a
single exporential decay down to [OH]ss= 0 and ascribe this time constant to the
first step in the dhain readion sequence. Sample dhain readion data supporting this
more complete kinetic analysis are presented in figure 3-2, where the water and

0zone reagent concentrations are listed in the figure caption.

OH
0104 O

OH+0O, ¥ - HO, + O,
HO, + O, 0% ~ OH+20,

0.08 -

Tind

0.06 -

0.04 -

% IR Absorbance

0.02

0.00 s

-1 0 1 2 3 4 5
Time (msec)

Figure 3-2. Typicd OH absorbancedata. Thefast initial decay signalsthe
“induction” of the dhain readion, foll owed by a much slower decay from the steady
state “propagation” regime to chain termination pocesses. The fast decay is
determined by the sum of the two chain rate cnstants, whereastheratio o fast- to
slow-decay comporents refleds theration d the two chain rate wnstants. For this
data, [O3]) =1.95Torr, [H2O] =5.22Torr, [Ar] =19 Torr, and the excimer pulse
energy is 0.5mJ/cm? per pulse.
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As predicted, the data unambiguously demonstrates sngle exporential decay from
[OH]o to afinite [OH]ss plateau, which in turn decays on a much longer time scale
(tdecay = 10ms) due to a ombination o nonlinear chain termination and dffusion
out of the probe laser IR beam volume. Though this scondary decay is due to
chain termination and therefore nat predicted by the smple chain moded, it can be
easily treded by including irreversible (i.e., norrchain readion sustaining) loss
processes for OH and HO,, as presented below.

If we ssume first-order, irreversible lossmedanisms for OH and HO,

radicds, the relevant kinetic equations are modified to become

AOH] = i [OH][O4] + k,[HO,][O4] - KSV[OHI, (3.19
A2 = | [OH][0,] - k,[HO,][0;] - kHC2[HO,] (3.16
dIOH] ;. AIHO:] — O OH] - KHO2[HO,] (3.17

Efficient propagation accurs when irreversible lossof OH and HO, is slow, and thus
the dhain readionis sustained for many cycles. Thisiskineticdly equivalent to
saying that the OH/HO; ratio is maintained in a steady-state ratio ko/k;, even as both
chain radical spedes are eventually consumed irreversibly. Inthis smplifying limit

of ki, kit 92 << king, equations (3.15-3.17) can be solved to yield

[OH](t) — kl e_kind [Os]t + k2 e_klermt (3 la
[OH], ki +k; k +k, . .

This now correctly predicts a double-exporential decay in the OH signal, with the
faster chain induction comporent given by ki,qg and a slower chain termination

comporent given by
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OH HO,
— kirr k2 + kirr k1

term — k1+k2 k1+k2 '

(3.19

It isinteresting to nae from equation 3.18that the chain termination rate reflects a
sum of both OH and HO,, lossrates, but now weighted by the fradional steady-state
concentrations of each radicd. As aresult, these OH/HO,/O3 chains can still
propagate quite dficiently even in the presence of relatively fast irreversible
removal processes for OH, due simply to the fact that the overall concentration o
chainradicals (i.e.,, [OH] + [HO,]) is“stored” asthe lessreadive HO, radicd. Note
also that thismodel predicts the ratio of ki/k, to be determined by the relative
amplitudes of the fast- and slow-decay comporents badk extrapolatedtot = 0.
Finally, the total number of chain cyclesistypicaly dominated by the long time

propagation kehavior, which can be foundby integration o equation (3.18) to yield

N _ Korop __ kik[G4] (3.20

cycles ™ OH HO, |, °
kterm irr k2 +kirr kl

In summary, the dowve kinetic analysis makes threepredictions. (1) Inthe
limit of efficient chain propagation and slow chain termination processes, doube-
exporential time dependence of the OH chain radicals is anticipated. (2) A plot of
the fast decay rate vs [O3] will yield aslope of {k; + ko} (i.e., the sum of the two
chain propagation reactionrate cnstants). (3) Theratio of badk extrapolated
comporents for fast (induction) and slow (termination) decays yields ki/k; (i.e., the
ratio of the two chain propagationrate mnstants). A table of relevant reactions

occurring in the flow cdl are presented in table 3-1.
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Readion K[298K] Reference
(cm¥/seq)

O(D)+H, - OH+H 1.0x 10™° 14
O(*D) + H0 - OH(v=1) + OH(v=0) 2.2x 10" 2
o(D)+0, - 0O+0, 4.0x 10 14
O(D)+0; - 20, 1.2x 10%° 14
O(D)+03 - 0,+20 1.2x 10%° 14
H+ O3 - OH(v<9) + O, 2.9x 10" 47
OH(v=1) + H,O — OH(v=0) + H,O 1.4x 10" 15
OH(v=1) + H, — OH(v=0) + H, 1.0x 10% 16

OH(v=1) + O, — OH(v=0) + O, 1.3x 10" 1718
OH(v=2) + Ar - OH(v=1) + Ar <1.0x 10 19

OH(v=2) + O3 - HO, + O, 1.9x 10" 2021
OH+ 03 » HO, + O, 8.2x 10 13
HO,+ 03 - OH+20; 2.1x 10" 22
HO,+0O - OH+ O, 5.9x 10* 14
OH+0O - O,+H 3.3x 10 14
0;+0 - 20, 8.0x 10 14
OH+OH - H,0+0 1.9x 10 14
OH + HO, - H,0 + O, 1.1x10%° 14
HO, + HO, — products 1.7x10% 14
OH+H, -~ H,O+H 6.7x 10" 14

Table 3-1. Reactions occurring in the flow cell andtheir respedive rate @nstants.

3.2 Room Temperature Results

To oltain the desired kinetic rate information, time-resolved IR absorption
traces for lossof OH radicd after excimer laser initi ation are obtained for awide
variety of experimental condtions. To verify that the kinetic results are
guantitatively reliable, these experiments have been exhaustively repeaed for =140

different cdl presaures, bufer gases, flow rates, phdolysis energies, and ower a100-
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fold dynamic range of ozone ancentrations. An abbreviated li st of the experimental

condtionsis sammarized in table 3-2.

No. of L aser H, H,O Total [O4] King (10
Data Energy  Pressre  presare Pressure x 10 cm/seq)
Runs  (mJcm?  (Torr) (Torr) (Torr) moleaules/cm®

pulse’®)
19 7.5 0 5.0 45.0 0.097 -9.46 8.2(8)
21 43 0 6.6 34,9 0.25-7.56 8.7(8)
6 5.0 0 53 29.7 0.13-1.16 9.2(9)
21 49 0 4.0 24.6 0.20 -6.45 8.3(8)
21 2.8 0 1.3 425 047 -7.62 9.1(9)
20 1.6 0 3.3 234 0.42 —-6.69 8.7(8)
12 2.4 0 6.0 16.7 0.50 -4.59 11.0(11)
19 26 0 125 434 0.095— 452 8.0(8)
10 0.5 0 3.7 26.0 0.25-2.00 8.6(9)
23 0.4 0 3.8 28.0 0.50 -3.95 8.3(8)
21 0.5 0 31 230 0.45 -3.95 8.6(9)
18 0.5 0 3.7 27.0 0.60 —4.05 9.3(9)
14 05 0 3.6 220 073 -2.41 9.4(9)
12 0.5 1.4 0.4 26.0 0.19-4.00 9.2(9)
8 0.5 0 0.6 18.0 0.85-841 8.7(9)
22 0.5 120 3.0 25.0 0.94 -6.52 8.7(9)
10 0.5 8.3 1.2 23.0 0.57 -6.34 8.3(9)
8 0.5 10.0 2.8 22.0 1.02 -5.00 8.7(9)
10 0.5 6.7 3.3 175 0.73 -6.50 9.9(10)
15 0.5 0 0.5 25.0 1.00 -6.87 10.0(10)

Table 3-2. Experimental conditions for room temperature determination d king.

A more complete discusson d these various experimental chedks is deferred urtil
later in this dion. Eadh OH radical timetrace is then fitted to the doulde
exporential deay form predicted in equation (3.18 using nonlinea least-squares
routines to extrad king, kiem andtheratio of the fast- and slow-decay components.
Sample-fitted data are shown in figure 3-2, which indicate the high signal-to-noise

(S/N) quality and small residuals obtained from the least-squares-fitting procedure.
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From equation (3.20), these experimental condtions suppat over 20 complete
chain cycles (i.e., more than 40moleaules of O3 are destroyed for each OH radicd
generated phaolytically). The dhain induction rate cmmporent (king) has been
plotted vs ozone mncentrationin figure 3-3.

