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The objective ci this research project, to discover a reaction, Involving a
sizable substrate (more than three atoms) the rate ci which Is ~~~~ yjpgmented by
Infrared laser radiation, has been achieved. A preIImti~.iy analysis led t~ brfteria
for the selection of an optiiaim reaction ~~~~ and for setting the most suitable
.xp.rlmeatal parameters. Wa selected to sod, the self-scavenging decomposition ci
a borans addeot: 2 f1~BPPç + 2PP3’! The relative photolytic efficiencies of 
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tbs various lines emitted by a CO~ laser werp’measured as was also the dependeme of the
rate on laser power , gas pressure.4nd ion oell t.nip.ratur.. Specificity of
vthratlonal excitation was demons several ways, most directly b~ the observed
isotope fractionation of RID °B/1 B os. Th. mecbanism of the ~thctoactivatton
process which we developed is In agrsemei* with the observed conversion.
A dynamic model (based on a normal mode analysis) was prcpo..d for the selective
activation.

hi a parallel study of borane ad&cts, we vabiat.d the thermodynamic and kinetic
rat. paramaters for six exohenge and abstraction rsect1o1~ . Batlonsl Ithictures were
proposed for the corresponding transition state..
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FINAL TEC HNICAL RE PORT

During the grant perIod [09/1173 - 08/311761 our research efforts were

devoted to the study of the mechanism of laser augmented reactions, utilizing a 002
ow electrical discharge laser. The rationale for the particular experimental

configuration which we selected , and the choice of the test substances , was

presented In the first paper of a series of four reports , two of which have been

published and two are In process of publication. The most expeditious way to

summarize the contents of these pape rs is to present their abstracts :

1. Infrared Laser Augmented Decomposition of H3BPF3,
E. R. Loly, 8. H. Bauer and T. Mazaiccia, J .  Plus. Chem. , 79, 545 (1975).

[Dr. Loly was supported as a Post Doctorate Research Associate)

Consideration of v-v and v-T relaxetlon rates for polyatomic molecules sub-

s.qaent to their vibrational excitation by currently available laser fluxes led to a

strategy for selecting reactants for which the possibility for successful augmentation

of reaction by Infrared Irradiation is optimized. Several criteria are listed. While

these are shown to be useful guides they do not Constitute-a sufficient set of

conditions for predicting augmentation of reactions. The criteria were applied to

the selection of reactants for a typical 2AB -. A2 + 2B reaction, i.e., a self-

scavenging system. The thermochemlatiy, essential vibrational spectroecopy,

and kinetic parameters for the H3B. PP3 decomposition are briefly summarized.

Th. experimental arrangement Is described and the results of a series of runs with

a CO2 laser (10.6 M bend) are presented . A i~iuther of tests were appl ied to

demonstrate that the t~~zosd decomposition was Indeed due to vibrational excitation

and not to a net rise in temperature. No sl lfIcant boron Isotope effect was found. 
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A mechanism is proposed, based on the observed dependence of per cent decom-

position on photon flux, and its specificity for the rotational line used for excitation .

Use of a spectrophone greatly facilitated measurement of the optical absorption

coefficients . R appears that the rate-determining step Is H3B + H3B~ PF~ ~~3) 
=

B2H6 + PP3 with the vibrational excitation in specific modes .

2. Laser Augmented Decomposition U. D3BPF3
- K-R. Chien and 8. H. Bauer , J. Phys. Chem. , 80, 1405 (1976).
(Dr. Chien was supported as a Post Doctorate Research Associate.]

We oontiimed the study of the accelerated decompos ition of H3BPP3 induced

by lamer radiation (930-950 cm~~), and extended it to the fully deuterated species.

While In all essential respects the kinetics of their photolysis for the two compl*mds

are Identical, the few differences which were uncovered proved crucial in pointing

to interesting features of the mechanism. These verified predictions based on a

normal mode analysis for the distribution of potential energy among the internal

coordinates. For the lamer augmented decomposition, - 3.5 ~ 1 koal/mole,

compared with E? - 29. 3 koal/mole for the thermal process . The quantum

efficiency Is low, ,~4 x 1O4 photons/molecule decomposed. The rates of decom-

position depend on the Isotopic content and are sensit ively depende nt on the frequency

of the Irradiating line. For example, with P(24) large fractionation ratios were

found for D3BPP3 vs H3 DPI3, and small differences for D3
11BPF3 vs D3

10BPF3 .

The levels of decomposition iisioced by the sequential three-photon absorption have

been semi-quantitatively accounted for.

3. Thermodynamic and Kinetic Parameters for Donna Exchanges,
K-R. Chien and I. H. ~~~er , Accepted for publication In J. ~~~~~ Chem.

~quflthr inm compositions and bimolecular exchange rates were measured at

two t.mpsr~~ ree • for the foUowthg reactio :
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H3B c O + P F 3 H3BPP 3 + C O

4 B2H6 + D3BPP3 ~ H3BPP~ + H3B• BD3
H3BCO + D3BPF3 ~ H3BPP3 + D3BCO

These homogeneous reactions are of unit orde r In each of the reagents , with

activation energies 13-15 kcal mole ’. We Included in this summa ry six

analogous reactions for which rate data have been published , to demonstrate the

existence of a consistent patte rn for the borane exchange steps .

4. The Molecular Dynamics Problem In Moltiphoton Excitation ,
S. H. Bauer and K-R . Chein, Accepted for publication In Chem. Pbys. Lett .

While the molecular dyanmics for weakly coupled, harmonic oscillators under-

going Infinitesimal amplitude displacements are well described by normal modes ,

and the other extreme --- strongly coupled enharmonic, large amplitude

oscillating units can be treated as though they are ergutic systems, so that only

state densities are needed intermediate cases are very dIfficult to ana lyze . Here

we propose that some intermediate cases, wherein we seek relative rates for

reaction induced by specific frequency excitation (three -center displacement

reactions or dissociation), may be approximately estimated from a normal mode

analysis by calculating Increments in root mean square amplitudes for a suitable

internal coordinate , upon specific multiple photon absorp tion. A test case Is

presented an an illustration.

No advanced degrees were awarded on the heals of work done on this project .


