yme. ey rre
wera sty deg

© AGENCY USZ ONLY [cedvé Dianx 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
June 1998 Final, March 1995-March 1998
a. TITLE AND SUBTITLE ' - S. FUNDING NUMBERS
. . . . PE - 61102F
Wide Temperature Range Kinetics of Plume Reactions PR - 2308
SA - AS
8. AUTHOR(S; G - F49620-95-1-0258

Arthur Fontijn

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) §. PERFORMING ORGANIZATION
REPORT NUMBER

Rensselaer Polytechnic Institute
High-Temperature Reaction Kinetics Laboratory
The Isermann Department of Chemical Engineering
Troy, NY 12180-3590

S DS,

S SPONSORING  MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING MONITORING
AGENCY REPORT NUMBER
AFOSR/NA

110 Duncan Avenue, Suite BI115
Bolling AFB, DC 20332-0001

0960618 043

122, DISTRIBUTION / AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

Approved for public release; distribution
is unlimited

13. ABSTRACT (Maximum 200 words)

The kinetics of reactions leading to the CO(AIII-Xlz) Fourth Positive vacuum ultraviolet emission is
studied for incorporation in plume radiation models. A fast-flow reactor and a high-temperature, pseudo-static,
photochemistry reactor have been used. Experiments with the former on the O + C2H3 reaction have shown that

L]

the intensity of the CO(d3A-a3I'I) Triplet bands decreases with increasing pressure. This is in accord with the
proposed mechanism for CO(AII'I) formation, by collision-induced curve crossing from CO triplet states.

Experiments in the pseudo-static reactor have confirmed the increase of the CO(AIH -XIZ) chemiluminescence
intensity with pressure, as indicated by this mechanism, but show a decrease in the intensity of the emission

when the C2 + O2 reaction is investigated instead. This indicates a direct CO(AIII) formation in the latter
reaction, which leads to more intense vuv emission and may be a more important reaction for rocket exhausts.
As the first step toward obtaining the absolute light intensities and chemiluminescence efficiencies for the C2 +

O3 reaction, its vuv emission is used to obtain its overall rate coefficients, k(300-976 K) = 1.8x10'1 lexp(-451

K/T) cm3 molecule'ls'l. These values are in excellent agreement with earlier experiments, where the C2
consumption rate coefficients were measured instead. ~

14. SUBJECT TERMS ' 15, NUMBER OF PAGES
Rocket plumes, uv radiation, chemiluminescence, Reactions, 23
16. PRICE CODE
CZHZ’ o, CZ’ O2
17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION | 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABS.TR.ACT .
Unclassified Unclassified Unclassified UL

NSN 7540-0°-280-5500

cangarc rorm 298 fRev 2-29




TABLE OF CONTENTS

Page
Research Objectives 1
Results and Publications 1
Presentations and Significant Interactions 2
Theses 3
Professional Personnel 3
References 3
Appendix A | ff 4

Arthur Fontijn, Mai Y. Randall, Abdellatif Goumri, and Paul E. Brock II,
"Comparison of Mechanisms Leading to CO Fourth Positive System
Vacuum Ultraviolet Chemiluminescence", AIAA Paper 98-3538.

Appendix B
A. Fontijn, "Wide-Temperature Range Observations on Reactions of
Metal Atoms and Small Radicals", in High Temperature Materials
Chemistry, K.E. Spear, Ed., The Electrochemical Society, Inc., Pennington, NJ,
Proceedings Volume 97-39, 1997, pp. 617-628.

DTIC QUALITY INSPECTED 1




RESEARCH OBJECTIVES

Optical detectors on satellites are used to observe missiles during their launch,
ascent, and reentry phases. In principle, radiation from rocket plumes could be used
to identify the type of fuel used on an incoming missile. However, insufficient
information is available to allow developing models for quantitatively predicting uv
plume signatures. Knowledge of rate coefficients and light yields of chemiluminescent
reactions as functions of pressure and temperature is required. In the present work
we have begun to provide these. In general, the target reactions are those of rocket
exhaust species, such as CH, CHp, CoHj, C2, Al, and AIC] with atmospheric reactants,
mainly O and O3, as well as with HpO. These are studied using our unique reactors of
the HTFFR (high-temperature fast-flow reactor) and HTP (high-temperature
photochemistry) types. In particular we have concentrated on the CO (AI-X1Z)
vacuum ultraviolet (vuv) emissions from the O + CaHj; and C; + O reactions.

Additionally, further work on metallic species reactions has been performed.

RESULTS AND PUBLICATIONS

The major experimental set-up, the experiments and the results from the Cz and
C,H, chemiluminescence work have been described in detail in a recent publication:
Arthur Fontijn, Mai Y. Randall, Abdellatif Goumri, and Paul E. Brock II,

"Comparison of Mechanisms Leading to CO Fourth Positive System Vacuum
Ultraviolet Chemiluminescence'", AIAA Paper 98-3538.

This paper is attached as Appendix A. A major conclusion from this work is
that the Co + O reaction, which had only been studied in passing by previous
investigators, is a more likely major contributor to plume vuv emissions than the
more widely studied O + CzH.z reaction. This conclusion corroborates one Dr. H.G.
Wolfhard and I came to a few years ago in analyzing a series of plumel and other
flame2-4 data, i.e. that the Cp radical plays a major role in the production of many of
the chemiluminescence emission features associated with the combustion of organic
fuels. In current studies we are further investigating the Cz + Oz chemiluminescence.

Reactions of metallic species, particularly Al and its compounds, lead to plume




chemiluminescenceS and fluorescence®. Under a parallel AASERT grant’ we have
studied reactions of such species. The detailed publications on that work will be
discussed in the final report on that grant. An overview paper has also been
prepared:
A. Fontijn, "Wide-Temperature Range Observations on Reactions of
Metal Atoms and Small Radicals", in High Temperature Materials
Chemistry, K.E. Spear, Ed., The Electrochemical Society, Inc.,
Pennington, NJ, Proceedings Volume 97-39, 1997, pp. 617-628.
This paper is attached as Appendix B.. It will also appear in a collection of the
invited papers of the Ninth International Conference on High Temperature Materials

Chemistry, in Pure and Applied Chemistry.

PRESENTATIONS AND SIGNIFICANT INTERACTIONS

Presentations involving our AFOSR work have been given at:

1) Department of Chemistry, Rensselaer Polytechnic Institute, Troy, NY (1995).

ii) Army Research Laboratory, Aberdeen Proving Ground, MD (1995).

iii) AFOSR Contractors Meeting, Regular Sessions, Chicago, IL (1995).

iv) Same meeting, Workshop on Aerothermochemistry of High Altitude Plumes”
(1995).

v) CNRS Laboratory for Photophysics and Molecular Photochemistry, Bordeaux,
France (1995).

vi) Department of Chemistry, Dalhousie University, Halifax, Nova Scotia, Canada
(1996).

vii) AFOSR Contractors Meeting, Hampton University, Hampton, VA (1996).

viii) Department of Chemical Engineering, The University of Connecticut, Storrs, CT
(1996).

ix) Department of Mechanical Engineering, The Ohio State University, Columbus, OH
(1996).

x)  Air Force Phillips Laboratory, Hanscom AFB, MA (1997).

xi)  Ninth International Conference on High-Temperaturé Materials Chemistry,

Pennsylvania State University, State College, PA (1997).




xii) AFOSR Contractors Meeting, San Diego, CA (1997).
xiii) Fourth International Conference on Chemical Kinetics, NIST, Gaithersburg, MD
(1997).
In the course of this work we have had extensive discussions on plume radiation
problems and research with:
Drs. H.G. Wolfhard, and D.A. Levin, IDA, Alexandria, VA.
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Drs. L.S. Bernstein and W.L. Dimpfl, Spectral Sciences, Inc.
Drs. J.W. Rich and V.V. Subramaniam, Mechanical Engineering, Ohio State
University
Dr. E. Murad, Air Force Research Laboratory, Geophysics Directorate.
In addition, we advised Dr. A.A. Viggiano and his group at the Geophysics Directorate
on the design of a high temperature reactor for study of ionospheric effects.
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COMPARISON OF MECHANISMS LEADING TO CO FOURTH POSITIVE
SYSTEM VACUUM ULTRAVIOLET CHEMILUMINESCENCE

Arthur Fontijn*, Mai Y. Randall,? Abdellatif Goumri,$ and Paul E. Brock II
Rensselaer Polytechnic Institute, Troy, NY 12180-3590.

ABSTRACT

The kinetics of reactions leading to the CO(AIH-XIZ) Fourth Positive vacuum ultraviolet emission is studied for
incorporation in plume radiation models. A fast-flow reactor and a high-temperature, pseudo-static, photochemistry reactor

have been used. Experiments with the former on the O + C2H7 reaction have shown that the intensity of the CO(d3A-a3H)

Triplet bands decreases with increasing pressure. This is in accord with the proposed mechanism for CO(AlI'I) formation, by
collision-induced curve crossing from CO triplet states. Experiments in the pseudo-static reactor have confirmed the increase

of the CO(AII'I -XlZ) chemiluminescence intensity with pressure, as indicated by this mechanism, but show a decrease in

the intensity of the emission when the C3 + O reaction is investigated instead. This indicates a direct CO(AlI'I) formation

in the latter reaction, which leads to more intense vuv emission and may be a more important reaction for rocket exhausts.
As the first step toward obtaining the absolute light intensities and chemiluminescence efficiencies for the C + O reaction,

its vuv emission is used to obtain its overall rate coefficients, k(300-976 K) = 1.8x10'l Iexp(-451 K/T) cm3 molecule'ls'l.

These values are in excellent agreement with earlier experiments, where the C2 consumption rate coefficients were measured

instead.
INTRODUCTION

Optical detectors on satellites are used to observe
missiles during their launch, ascent, and reentry phases. In
principle, radiation from rocket plumes could be used to
identify the type of fuel used on an incoming missile.
However, insufficient information is available to
quantitatively predict uv plume signatures. Knowledge of
rate coefficients and light yields from potentially competing
mechanisms is required. We report here on the status of a
program to provide the missing reaction kinetic
information over wide temperature and pressure ranges.

Particularly, the CO(AII'I -XIZ) Fourth Positive (4+)
emission from the O + C2H3 and C2 + O7 reactions are
discussed and compared.