From alinear least-square anaysis, the slope of thisfit (i.e., theinduction
rate mnstant) at 298K is king = ki + ko = 8.89) x 10 cm® moleaule® s* , with an
intercept which is negligible within urcertainty. It is worth stressng that these data
reflect the results of =200 separate kinetic measurements, taken at over a 50-fold
dynamic range in laser pulse energies and cdl presaures, aswell as over a100fold
dynamic rangein [Os].

Though such chain readion kinetics have been present in previous
experimental studies, the dfects require relatively high S/N to seeunambiguously.
Furthermore, detection d the steady state chain regime is enhanced by the higher
0zone cncentrations accessble to the present IR method, which is able to make the
initial decay rapid with resped to radicd-radicd chain termination processes and
diffusion ou of the probe beam. Thisisthefirst kinetic study of the OH/HO,/O5
readion system that takes chain propagation effeds expli citly into acount, and
which therefore reports the sum of the two chain rate anstants (i.e., king = k1 + k).
By way of contrast, previous kinetic analyses have gproximated the lossof OH asa

single-exporential function d time and report avalue for k; alone.



Decay Rate vs O; Concentration
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Figure 3-3. Stern-Volmer analysis of decay time vs 0zone ancentration at 298K
for various different experimental condtions. The slope represents the sum of the
two chain rate onstants, king = ki + ko = 8.890) x 10** cm® moleaule® sec®. This
datarefleds =200 dfferent sets of independent experimental condtions taken over
several months, covering (i) a 10-fold range of excimer laser intensities (0.5 - 7.5
mJcm?), (i) 3-fold range of total cell presaure (16.7 — 45.0Torr), and (jii ) a 100
fold range of [O3] (9.7 x 10* and 9.5x 10" moleaules/cm®).
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From the previous edion, it isclea that thisisnot rigorously corred; for the
OH/HO,/O3 chain readion system, however, the magnitude of k isthought to be
only <5% of k;, which explains why the seacond decay comporent would orly be
evident at high S/N in the previous gudies. In the aurrent studies, this doulde-
exporential behavior is evident in al kinetic traces andis explicitly included in the
kinetic analyses. Thus for consistency, the present results for kinq shoud be
compared with the ealier values reported for k; from previous gudies that presumed
apurely single-exporential decay.

These results are in agreanent with the previous room temperature RF
studies of Ravishankara et a., 13 who report arate mnstant of 8.2x 10** cm®
moleaule’ s* . To make this more explicit, we have replotted the Ravishankara &
al. datal3 ontop o the arrent data (see inset regionin Figure 3-3), which indicates
anealy quantitative overlap bu also urder-scores the =10-20 fold larger range of

0zone concentrations that have been investigated viathe IR laser absorption method.

Reseacher King[298K]
(x 10 cm®¥/seq)
Andersont! 55+15
Kurylol2 6.5+ 0.5
Ravishankaral3 8.2+ 0.4
Smith?23 7.5+0.2
Reammmended 6.8
Vauel4
Thiswork 8.8+ 0.90

Table 3-3. Room temperature rate constants for king.

Asindicaed in table 3-3, thereis arelatively broad range of rate values
reported in the literaturel 11323, our datais most consistent with the Ravishankara &

al. valuel3, verified over amuch larger dynamic range of [Os]. Of particular
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importance, the presently determined value for king is>20% higher than oltained

from the k; and k, values recommended for use in atmospheric modeli ng.14

3.3 Systematic Checks

As additional confirmation d these results, the measurements have been
repeaed under avariety of diagnaostic test condtions. Thefirst isto assessfor any
eff ects due to norinea radical-radica kinetics, which one can systematicdly check
by varying the laser power. The ladk of any dependence on excimer laser power is
displayed in figure 3-4, which indicae no change in the reported vaue of kg over a

fador of 50in laser pulse energy.

Rate Constant vs Laser Energy

12

é%)O
&
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Figure 3-4. Room temperature rate onstant as afunction o excimer energy.



41

For comparison, most of the experiments reported in figure 3-3 are conduwcted with
laser energy of <1 mJ/ cm? at atypical ozone @ncentration o 10*° moleaules/cm? .
This corresponds to an initial OH radicd concentration d =1 x 102 moleaules/cm?®
anda[OH]o/[O4] ratio of =1 x 10“ . Thislow ratio of radicd to Oz concentrations
ensures first-order kinetics and dscriminates against contributions from even gas
kinetic radicd-radical readions sich as OH + HO, onthe time scde of chain
reagioninduction period.

A seondissueto addressis the degreeof thermal equili bration d the OH
radicd. As noted by Ravishankara d a.,13 this can be particularly important in the
OH/HO,/O3 chain readion system due to acceleration d the OH + O3 chain step by
OH vibrational excitation?4. To eliminate these interferences, the flow cel mixture
contains high concentrations of H,O, which is an extremely efficient quencher of
vibrationally as well asrotationally excited OH radicd. This can betested in several
ways. First of all, this degreeof internal state relaxationis confirmed in figure 3-1,
which indicaes the excdlent temporal separation between fast OH rovibrational
relaxation and the much slower removal of OH by chain reaction with Os.
Seoondy, since the IR probe laser is quantum state spedfic, we can monitor the
chain kinetics on dfferent rotational levels, which indicate no dfference within
experimental uncertainty. Furthermore, these kinetic measurements have been
repeaed for avariety of buffer gases (Ar, SFs, N2 and O,) and cdl presaures. As
displayed in figure 3-5 the observed rates are remarkably insensitive to bufer gas

conditions over the full range of data represented in figure 3-3.



42

Rate Constant vs Buffer Gas Pressure
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Figure 3-5. Room temperature rate onstant as afunction d buffer gas presaure.

3.4 Temperature Dependent Results

It isour goal to more fully understand the OH/HO,/O; kinetics, espedally at
atmospheric temperatures. Theregion d the amosphere where this chain readionis
most important has an average temperature of approximately 200K. For this
reason, it isimportant to the scientific community to have reliable kinetic data &
these temperatures. Using ou flash kinetic laser apparatus, in conjunction with the
temperature ontrolled flow cdl, we ae aleto olserve the OH/HO,/O; kinetics at
various temperatures. Figure 3-7 presents the Stern-Volmer anaysis for selected
temperatures, whil e table 3-4 contains the experimental condtions and king for these

measurements.
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Figure 3-6. Stern-Volmer analysis of the decay time (king) VS 0zOne cncentration at
four temperatures. 334K, 314K, 273K, and 240K.

Temp. P[H20] P[H2] Tota P King
(K) (Torr) (Torr) (Torr) (x 10 cm®¥/seq)

3342) 4.3 0 25 14.614)
3141) 4.3 0 22 10.911)
29502) 06-120 0-6 16 — 42 8.9490)
287(1) 25 10 22 8.2483)
2731) 25 10 22 6.5265)
266(2) 0.3 10-15  20-25 6.2062)
2531) 0.3 1.0-15 25 5.1652)
2502) 0.3 1-6 25 4.60(46)
2402) 0.3 1-6 23 3.9940)

Table 3-4. Typica condtions and kinq @ various temperatures.
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In order to determine the temperature-dependence of the rate constant for the
OH/O;3 chain reaction, an Arrhenius expressonis utilized. The Arrhenius form for
atemperature dependant rate constant is as follows:

K(T) = Ae &=/T, (3.21)
where A isthe Arrhenius pre-exporential fador, and Eac; isthe Arrhenius adivation
energy for thereadion. Using thisanalysis, it iscommonto plot the rate constant,
k, asafunction d /T onasemi-log graph. If the readion conformsto the
Arrhenius expresson, thiswill yield astraight line with aslope wrrespondng to the
Arrhenius activation energy and an intercept correspondng to the pre-exporential
fador. Theresult of thisanalysisis shown in figure 3-8, with the foll owing

Arrhenius parameters:

em® O ) (1030+ 50)K
k (T =12.93%%) x10™ ex . 3.2
ind ( ) DSGCE ( 0.38) T(K) E ( Z’

Previous dudies concerning the OH/O3/HO, chain reaction have been
reported in the literature. For purpases of comparison, we have included these
previously determined rate anstantsin figure 3-8. It is apparent that agreement is
within experimental error at low temperatures. However, at temperatures above 300
K, ou values are onsistently greaer than those reported. Although the Arrhenius
fit isquite goodin this temperature window, our Arrhenius parameters are higher

than those previously determined.
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Figure 3-7. Arrhenius Plot for the induction decay rate, king. Circles (¢) represent

our data, triangles (A\) are from Smith et al.23, diamonds (¢) are from Ravishankara
et al.13, and squares([) are from Kurylo!2,

