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volving vibrational transition multipole moments. Be
cause the vibrational exciton bandwidth is expected to 
be of the order of 1 cm-I, an efficient channel for 
vibrational relaxation in the crystal is available. An
harmonicity effects in large polyatomic aromatic mole
cules, where many atoms are involved in the normal 
vibrations, are usually extremely sma1l6 and will not 
lead to a mismatch of the energy levels. 

Consider the case of crystalline anthracene. Provided 
that the vibrational exciton bandwidth I is large relative 
to {jn, the rate of transfer of vibrational energy may be 
shown to be2•7 tR=(3e1F Iii!. The necessary Franck
Condon factors may be computed after the vibrational 
overlaps for skeletal stretching, CH stretching, and 
carbon-atom and CH out-of-plane bending motions are 
evaluated. Using {jel~O.01 cm-I, and computing I~0.2 
cm-1 for the quadrupole coupled vibrational exciton 
band, we findS 

which leads to a predicted triplet lifetime of 10 msec, 
in fortuitous agreement with experiment. The quoted 
value of (R is uncertain to an order of magnitude 
(possibly two), but is still reliable enough, in our 
opinion, to show that the nature of the coupling of the 
hot molecule to the medium may play an important 
role in determining the rate of a radiationless transition.9 

Putting aside quantitative details, what qualitative 
predictions can be made? First, the coupling of a 
vibration ally hot molecule to a glassy medium is smaller 
than the corresponding coupling in the pure crystal 
because, when the matrix is of different species from 
the hot molecule, resonant transfer of energy does not 
occur. Second, it is important that the vibrational 
energy be removed by free-running excitons because 
(a) a lattice deformation tends to decrease I greatly, 
(b) in the new quasistationary state of molecule plus 
deformed medium, {jel may be altered by mixing in of 
new states, (c) when I is not much greater than {jn, the 
analysis leading to the rate equation cited is no longer 
valid with the result that a single vibronic state is not 
coupled to a band of host vibrational states. 

In view of the preceding comments, it would be 
interesting to know if the lifetime of the triplet of 2,2-
paracyclophane differs much between EPA glass and 
pure crystal. Our analysis leads to the prediction that 
it should not, since this compound forms an internal 
triplet excimerlO and the crystal structure is such that 
there ought to be a very small vibrational bandwidth. 
Indeed, we are led to suggest, on the same grounds, that 
the triplet of crystalline [2,2-] paracyclophane may be 
long lived relative to the triplet of crystalline benzene. 

We conclude that the assumption that I is always 
sufficiently large that the rate-determining step in a 
radiationless transition is the tunneling between po
tential-energy surfaces is not, a priori, justified. Indeed, 
there seem to be cases where the experimental data 
require a different interpretation. 

It is, of course, possible that {jel is not independent 

of the surrounding medium, and that the approxima
tion of writing {jn as a product is not sufficiently accu
rate because of changes in coupling in the highly ex
cited vibrational states. The magnitudes of these effects 
remain to be explored. 
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AMOLECULAR beam has been used to study the 
exchange reaction 

N2+CO--tNO++CN-, (1) 

from threshold (11.9 eV) to 60 eV. The absolute cross 
section was determined by total negative-ion collection, 
and a mass spectrometer was used to monitor the No+ 
ions. 
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Fast neutral beams of N2 and CO were producedl 

by electron-impact ionization, electrostatic acceleration, 
and neutralization by resonant charge transfer. These 
beams impacted on CO and N 2 thin gas targets. 

Two types of measurement were made. The first2 

involved total negative-ion collection. The beam passed 
through the target gas between guarded electrostatic 
collector plates, and the negative ions were swept to 
the collector. Knowledge of the negative-ion current, 
target density, collector length, and beam intensity 
permitted a determination of the absolute cross section 
for negative-ion production. 

The second type of measurement involved a mass 
spectrometer (Paul quadrupole mass filter). A target
gas cell was placed in front of the mass-filter entrance 
aperture, and the beam was directed along the mass
filter axis. Ions ejected within a 6° half-angle cone 
passed into the mass filter, and the positive ions were 
analyzed as to mass. No preacceleration into the filter 
was employed. 

