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v
I. SUMMARY; OF WORK ACCOMPLISHED

A. THEGRY AND METHODS
6;’I74r;evelopment of a new method called the Diffusion Cloud Method for the

study of intermolecular vibrational energy transfer in reacting

unimolecular systems.; The method is an extension, both of theory and

experimental technique, of the Polanyi Diffusion Flame Method for the

study of fast bimSlecular reactions. Thermal systems may be studied

both ij/fbp/f;;nsient and in the steady state regimes.

- Z:J Development of the theory and method of a new technique called the
Variable Encounter Method for the study of sequential vibrational
energy transfer between gas molecules and hot surfaces, at the level
of energy corresponding to the region above the critjcal threshold for

reaction EO' Application has been made to ﬁany molecules.

~> 3. A critique of the exact vibrational state computational algorithm of

Beyer-Swinehart-Stein-Rabinovitch was giveg/y

e by

e

D.I-:N‘:l

NN

~ 4. A theoretical illustration of a model for V-T,R vibrational energy ?}Ij
Y

transfer restricted by angular momentum conservation was givenl/; E@a?

5. Theoretical treatment of a Boltzmann strong collision model has led to E?Q:

o
ot
*

SJA BV N

generalizations on energy transfer efficiency as a function of both

molecule size, ambient temperature and hot molecule energy level. 0 Cw
- O aoay
Correlation has been made between various average energy transfer *UIJYLS ﬁg_;
,. R

quantities (<AE>al| and <AE)down) for step-ladder and exponential . | y
forms of the collisional transition probability matrix, P. ﬂti\
I\»'..:ull)lllty COdeS .::*';3:
P ll\ﬂ“
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B. EXPERIMENTAL FINDINGS

oo e vl

1. The collisional efficiency of fused silica and pyrex surface for energy
transfer has been studied over a wide range of temperatures for a

variety of molecules and found to decrease with rise of temperature.

PSS ASID IS

Efficiency approaches strong collider behavior at lower temperatures.

The importance of the attractive potential interaction is emphasized.

S

2. Homogeneous studies on energy transfer between a polyatomic molecule and
various bath gases at high temperatures also corroborate a decrease in
efficiency with rise of temperature. The decline in efficiency itself
decreases at very high temperatures suggesting a possible switch to a

N dominant Landau-Teller repulsive form at still higher temperatures.

3. Correlations have been found between collision transfer efficiency ;nd
molecular structure parameters. In general, efficiency declines with
molecule heat bath size (eigenstate density) and increases with polarity
of the molecule . Apart from a propensity for more complex reaction
mechanisms and catalytic behavior, the energy transfer properties of
energetic materials at a surface seem to follow just the behavior
expected form the intermolecular potential and not that of the
intramolecular or reaction potential. More stable molecules can thus
suffice to delineate the energy transfer properties expected for

’ energetic materials.

é 4. The transient region of energy accommodation in thermal systems have
been studied for the first time for polya%bmi; molecules; mean first

passage times have been measured.
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LISTING OF TECHNICAL REPORTS:
1.
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e,
wtaty
s,
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The form of the collisional transition probability matrix has been
investigated; favored analytic functional forms have been found and

others excluded.

The study of gas/surface energy transfer has been extended to metals.
Gold surfaces are stronger energy transfer media than fused silica.

they behave as ideal! strong collision agents at lower temperatures.

Liquid metal surfaces (tin and gallium) also display high efficiency for
vibrational energy transfer. No discontinuity in efficiency appears at

the melting point of tin,

Technical Report TRO1, 7 January 1976.

Vibrational Energy Transfer in Reaction Systems at Elevated
Temperatures by B.S. Rabinovitch, D.G. Keil, J.F. Burkhalter and G.B.
Skinner.

Technical Report TRO2, 20 April 1976.

Temperature Dependence of the Arrhenius Activation Energy. High
Temperature Limit, J.F. Burkhalter and B.S. Rabinovitch

Technical Report TRO3, 15 October 1976.

Intermolecular Vibrational Energy Transfer in Thermal Unimolecular

Systems, D.C. Tardy and B.S. Rabinovitch. ;Eéf.
Technical Report TRO4, 15 April 1977. é§§§
On the Use of Exact Vibrational State Counting Methods in RRKM Rate &224‘
Calculations, S.E. Stein and B.S. Rabinovitch. : :A
Technical Report TROS, 15 August 1977. %&ii
Vibrational Translational Energy Transfer in Atom-Polyatomic Molecule %S :

Collisions in Thermal Reaction Systems by I. Oref and B.S. heh
Rabinovitch. .
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6. Technical Report TRO6, 1 September 1977.

Problems of Diffusion in a Low Pressure Gas Stream as Related to the
Polanyi Diffusion Flame (Cloud) Method by D.G. Keil, J.F. Burkhalter
and B.S. Rabinovitch.

7. Technical Report TRO7, 10 October 1978.

Do Highly Excited Reactive Polyatomic Molecules Behave Ergodical ly?
I. Oref and B.S. Rabinovitch.