Reseacher King[298K] A-Fador E/R
(x 10 cm®/seq) (cm®/seq) (K)
Andersonll 55+1.5 1.3x 10 960
Kurylol2 6.5+ 0.5 -- --
Ravishankaral3 8.2+ 0.4 (1.82+0.30 x 10 930+ 50
Smith23 75+0.2 (1.52+0.10 x 10 890+ 60
Recmmended 6.8 1.6x 10" 940+ 300
Valuel4
This work 8.8+ 0.90 (2.93+0.40 x 10" 1030+ 50

Table 3-5. Comparison d king With previously determined values.
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It isworth speculating what these diff erences might be due to. The quantity most
crucial to these rate constant determinations is the ozone number density. Inan
effort to minimize systematic erors, we use an in situ measurement of ozone
density by absorption d the 308 nm phatolysis light. However, the acuracy of this
measurement is limited to the acarracy of the known cross gdionandits
temperature dependence In addition, when determining the Arrhenius parameters
of the readion, the values are quite sensiti ve to the temperature of the reactants.
Obviously, any systematic erors in temperature measurement would lead to a
discrepancy. Inthis gudy, the temperature of the gas was measured dredly in two
placesin the cell: the middle and the far end. The agreement between these
measurements are within 0.5 C. In addition, we monitored the temperature of the
circulating fluid, which would consistently be ~2° C colder than the gas temperature
during low temperature data runs and ~1° C higher than the gas temperature during
high temperature dataruns. The thermocoupes used in this investigation were
cdibrated with a mercury thermometer between 0 and 106 C and foundto be

acarateto 0.5%.

3.5 ku/king Determination at Room Temperature

The determination d k, has proven to be more difficult. As presented
abowe, theinformation needed to calculate k; is contained in the longtimetail of the
OH decay curve. By comparing equation (3.21) with equation (3.18), ore finds that
theratio o the back extrapolated intensitiesis equal to ko/king. Hence, in order to

extrad both k; and ky, one must measure both the decay rate and the intensity
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information. Unfortunately, intensity informationis the most prone to systematic
and experimental errors. In arder to reducethese erors, a series of measurements
were taken where special attention was paid to the determination d theratio of
ko/king. The result of these measurements (shown in figure 3-4) is ky/king = 0.0432).
These measurements were taken at 295K only, and we are aurrently working to

extend these measurements to lower temperatures.

0.10
e 4.7TorrHy0
A 52Torr H50
m 24Torr H50
Average
0.08 A
0.06 -
_~<E u .
= A " nf o ° °
Ady o
4 ] o—
0.04 ~ ® A
A A L)
A o
A
0.02 4
0.00 v T v T v T v T T T v
0 200 400 600 800 1000 1200

[0.] (x 10" molec cm™®)

Figure 3-8. ky/king measurement at 295K. From this analysis, we calculate an
average valueto be 0.0432).

Thisvalue can be compared with ather, previous measurements of k; and ky. Sinha
et al.22 report ako/k; value of 0.0263) , which is consistent with the value of

0.0293) value of Zahniser and Howard?5. As presented in the previous dions, it
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is appropriate to compare our ky/king to the previously measured values of ky/k;. Our
value, however, is roughly 60% higher than these previous measurements. An

explanation for this discrepancy is currently being pursued in ou laboratory.

3.6 Breaking the 240 K Barrier

Extending the kinetic measurements below 240K isnaot an easy task. At
temperatures below 240K, the vapor presaure of water becomes negligible, and the
only source for OH atomsis through the readion o O(*D) with H..
O(D)+H, - OH+H (3.23
Thisreation proceads at a gas-kinetic ratel4 (1.0x 10*° cm*/sec) to form OH
(v=0). However, the product H atom can react with azonein the cdl to form
vibrationally excited OH47.
H+ O3 - OH(V< 9) + O, (3.24
The branching ratio of the &ove readion hes been studied by Charters et a .4, and
more recently by Ohoyama et al.6. Ohoyama € al. has shown that 80% of the
nascent vibrational distribution d OH isin v= 7. Withou H,O present in the cdl to
rapidly quench the vibrationally excited OH into its groundstate, its presence serves
to severely compli cate the kinetics. First of al, the rate of OH(v>7) and Oz istwo
orders of magnitude faster21 than the rate of groundstate OH. In addition, the
collisional relaxation d OH(v=1) by the Ar buffer gas will | engthen theinitial OH
rise time by two orders of magnitude. A plot of sample data where H, isthe only
preaursor is sown in figure 3-10. Onewill naticetheinitial emission signal at time

t =0, signifying apopdationinversion with resped to the upper state, namely OH
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(v=1,J=1.5. Thisemissonsignal isfollowed by an extremely slow rise (t ~ 0.5
msec), which eventually turns aroundto form an exporential decay. This decay
terminates to a greatly exaggerated off set, a mnsequence of the quickly generated

HO, product from OH(v=9) and Os.

0.15

0.10 ~

o©
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a
Il

0.00 vty
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-0.10 ‘ T ‘ T T T T ‘ ‘ ‘ ‘ T ‘ ‘ ‘ T T T T
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Time (msec)

Figure 3-9. Typicd OH absorption data when H, is used as the sole preaursor.

This dataistaken onthe OH v=0, P(2.51 transition. Noticethe initia emisson
signa, indicaing an initial popudationinversion. The slow risetimeisindicdive of
the deaeased timescale for vibrational and rotational relaxation. The cndtions for
thisdataisasfollows: [Hy] =12.0Torr, [O3] =0.30Torr, [Ar] =17 Torr, XeCl
laser energy = 0.5mJ/pulse.

However, it is gill possbleto extrad theinitial exporential decy and
observe how the inductionrate, kind, varies with respect to azone mncentrationin

theflow cdl. Theresults of thisanalysisis shown in figure 3-11.
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Temp. P[H-0] P[H2] Tota P ind

(K) (Torr) (Torr) (Torr) (x 10 cm®¥/seq)
2302) 0 13 30 239489
22002) 0 12 28 2.0240)
2102) 0 13 30 1.4429)
200(2) 0 12 29 0.77(15)

Table 3-6. Experimental conditions and results of OH + Oz kinetic data taken below

240K using H; as the sole preaursor.
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Figure 3-10. Arrhenius plot comparing datawith and without H,O present in the
flow cdl. Thedeaeasein rate constant when H; is used as the sole preaursor is
obviousinthedata. A possble explanation for this discrepancy isareadion
involving H, and Mibrationally excited OH.

It isobvious that a sharp break occursin the Arrhenius plot at temperatures

below 240K. It isimportant to investigate posshble explanations for these values
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and dcetermine how much, if at al, the rate wnstant, king, is changed when H; isthe
only precursor present in the cdl. Ravishankara g al.13 report adeaeasein the
readion rate when H, isthe only precursor is present, which is consistent with the
observations made in this gudy. Ravishankara d a. attribute the slower decay rate
to a dhain readioninvalving vibrationally excited OH and H,, which re-forms
vibrationally excited OH:
OH (v=1) + H, - H,O +H (3.25)
H + O3 — OH(v<9) + O, (3.29
The &owve reaction scheme is only adive when the time scale for OH (v=1)
reading with H; is lessthan the time scd e for OH(v=1) relaxation into OH(v=0).
Spencer et al.26 have studied reaction (3.25 and concluded that the rate constant for
the reaction d OH(v=1,2) + H, is <1 x 10* cm%sec, whil e the rate mnstants for
relaxation d OH(v=1,2) are =1 x 10** cm®*sec(seetable 3.1). When we mnsider
the high concentrations of H; in the cél, which dictate the time scale for the
OH(v=1) + H, readion, it very passble that this chain will play arolein
complicating the OH + Oz kinetics. In order for this chain to be negligible under the
condtions of this experiment, the rate of readion 3.25must be <1 x 10*° cm®/sec
Therefore, if the rate cnstant of readion 3.25is between 1x 10" and 1x 10
cm®/sec then we would exped complicaions due to the chain readion presented

abowe.