Copyright @ 1998 by Arthur Fontijn, Published by
the American Institute of Aeronautics and Astronautics,
Inc. with permission.
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The O + CpH2 reaction is a rich source of
chemiluminescent emissions and involves two species
present in high-altitude plumes from, respectively, the
atmosphere and the fuel. The spectral distribution of the
main mechanism leading to the CO 4+ emission has been

identified in a number of studies.l'4 The O + C2H2
reaction leads to formation of C20 followed by:

C20+0 - coi3) +Cco )
co)y+Moco@Aalm+M )

Here CO(3) represents triplet states of CO, emissions from
which are also observed from these reactions.z'5 Pressure-

dependencel and time-resolved3 data have shown the
necessity of including step (2). As a corollary, inclusion of
this step indicates that the triplet bands should have the
opposite pressure dependence from the 4+ bands. This
needs to be verified. A schematic presentation of the CO
potential curves and transitions is given in Figure 1. A
more detailed CO diagram showing vibrational levels may
be found in Ref. 6.

One problem with the above scheme is that the maximum
energy available from the O + C2H2 reaction is only 9.8
eV, which is 0.3 eV less than needed for population of the
highest observed vibrational levels. This has been
explained by energy transfer processes, or collisions at the
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tail end of the Boltzmann distribution. However, it is
unlikely that the 9.8 eV reaction energicity remains

available through the series of steps leading to A I
formation. Additional mechanisms need to be considered.
The reaction

C+0+M->CO+M 3)

could supply 11.1 eV, more than is required for the
observed CO(A 'IT) excitation. However, it has been

shown that this reaction can not be important in flame:sl’2
and a three-body reaction could also not be significant at

high altitudes. It has been established that”"5"?

Cox's, B3I + 09(X°x) - 2CO ),

which is 10.84 and 10.92 eV exothermic, for C2(X'Z) and
Cz(a3l'l), respectively, leads to both CO(3) and vuv, i.e.

A]H, emissions. These two states of Cp are close
together, separated by 0.08eV, and rapidly equilibrate in the

presence of 02(X32).10 To form CO(All'I) the energetics
require that the second CO is in the XlZ state. Thus, spin
conservation demands that only C2(a3I'I) is directly

involved in the 4+ emission. whereas both C> states could
form the triplet states. The exothermicity of this reaction
is such that no further assumptions are necessary to explain
the 4+ emissions. This mechanism appears less complex
than that involving reactions (1) and (2), and no third body
is involved. In addition to contributing to the 4+ emission
from reactions (1) and (2) over the whole wavelength range,
reaction (4) could be exclusively responsible for the

formation of the highest vibrational levels of CO(A'TD).
In rocket plumes, C could be present from the rich
combustion in the chamber. Prior to the present work
little was known of the CO 4+ emission from reaction (4).
Assignment of the vuv emission to the 4+ system is
likely, but unconfirmed. There are no reported absolute
light intensity measurements and there was no information
on the influence of pressure and temperature on the
emissions. In the present work we have begun to provide
such information.

Here we report on the influence of pressure on the 4+
and Triplet emissions from O + C2H2. The influence of
pressure on the wavelength integrated vuv emissions from
reaction (4) is compared to that of the O + C2H2 reaction
and the temperature dependent overall rate coefficients of
reaction (4) are measured. Work on the comparison of the
spectral distributions of the respective vuv emissions is in
progress.

CO CHEMILUMINESCENCE FROM THE
O + C2H2 REACTION

Our earlier experiments have shown that the CO 4+ bands
intensity increases with increasing pressure from about 1 to
10 mbar. This is explained by adding reaction (2) to the
mechanism, i.e. by involving a collision-induced crossing

from triplet potential curves.l The resulting depletion of
molecules in triplet states should lead to a decrease in the
intensity of triplet states emission. We have now
performed experiments to check this. The 0 + C2Hy
spectrum is very rich in the region of the triplet state

emissions, where intense CH(AZA-XZH) 430 nm system

and Cz(A3I'I-X3I'I) Swan system emissions are present.
We have chosen to perform these experiments on the

(d3A-a3l'I) “Triplet” system, which can best be
distinguished from these emissions.

The experiments were performed at room temperature
in a Pyrex fast-flow reactor, Figure 2, of very similar
design and operation to that of Ref. 1. Oxygen atoms were
produced by passing 5.00% O2 (Scott Analyzed) in Ar
through a microwave discharge. Downstream, CyH2
(99.6%, Liquid Carbonic) was introduced through a
moveable inlet. Spectral measurements were obtained
using a Minuteman 305-M monochromator equipped with a
Centronic 4283 TIR photomultiplier tube (PMT).

Measurements have been made on the CO(d-a) (8,0),
(7,0), (6,0), (5.0), and (3,0) bands. Figure 3 shows the
spectrum of the former band. Intensity data were obtained
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9.2 x 1014 molecules cm™3, V=6 ms-|.

in two different ways, (i) by subtracting the detector
background, here the intensity of the 492-490 nm range,
and (ii) by subtracting the contours of the underlying CH or
C2 bands. The resulting intensities were plotted against
reaction time at a number of pressures, as shown in Figure
4 for the (8,0) band at 480.7 nm. In these experiments the
pump was throttled, thus decreasing the average gas

5 [ ] i
8 2.0 mbai
w5l 'Y ® 3.3 mbar
= - 4 4.7 mbar
; PN R 4 H v 6.0 mbar
a . ¢ 7.3 mbar
=
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Reaction time, 10 s

Fig. 4: Fast-flow reactor measurements of the intensity of
the CO(d-a, 8-0) emission vs. reaction time, as a
function of pressure. Reactant concentrations as
in Fig. 3.

velocity v, but the reactant concentrations were kept
constant. The [O] was kept constant by shutting the C2H>
flow off, adding a known [NO] and adjusting the microwave
discharge power so that the light intensity of the O+NO —

NO2 + hv reaction was the same at all pressures.“ The
absolute {O] of Figures 3 and 4 was obtained by using the

N + NO — N3 + O titration reaction. 12

The areas under the plots of Figure 4 represent the
time-integrated intensities. A graph of these areas versus
pressure is given in Figure 5. The slope of this plot, dI/dP

is (-8.1i0.4)><10'2 mbar'!. In Table I this is compared to
the slopes from the other bands measured, obtained in the
same fashion. It may be seen that all decrease similarly
with pressure and the results are essentially independent of
the intensity subtraction method used. As a further check
on the reliability of the intensity measurement methods
used, the pressure dependence of the underlying CH and Cp
bands was measured. They were found to be independent of
pressure.

The results are in accord with the reactions (1) and (2)
scheme. Other triplet states could also be involved in the

AII'I population. The CO(d) vibrational levels studied all

represent adequate energies to transfer to the All'I state.
The d, v<3 levels have insufficient energy to cross over to

the AlT1 potential curve, though they could energy-pool
with some third bodies. It would be interesting to
investigate similarly the dI/dP for these lower levels.

The opposite pressure dependence of the Triplet and 4+

bands also indicates that in this reaction system the d3A
and All'I levels are not formed by collision-induced

transitions from a common precursor, such as c0(x‘z, .
v=high).
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Table L. Influence of pressure on CO (d-a) Triplet emissions

d

Wavelength, nm P’ 10-2 mbar-!
480.7 (8,0) 8.1+042
8.1+04°
505.3 (7,0) 76+092
76+09°
533.0 (6,0) 68+062
68+06°
567.0 (5,0) 59+082
63+08°
640.1 (3,0) 75+032
75+03°

a)From baseline subtraction
b)From CH(A-X) and C2(A-X) contours subtraction

COMPARISON OF THE
CHEMILUMINESCENCE INTENSITIES
FROM O + C2H2 AND C3 + 02

To study reaction (4), the transient species C2 needs to
be produced. A number of experimental approaches have
been explored. In one of our high-temperature
photochemistry (HTP) reactors, Figure 6, C2 was produced
using 193 nm multiphoton excimer laser photolysis of

C2Clg or CoHa. 13 (In preliminary experiments C2Hy was
similarly used). HTP reactors operate in a pseudo-static
pulsed mode. The siow flow used is fast enough to provide
each photolysis pulse with a fresh reactant mixture and the
residence times are long compared to the reaction times.
The observations are made from the center of the reaction
zone and are not influenced by wall interference. The bath
gas temperature determines that of the reaction and the
reactants are introduced through a cooled inlet as shown.
At the temperatures used here, this inlet is not an essential

feature.
SHIELDED
THERMOCOQUPLE

HEATING

VACUUM .

COOLED INLET

The HTP reactor as used for comparison of the
C3 + 07 to O + C2H2 wavelength-integrated
vuv intensities, and the O + NO pressure-
dependence calibrations.

The other reactor to be employed, to produce C2, is a
high-temperature fast-flow reactor (HTFFR), which allows
for steady state observations similar to the work of Section
2. Here CaCly is passed over heated potassium, which

results in CoClg + 4K — Co + 4KCL!# This method is
shown in Figure 7. To test this method, the reactor of
Figure 2 was used. Both the HTP and HTFFR reactor

types and their operation have been described previously. 15
In both, the pseudo-static and fast-flow reactors, addition of
07 led to the vuv emission.

For spectral distribution measurements in either
reactor, the monochromator PMT combination of Section 2
is not suitable, as (i) the HTP chemiluminescence is pulsed
and (ii) the fast-flow reactor signal decreases with time and
could be maintained only for about 20 minutes, due to
depletion of the potassium. For spectral observation under
these conditions, a CCD detector (Princeton Instruments,
TE/CCD-1024 EVUV) has been acquired and is currently
being calibrated. With this detector, intensities over wide
spectral ranges, e.g. 40 nm, can be obtained in either
reactor and the monochromator does not need to be scanned,
contrary to operation with PMTs. Measurements with the
CCD camera will be forthcoming shortly. Here we report
on the pressure dependence of the 110 to 200 nm spectrally-
integrated emission intensities, obtained with a solar blind
vuv PMT (Thorn EMI G26E314LF), connected to the HTP
reactor through a MgF2 window.
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HTP reactors have been used for rate coefficient
measurements. Reactors of this type have not previously
been used for light intensity comparisons. To verify that
measurements of the pressure dependence of emissions can
be made in such reactors, the pressure dependence of the 4+
emission from the O + CoH7 reaction was first measured

and compared to that obtained previously in a fast-flow

reac:tor.l The O atoms were produced from 193 nm single-
photon photolysis of SO2. The observation zone is
geometrically restricted and an increase in pressure will
cause an increased amount of the reaction events to be
observed, which would falsify pressure-dependence
observations. To eliminate this problem, the vuv emission
from O + CoH7 and the uv visible emission from the

pressure-independent11 reaction O + NO - NO2 + hv
were measured alternately. As shown in Figure 6, the latter
was measured with a uv-visible PMT (Thorn EMI
9813QB). The intensity ratio I(CO. 4+)/I(NO2) then
approximates the true pressure-dependence. Figure 8 shows
the result, which is very similar to that of the earlier flow
tube study, i.e. a rise in intensity with pressure and a
leveling out above about 10 mbar.