Curves A and B, Fig. 1, show the results of the first 
type of measurement. The ordinate is the cross section 
for negative-ion production, and should be accurate to 
±30%. The abscissa for the curve A is the energy in 
the center-of-mass system3 minus 11.9 eV, the thresh-
0ld4 for Eq. (1). The beam-energy uncertainty was 
±0.25 eV (c.m.s.). Curve B shows the same data as 
Curve A, except that the abscissa is center-of-mass 
energy minus 14.0 eV, the threshold for the reaction 
N2+CO~N2+CO++e. It was originally thought that 
this reaction would determine the threshold for appre
ciable ion production. However, negative ions were 
observed significantly below 14.0 eV, and thus "chemi
ionization" was suggested. Since it was expected that 
the threshold-energy behavior, in terms of excess 
energy, would be approximately a power law with 
index greater than one (and therefore the curve of 
cross section vs excess energy on a log-log plot should 
be straight near threshold like Curve A, or concave 
downward,2 but not concave upward like Curve B), 
"thresholds" were tried at intervals down from 14.0 eV. 
At 12 eV, the curve straightened out (Curve A). This 
"threshold" fits well with Eq. (1). The energy depend
ence of the cross section near threshold is approximately 
a square law in excess energy. 

The alternative explanation of excited beam mole
cules was made unlikely by the close agreement of the 
N2+CO and CO+N2 results. 

Curve C, Fig. 1, shows raw data obtained in the mass
spectrometer measurements for mass 30(NO+). The 
abscissa corresponds to Curve A. Although the magni
tude of the cross section is only relative, and varying 
fractions of ions were collected depending on incident
beam-focusing and ion-ejection angles, the general 
energy dependence is similar to Curve A. It is clearly 
seen that the rapid falloff in total negative-ion produc
tion above 24 eV (c.m.s.) is associated with a falloff 
in No+ ion production. From threshold to 30 eV (c.m.s.) 
mass-30 ions were 10 times as prevalent as any other 
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FIG. 1. Reaction cross section vs excess energy. The value ET 
for Curves A and Cis 11.9 eV, and for Curve B is 14.0 eV. Curve A 
gives the cross section for the reaction of Eq. (1) up to an abscissa 
value of 20. See text. 

positive ions. Above this energy, mass 12 (C+) became 
dominant. 

The existence of CN- is inferred from the energetics 
near threshold. If the electron were free in the products 
of Eq. (1), threshold for NO+ production would be 
above 15.5 eV (c.m.s.), yet NO+ has been observed 
down to 13.5 eV. If in addition the CN were not bound, 
threshold for NO+ production would be above 23 eV. 

As a consistency check, a beam of N2 (15, 15) mole
cules was employed instead of the usual N2 ( 14, 14). 
The dominant positive ion was then observed to be 
mass 31, as expected if the partner of N had mass 16. 

Preliminary data on N2 (15, 15) + N2 (14, 14) collisions 
have also been obtained. Mass 29 has been observed, 
indicating that a process similar to Eq. (1) was occur
ring. The statistical distribution of 1: 2: 1 for masses 
28, 29, and 30 was not observed. Surprisingly, only 29 
and 30 were observed (mass 30 beam), in roughly 
equal amounts. 

A similar asymmetry was observed in the original 
results for N2+CO and CO+N2• In the first case, 
mass 28 could not be detected, but was in the second. 
This asymmetry indicates that the lifetime of the com
plex was short compared to its rotation time, at least 
for the channel not involving nuclear transfer. 

* Supported by the Advanced Research Projects Agency Con
tract DA-OI-021-AMC-11359(Z). 

1 N. G. Utterback and G. H. Miller, Rev. Sci. Instr. 32, 1101 
(1961). 

2 N. G. Utterback and G. H. Miller, Phys. Rev. 124, 1477 
(1961); 129, 219 (1963). 

a Center-of-mass energy in this case is half the laboratory 
beam energy. 

4 Threshold determined from: D(N2) =9.76 eV, D(CO) = 11.11, 
D(NO) =6.49, D(CN) =8.2, I.P. (NO) =9.3, E.A. (CN) =3.6 eV. 
The electron affinity of CN is consistent with D(CN) =8.2 eV. 
See H. O. Pritchard, Chern. Rev. 52, 529 (1953). 

 This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to  IP:

141.210.2.78 On: Tue, 25 Nov 2014 05:11:42