3.7 Conclusion

The primary thrust of thiswork has been to determine the temperature

dependant rate mnstant of ozone depleting chain readioninvolving OH and HO,,
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by utili zing dired infrared absorption. A pseudofirst order kinetic analysisis
presented which corredly predicts the OH time dependence to be doude
exporential, with an initial exporential comporent determined by the sum of the
two chain rate constants (i.e. king = ky + k). Furthermore, this chain “induction”
fedure decays to anorzero OH concentration in the steady-state dhain propagation
regime, which is also confirmed by experimental results. Thisanaysis differsfrom
the previous LIF/RF studies of OH + O3, which neglect chain eff ects due to the HO,
+ Oz readionandtred thelossof OH asasingle exporential decy to zero
determined orly by k;. Our data analysis yields avaue for king which is confirmed
over amuch higher dynamic range of ozone concentrations than previously

aacessble by LIF and RF methodks.



53

References for Chapter 3

10

11

12

13

14

15

P. H. Wine and A. R. Ravishankara, Chem. Phys. 69, 365(1982.

J. E. Butler, L. D. Talley, G. K. Smith, and M. C. Lin, J. Chem. Phys. 74,
4501(1981).

J. A. Davidson, H. I. Schiff, T. J. Brown, and C. J. Howard, J. Chem. Phys.
69, 4277(1979.

P. E. Charters, R. G. Maadonald, and J. C. Polanyi, Appl. Opt. 10, 1747
(2971.

J. H.Lee J. V. Michad, W. A. Payne, and L. J. Stief, J. Chem. Phys. 69,
350(1979.

H. Ohoyama, T. Kasai, Y. Yoshimura, H. Kimura, and K. Kuwata, Chem.
Phys. Lett. 118, 263(1985.

B. J. Finlayson-Pittsand T. E. Kleindienst, J. Chem. Phys. 74, 5643(1981).

J. E. Davenpat, B. Ridley, H. I. Schiff, and K. H. Welge, J. Chem. Soc.
Faraday Disc. 53, 230(1972.

L.C. Lee andT. G. Slanger, J. Chem. Phys. 69, 4053(1978).

G. E. Streit, C. J. Howard, A. L. Schmeltekopf, J. A. Davidson,and H. 1.
Schiff, J. Chem. Phys. 65, 4761(1976.

J. G. Anderson and F. Kaufman, Chem. Phys. Lett. 19, 483(1973.
M. J. Kurylo, Chem. Phys. Lett. 23, 467(1973.

A. R. Ravishankara, P. H. Wine, and A. O. Langford, J. Chem. Phys. 70, 984
(2979.

W. B. DeMore, S. P. Sander, D. M. Golden, R. F. Hampson, M. J. Kurylo,
C. J. Howard, A. R. Ravishankara, C. E. Kolb,and M. J. Molina, (Jet
Propusion Laboratory, Pasedena, 1999.

G. P. Glass H. Endo,and B. K. Chaturvedi, J. Chem. Phys. 77, 5450(1982.



16

17

18

19

20

21

22

23

24

25

26

54

G. C. Light and J. H. Matsumoto, Chem. Phys. Lett. 58, 578(1978.

J. A.Dodd,S. J. Lipson,and W. A. M. Blumberg, J. Chem. Phys. 95, 5752
(199)).

K. J. Rensberger, J. B. Jeffries, and D. R. Crosley, J. Chem. Phys. 90, 2174
(1989.

K. N. Rensberger, J. B. Jeffries, and D. R. Crosley, J. Chem. Phys. 90, 2174
(1988.

A. E. Potter, R. N. Coltharp, and S. D. Worley, J. Chem. Phys. 54, 992
(2970.

R. N. Coltharp, S. D. Worley, and A. E. Potter, Appl. Opt. 10, 1786(1971).
A. Sinha, E. R. Lovegoy, and C. J. Howard, J. Chem. Phys. 87, 2122(1987).

C. A. Smith,L. T. Molina, J. J. Lamb, and M. J. Moalina, Int. J. Chem. Kin.
16, 42(1984).

G. E. Streit and H. S. Johrston, J. Chem. Phys. 64, 95 (1976.
M. S. Zahniser and C. J. Howard, J. Chem. Phys. 73, 1620(1980.

J. E. Spencer, H. Endo,and G. P. Glass 16th (International) Sympolium on
Combustion, 829(1976.



CHAPTER 4

F+ H; REACTIVE SCATTERING

4.1 Introduction

Ever sincethe pioneaing work of Polanyi and co-workers on atom + diatom
reacdive mlli sion dynamics,!-3 there has been an intense interest in readive
scateringonF + H, — HF(v, J) + H from the chemicd physics community.4 The
reasons for strong theoretical interest in this fundamental chemicd readionare
reaily appredated. First of all, the F + H, system is an excdl ent prototype of alow
barrier exothermic chemicd reaction, yet small enough in total eledron number and
nuclea degrees of freedom to be tradable viahigh level abinitio cdculations. This
has led to the development of several potential energy surfaces,>10 which has
fadlit ated detail ed classcd,1112and quasi-classcd1315studies of the F + H,
readion dynamics, aswell as prediction d electron energy distributions from [FH;]
phao detachment studies.1617 Most importantly, there have been breakthroughsin
three @om quantum readive scatering that make feasible anumericdly exact

treament of the reaction dynamics for a given adiabatic potential surfacel’-21 Asa
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result, F + H, has evolved to become the “benchmark” chemical readion system
with which to compare experiment against theory at afully rigorous level.

Thistheoreticd interest has been stimulated by correspondng experimental
efforts. Arrested relaxation methods of Polanyi and co-workers were first used to
probe the HF(v, J) rotational distributions vialow presaure FTIR
chemiluminescence methods.! Dueto long residencetimesin the FTIR detedion
region, hawever, substantial colli sional redistribution d the nascent HF product
could occur; thus, “nascent” rovibrational distributions were estimated by
extrapolation to the zero presaure limit. Crossed moleaular beam methods by bath
Lee and co-workers at Berkeley22-24 and Toennies and co-workers at Goettingen2>
27 have been used to investigate the differential readive scattering of F + H, and
isotropic variants for a series of center-of-masscolli sion energies. Dueto limited
energy resolution in these time-of-flight studies, however, only vibrational product
levels could be resolved, with limited information onHF rotational distributions
inferred from contour analysis. There has recently been areport from the Keil
group of a measurement based onHF chemicd laser excitation and bolometric
detedion that provides angularly resolved reactive scattering information onasingle
HF product quantum state.28

The thrust of this chapter isto report anew IR laser based methodfor
obtaining nascent product state distributions from F + H, under single allision
condtions. Our approach isbased onthe foll owing combination: i) A pulsed
supersonic discharge sourceof F atomsis colli ded with a second pused jet source

of H, moleaules under sufficiently low densities to ensure single wllision,
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moleaular beam conditions; i) the product HF(v, J) is probed in the intersection
region by high sensitivity dired absorption d asingle mode tunable IR laser; and
i) asafunction d laser tuning, these spectral datayield Dopper limited
absorbance profil es on reactively scatered product HF(v, J)with complete
resolution d final vibratior/rotation quantum state. A complete description d the
experimental methodand results will be presented el sewhere;29this communicaion
focuses on the highest vibrational manifold [i.e., HF(v=3, J)] that is energeticdly
aacessble & 1.8(2) kcd/mol center of masscolli sion energy, Ecom .

Such results provide the first oppatunity for afully rigorous comparison
with exad quantum theoreticd predictions of readive scattering by Castill 0 and
Manadopouos?! onthe lowest adiabatic F + H, paential energy surface of Stark and
Werner.10 The ayreament is foundto be reasonably good, bt theory substantially
under predicts the high J rotational distributions nea the energetic upper limit.
These data provide indicaions that nonadiabatic channels invalving both ground
F(°P3,) and spin orbit excited F (°Py,) atoms may be participating in the readion

dynamics.