A C32 + O7 result in the same pressure domain is
given in Figure 9. For this figure CQH7 was used as the
photolyte; similar results were obtained when C2Clg was
used. No intensity increase with increasing pressure is seen

in these experiments, which suggests that here CO(AII'I) is
formed directly, not via an intersystem crossing from triplet
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Fig. 8: HTP measurements of the wavelength-integrated
CO 4+ intensity versus pressure for the O +
CpHp reaction. T =300 K, [SO7] =9.9 x 1012
molecules cm3, {CoH2} =3.2x 1014 molecules
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Fig. 9: HTP measurements of the wavelength-integrated
CO 4+ intensity versus pressure for the C3 + O

reaction. T = 300 K. [CpH3] = 3.5 x 1013
molecules cm‘3. [02]=53x 1014 molecules
cm-3.

states, which makes it all the more a likely important
mechanism for plume radiation. Figure 9 actually shows
an initial decrease in the CO 4+ intensity. This was first

thought to be due to vibrational relaxation of Cz(a3l'l). It
is known that the overall (all product states) reaction (3)
proceeds at room temperature about twice as fast for C3 in
the v=1 and 2 states, than for v=0, but that this difference

disappears with increasing tempefature.16 Measurements
were therefore made at 740 K, about the highest
temperature where the O + NO emission was not
significantly interfered with by wall radiation. The decrease




was still present and even more pronounced. Figure 10.
Further experiments. including the detailed spectral
distribution, would be required to explain this negative
pressure dependence. The gases used in these experiments
were Ar bath gas (Liquefied Ar of 99.998% purity,
Matheson), 5.00% O2 (Scott Analyzed), C2H2 (99.6%
purity, Matheson), NO (99% purity, Matheson), and SO2
(99.98% purity, Matheson). Mixtures of C2Cl4 (99.9+%
HPLC grade, Sigma-Aldrich) in Ar were made in the
laboratory.

030

o

~

v
T

©
3

lcoes / Ino, - Arbitrary Units
(-] o
I

©
8
1]

©
8

2 . 6 . 0 12 14 18 18
Pressure, mbar '
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When C2H? is used as the C2 precursor, C2H will
also be formed, as it is known to be produced by single-

photon pholysis.”'18 A few single-photon 193 nm
experiments were therefore performed on CaH2/07/Ar
mixtures, similar to those used in the above experiments.
No vuv emission was observed. Thus the observed vuv
emissions can be attributed to the C7 reaction. Of course,
CoH could not have been present in the C2Clg photolysis
or HTFFR experiments.

The intensities obtained from the C2 + O reaction
were about an order of magnitude higher than those from
the O + CoH) reaction. This suggests the former to be an
efficient process. The rate coefficient for light emission for

the latter has been determined at room lempera\ture.1

LIGHT EMISSION EFFICIENCY OF THE
C2 + 02 REACTION

To determine the efficiency of reaction (4) as a light
emitting process, a number of measurements are needed and
some definitions are required. Absolute intensity is given
by

[ = d{hv}/dt = kpy([C2]{O2] ()

where hv represents a light quantum. The rate coefficients
for light emission are related to the overail reaction rate
coefficients k(T) by the relation

khv(T) = H(DK(T) (©)

where ®(T) is the efficiency factor for light emission.
Determinations of absolute quantum yields from first
principles are very time consuming. However, since those

for the O + CoH7 reaction have been measured,l9 those for

Cy + O7 can be obtained by comparison.“ In contrast to
k(T) measurements, which require absolute concentrations
only of the reactant in excess, Equation (5) requires the
absolute concentration of the limiting reactant, C2, to be
known as well. The absolute O concentrations are
obtained directly from flow rate and pressure measurements.
Using fast-flow reactors, the absolute concentrations of
transient species can be obtained by gas-phase titrations,

which require a fast reaction and an indicator.”~ While
developed for room temperature, this technique can be used

equally well at high temperatures in HTFFRS.20 For the
determination of [C2], the fast reaction21

Cy + NO - CN(AZ, B2%) + COX %) %

would be used with the CN(B-X) and (A-X) emissions as
indicators.

As the first step toward obtaining ®(T), we are
measuring k(T) of the C2 + O reaction. The HTP reactor
of Figure 6 is used for this work. C2Cl4 was used for the
C3 generation and 5.00% O (Scott Analyzed), 0.50% (0]
(Matheson Analyzed), and O2 (99.98% UHP, Matheson)
mixtures with He (99.999% UHP, Matheson) made in the
laboratory were used as sources of 02. The procedures for

obtaining rate coefficients have been described.]5 The
measurements have thus far spanned the 300-976 K range.
The results are given in Table II. They may be seen to be
independent of pressure, P, the corresponding total gas
concentration (essentially Ar), [M], the average gas velocity

7 between the cooled inlet and the observed reaction zone
(distance z), and the source of the O used. The resulting
rate coefficients are plotted in Figure 11. Over this

temperature range they are well-fitted by the expression

k()= l.8x10'“exp(-451 K/T) cm3 molecule'l sl

In Figure 12 the present k(T) results are compared to
earlier measurement obtained under different conditions.
The most extensive of these are those of Baughcum and
Oldenborg. 16 These are based on laser-induced fluorescence
(LIF) measurements of the C2(a3l'l) consumption rates,
which they found to be approximately equal to the

Cz(XIZ) consumption rates, also measured by LIF. In that




Table 2: Summary of Rate Coefficient Measurements on the C, + O, Reaction

T, P, (M], (C,CL,], (O,] range, z, ko,

K mbar 10%cm” 10 cm™ 10" em™ cm s cm 10""? cm’® molecule' s
300 339 8.17 2.13 9.27 - 67.4° 1.6 18 373 £0.54
310 112 2.61 1.25 2.04-7.78° 7.0 23 4.86 + 0.61
348 204 4.24 2.13 2.98 - 10.0° 4.8 23 5.56 £ 0.38
386 139 2.60 2.40 4.08 - 15.6° 4.4 23 6.17 £ 0.37
401 279 5.03 1.87 458-17.3" 3.2 23 5.18 £0.50
426 141 2.40 0.35 1.82 - 13.3° 8.2 19 6.30 £ 0.66
497 276 4.02 1.92 3.33 - 12.9° 4.4 23 6.75 £ 0.34
584 256 3.7 1.77 2.03-7.79° 7.0 23 8.23 £ 0.17
836 143 1.24 0.50 1.12 - 4.25° 12.8 23 11.31 £ 0.88
976 109 0.81 0.57 0.57 -2.18° 25.2 23 12.23 £ 0.26

* An analyzed 5.00% O, in Ar cylinder was used.
" An analyzed 0.50% O, in Ar cylinder was used.

 O,/He mixtures (about 1% O,) made in the laboratory for each experiment separately.
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Fig. 11  Arrhenius plot of the present Cy + O rate

coefficient measurements.

work CF3CCCF3 was used as the photolytic precursor of
C3. Only one pressure, 20 mbar, considerably lower than

that of the present work, was used. The results are in very
good agreement with that of the current measurements,
which are based on the vuv light emission production.

Their k(T) expression l.5xlO'“exp(-493K/T) cm3

molecule™! 571 agrees to within 30% with the present
results, typical for the accuracy limits in such k(T)
determinations. Also shown in Figure 12 are the 300-600

K measurements by Pitts et al.,22 based on LIF
observation of C2(X12) disappearance, and the room

temperature measurements of Reisler et al.8 where CO
triplet chemiluminescence was used as the diagnostic tool,

and those of Filseth et al.9 who also used LIF on Cz(a3H).
All agree very well.

T.K
1000 500 300
1 L T
°
1n' fe) *
] & ]
@ .
‘Tm ° ® 9
3 e °
3 A A0 a °
2 a s
[<} °
€ oa
ﬂE Uo
© @ Present Dot
x O Baughame o
A Pmsetad
O Resirot o,
O Fisethotal
'0~l? A 1 i 1 A 'l e )] e L L
0.5 1.0 1.5 20 2.5 30 35
1000/, K*

Fig. 12 Comparison of the present C3 + O2
measurements to those of earlier works. Data
from Baughcum, et al.16, Pius, et al.22,

Reisler, et al.8, and Filseth, et al.?

The present rate coefficient measurements will be
extended to higher temperatures (probably to about 1500 K)
and will be combined with measurements of the absolute
intensities and with C7 titration values to obtain ®(T).
While the HTP reactor is the most suitable for rate
coefficient measurements of C7 reactions, these further
measurements will require the use of the HTFFR.

CONCLUSIONS

Experiments on the O + CoH7 and Cy + 02
chemiluminescent reactions have been performed.
Observations on the triplet emissions from the former have

confirmed our previously proposed mec:hanisml for the
formation of CO molecules in the AII'I state, which is




responsible for the vacuum ultraviolet emission from this
reaction. The results obtained on the second reaction. tor
which less kinetic and no vuv spectroscopic information is
available in the literature, suggest it is a less complex.,
attractive alternative mechanism for rocket exhaust vuv

emissions.

ACKNOWLEDGEMENTS

This work is supported by AFOSR under grants F 49620-
95-1-0258, F 49620-98-1-0047, and F 49620-95-1-0473.
We thank Drs. D.P. Weaver and I.J. Wysong (Air Force
Research Laboratories, Propulsion Directorate) for helpful
comments in the course of this work, A. Fernandez for
critically reading this manuscript, and W.F. Flaherty for
assistance with some of the measurements.

REFERENCES

LA, Fontijn and S.E. Johnson, "Mechanism of CO
Fourth Positive VUV Chemiluminescence in the Atomic
Oxygen Reaction with Acetylene. Production of

c(3p, ID)", J. Chem. Phys. 59, 6193 (1973).

2K H. Becker and K.D. Bayes, "CO
Chemiluminescence from Flames", J. Chem. Phys. 48,

653 (1968).

3w. Bauer, K.H. Becker, and R. Meuser, "Laser-
Induced Fluorescence Studies on C20 and CH Radicals”,
Ber. Bunsenges, Phys. Chem. 89, 340 (1985).

4K.D. Bayes, "Spectroscopic Study of the
Chemiluminescent Reaction O + CCO", J. Chem. Phys.
52, 1093 (1970).

5M.L. Burke, W.L. Dimpfl, P.M. Sheaffer, P.F.
Zittel, and L.S. Bernstein, "Formation of Triplet CO in
Atomic Oxygen Flames of Acetylene and Carbon
Suboxide", J. Phys. Chem. 100, 138 (1996).

6S.G. Tilford and J.D. Simmons, "Atlas of the
Observed Absorption Spectrum of Carbon Monoxide
Between 1060 and 1900A", J. Phys. Chem. Ref. Data 1,
147 (1972).

TH. Reisler and C. Wittig, "Electronic Luminescence
Resulting From Infrared Multiphoton Excitation”,
Photoselective Chemistry, Part I, J. Jortner, R.D. Levine,
and S.A. Rice, Eds. (Wiley, New York, 1981), p. 679.