8. Technical Report TRO8, 1 November 1978.
. Vibrational Energy Transfer in Thermal Unimolecular Systems by the
I Diffusion Cloud Method. Cyclopropane. E. Kamaratos, J.D. Burkhalter,
: D.G. Keil and B.S. Rabinovitch.
9. Technical Report TRO9, 15 March 1979.
) Collisional Relaxation of Non-Equilibrium Vibrational Energy
5 Distributions in a Thermal Unimolecular System. Surface Collisions.
| D.F. Kelley, B.D. Barton, L. Zalotai, and B.S. Rabinovitch.
10. Technical Report TR10, 15 June 1979.
Transients in Vibrational Relaxation of Polyatomic Molecules at High
i Temperatures by VEM. M.C. Flowers, D.F. Kelley, F.C. Wolters, and
I B.S. Rabinovitch.
11. Technical Report TR11, 15 September 1979.
: Collisional Relaxation of Transient Vibrational Energy Distributions
' in a Thermal Unimolecular System. The Variable Encounter Method. D.F.
' Kelley, L. Zalotai and B.S. Rabinovitch.
12. Technical Report TR12, 15 September 1979.

Vibrational Energy Transfer in a Diffusion-Flow Cyclopropane-d
System. J.F. Burkhalter, E. Kamaratos, and B.S. Rabinovitch.

13. Technical Report TR13, 10 October 1979.

e T T

Transients in the Vibrational Excitation of Cyclobutane Decomposition
Using the Variable Encounter Method. M.C. Flowers, F.C. Wolters, B.D.
Barton and B.S. Rabinovitch.

. Technicai Report TR14, 1 December 1979.
A Crucial Demonstration of Strong Collisional Behavior of Vibrational

Energy for Gas-Surface Collisions. M.C. Flowers, F.C. Wolters, D.F.
Kelley and B.S. Rabinovitch.
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Technical Report TR15, 31 March 1980.

Gas-Surface Vibrational Energy Transfer in the Transient Region of a
Low-Pressure Unimolecular Reaction. B.D. Barton, D.F. Kelley and B.S.
Rabinovitch.

Technical Report TR16, 1 August 1980.

Collisional Relaxation of Vibrational Energy Transients in the Methyl
Cyclopropane System. D.F. Kelley, t. Kasai and B.S. Rabinovitch.

Technical Report TR17, 15 September 1980.

A Reinvestigation of Transients in the Cyclopropane System by the
Variable Encounter Method. M.C. Flowers, F.C. Wolters, D.F. Kelley
and B.S. Rabinovitch.

Technical Report TR18, 15 October 1980.

Transients in Thermal Isomerization of Cyclobutene by the Variable

Encounter. Vibrational Energy Transfer and Relaxation at Lower
Temperatures. F.C. Wolters, M.C. Flowers and B.S. Rabinovitch.

. Technical Report TR19, 15 March 1981.

Energy Transfer at High Temperatures in the Cyclopropane System.
Temperature Dependence of <AE'>. T. Kasai, D.F. Kelley and B.S.
Rabinovitch.

Technical Report TR20, 15 March 1981.

Single-Collision Gas-Surface Vibrationai Energy Transfer in a Reacting
System. D.F. Kelley, T. Kasai and B.S. Rabinovitch.

Technical Report TR21, 1 August 1981.

Pyrolysis of 1-Iodopropane by the Variable Encounter Method. F.C.
Wolters, K.-J. Chao and B.S. Rabinovitch.

Technical Report TR22, 20 Dctober 1981.

Isotope Effect in Gas-Surface Vibrational Energy Transfer.
Cyclopropane and Cyclopropane-d. Isomerization by the VEM Technique.
W. Yuan, R. Tosa, K.-J. Chao ang B.S. Rabinovitch.

Technical Report TR23, 25 November 1981.

Single Collision Gas-Surface Vibrational Energy Transfer in Reactive
Systems. Variation of Initial Energy Distribution. R. Arakawa, D.F.
Kelley and B.S. Rabinovitch. .

Technical Report TR24, 15 January 1982.

Vibrational Energy Transfer and Pyrolysis of Nitromethane by the
Variable Encounter Method. W. Yuan, B.S. Rabinovitch and R. Tosa.
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Technical Report TR25, 1 June 1982.

The Isomerization of 1l-Methyl Cyclobutene by the Single Collision
Variable Encounter Method. R. Arakawa and B.S. Rabinovitch.

Technical Report TR26, 1 December 1982.

Vibrational Energy Transfer at a Gold Surface in Reacting Systems.
Cyclobutene in Nitromethane. W. Yuan and B.S. Rabinovitch.

Technical Report TR27, 31 July 1983.

Study of Vibrational Energy Transfer at a Surface by a Time-of-Flight
Method. W. Yuan and B.S. Rabinovitch.

Technical Report TR28, 1 October 1983.

Average Vibrational Energy Transfer During a Single Collision of
Excited Molecules with Heat Bath Molecules, I. Oref and B.S.
Rabinovitch.

Technical Report TR29, 10 January 1984.

Vibrational Energy Transfer at a Surface in Reacting Systems.

Decomposition of Azomethane. W. Nilsson, E. Linkaityte-Weiss and B.S.
Rabinovitch.

. Technical Report TR30, 15 August 1984.

Study of Vibrational Energy Transfer at a Liquid Tin Surface. W.B.
Nilsson and B.S. Rabinovitch.

Technical Report TR31, 15 March 1985.

Average Collisional Vibrational Energy Transfer Quantities and the
Inversion Temperature. D.C. Tardy and B.S. Rabinovitch.

Technical Report TR32, 15 November 198S5.

Average Collisional Vibrational Energy Transfer Quantities. The
Exponential Model. D.C. Tardy and B.S. Rabinovitch.

Technical Report TR33, 26 December 1985.
Vibrational Energy Transfer at a Liquid Gallium Surface. Activation

of Unimolecular Cyclobutene Isomerization. D.A. Oswald, W.B. Nilsson
and B.S. Rabinovitch.
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