4.2 Experiment

The experimental apparatus for state-to-state reactive scattering of F + H, is
based onamodification o our earlier apparatus for state-to-state inelastic
scatering, andis depicted schematicaly in figure 4-1. A pulsed dscharge is used to
generate high densities of F atoms upstrean of the limiti ng expansion aifice (800
um diameter) of an axisymmetric super-sonic jet. The stagnation gasis5% F, in He

obtained from a commercial excimer laser gas premix. The dischargeis gruck by
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negatively biasing the orifice with respect to the valve body by = 600 V, which
resultsin 35mA currents dabili zed by a5 kQ ball ast resistor in series with the
discharge. Pulsed timing circuits are used to confine the discharge to a200 s
window nea the peek of the full gas pulse (800us). The H, supersonic jet is
formed through a 200 um diameter pinhde with a piezoeledric acuator based on

the design of Proch and Trickl.30

Quantum state-resolved reactive scattering
via direct IR laser absorption

pulsed F atom
discharge source
(» 200us)

- -600 V

pulsed H source
(» 200us)

\J
InSb Detector ; |

Single mode IR laser

Figure 4-1. Schematic diagram of the aossed jet direct absorption readive
scatering experiment. Fluorine @oms produced in adischarge pulsed jet expansion
areinterseded at a 90° angle 4.5 cm downstream with a pulse of supersonicaly
cooled H,. Tunable single mode IR laser light is multi-passed perpendicular to the
collision dane and probes HF(v, J) products by direct absorption.
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The olumn integrated number density of H; in the intersedionregionis
diredly cdibrated in a separate experiment by dopng CH, into the stagnation gases
at =1% level, and then monitoring direct IR absorption onthe vz CH stretch
absorption band. Boltzmann analysis of the CH, rotational distribution estimates the
rotational temperature of the H, reagent to be <30K. Even at 100K, H; iscoded
esentialy completely down into its lowest nuclea spin al owed states, namely j=1
(ortho) and j=0 (para) in a3:1 ratio, with thefirst excited para (j =2) and ortho (j =3)
states down 106 to 1000fold.

Thejetsintersed 4.5cm downstream of the nozzles, where for atypicd 200
Torr H, badking presaure, the F atoms have areadion probabili ty of only =2%.
Thus the probabili ty of secondary inelastic oolli sions of the readion products can be
negleded, as explicitly verified by H, stagnation presaure studies. The temporal
evolution d both gas pulsesis monitored with miniature hearing aid microphanes
mournted inside the vaauum chamber on trandational stages; time delay studies of
the gas pulses are used to measure the velocity distributions for each beam. The H,
and F atom beam velocities are 2.47(13) x 10° cm/s and 1.457) x 10° cm/s,
respedively, which for the right angle olli son geometry translates into Eqom
=1.8(2) kcal/mol. The 0.2 kecd/mol uncertainty arises predominantly from the finite
sprea in colli sionangles and is experimentally determined from Dopper profiles
and Monte Carlo modeling. This energy width is more than threefold small er than
the rotational energy spaang between J = 4 and 5,and thus has anegligible effea

onthe product state distributions. The center-of-masscolli sion energy is esentially



60

egual to the 1.84 kcd/mol value used in previous quantum cdculations of Castill o
and Mandopouos, which forms the basis of all comparisonwith theory in this
chapter. The HF(v, J) readion products are probed by dired absorption d asingle
mode alor center laser that is multi-passed 16times through the intersedion region
inacylindricd Herriot cdl.31 Absorption measurements are performed onthe Av =
+1 fundamental HF band, and measure popuation differences between the upper
and lower levels. Shat-naise limited absorption sensitivity is achieved by a
combination of i) dual beam differential detedion onmatched InSb detectors and
i) eledro-optic servo loop control of the mlor center laser intensity. All HF product
signals are monitored onAv = +1 P or R branch transiti ons, the frequencies for
which are well determined and measured with atraveling wave meter of the Hall
and Leedesign.32 This yields realily detectable HF signals at 10° absorbance

levels, which translate into sensiti vities of <1 x 10° /cm®/quantum state.

4.3 Results and Analysis

For each rotationally resolved transition, the time resolved HF signals are
captured by atransient digiti zer, integrated over the pulse duration, and stored on
computer as afunction d laser detuning. Sample results for J-dependent absorption
signalsin the HF(v = 3,J) manifold are shown in figure 4-2, demonstrating velocity
resolved Dopper profiles for the nascent HF product. Sincethisis a wherent
absorption measurement, the HF(v = 3,J) signalsrigorously refled popuation
differences between the upper and lower rovibrational states. However, HF (v = 4,
J=0) isenergetically inaccessble to bah Fand F at Ecom= 1.8(2) kcad/mol; thus the

v=4 - 3 signasinfigure 4.2 refled pure ésorbancedue solely to ogticd excitation
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out of the HF(v = 3, J) manifold. These dsolute absorbances are rigorously
converted33 to absolute popuation densiti es per unit velocity subgroupby the IR

li nestrengths experimentally measured by Setser and co-workers from
chemiluminescence studies.34 We restrict our focus in this paper on state resolved
integral scatering cross ctions obtained by integrating over all Dopper velocity
comporents, thisyields the asolute column integrated popdationsi.e.,

moleaules’cm?) for agiven final J state over the region sampled by the probe laser

bean.33
J-RESOLVED HF(v=3) PRODUCT STATES
R(1)
0.12 R(2)
R(0)
S 0.08 - R(3)
@
o
o
3
<
$ 0.04 -
R(4)
R(5)
0.00 - MMMM
002 0 002
IR Detuning (cml)

Figure 4-2. Sample asorption signals from HF(v=3) produced by readive
scatering of F atomswith H,. Nascent popuationisevident in al Jlevelsupto the
energetic limit for the 1.8(2) kcal/mol center of masscaolli sion energy.
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4.4 Comparison with Theory

The highest level theoreticd studies doneto date onthe F + Hy(j ) system
have been the quantum readive scattering cal culations performed by Castill o and
Manadopouos,2twhich predict differential and integral cross €ctionsinto given
HF(v, J) states on the lowest adiabatic potential surface of Stark and Werner.10
These differential cross dions can be related to the experimentally observed
column integrated popuations by center-of-massto lab frame transformation.
However, the resulting flux-to-concentration transformation ketween integral cross
sedions and popuiations for the airrent scatering geometry, kinematic mass
combinations and energetics provesto be essentially independent of J. Thusto a
very goodapproximationwe can dredly compare the experimental column
integrated popuations with the theoretical integral cross ®dions, averaged over
thel:3 nuwclea spin distribution d | =0 (para) andj =1 (ortho) H, inthejet. This
comparisonis sown in figure 4-3, where the mlumn integrated popuations have
been scded to the integral cross £dioninto J = 1. Overall the agreement between
experiment and theory is quite good,with general trendsin the experimental data
well reproduced by theory. Agreement for the lower J valuesis espedally
quantitative, cgpturing the rise from J = 0 to nealy equivalent popuations
experimentally seenin J =1 and 2. Given that these results are based onfully ab
initio cdculations and exad quantum scatering codes, this level of agreement
servesto confirm the reli abili ty of the Stark and Werner potential surface for this
“bench-mark” atom + diatom readion system. However, there ae dso substantial

discrepancies between these theoretical predictions and experiment at higher J
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values. Spedficaly, theory systematicdly under-predicts the popuationsin J > 3,
by fadorsthat grealy exceeal the experimental uncertainty of the measurements.
Indedd, the J = 3 experimental values are nearly two-fold larger than theoretically
predicted, whil e this factor grows to nealy six-fold for J = 4. Thiseffed is most
dramaticin J =5, which is an energetically closed channel onthe Stark and Werner
surfacei.e., the integral cross ®ction vanishes, whereas experimental signals clealy
exist out to J=5. Note that thisis not plausibly due to finite resolution, sincethe
energy difference between J = 4 and 5is more than threefold greaer than

experimental width in Ecom .

HF(v=3) NASCENT ROTATIONAL DISTRIBUTION

—e— Experiment 1.8(3) kcal/mol
—&— SW surface 1.84 kcal/mol

POPULATION SCALED TO J=1

Figure 4-3. Nascent rotationa distributionfor F+ H2 — HF(v =3) + H at Ecom =
1.8(2) kcd/mol (circles) compared to full quantum reactive scatering cdculations
(squares) by Castill o and Mandopouos at 1.84 kcd/mol onthe lowest adiabatic
surface of Stark and Werner. Note the substantial underprediction o popuationsin
J=3.
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Asafina comment, it isworth speaulating onwhat the high J discrepancies
between experiment and theory might be due to. The quantum reactive scatering
cdculations of Castill o and Mandopouos are “exad” for readions onagiven
adiabatic potential surface thus the simplest interpretation would be that these high
J discrepancies may reflect deficienciesin Stark and Werner’ s lowest adiabatic
surface in the barrier region. Alternatively, it is possble that the F + H; reactions do
nat take place &clusively onthe single lowest adiabatic patentia surface though
this has been explicitly assuumed in al F + H, quantum reactive scatering
cdculationsthus far. If nonadiabatic effeds are important, then one would also
anticipate ntributions to reactive scatering from low lying spin orbit excited
F'(°Py,) atoms also present in the jet. Given the 1.16 kcd/mol (404cm™) spin orbit
splitti ng between F and F, thiswould help explain the excesspopuation
experimentally observed in J > 3. The intriguing posshili ty of nonadiabatic F + H,
readion pathways can be tested experimentally by lowering the center-of-mass
colli sion energy below the energetic threshald for forming a specific HF(v, J)
product state from the purely adiabatic F + H,readion channel. These and aher

threshold studies are aurrently being pursued in ou laboratory.
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APFENDIX A

PROGRAMMING THE DSPTRANSIENT DIGITIZER/AVERAGING MEMORY

The DSPTedhndogy, Inc. MODEL 200]ASisa100MHz, 8-bit analog to
digital converter. Conreded to the 2001ASisthe MODEL 410l1averaging
memory. These units are powered by a CAMAC crate and are controll ed through
the CC-488GPIB crate mntroller. The 2001AS and 4101can orly be wntrolled
through the CC-488 via computer. Hence successul operation o the DSPmodues
requires an in-depth understanding of the various CAMAC and GPIB codes.