8H. Reisler, M.S. Mangir, and C. Wittig, "The
Kinetics of Free Radicals Generated by IR Laser

Photolysis. IL. Reactions of C2(X!E), C2(a3M), C3(X1%)
and CN(X2Z) with 02", Chem. Phys. 47, 49 (1980).

9S.V. Filseth, G. Hancock. J. Fournier. and K. Meter.

"Quenching of Cz(a3l'Iu) Produced in an Intense Infrared
Laser Field", Chem. Phys. Lett. 61, 288 (1979).

IOM.S. Mangir, H. Reisler, and C. Wittig, "The
Kinetics of Free Radicals Generated by IR Laser
Photolysis. III. Intersystem Crossing between Cz(XIZ) and
C2(a3I'I) by Collision with Oxygen", J. Chem. Phys. 73,
829 (1980).

Ia, Fontijn, C.B. Meyer and H.L. Schiff, "Absolute
Quantum Yield Measurements of the NO-O Reaction and
Its Use as a Standard for Chemiluminescent Reactions”, J.
Chem. Phys. 40, 64 (1964).

124, Fontijn, D. Golomb, and J.A. Hodgeson, "A
Review of Experimental Measurement Methods Based on
Gas-Phase Chemiluminescence”, Chemiluminescence and
Bioluminescence M.J. Cormier, D.M. Hercules, J. Lee,
Eds. (Plenum Press, New York, 1973), p. 393.

131, Pasternack and J.R. McDonald, "Reactions of
C2(X12;) Produced by Multiphoton UV Excimer Laser
Photolysis", Chem. Phys. 43, 173 (1979).

lay, Daugey, A. Bergeat, A. Schuck, P. Caubet, and
G. Dorthe, "Vibrational Distribution in CN(X2X*) from
the N + C2 = CN + C Reaction”, Chem. Phys. 222, 87
(1997).

15A. Fontijn and P.M. Futerko, "Homogeneous
Kinetics of Metal Species Over Wide Temperature Ranges:

* Techniques, Measurements and Correlations", Gas-Phase

Metal Reactions, A. Fontijn, Ed., Elsevier, Amsterdam,
1992, Chap. 6.

165 L. Baughcum and R.C. Oldenborg, "Measurement

of the Cz(a3l'l) and C2(X12'.) Disappearance Rates with 02
from 298 to 1300 K", in The Chemistry of Combustion
Reactions. ACS Symposium Series 249, T.M. Sloane,
Ed., ACS, Washington, 1984, Chap. 15.

174, Okabe, Photochemistry of Small Molecules,
Wiley, New York, 1978, pp. 262, 275.

18 A.M. Renlund, F. Shokoohi, H. Reisler, and C.
Wittig, "Reactions of C2H with O2: Chemiluminescent

Products”, J. Phys. Chem. 86, 4165 (1982).

19F.F. Marmo, J.P. Padur, and P. Warneck, "Vacuum
Ultraviolet Chemiluminescence in the Reaction of Atomic
Oxygen with Acetylene", J. Chem. Phys. 47, 1438 (1967).




20, Fontijn and W. Felder "HTFFR Kinetics Studies:
A Chemiluminescence Titration Method for the
Determination of Absolute Sn Concentrations”, Chem.
Phys. Lett. 47, 380 (1977).

21H. Reisler. M. Mangir, and C. Wittig, "The
Kinetics of Free Radicals Generated by IR Laser

Photolysis. [. Reactions of Cz(a31'1u) with NO, Vinyl
Cyanide, and Ethylene", J. Chem. Phys. 71, 2109 (1979).

22w M. Pitts, L. Pasternack, and J.R. McDonald,
"Temperature Dependence of the cz(xlz;) Reaction with

H7 and CH4 and C2(X12g and a3I'Iu Equilibrated States)
with 02, Chem. Phys. 68, 417 (1982).




APPENDIX B




eJLAUIY JO S3jels PaNu() Y3 U} parulg

0-061-££99S-T NHSI

10 wayponIIP-MmMm//:dNY S GIM
810°WAYO0112319®)$I3 :[lew-d
£bL2-LEL (609) Xed
2061-L£L (609) duoydap L,

VSN ‘968Z-F€S80 £3s19f MaN ‘uoiBujuuag
3391} U 1INOS O
U] ‘A39190¢ [eITWAYI0NIIT YL

:Aq paysmqnd
*S119SNOeSSeN ‘wdfes

‘193u3)) dueIed) WYBuLdo) ay; 3oeIU0D Iseald ‘uopewIOJUT IYUNJ 104
U] ‘193u3)) duered]) WYSuLdoD Yam palasidal uaaq sey Jooq SIYL

*PaAIasal YN IV
*au] ‘A331d0s [edjwaydon3d Al 4q 2661 WyBuddod

9682-$£580 [N ‘uoiBujuuaq “1§ UIBW WInog o
“ONI ‘ALIIDOS TVIINTHOOULOAT dHL,

6€-£6 dWN[OA S3UIPad0Ig

<Y w
LA

T4
&340

ALIIDO0S TYOINTHOOULOHTE THL E

VSN ‘erueaAjdsuuad ‘qred AIs1aAjun
AJSI2ATUQ )e)S RURAJASUURJ YL
1eads ‘g pey

10)Ipq

K4ISINTHD STYIMALVIN
- TINLVIIINTL HOIH

NO FONTIZINOD TYNOILLYNYLINI |
HLNIN FHL JO SONIGId00dd




819 6€-L6 WN[OA s3UIP33301] KIF100 [EDILIAYI0IIII

Os[v S8y OV YA 7D JO UONJEBA A “JIAIMOH “IOH 10 UD ‘0N 20S ‘20D ‘20
()M SUOROVI! UONUPIXO UJIIQ IARY PIIPMS SUORDEAI Y JO 1O wg1 Pasvadde
OS[ $¥Y SUOHOBAl UOHEPIXO [VI3W 3| JO JWIOS JO MIJA3L JUNAU 10w
V 319y PUIPISUOD ISYUN) 3q 10U [[im PUB 7|‘PImMIIAL UIN Aisnojaaxd swy
oM IONR| SIYL PIZIEN 3q PINOD SIPIXO [EIdW JO sa1815ud puoq yBiy Y WA
‘s1o88] peorwayd> Ajamd uy sl Ay 4q pandsuy AjaBre] asom ug pus ‘9D ‘us
JO SI|pmIs JAYJEH "SWASAS UONSNQWIOD 1SOUl U} wasaud sj YoJym BN ‘uopsnquod
wol) supxojp d1xor Bupuwioy wy 12ddos Jo 3101 dpAEIED P JO AN 1DND puv
N3 ‘siomIupOUl Asem woly suauodwod fxol juspsodwy ss p) pus 3D ‘saajsojdx?
posusape pus nuwjiedosd 193001 Jo 1x31000 A Ul Z0E PV ‘0d ‘108 ‘OIV ‘DIV IV
:JO 250yl IPRIOUl FB} SNYY PIPRIS SUONINA YL ‘sdnoa8 ajqmr- sppopuad Iy uj
£10qyS19u 15UV JIAY) SIPR[OU] INQ ‘S[EMIU 01 PAINSII 10U €} JioM L

-paidwone uaaq 194 10U SBY ING ‘IQISEI) s;wadde ospe suopownuy adnued
-s88 Jo Apnis 1Oj $I0108AL ;) JO IN W] -uopwmuasasd sy Jo adoos up IpsING
are 959y INQ ‘SWOIE [ PUE ‘H ‘N ‘O JO SUOUIEII 10j PISh U 0S8 S¥Y (d1H)
sonbiuysan 953yl JO U0 YIOM IIYIO U] PISSNISIP AU SIPIEY WX pus ‘sapixo
W ‘swole jeldw [eRNau JO SuOpdRal asuyd-su8 snoausBouwoy o1 uopedydde
noy 1adeyd sy Ul ‘;eq [ O [Q°Q Inoqe wol sainssaid pus ) 0081
-00€ wo1j saimeradwiaz 18 SUOPOEI UOHISNQWIOD PABIOS} UO SIUGUWAINEBIW
10) sadf1 3010831 [B19Aas PICOIIAIP ABY M £101810Q8] INO U

‘SUONDEAI [ENPJAIPUL 10 PIPIIU AW SIUWANSEIW (d'L)x sjepow ayl saoaduy
O ‘Spolow [EOHWAYD [BP2I09Y) AQ PABWNSI AW SWIOYJ0d AW 10w ‘asay)
up -suopenus Sysdads 1oy paredaid Buiaq &1Buiswatou) are sisA[eus LIARISUdS
WM S[9pOW ORAUIY  SPWEQ) WO} PIURIqO 3 A[rel UED SUOKIBA [enpIATpU}
uo wiep 3jquies ‘Aisnosuminuis a58(d Buiye: 35w SUO[IINAL JO spripjow
v sy -q ‘anssaid sowpowos pue ‘) ‘asmwiadwar Jo suopdun) ¢ °Y ‘SIUIJOLJJI00
21EI UOpOEAI [ENPIAIPUI JO Bpa[mouy s$a1Inbal UOHEZLIANNIYD LR UElE)
noy pue swaiss wnuqyinba-uou Apualsyuy Ire sawey ‘51 spp se usuodw]
11 ''8910ads opmiew pafireyd o) Aprepnoped ‘pauinqo UIQ SBY suqinba sy
pue sojdads [ENPIAPU} UO UONBULIOJUY [BOIWLAYOOWIIYL JO unOwWs 1w} ¥ 01'9d4
aweyy ey paxpwaad ay Jo A|eoidAy am YoM ‘S13UING YOIRAsA e0ads
‘Poumu0D ore Aoy YdIym uj Jo ‘way AQ pasemod AU WYl §VAIP AP PIKINO
WOI) 3|QEAISGO 10U U ISOW PUE IWINQIM AT AUR SAVIPIULIRU] put
‘IUEPIX0 ‘sponj JO SIUIIPEIS UOLIBIUIIUCD SNONUPILOD JO IFNEIIG SUOPEAIANQO
eaIwaYyd-02isAyd [RIUSWEPUN} 01 SIAJISWIAY). PUI| 10U Op YIIYM ‘sowsy
uoISNI P am sowey [vondead AuBw ‘JIAIMOH  "UMOUY [[9M §1 Sous) U} S[RIAW
JO Ansywoyd Iy ey pawnsse aq wHw u ‘suopuofidde Ausw of WIM

(sawey up sapads Sywiaw Jo Anspudydousdy; pue soisAyd Suykppepun a3y jJo
MIAIIN0 Jua[j30xa ur SIAIS OS[® 6 IJUIYIY) ¢ Answonodads sy jeonkeue sy
.-___-rB-E J|qeuwep Jo wauod [waw Y SuzdEus 1oj Kem paugyasd y  wgeost
:M:..o ur suofsy o[qeidaddeun Aj{RIUAWUCIIAUS A 10] siuawadeidas Bujsywod

W oy Suowe are ‘sewmy Ul MIs uj PIWIO} ‘sepdfusdoucu DNIBIAW UONEPIIAL

ay 1oy AQund ySiy pue uohnquusip 32§ MOLBU PI[|ONUOD JO SPIIOS

L19 6€-L6 QWN[OA mmc_vuuoo#— K321008§ _mu_Eo:uo:uo_m

£101001391 a[Eosousu Jo uouonpoid oy pasn Suraq A[Buiseasoul st sisayiufs
uonsnquo) gwafqoid 21995 ¥ 31 sauyfus auiqim up pIuno} spunodwos
19w £q uoIsOLI0D OH ¢'swepadoid 19x001 Ppl[oS Ausw JO WINMILUOH
jofews ¥ S| WNUHLNIE ‘JOAIMOH o SIISSIU Awsua Sunedo] sdiay NG ‘YA oy
i4 UOURJUNWIWOD SIIPULY siggjadosd 19001 up sapundwy se S[EIW iEXE jo
soussaid a1 woiy Suninsas pnopd UORNIINI AP puey PPO P uQ ¢z UONRIdULE
1omod orweudpoipiyolsudsw puw stweukporpiyonssdfd 10j pus ‘amendusn
SUIBp} 95EIIOUY ‘UOHIRINUL I0BUNS NDUBYUI 1O waaaid o adeys swey IBueys
0] PIsn 9q UED YOIy ‘sIulB]j JO UOUSZIUOL Y $35UBYUD SIANIPPE §8 pasn
spow FuRE JO sEnuIed uopeziuol Mo YL 'sesed 58 s sqenoned Juy sy
II9gM ‘SUOISSID D{X01 O} AU aAI8 Koy ‘sassodcoud [eInsnpuj I8 By saq10
swos puw ‘uopwsaudl Jomod ‘uoneraugouy AseA Uy ‘[OUAWLIAP DU [B101JIuaq
§ioq 9q Usd 03 ML -sassao0id aseyd-se8 aamwsadwan-ysiy 1410 Auww
Ul PIA[OAU] U8 PUB ‘SwAsAs uOHSAqUIOD souwl UY woesaid a swsuodwos jany
10 ‘saAnipps ‘sanunduiy se s[BION -s9859501d UOPSAQWOD [ORNUOd O) ANss3adau
ayy 01 anp 93183p iofew v 01 st inpuiadwal Uo SWSIUBYIIW PuUB SIUANDIII0)
2181 UOROEA [WIIWIAYD JO sduspusadep Y1 PUBISIIPUR 01 ASIP L

NOLLONAOUINI ]

‘wsueyosw Apwiado Yl 3q 01 winoy sum

uONJIENEQE M $IHEI Ul 0 weuodwy ue Awjd uwd suoudvu
UORISSU] PUE UONVIOOSSE Iyl Moys sBufpuy WINY  "suondEAU
IsyuNn} Joj SIUIIOJI0O el AW JO souspuadap unmiddway

ay 10pasd 01 padojaAdp uIINq ANy sanbjuyoan [eomdwa-jwag
‘;qu Q00L-01 Wol) sanssad 1w ‘o8uss aameradwan N 0081
-00¢ Kywwixordds ay ul SWIWANSBIW SMO[[E PIsn wawdinbs
9yl °posSNOSIP AW IO YIBI WOJ) UONBIOS] Ul SUOROWM

ap Apmis 01 sonbiuyor psWUAdX? INQ  “Sjpow nj8uiueaw
o1 Suipes| ‘paajoauj suopoeas aseyd-sed [unpiaipui 3w jo
sonaupy oyl jo aSpaimouy pue Sujpumsiapun sasjnbaz sassasoid
ammiadwa-ysiy ‘1910 pus ‘AAHP Jo [ONUOD pus uopsziwndQ
‘paquosap sy sapunduny (9]x0) UAYO) ‘10 ‘sIARIPPE ‘sjony

S8 1paym ‘sIssacoud uopsnquiod uy sapoads waw JO 303 YL

06S€-081Z1 AN ‘Aoz,
aimusuj JWYINA[0d IIv[ISSUIY
Suusauidug oWy Jo wounmdsg UUTULIS] YL
£101810qR] SOUIULY UONOENY aamwsadwaL-y31H

ufuuoq 1MYyuy

$1YO1avd TIVIAS ANV SHWOLY
TVLAW 40 SNOLLOVAY NO SNOLLYAHIASEO0 FDNVE FUNLVIIIWNIL-ETIM




079 © 6£-L6 SWNJOA s3UIP3330IJ 19100 [eINWIYI0NIH

oy Bunopard yim pousaduod Apmpnonsed a1 em ‘y I ‘uonoes Suimojjo) ayy
UL UmISUOD $88 31 S| Y PUB SUOLNA UIAIS 1O BIUMSUOD AW F PUB U ‘Y ‘AIY
‘m (L¥/3-)dx3uly = (L)%

uopenba ay: mojjoy Apuanbasy 1sow ‘safuss armwiadway opIM 19A0
P3IPISUOd UIYM ‘SUOHIIRBAI AIBIUIWDD JO SINAIOYJI0D W1 PAINSEIW YL

SNOLLS3ND NAJO ANV ADAITMONMN INTHEND ‘11l

D

Il UOHJIS Ul PISSNISIP AIW SHNSAL 1511 Y] SWSIURYIIW UOPOEI DUy .“._-

nonpoad Lpudpt o1 AiNige Iyl pasuwyuad AjquIapIsuod sBY syl Inswondsads
$S8W weaq Jeynosjowr ¥ 01 Pajdnod udaq FEY YAAIH U ‘Apudddy -y siqissod

$1 usyl sampasord [euonwiado puw sanbjuysar o jo uopdussap JAISUNXI

asow ® A8 gy-gy‘siaded pooussojes ap yum Joyrasos C1°T1'SMIIA J9TIRD Y]
gu'sanbuyoa oo 01 pus zap0 yows supSe PINIYD UINQ SFWN [BIAAIS ABY
A3yl -zoq10 yomd wowadwod fjam sanbjuydar omi. sy ‘uayy sopomad uj

"3NUSIdA 20w os[e s sanbiuyds uoponpord sapoads W WAILH YL
PAOYIR 10U AW A AUYM suonIpuod sisAj0104yd 193198 O) papaau s} amd puw
weaq sisAjor04d I up OS[E Uw RUWIdEAI PUOIS Y WY 81 dLHW JO 3dosqmuip
) fsnuatod ® ‘puvy Jayo I UQ  ‘suopSEINUY [ JO ‘F0UILQE Y 0) Inp upeSe
A 056 JO puarsui OSTI woqe 01 OIN '3'9 *YAALH Ue up uey) saameaadwa Jaysiy
Ol Pasn 3q URD SIURIOBA PUODIS JQEIS $5I] A[[RULIIY ‘J0)W3I JLHN U® U Pasn

S} £1391U1 PIJO0D ® UM SIBm BUpLINE YAALH AQ Paqiosqe AQISIaA IG OF

PUROj 1M YOIYM o(‘SWIOIR BN UO SIUSWIINSEIW pamoje ‘sjdurexs 30j ‘sey Sy

SWAWIAXD YAALH 1940 IBEIUBAPE UB S| YOYM ‘I0UBIIHAUI [[EM Jo 33y sI

uonwado JLHW ‘sawpl uopealssqo ayl o1 paredwod Buop e syEm oy O sawp

UOISIyFIp SV "91qIs59008 aq pinom sanssaid 1oyBjy ing ‘requ 009 O 05 jo asuwi

0 up am saunssaud [e10]  -asind yowa oy aymxpw ysaxy v Ipjacud 0 ZH ¢-1 %

198 are saes osind opfloloyd  'pasn poyiaw JuIWIINSEIW UOHRIIUIIUOD IAWW|II

Pus uonesdudd ayi uo Surpuadop IBues s 1-01 01 ¢.0] 30 8 ¢.0] O ¢c.0] oy

Ul Area siswainsesw ay 1oy saqeds swpl jduoqred 10 apiey Maw w ApeadAy

5} a1hjoroyd sy -paunioj s| ) YoIYM Up JUIWIR awmnjoA Jwes ayl Ajjepuassd

Ul s10%a1 yorym “isasnug jo sapoads opwsw 3y sonposd 01 pasn s} 1388] JowdXI

pasind 10 dwey ysey; v aqni uope “pT wd ¢ ‘apim a1 jo auvid mopuim

A 0 ‘18 wO Qg-¢ ‘Aimols smop s¥B yieq pue “wEmOBA puodas ‘akjooyd

JO axmxiw v -spow onwis-opnasd w up saywsado ‘T ‘Bi4 ‘a0ma1 (Ansywoydsoioyd
amedwa-ysly spmow) JLHW sy ‘adkr oiseq a0 L

a8uwl 5 .0 O £.01

AP Ul sdwn uonEBALISqO 03 Suiped] ‘saqm uONIEIA Py WO ¢°T-0'T A up pasn
A% Juqu Q01 01 ¢ Jo sainssaxd 18 1.5 W OS] OF Q] JO SINIO[IA MOL]  sMOpum
UOHIBAIISQO 3yl JO |9A3] Yl ¥ SIAVUIULI PUR II[UY JUVIIEII PUOIIS E )]

e suiBaq auoz sy -auoz uonoeas paa1dsqo wd 07 Yy woy weansdn ‘3anos

619 6€-L6 SWNJOA S3UIPaad0Id A19190S [EIIMAYI0NDI[]

3 puokaq AjaeIpaww) ¢;{(0 + OIV « Z0 + [V °§'3) uopoea 158} © £q IuEIdedl
33818 ® 01 PAUAALOY 9Q UED JUWMIEA Y 388D YR Ul saumwdwuan mo|
® [V 10] gywnUpWNRIAYIAWIN 10 +¢;'[0E 10} €109 ‘39 sy se8 yivq ur punodwod
sosandaid v ySnoay spoyiaw mop IBINYOsIp AwmoIdIw SN M ‘APApRwIAY
y1'sonbjuyon uononpoid Wiy U UY PISN IO O IW[UILS ‘SPOYIAW dApwioduAd
Aq paonpoud sy umdeas oymdw oY) °f By ‘(1010831 mo[-158) Amwadw
-481y) WLAILH P ‘odAr 101OR33 U0 U] KIUWANSBIW OiHAWONdAs
a1 10j Supsnoy P Uy MOPUIM IY) DB UOPR[NSUI PUS QNI UOUIBII
sy up sSupuadp -Suisnoy wnnovA PIjO0I INEM ¥ PUR ‘UOUB[ASUI JBATZ ‘FIUAWID
Supsoy soueisisar OIS ‘eduanbas up ‘Aq papunouns ‘(zumenb spwi8 rensnpuj