When working with the DSPsystem, be avare: THERE ARE MISTAKESIN
THE MANUALS These various mistakes have impeded my progressmany times,
and whenever possble, | have noted the mistake. However, | have not used every
asped of the DSPsystem, so | canna attest to the truth of every aspect of every
manual. One very important error isthe 200JAS — 4101conrector pinout. The

correct pinou islocaed in table A-1.
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2001AS | 4101 Function Description
Pin# Pin #

9 17 TRIG Generator: 4101. Signalsthe 200LASto
begin digitizing.

10 19 EOC Generator: 2001AS. Digitizing is
complete and summation can begin.
Remains high urtil RST is generated by
the 4101. (20 ns pulse width)

22 18 MEMINC Generator: 4101. Advances the memory

(or CNTADD) | of the2001ASto the next locaion. (80 ns
pulse width)

23 20 RST (or EOR) | Generator: 4101. Sweep is complete and
2001AS can gather more data. (80ns
pulse width)

17 8 BIT7 Most significant bit from 2001AS.

4 I BIT6 --

16 6 BIT5 --

3 5 BIT 4 --

15 4 BIT 3 --

2 3 BIT 2 --

14 2 BIT1 --

1 1 BITO Least significant bit from 2001AS.

25 -- CLK (1MHz) | 1 MHzclock from 2001AS

24 -- GND 200JAS ground

Table A-1. Pin assgnments for the 2000AS — 4101linterface

Controlli ng the DSPsystem requires afairly good undrstanding of the
GPIB interface. The particular GPIB card in use & the time of thiswriting is made
by National Instruments. It is padkaged with libraries for virtually every language
andisvery well documented. The mde segments contained in this chapter are
written in Microsoft Visual Basicv. 5.0. The computer used is a Pentium-75
running Windows 95. The DSPsystem is completely unaware of the spedfics of
the computer attached to the other end, so most of the information contained here

will be gplicableto any user of the DSP.
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All communicaion between the computer and the various DSPcomporents
are dore viathe crate controller, in this case the CC-488which can transfer 321
KBytes of data per seaond,as siown in figure A-1. In order to communicate to any
of the unitsin the aate, you must send the gpropriate adesto the aate controller.
The aate controll er then relays those mdes to the appropriate device. The codes
spedfic to aparticular device ae given in the respective instruction manual, bu all

the ades have a ommonform.

CC-488 Data Transfer Rate
60

50 ~

N
o
1

Record Size (KB)
w
o

20 Slope = 321 KB/sec

10

0 T T T o T T T T T T T T T
0.05 0.10 0.15 0.20 0.25

Time (sec)

Figure A-1. Thedatatransfer rate for the CC-488 CAMAC GPIB contoller. The
slope of the dbowvelineis 321kBytes/sec

A.1 Reading Parameters from the DSP

Actions performed ona DSPcomporent fall i nto two categories. realing

andwriting. In order to read a parameter on a cmponent requires three
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comporents. (1) an‘N’ code, (2) an‘A’ code, and (3) an ‘F code. The ‘N’ code
merely refers to the position d the particular comporent in the aate. For example,
the 4101averaging memory isin slot 24, so aread command sent to the 4101 must
begin with 24. The‘F code and ‘A’ code together refer to a specific function d the
comporent. Tablesof ‘F codesand‘A’ codes are given in the manual. For
example, to read the modue ID for the 4101,you would need to enter A(O)F(3), or
Ointhe‘A’ codeplace and 3inthe‘F codeplace Oncethese mdes are sent to the
crate controller, the controller relays these ades to the proper modue. The modue
then returns the requested value, which the aontroll er intercepts and relays to the
compuier.

Communication between the DSPand the computer is dore via 8-bit binary
codes. These 8-bit binary codes are most commonly thought of as the ASCII

character set, as hown in table A-2.



’

0 32 [space]l64 @ |96 128 - 160 [space] [192 A |224 a
1 33 ! 65 A |97 a 129 - 161 193 A 225 a
2 34 " 66 B |98 b 130 - 162 ¢ 194 A |226 a
3 35 # 67 C |99 ¢ |131 - 163 £ 195 A 227 &
4 36 % 68 D |100 d 132 - 164 «© 196 A 228 a
5 37 % 69 E J101 e 133 - 165 ¥ 197 A 229 &
6 38 & 70 F Jo2 f 134 - 166 | 198 A |230 e
7 - 39 71 G J103 g 135 - 167 8§ 199 C 231 ¢
8 ** MO ( 72 H J104 h 136 - 168 -~ 200 E |232 e
9 ** M1 ) 73 1 J105 i 137 - J169 © 201 E |233 ¢
10 ** J42 = 74 J J106 | 138 - 170 @ 202 E |234 e
1 - 43+ 75 K |107 k 139 - 171 « 203 E 235 ¢
12 - 44 76 L 108 | 140 - 172 - 204 1 |236 i
13 ** |45 - 77 M J109 m 141 - 173 - 205 1 |237 i
14 - 46 . 78 N J110 n 142 - 174 ® 206 1 238 1
15 - a7 |/ 79 O J111 o 143 - 175 207 1 239 i
16 - 48 0 80 P J112 p |144 - 176 ° 208 B 240 o
17 - 49 1 81 Q |113 g |145 * 177 = 209 N J241 #
118 - 50 2 82 R |114 146 * J178 2 210 O 242 o
19 - 51 3 83 S 115 s 147 - 179 =3 211 O 243 ¢
20 - 52 4 84 T 116 t 148 - 180 - 212 O |244 o
21 - 53 5 85 U 117 u |149 - 181 213 O |245 o
22 - 54 6 86 V 118 v 150 - |182 1 214 O 246 ©
23 - 55 7 87 W 119 w |Ji51 - |183 - 215 x 247 =
24 . 56 8 88 X J120 x 152 - 184 216 @ 248 o
25 - 57 9 89 Y 121 y 153 - |i185 1t 217 U 249 u
26 - 58 90 Z J122 z |54 - 186 ° 218 U 250 1
27 - 59 ; 91 [ |J123 { 155 - 187 » 219 U 251 Q@
28 - 60 < 92 \ 124 | 156 - |188 Y 220 U [252 @
29 . 61 = 93 ] |125 } 157 - 189 ¥ 221 Y 253 vy
30 - 62 > 94 ~ 126 ~ 158 - J190 % 222 b 254 b
31 - 63 2 95 _ 127 - 159 - 191 223 B 255 ¥

Table A-2. The ASCII character set. The dharacters denated by (-) do nd have a
visual representation. Asterisks (**) represent control characters, such asthe
cariagereturn (ASCII code 13).
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Therefore, when the ‘N’ code “24” is snt, one doesn’t sendthe digits 2 and 4, bu
the ASCII equivalent of 24 which doesn’'t have avisual representation (binary
00011000. The controller expedsthree éght bit streansin successon. These
streams are identified by the order recaved, whichisthe ‘N’ code, ‘A’ codeand‘F
code, respedively. Thereturn valueis astream of oneto three bytes, which must be
reassembled into the rrect integer return code. The foll owing piece of code

gueries the modue ID of the 4101averaging memory which islocaed in slot 24:

Model_Number = CrateRead (24,0,3) ‘Calls  CrateRead Function
Print  Model_Number ‘Prints 4101
Private Function CrateRead (NCode As Long, ACode As Long,

FCode As Long) As Long
Dim NumResult (3) As Integer
Dim i As Integer

NCode$ = Chr( Ncode)
ACode$ = Chr( Acode)
FCode$ = Chr( Fcode)