10 ‘i ‘supunie) Iqn3 vOpIRA AI0IdRIA ¥ JO ISISUOD SI010WA YL

‘suonovaz udAlf Joj a8uer uopwalasqo AP Wy uwd ‘saamwiadwn

481y 1 sumosal 9yl jJo sapqms Jeusdy) pue ‘saanimiadwan Jamoj

1 $31B1 UOWIORII [[Rwis ‘IPpIm KI2A S| PaIIaA0D 3q ued eyl ABuws ummwiadwan

AP UM  SUOISII0D 0] £I19A9 Ul U0 O UOISI[[OO sAyds-prey K19A2

uodn BONOVA) WO "9} ‘1.§;-3[NIIOWWD ¢1.0T - 91-01 AP ui Aquoydhy sy IBues

1UIOYJ0D NI IQRINSBIW YL .ME._ spoyied mojjoy ® Suisn duIdsAUIONY

30 uopdiosqe orwol® Md AQ 30 ‘23uddsiOn padnpul-iase] pasind £q palojluow

s} sopads ON[wIdW Y JO UOHENUIOUOCD IAUV[A Y SIWIWIINSVIW IUIDYJJ0D

a1 Yy 104 -9qiByBou Ajunsn pus [ews KA Apuessadeu si s1onpoxd

A Yim uondwnuy £q vousssaddesip umowal Aus jo w1 Y WY S| NS

oyl °sonpoud ap jo 3wy 5| O ‘pEwis 8§ JUWMoNas Supwy A JO UOPRIUIIUOD

Yt sy uopdwaz JO I8y AP Jo Apudpusdopuy SIN[EA PINSIP P I

198 9q O aumwiadway pus aunssud Y smoO[e syl Iy Afwuuou ‘sl yisq A

Jo 1y 01 paredwod [[ews v SUEIOBN Yi10q JO SUONRIUIOUOD YL °SUOPIPUOD

19p1o-)511) opnasd Jopun opuwr 3q OF WO SHEIW AP jo uopdwnsuod

) JO SUFWANSBIW ) MO[[® O JUMIOBAL “IR[NIJOW ‘puU0dIs Y1 JO $530XI

JUDOYINS YM PAIVAL A8 pur ‘c.Wd 101 O o101 ANEOIdAl ‘suopERUOUOD

[wws ur paonpoid auw sIpIY- 10 ‘SIPIXO- ‘swole- ‘AI019WIJAI PO IO

‘TORW 1Y) UOWWOd uj IAvy sl -awnBau amwmiadwAn y 0RI-00 INOqE Y

J2A0 s)uRWIAINSEIW SNUY 10j sanbiuyo:n oiseq om1 padojaadp Ay oM

SANDINHOAL TVINANIYAIXT 11

‘Buimoqio} Q1 uj passnosp Ose 51

pamojio} sayswosdde womndwo-jwas a5y jJo smwis Iyl -sanbuyoa Iandypad

Jo wowdoaA3p Iy J0J 95BQ WIEP IJNO BN O} PILIMIS OS[¥ AOJAIY) IABY

M sy sapiaosd yiom muswuadye Suiwnsuod-awp aunb Yy [pun wem

jou ued suopsodde opowsg induy 3981w ApuesyjuBis axnbax prnom sjapouw
d1qeas ‘a8wd O u.::.._uon. SNyl $] IBEQ WP IQRIIPISUOI ¥ IIYM

qg’$IpMmIs UOHONPal uIq

aavy suopelusaaul I0Q oyl -Ansnpuj edqwoydsonad Iy Oj UOSIIAUOD-dN
uoqIeo0IpAy 30j $15A[RIBD IPIx0 [WPw Jo suswouayd doeyuns ap Sujpuwirispun
Joj suonodeas yons jo dueuodwy Y jJo IENBOIG pAaedpsaaul uIIQ




729 6€-L6 dwnjoA s3uIpaadold £191908 [BIIUIYI0IIIH

U0} PIYIPOW ¥ ‘SUONIOEII UONIOENSQE 10J “IBYl UMOYS JARY 9M ‘WI00I OU $IARI|
wuuo) jwasaid Y Ydym 10j ‘yzom [espaloays peapnduia-jwas IO uj

‘SIUWIDL  UORISURN)

30] PIISPISUGD 3q O) ABY SUCKIIS P Surajoaup suopdwIAuy ‘AN AND

soeis Sunvuosas 221yl Ajuo 1apisuod 0) uoses poud v Ou s} WYL “IMUN)

pateBpsoaur aq im siyl swore dnoaf umw I 10j UNY) gr.gzIUIWIIBE

poof ss3] sawpawos punoj pur swols [EIAW uopisuen O3 1HFS Ljdde

0) padwane aavy s1YIQ ‘swoik ,d,s 01 suopiEinOEd a1y Buppudrxs Lpuaumd

e I\ Ajwmuswpadxd pauIeIqo ISOYI PUB SINEA T [EORAOIY WIY UIIMING

paurnqo si juowause pood ‘c pue p ‘581 Uy umoys Apeal[e SY SIUTMIBA IANO

a1 10) g oy Burpuy smopje uayy b syl  °sasas ey 303 b Supuy smom Yorym

‘JueIoRal JJ[RISW U0 10) pasn sI g [MuswEadxs uv ‘swor s Y ‘89 ‘saues
youo 104 ‘saididuud 153y wory punoj aq Apsnosumpnuuis jou usd b pus 3

‘sapoads oot eonsyiodAy ayy 10j
1ipe1 weAun pus ‘euuajod utog aawsindaz pue QUIOINOD ARIVINE Y pus
va ‘dd ‘d] 3% ssuadord asay] -sisuumd uopdeas enpiajpul A jo sanzadosd

reoisAyd pasings) wWoxy PIAUIP KURISUOD AW ‘B puw ‘) ‘9 ‘p ‘D ‘q ‘v AWM

‘I») 0=¢a8 + zA) + 39 + A;bp , Abo 4 7bq + by

up Supinsas Ajaswnin ‘suonenba Jeaup snoduwijnulis Jo 195 B s Passaidxd
2q UED UORIPUOD SIY] WNWUNL ¥ 18 $] ADAH,A [ = T UOIYM 30] 18y 3q
M 4 [eMO% Y] °9INIONNS YO¥3 JO SUORNQIRUOD Y1 A1 510198) 9 oY) AYm

‘I€] EACI+ TR + LAlo =

£q udAI8 51 saimonns asayp woyy Supinsas xaydwod

[eNIOR Y1 JO UONOUN) IABM Y] ‘UONORIANUY dwol (1) pue ‘sauired uopaIwas

dmiaw ay1 jo uonisusn [I-3 10 d-s pamoje uUE WL ANEIS PAIIXI ISIMO] Y

Buiajoaur uopowmauy Ay (1) ‘b 5§ JOLIEQ Y YOJyM 1O UOHIEINU] AMS punois

flpand (1) wosy Supgnsar asoyr -9 ‘saxa|dwiod paapoe Sunsuosar eopIyodLy

2 jo samiadosd A woy punoy s} @ VA Pue ‘Ad ‘dl PIM F JO UORRIALIOd

Y 103 uonmoyusnf peoisiyd ays sapiacad puw Liosyy ousuosaz adfy-Sujineg
sduns wo paseq st ‘(Kiosy] uopowinu] uopwanSyuo) reourdwig-jwes) 1D3S

#7'S0 = U Yoym 10 ‘OIN Yitm suondsas
wore (dzs pus ‘ys ‘18 10) ¢ 814 U} UMOYS 81 SIYL ‘U JO sanpeA aRpo annba puw
UOWwod uj $aIMONDS UONISURI] JUJIP ABY [[IM SUOHIEIL JS[JWiS JO SIS

ALY "€z JOY JO ‘WINUIUNL B I §) IDUJIP SHP YOIYm 1Oj U0 AP S} ‘%D

S i 61 ‘u pansap Syl °SIN[EA U JO JIQUWINU ¥ JO ORI JOJ (MO[3q 3I5) SIN[RA J

fioay 1D3S pue (Buswuadxd ay uaamidq ‘p 81 Jo suondear Iy 10j ‘duIAJIP

d8esaae ayy Buiyer £q punoj ase |nySutueaw Ayredisdyd oy Bupewixoidde
sanjeA  ‘InjBusueaw Ajjeosisdyd are g Buipuodsauod gy sou u Areniqre

129 6€-L6 wnjoA s3uipasdord £121508 [eITWAYI0NINH

. ]

ans Joiau Inq ‘suopdipaxd (1) pood moje pus SUOHIR[ILI0D YINS A}

.o_._-__> ujo ow__! pIM V °AO WEDIXO A JO Vi SIPIUPJE UCKIANI AN .__E_“
suopisuRR d[uONdI3 [I-X PIMOJE 181y Ap 10} Hd saiBious uopowosd N SN
‘XN $910ads mow A jo dI spepuaiod UORBZIUOY AN JO swns I YuM NW[ALI0D
sanpea g 9ARadsal I WY MOYS YOUM ‘PO e ¥ ‘814 u.w oy Mu___

s10jd ‘suopowas snoSojouioy JO JIQuInu ¥ JOJ SINEA yons Bupsn £g -__2-”.“_ ._uo
1y 183q Muswpadxd Y1 WOI UIYW Iq UED U JOj SIN[EA owwyxoaddy

‘sa109ds omew sow 1oy Aiiqerial poos ynm spsw 3q 124 10U ULD N.._oﬁ
ySnoy ‘suopeino[ed opun qv £q punoj 3q adioupd Ul ued pus suuA [SAUAUOAXI
-aid oy Jo oouspuadep aruwmiadwa popdpinw Hp st U. .»-o»ﬂuo%om

‘g pUs Y SIUWMOBA NP JO puv () AW uopisuRn AR JO SuUOpISUN} OIS

oq oxe b oy puv umsUCD Jouw|d AP Y pus uumewzIOg AP S 8y aym

. €p Vb
‘) Luavie —g— Hum =N

saa1d

‘11 ‘A109y1 JWIs-UOPSUBL [EOISSE]D SAIMONNS ANES uopisuNA s 9Aey
PINOYS YoM ‘suopdeds (snoojowoy -3y BjIUIS A A8 S8 a|quuoseas sy SiUlL
-30108)-u oures oy ‘uopewyxosdde Iy U ‘9ARY SUOROEA WA [I¥ WD pawnsse