ReturnBuffer$ = Space(3) ‘Allocate Space

WriteString$ = Space(3) ‘for Buffers

WriteString$ = NCode$ & ACode$ & FCode$ '‘Concatenate all the
strings

Call ibwrt (DSPLocation%, WriteBuffer$)  ‘Send string to DSP

Call ibrd (DSPLocation%, ReturnBuffer$) ‘ Retrive string from DSP

For i=1To3 ‘Convert the string from DSP to integers
NumResult (i) = Asc(Mid( ReturnBuffer$, i, 1))

Next i

CrateRead =0
For i=1To3
CrateRead = CrateRead + NumResult (i) *2 " (( i-1)*8)
Next i ‘Put the integers together
‘ to form one integer

End Function
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Theibwrt () andibrd() functions are functions defined by the driver software for
the particular GPIB cad currently used in the lab. The functionstake astring o
ASCII charaders and send them as their binary equivaents over the GPIB line.
Obviously the number ‘4101 canna be expressed by the DSPsystem asasingle 8
bit number, so the aate wntroller bregks up the number into three8 hit streams and
sends them in the order of least significant byte to most significant byte. In order to
read the result in a cnvenient way, the bytes must be reassembled to form the
expeded integer. If we were to examine eab of the bytes from the DSP, we would
seethe following: 00000101 00010000 000 000@ich are the numbers 5, 16,
and 0,respectively. Noting that the small est byte isfirst, the result is given by:
result =5 + (16*2°%) + (0 * 2*%) = 4096+ 5 = 4101,

which isthe model number for the averaging memory.

A.2 Writing Parameters to the DSP

Writing a parameter to a DSPcomponrent isvery similar to reading
parameters. The write codes contain the familiar ‘N’, *A’, and‘F codes, with the
addition d another three-byte word knowvn asthe ‘W’ code. Again, al these ades
must be oonwverted to their ASCII-character equivaent before being sent. The
foll owing example demonstrates changing the number of averagesonthe 4101. The
4101is programmed to stop summing when the number of sweeps reaties 65536.
In order to oltain a number of averages lessthan 65536,you must set the initi al
value of the sweep register to 65536n, where n isthe desired number of averages,
or sweeps. For the purpaoses of this example, the number of desired averages will be

5.
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AverageNumber = 5
WCode = 65536-AverageNumber
Result=  CrateWrite (24,0,17,Wcode)

If Result = 0 then

Print “Success!”
Else

Print “Failure!”
End if

Private Function CrateWrite ( Ncode as long, Acode as long,
Fcode as long, Wcode as long) As Integer

Dim Wdata3 As Integer
Dim Wdata2 As Integer
Dim Wdatal As Integer

On Error GoTo Errorhandler

WriteString$ = Space(3)
WriteString2$ = Space(3)

'‘Breaks the WCode into three bytes
Wdata3 = Int (WCode/2 " 16)
Wdata2 = Int (WCode/2"8)-Wdata3*2"8

Wdatal = Int (WCode) - Wdata3*2 " 16 - Wdata2 *2" 8

NCode$ = Chr( NCode) ‘Create Function Code to
ACode$ = Chr(ACode) ‘send to DSP
FCode$ = Chr(FCode)

WriteString$ = Space(3) ‘Allocate space for buffers

WriteString2$ = Space(3)

WriteString$ = NCode$ & ACode$ & FCode$ ‘Concatenate the
* strings

WriteString2$ = Chr(Wdatal) & Chr(Wdata2) & Chr(Wdata3)

Call ibwrt (DSPLocation%, WriteString$)  'Send the function
codes
Call ibwrt (DSPLocation%, WriteString2$) 'Send the Write code

CrateWrite =0
Exit Function

Errorhandler:
CrateWrite = -1

End Function

It isimportant to nde the size of the integers being written to the DSP. In
this case, the integer sizeis 65531 ,which isanumber too large for the integer data

typeto hdd. Therefore, it is necessary to work with 4-byte integers or the long data
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type (seetable A-3). In addition, it isagain important to bregk upthe long integer

into a 3-byte word in the order of least significant byte to most significant byte.

Data Type Size Range
Byte 1 byte 0to 255
Boolean 2 bytes True or False
Integer 2 bytes -32,768t0 32,767
Long 4 bytes -2,147/483,64810 2,147,483647
(longinteger)
Single 4 bytes -3.40283E38 to -1.401298E-45 for negative
(single-predsion floating-point) values; 1.401208E-45to 3.402823E38 for
positive values
Double 8 bytes -1.7978313486232E308 to -
(double-predsion floating-point) 4.9406564584124 7E-324 for negative val ues;
4.94065645841247E-324 to
1.79769313486232E308for positive values
Currency 8 bytes -922,337,203,685,477.5808 to
(scded integer) 922,337,203685,477.5807
Dedmal 14 bytes +/-79,228162,514,264,337,593,543,950,335
with no dedmal point;
+/-7.922816251426433 759343950335 with
28 dacesto theright of the dedmal; small est
non-zero number is +/-
0.0000000000000000000000000001
Date 8 bytes January 1, 100to Decenber 31, 9999
Objea 4 hytes Any Objed reference
String 10 bytes + 0 to approximately 2 hilli on
(variable-length) string
length

Table A-3. Data Types and sizes.
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A.3 Block Transfer

Thereisaspeda mode for the transfer of entire traces. The block transfer
modeis very similar to the read mode, but instead of sending asingle 3 byte word,
the antroll er sends a stream of 3 byte words representing every point in the trace
These streams are intercepted by the GPIB software and stored as astring. The
largest trace that can be stored by the digiti zer/memory combinationis 32768 dita
points (32K). Each pant is represented by a 3 byte word which resultsin a string
that is at most 98304byteslong. In arder to real the data, the software must loop
through the string and combine every three bytesinto a single long integer and store
that integer in an array. Eadh element in that array must then be divided by the
number of sweeps made by the averaging memory in order to yield the true average
of the data. The foll owing code demonstrates initi ating the block transfer command

to the 4101andinterpreting the results.

Private Sub BlockTransfer  ( NCode as long, FCode as long,
ACode as long, RecLength as long, AverageNum as long)

Dim Length As Long
Dim result(1 To 3) As Long

Buffer$ = Space(3*  ReclLength) ‘Allocate e nough space
WriteString$ = Space(3) ‘for buffers

NCode$ = Chr( NCode) ‘create ASCII character
ACode$ = Chr(ACode) ‘representations

FCode$ = Chr(FCode)

WriteString$ = NCode$ & ACode$ & FCode$

Call ibwrt (DSPLocation%, WriteString$) ‘Send the command
Call ibrd (DSPLocation%, Buffer$) ‘Receive the data

Length= ReclLength * 3
ReDim Data( RecLength) ‘Dimension the data array
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k=0

For i=1 To Length Step 3
result(1) = Asc(Mid( Buffer$, i, 1))
result(2) = Asc(Mid( Buffer$, i+1,1))
result(3) = Asc(Mid( Buffer$, i+2,1))

‘Convert the array to integers---------------------
Datal(k) = result(1) + (result(2) * 256) +
(result(3) * 65536)

‘Convert the integers to Volts
Datal(k) = ((Datal(k) / AverageNum) — 129) / 493

k=k+1
Next i

End Sub

A.4 Setting up the Digitizer/Averaging Memory

The power on state of the DSPsystem is nat suitable for taking data. Thereare a
few key variables that must beinitialized. A system initialization flow chart is
contained in figure A-2. Setting up the 200LA S digiti zer requires ®nding asingle
11-bit integer. The value of thisinteger determines the number of pretrigger
samples, record length, and sampling interval. Table A-4 containsthe crred bit
paositions for ead parameter. It isimportant to make sure the record length for the

4101andthe 2001AS are set to the same value.
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Parameter

Vaue

Bit Position

11]10]9[8[7]6[5[4[3][2]1
PreTrig |0 ~ [ -]=[=]-]-1=[=JoJo]o
Samples | 1/8 -~ === =]T=]=J]olo1
2/8 ~ == =]=]=T=]=Jof1]o0
3/8 ==l == =]=]=Jol1]1
4/8 ~ = === =1=]=]1Jo]o0
5/8 ==l === ]=]=J1]o0]1
6/8 ~ == =]=]=T=]=]1l17]o0
7/8 - e === =]11]1
Reord | 256 ~ == =Trlo1][~]—-1-
Length  |512 = =]=[=]1Jolo|[~[—-]-
1024 == =Jo 11~~~
2048 ==l =[=Jol1lo[—~]—-]-
4096 = =]=]=TJoJola[-]—-]-
8192 =l =]=[=TJoJolo[—~]-]-
16384 === =]l o[~-]—-]-
32768 NN
Sampling | 10rs ~ [ =JoJofo[-]=[=[-=]-1-
Interval | 20rs [ =Jolo 1 [ |=[=[=[-1-
50rs [ =Jolalo[-|=[=[=]-1-
100rs [ =Jo a1 [ - =[=]=[-1-
20015 =Tl olo [ -|=[=[=]-T-
50015 =il o 1=~~~
1000rs =l o[ ===~
ExtCk | - | - |11 1]~ |~ |~-|=]=]-=
Local 1 - [~ == -1T-1T=1-1-1T-
Remote O | - | =] =]-=]-=]-=]-=]-=1]-=1-=-

Table A-4. Bit pasitions for the setup parameters for the 2001AS.