S} 11 J1 PASIYOR 9q 1IAIMOY UED 3] -premiopySiens j0u s} uosyedwiod ¥ {ons
s10108) 2ouspuadep-1 oms swy (1) "ba 3ous Inq ‘suoneA 0 A 10) UBp I0IN)

g Jofxe] v 15938ns pjnom suopdsas QD A Jo AU 12dois 9yl -suoissaudxd
1y 185q oy 01 Sujpuodsaliod SIAIND I PUE SUONORAL INOJ U} $1U31O1JJ200
a1us uopdwinsuod $3153ds JI[[EIAW JO SIUIWINSEIW SMOYS € am3iy

%]ﬂﬂuﬁqjﬂuﬂjﬂnﬂaqﬂdﬂg ‘v

‘SuUOpIoBal 1AUID

In0j zym3) ® puB ‘(D I uopsag) suonosas uopzasul ‘(4 1M uopRsIg) sUORIVAI

uonepoosse juapuadap-aunssad ayduns apnpouy WYL ‘pasaunodus Buraq are

swsjusyoaw 1o Jo sajdurexa A[SusEaldul ‘IAIMOH  °UOHBULIO) 1apoid 10)

(L)% 3y 01 puodsaizod san[eA IS} SUOHIONA UORIRNIE aiduns 304 °sionpod -
Syl U0 UOPWWIOJU} UIUCD A[{IeSS303U 10U Op SINWA (1) pamssapy

“JOLIBQ UODSARIO® 3yl §1 1 "'} ‘SIuUmIdRas A jO s3i810u9 repuatod
ap Jo wns Iy pus (Aws uopisuen) xajdwod pawapoe A jo AB1oud epuatod
ap wy oY M s} g ‘AreoisAyd ‘s101d 9sa Jo 2dojs [¥0] ) SIAIS Kyuow

YoIm ‘vg A810u2 UOPEARDE SNIUYLY [SUORIPER AP O) [EOPUIPE 10U S} q wy

paou 9q pnoys I °IT 39y ‘39 ‘s3onid TEISAIS U] PISSNISIP UG IABY JOJARYIQ
SI[) 10j SUOSEI} [MUIAWLPUN) YL ‘swawuadxs Jo Aindde Y URPIM UIIS

aq 10u Apuanbay ued sy ySnoyr ‘pIAINd AR ‘1L SA ) U ‘s1ojd snjuaylry Yl
1% 2y jo uoissaadxs we sy (1) uopenba (7'§10198) SUAS puw [EORIPMS IUNOIT
o Surysr ‘A10yl UOISI[]Od [BIISSEID WO} PArBUWINGD 3q Appeal usd 51UA1OYJI0
V 9yl SudpoLje0d el jo souspuadep ameradwa) ) IUIULINIP IVY) §10108)




¥79 6£-L6 JWNJOA s3uIpasdold 131008 fedtwaydonddg

. ‘Apioys

asoy) Supsar weis o) ueld I yggg UOIMIISUL 10adX2 01 UIYM wpad diay

01 siuswnin uonwmnByuod uonsse pue SN Anwwis [ENQI0 WS Jo IN Y

pa1saBfns swy owafjasjuesy ‘s1amsuv Suipiacid wwis o1 adoy am Jiom IyYuny

mo up ‘xajdwod 930w 108j Ul e ‘uORIERNSqQE AQ PIddoid 01 PAWINSSE UG ARy

SUOHIBAIISQO JUIOJJI0D I JO SISBQ I VO WY ‘SUONINI JAYI0 JAYIdym pus
are SUONJB3l YIns UOWIWOD moy suonsIanb Y1 01 PEI| SUONBAIIRGO IS

quawpadxa £q M0 JuI0q seM SIYL

-souwpodwiy 2Ane(a1 £} Iseadp pinom ameadwan Juiseardul AWYA IDRDH

o1 Supouniq 9 10Awy pinom unssaid Suissalou; Y parsassng syl  (IOND

+ H 01 JImpPOSSIp 10 ‘[am [epuatod v 0wy pazijiqes 9q e ued xajdwiod [DADH

a YoM 33ye ‘Jaureq SuifjoJIu0d-3)E1 UOWWIOD ¥ JIAC $P3d0id uopdwal [enIuY

Y1 18yl PAEIPUI SUONTINIEI ONUl qV  “UOISHI0D Apoq-pay v asnbal pinom

YoM Jo uonsuuoj 3y ‘[ONOH sapdads v ‘IOnd 1wnposd o 03 UORIPPE Ul ‘pImoys

s8usr ) QOSI1-0SI1 *wuwnxoidde Y1 I2A0 SUONEAINSQO OdmIWONdIds sERW

‘I9A9MOH "UONOU3l uondensqe ues BunssBBns ‘puINQO sEIM .5;.3]NIIOWc WD

(WA 61LL-)dx301-01XZ°T = () 0051-089)% WA 101d snyusyuy

sjduns v puv pPaa1asqo sem duIpuadap aunssaid ON 1 'IDH + RD 30} PIUIMQO
sem uonowar uopuasuj anjeradway ydy v Jo Iduexd AP Aow Yy

cc'das yoene [eptuy Ljayy wow Iy sy HOIVEHD 01 Buipes)

UORJISU] WYY ING ‘IN3D0 PIIPUI UED UOHORNISQE 10NP 1Byl 35988ns suopeinomd

nyung  cesiud [RIAS u2IMIG uopnadwod PARdIPU} ‘WP AP 1Y OF

pannbas ‘voissaidxo xajdwod ayi ‘saamesadwar syBry g 1w 1dxd s31B10ud

UOLIBANIOR JaMO] Yonw pamoys o8uer Y OSE1-06S Y1 J9A0 uopednsaaul WAALH

UB ‘I9AIMOH  y¢(-IOW [ L9 ‘JIUING I[GUIIPISUOD ¥ PIM UONIBA OMUIANOAI

UB Ul JUBYIAW WOI) WOI | UB 10WNsqe ARNdKp uwd Oy 1wyl pasojpad sey

Apms ouuy qe uB XAU0d SIY) U SISA[EIED 9PIXO [WIAW UO BulNd0 $Is83003d

JO aAnmuasadal 3q pinom IFIAP S8 ‘15INUL JO Iq Os[¢ PjROM SIPIX0 [NIW

snoased SujAjoAur SUORIEA WIS °MO0]aq pue umeiadiial WOOI ¥ PAINPUOD

usaq aawy swawpadxa Yyl JO IO  ¢g'SPUCq INdIjow Oy BupuIsuy swowe
[®9w Jo sa|pmis [eopasoayy pue [ewdawpadxa juanbayy uIaq 9amy AL

! SUTTYNIY UOTIINOY D

‘Apmis xinew 3y uy EQIY J0) PANEdIPU] WYl O JWIS 2¢O 10)

amdnns Z2ogo Sup payouniq v pAsaBSns aawy SUOREINOMED ORJUY QY  HIUTIOBA

Yl O) ANBIPAULIAIU} I JO UOPEIDOSSIP [BRUIIAd v SANEWIpU] ‘UoPBULIO}

O + 01V 10} Wy 01 pasedwod s8 ‘(1)% Jo pspuauodxa-aud Ijeuwis Mp WYM

‘8] o+t0d «4f08 2 W0+08

z¢S! 919y pasodord wsweyoAWw L qg'y-$;-dNdIowwd (/Y
191)dx3,,.01%6°L = (1)1 :9ouvpuadap-1 dAueBau ® smoys 3 asoym ‘aBues ) 096

£29 " 6€-L6 WNJOA S3UIP32014 K19190G [EIIWSYD0NIA

aods ,OIUONIII
- a1 19a0 ju3dpuadapuy amssaxd 2q 01 punoj UIdq svy OH S R
8m8_.. ap Jo uonoeas IO Y “¥BANUOD Ag gWiom x[EW Ul PIAINQO uaaq svy
sa199ds. ) Inq ‘€QIY JO SUOHEBAIISQO aseyd-su8 1daup Aus u9IQ 10U IABY AIY)

10 o+ .oaz

+ O
asl.ﬂ\noz‘uo

UOLIRIOOSSIP PUs UONBIOOSSE

pozyiqns A[TRUOISHI0D UIIMIQ uopnadwod v ‘sjdurexd Sugpadad ap 10§

YN ‘S| WSUBYONW UORIEA NN ML ¢1'1-51-d1nd2j0WwWd (/9 80001-)dx3g;

OIXLL = (L)% WA PIaIsqo of[s e ssac0xd 19pI0 Puodds ¥ Aumeiadwa)

WY 9A0QE IIYM ¢|.$7-IRII[OWQD (W/1)80169'1-9€°ST- - (L)% yoym

305 X 0001 INOGE O} JABUOP 01 UORJEU UONBIIOSEE ue pamoys ‘sjuawdacidw

snyesedde Ausw Suymofioj ‘oM WAALH INe] *3ougpuadap-1 aapedou

% (e uoposal uopsensqe x3duiod s jo vonwmadiau] sno3u0Id AP 01 PIj

yolym punoj u3aq pey ouspuadap ainssaid Ou ‘JONBIS WIVP IGEIIPISUCD Yilm
‘Apnis WAALH Apwd ue uf -wansks W/TO/OIV Y 5 219y Jjdurexa Japouy

-ormuiodway SUISEAOU] P UBOPUSS OW SIWOIIQ YoM o uopeOosSIp
s ‘aejpaunaiu} Q1) uowwod ® ySnonpn pasdoad o suopoea wapuadapul
a1 (9) pus (§) Jt PIys[IquIsa 3q M 194 S8y J] °"PIURA UIIq jJou pIY aunssaxd
o Apms ) 008 < 1 [euiBpo ap uj W sEM waqosd oyl gp(g) ueyp -oun&
sowp ¢°'] owos A[uo | (9) UORDIEA! ‘SUORIPUOD joyeiaupouy Joj snuwpy Jaddn ‘req
| Pus N 00ST 1% USA? 1By PIMOYS SIUAWAINEEIW L queuywop jou A[renivi
seM ING ‘3183 IqEINSEIW € 18 papasscoad paapui (9) uOHIBA ‘) IA0qE pue (¢)
uOpowal 10j 20UIPIAD Punoj Ajuo Im ‘Apms JLHW Ue Ul amiezadwan Wy moped

‘l9} 0+0D«W+1D
uonoensqe aq pinom wisiuEyIIw Y N' 008 INOQE A0QE SBUIYM
‘Is1 W+WDN+W0+1D

uopepoossy Aq Ppapadoid -uondeAu A sinywiadwial wOO3 IEIU eyl mwINY
ap up suodal 939M UAYL  "SIOILIAUIOU} Uf WRIIOIYD aeasxay SyuaBoutamd
AySwy 3o uopwuwo) Y o} weuodun sp yowym ‘(Apoq pngl = W) waAsks
W/ROMD o st sup jo ajdurexd uy ‘pa1d9Bau aq 01 papuAn sBy sarmeiadwat
y8iy 1 uopnquiuod [spuaod Iy puv saouspuadep ammiadwal sanedau ow-.:
o8N JO IO  gyiqey SWOIR YD JuIEN[® U [EN® JO suoposas uopspjxo ‘89
‘paAsasqo u2aq Apusnboy vawy $310ds Sf[EIAW Jo SUORAU UOREIOSSY