4101: Enable LAM
F(26) A(0)

4101: Setup Memory
F(16) A(2) W(0)

4

4101: Disable Averaging
F(24) A(1)

4

4101 Set Record Length
F(17) A(0) W(##)

4

2001AS: Setup up Digitizer
F(16) A(0) W(##)

4

4101: Set Number of
Averages
F(17) A(0) W(##)

4101: Reset
F(9) A(0)

2001AS: Reset
F(9) A(0)

4

DSP system ready to
take data
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Figure A-2. Flow chart outlining the procedure for initiaizing the 41072001AS
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A.5 Using the Digitizer/Averaging Memory

Using the 2001AS/4101combinationisfairly straight forward, bu there ae
afew caveats. First of al, the signa inpu for the 2001AS hasa50 olm inpu
impedance. Also, the inpu dynamic range for the 2001ASis 0.5 vdts. Thereis
included onthe 2001AS atrimpot labeled “ Off set Adjust” which all ows the user to
move the 0.5 vdt input range éou 0.0 vdts. Currently, the off set adjust is st to
0.25 vadts, which al ows the 200JAS to accept voltages between —0.25 vdts and
0.25 vdts. Any voltages outside the range of the 2001AS are dipped.

The 2001ASisan &hit digiti zer which means the inpu voltage can take any
integer value between 0 and 255. Converting these values back into vdtage
requires knowledge of two parameters: the off set and the voltage step size. The
off set is easily changed onthe front panel of the 2001AS, bu the step sizeis built
into the analog to dgital circuitry of the 2001AS. Currently, the off set adjust is st
to 0.25 vdts or adigita value of 129. Thisimpliesthat agrounded inpu will
output adigital value of 129 avaue of —0.25 vdtswill yield adigital value of O;
and avalue of 0.25 vdtswill yield adigital value of 255. A plot of voltage vs
digital value for anumber of pointsis contained in figure A-3. The numbers from
this plot have been included in the software to convert the digital value to avoltage
value using the foll owing equation:

Voltage= dlgltal_anbe_rl— 129
493volts
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2001AS/4101 Voltage Calibration

240

220 4

200

Digital Number
=
]

160 -
Intercept = 129

Slope = 0.493 mV-!

140 +

120 T T T T
0 50 100 150 200

Voltage (mV)

Figure A-3. Voltage cdibration dot for the 4101. The aove line has an intercept
of 129and aslope of 493 vdts™.

Be aware that the 4101does nat divide the values in its memory by the
number of sweeps. Inthat resped, it isnot arigorous averager , bu instead orly a

summer. It isupto the user to dvide the result by the number of sweeps aayuired.

A.6 The Scanner 1.0 Program

Scanner 1.0isthefirst program written to take alvantage of the ailiti es of
the 2001AS/4101combination. A line by line explanation d the mde is beyondthe
scope of thisthesis, but abrief overview of the dgorithms and equationsinvolved is
appropriate. The program is designed to be agraphical, user-friendy gated
integrator and frequency controll er to the F-Center laser in B214. The software uses

the DSPsystem for the aquisition d the transient absorbance signals and uses an
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inexpensive National Instruments A-D/D-A card for the aguisition d various other
DC voltages and laser frequency control. The software displays the ésorbance
signal, the TAC signal from a scanning fabry-perot etalon,andthe IR DC power .
The program uses a gated integration technique for gathering data & each
frequency. The user is able to choose the pasition and width of two gates, one that
includes baseline and the other that includes the transient absorbance signal. The
software sums the points in each gate and cdculates the difference That diff erence
can be compared to the IR DC level to yield an absorbance value. A flow chart

containing the dgorithm for the primary data taking loopis contained in figure A-4.



Set up
environment
for taking
data

Redimension
arrays

v

Reset DSP
(ready for next

trigger)

4

Read TAC, IR DC
level

«——
Y

No

DSP finished
averaging?

Yes

v

Get data in
baseline gate
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Sum data in Get data in signal .| Sum data in signal
baseline gate gate gate
Calculate
absorbance

"Stop" button
pushed?

Yes

Exit data taking
routine

Figure A-4. Flow chart outlining the data taking subroutine in Scanner 1.0.

Step F-Center
laser

Plot data on screen
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There ae afew notable features abou the loop contained in figure A-4.
First of all, ony the data within the gates is transferred from the DSP. This reduces
the anoun of data transferred and increases the speed at which data can be taken.

Sewndy, the eguation for cdculating the ésorbanceis as foll ows:

A=—In SignalSum-BaseSum 1
GateWidthx Gainx DCLevel

where Gain isthetotal gain of the subtracted signal and DCLevel isthe anourt of
IR light (in vdts) onthe referencedetedor. Thisequationisvalid aslong asthe
signa gate and the baseline gate ae of the same size, which isarequirement in this
particular version d Scanner.

Scanner 1.0 saves the data and parametersto abinary file. This savesdisk
space adfile accesstime. However, working with binary files requires forehand
knowledge of the order and type of variablesin thefile. Thefollowingisasection

of the subroutine that saves the binary file.

Open FileName For Binary As #3

Put#3 ,, Index ‘Number of data points (integer)
Put#3 ,, PreTrig ‘DSP pre-trigger samples (integer)
Put#3 ,, Samplinterval ‘DSP sampling interval (integer)
Put#3 ,, ReclLength ‘DSP record length (long integer)
Put#3 ,, Data ‘Data structure that holds all data
Close #3

The data structure Data has the foll owing format:

Type DataRecord

SignalData () As Single ‘Subtracted signal (Volts)
Absorbance() As Single ‘Calculated Absorbance
IRData () As Single ‘IR DC level (Volts)
TACdata () As Single ‘TAC data (Volts)

Average As Integer ‘Number of averages

Index As Long ‘Number of data points
FrequencyStep As Integer ‘F-Center Step size

Gain() As Single ‘Reported Gain at each point

SigGatel As Long ‘Index of start of signal gate



SigGate2 As Long
BaseGatel As Long
basegate2 As Long
GateWidth As Long
XScale As Long
Frequency() As Single

Frequencylndex As Long
FrequencyMarker () As Long

End Type

9(

‘Index of end of signal gate

‘Index of start of baseline gate

‘Index of end of baseline gate

‘Width of signal and bas eline gate
‘Scanner 1.0 horizontal zoom factor
‘Frequency of each point

‘Number of frequency markers in scan
‘Location of frequency markers

The sizes of eat datatype ae givenin table A-3.

In order to rea the binary fil e into ancther program, the programmer must

make a ompatible data structure to the one shown above. The adual data names

areirrelevant, bu the sizes of each variable and array are crucial. Next, ore must

open the proper file and real thefirst four integers (the last of whichisalong

integer). Now, thefile @an beread into the wmpatible structure. Thefollowing is

an example of aroutine that correctly reads a Scanner 1.0file:

'‘Scanner 1.0 Type Definition----------

Type ScannerlData

SignalData () As Single

Absorbance() As Single
IRData () As Single
TACdata () As Single
Average As Integer
Index As Long

FrequencyStep  As Integer

Gain() As Single
SigGatel As Long
SigGate2 As Long
BaseGatel As Long
BaseGate2 As Long
GateWidth As Long
XScale AslLong
Frequency() As Single

Frequencylndex  As Long
FrequencyMarker () As Long

End Type

'Dimension Some Local Variables----

Dim Scnl As ScannerlData



Dim PreTrig As Integer
Dim Samplnterval As Integer
Dim ReclLength As Long

'Open file for read- only ,binary  acces------

Open FileName For Binary Access Read As #1

'Get some initial data parameters---------

Get #1 ,, Index

Get#1 ,, PreTrig
Get#1 ,, Samplinterval
Get#1 ,, ReclLength

'Get Majority of data---------------------
Get#1 ,, Scnl

'Close File---------
Close #1
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