SUOISESY WOV ‘d

o€ 67 #mesadway  9uo
je juawaInseaw ® woy 10jd snusyuy ue jo adeys Supoypaid smoqre LSL JO




929 6€-L6 N[oA suipaasoid K13150 [edIWLYD01I]]

(L661) €€z “TOT “way) 'shyd °f ‘ufpuog 'y pue MANjavsumiy °f
(L661) ‘ynsu] NUYINAIo 1IR[ISSUIY ‘SISIYL ‘A'Yd ‘Oaefjassjumay f
(€661) 9SpE ‘T “wayD 'skyd 'f ‘IvysIsW “d pue ‘ufpuog v ‘Sunfjeg ‘d'd
(1661) #1Z€ ‘TE “way) 'sdyq [ °uosIN "‘W'O™] pus aasog ‘[

(2661) 69€8 TE “WND SAud 'f ‘FIS 'S

"(1661)

1948 TG “wnD 'sAyd [ °uos|3N ‘H'H PUe ‘puvid “TN .=3=-Mm .._..nw
(T661

28101 Tg “woyD 'shyd °f ‘ulIsnx “L'f Puv ‘Jpjoyymg YL .uiﬁ-ﬂ.( ..w
. (€661

05611 ‘T “way) sAyd 1 -ufnuog ‘v pus ‘aoyfoas|s 'OV ‘opang ‘W'd
(£661) TTTL TE “way) ‘shyd 'r ‘ufpuod 'y pue oxppang ‘W'd
‘(L661) 6L1 TOTV “wayD sAyd °f SWUOH ‘) Puv ‘Bquag “Y ‘INSIBN ¥
*(9661) 0Ep61 ‘TOT “wayd ‘skyd °f °naqdum) “TW
(9661) 1LEY ‘TG “suei] Aepemwd "S°D[ -uosE[[0Y [y Pue 3Wid DWW
(1661) §908 T “sdud ‘wayD °f ‘ufpuog 'y pus oyaang ‘W'd
($661) §§1 TOT “sAyd "woyD ' -ufpuog 'y pus ‘opang ‘W'd ‘Sundpg "d'd
‘payuiqns “skyd ‘wayd [ -ufpuog 'y pue ‘Sunijeg ‘d'd ‘omig 'SV
*(9861) L9ZE TB “wayd 's&yd °f ‘qIoN ‘H'D PuUs JANS V[
*(€861) uopuoy
‘ssaid opwapedy ‘1 deyd ('spa ‘wk|D "V'V'IN pus ulpuog 'y) ‘sopaliaug pup
nutusk .nu-uu&h JUISUDL ] EBEW .\0 Suonovay uj ..-o::QN. . v:.- —5«:0& YV
(£661) v0OL B *sAuyd ‘wayd ‘f -ufpuog 'y pus opang "W'd
(9661) SE8LI DOV “way) 'shyd [ ‘HYsmW ‘d pus

‘ufjuog "y ‘suslueS ‘W'D ‘Acujualiysey] ‘F'0 ‘odfjasjuniy °f ‘Sunipeg d'q
(v661) 65 TOT

Yool puw "jo§ ‘wnquo) fefed ‘N'd pus ‘ueieseN S’V ‘onjg 'S’V ‘ufpuod 'Y
(Z661) 06T ‘U8 "wayD 'shyd °f ‘ufjiuog v puv ‘oyang "W'd ‘uskeny 'SV
(0661) 8667 F6 "woyD shyd °f ‘ufpuoq 'y pus ‘usiereN °S'V ‘[IPYSIBKW 'd
(5661) $TTT1 66 "woyd 'skyd 'r "ufpuog ‘v pue Bunipg 'd'qQ

*(OL61) MOX MIN ‘NIH MmO ‘1 dwyD ‘(‘'spa

‘Suejp -y puw [assrely 1]) KSojouydal wyrg L Jo yooqpuoy ul ‘Suel) Yy
¢ dey) ‘auRid O'W' (q "9 ‘dwy) ‘oyimng "W'd pue ._:.._oM_ v n

(2661

wepinswy .ﬂ:.:ﬁ—.—.ﬁuoz .neezuuuz 0134 5SDY 4-5D5) ..B ..__n_u-cm 'V
‘(6L61) NIOA MmaN

‘88314 OJWIPRVIY ‘T .mu_-u (‘P2 ‘395195 "M\'Q) ‘Swil0UON PUD UONDIIUID
.uuﬂ&& SO Y1 ul NVIpIwidlu} 2003y uj IWIvd ‘M pus —-:2_0..- <
(EL61) yBingsnld ‘aimusu} uonsnquo) L ‘LO€

d ‘vousnquio) wuo :uze.:c_tuE: Ea.:.oQEa..n YIu2234n04 Ul BIIIAN ‘'

(L£)
(9¢)
(s€)
(re)
(g€)

(z¢)
(1€)

(o€)
(62)
(82)
Le)
(92)
(s2)
(r2)
(€2)
t0)

(12)
(02)
(61)
(81)
(L1)
(91)
(s1)

(r1)

(eV)

@n
an

§29 : 6€-L6 SWN[OA $3UIP335014 K19100§ [EDIAYI0NINT

‘0L-99 "dd ‘¢ ‘394 (01)
“Z861 ‘PIOJX( ‘ssaid uowsBidg ‘sawpyd u} si0dpp

1032y ‘8198397 "Y1 f'd PUE ‘UBWIMIIUS M ‘IIPUS]IOH fL ‘spswaniy fULD (6)
‘g0s “d ‘ufuuog v pum ‘wyd0y WA~
“Suwyz D ‘soyspeq "L'D ‘SBundied "d'd (9§97 “d Pudy ‘@ pus ‘SLAWT "L'D
‘Suesi'm ‘“yousnqeg A (v -ySingsnid ‘aymnsu] uonsnquiod AL ‘aamusu]

UOPSNQUIN) I JO UONIIS SAMS WANSVH YL ‘BUROW TEIUYIIL e 9661 (8)
(9661) yBingsuid ‘aimpsu] uousnquod YL ‘SO8Y d

‘UOPSNQWO) WO (|DWOYDU4IU]) wnisoduds yixyg-Guamyg uy -Aysuizasg ‘M (L)
(SL6T) MOX MIN ‘ssald OIWIPRIV ‘¥'lI

UORJ2S ‘ASojouyda] puv 2Iualds ‘s40dop samwaadwia] y81yy ‘anseH ‘Mf  (9)
*(L861) uopuo]

‘ssa1d oywapedy ‘wopsmndosd 39Y30Y JOIRUIYD padupApY ‘WLl WA )
“(L961) yBingsuid ‘aampsuj uopsnquo) ML ‘L6s ‘d ‘wopsnquo) uo

(jouoppuinu) umisodwds Yimaaalg Uy NOORD) “4'H pus weuredsg ‘'SH ()
*(9861) uopuo] ‘ssaid dlwIpedy ‘(Kapeig @) 9 ‘deyd puv

(835qupop ‘1d) § "dwyD) ‘spoyisy wopsnquo) paouvapy ‘P ‘81qupM T4 (€)
‘(6961) uopuo ‘ssald

UOpuUAR) ‘wopsmquio) fo $19adsy oo)uda)g BIQUIIM 4 U UOIME] °f ()
‘661 ‘o3aa

aus ‘ssald OJWIPROY ‘SWASLS uOnSAqWoD U} SIDIAW o04] “WWIILL V' (1)

SIONITALY

*UNO PUS “YSOHV ‘SN 358 asap Apuaund
‘saualy JUAWUIIA0D ‘S’ sSnOLwA £q pauoddns uslq sey Niom S| (3. 27
o IAQ $90us1ajel oy up meadde soweu IsOYMm $I0IBIOQR[[OD Aw Yusy |

INTWIDATTMONIDY

‘31qui[a1 AI9A 9q 10U UED safuwl .1 MOMRU WOJ WP YONs ‘sIopIeq 1O $31B15ud
uopeApOY BujupUNY UMM ‘MO RudwHadxe X se IBuwms asmueiadway ¥
apim s asn 01 sanBuafjod Aw IBin | ‘osimany]  suopmudiaup SnOUOMD 01 PEI)
AlIpeas uwd sp Wy smoys @ III UORJIS JO uOIsSNIsEp Yyl [} auo o aunssaud
U0 I8 AJUO SuOp YIOM ‘S} IRyl °PAOU 3q InW ‘s3018BpSIAUI MI) 0F PAOMSAL
Ajovsunuioy ‘pusn SujQImIS[p ¥ ‘J9AIMOH  “sasumaps pides 30adxd ‘ynsal

v sv ‘Avw am puw paulof AWy KIONBUSIAU} JIYIO [RIGAI UAN UIS N 0001
M0[3q |[om auop Buiaq yiom isow i ‘SuiBuvydo s spp WY umoys Apwasre psy
£ 1FWNIOA PAP? TG61 V' “SISIINUP] 01 AN ofsw Jo uaaq jou pwy 3 Jod
suopowas sadads ospmdw Iseyd-se8 jJo Apmis Iyl "SUONIRAIINQO ameradwan
-y8iy premor moja v ynum Apwpnopued ‘suoposas sapads IMdW Jo 9suapuadep

asmeiadwa 3y uo paswid uaaq sey sissydwo AP MIAAN Jauq S|P U]

SHUVIIH ONIANTIOINOD Al




879

6£-L6 SwnjoA s3uipaasolryg A19100g [e21UAYI0119
LS

OIN ma swon
TPW JO SWONINS J0] S9N WORBARIE
f edxs o eopssoey jo pedwo) g embyy
Comry 8ol
(4] [ U [ ] [}

wonswes seydeds waloq SMNCINP swos 0] saepieg
SouvAnos [uswpedye o [vopesceq o wospedwo) p embyy

(0m (P Ay - Tig, o PRy,
800C [} [ 1) 1)

) T ewe ' -
o' o Je
‘o8 s ane
90 v W
oo da -
L v

A Lo
'HV’ —
<8 P
4
A .'w

ose wv Sinuy
(¥ ] wowpedue 4+ 4108
s;|v Lesa P8 DAvO
R . . , .

6€-L6 SWN[OA s3UIPa3s01d A121908 [EIWIYI0NIINY

suopiowas snofojomon IMO) 0] SWIDYJe0d My g emSyy

(50 L7608
oow o,
.oo..g

‘oo +08

001




