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DISSOCIATION ENERGIES FROM INVERSE PREDISSOCTATION
' *
Leon F. Phillips

Inorganic Materials Research Division, Tawrence Radiation Laboratory,
University of California, Berkeley, California

The use of predissociationg in electronic spectra to fix 1imits
for dissocilation energies has been very common,l’2 but aithough the
principle of determining similar limits from observations of inverse
predissociation in chemiluminescence has been known for a long time,2
relatively few values of dissociation energy have actually been found
by this means. It is the purpose of the present note to consider the
conditions that must be fulfilled before one can be reasonably certain
that an observed emission spectrum is the result of an inverse pre-
dissociation, and also to discuss observations in the literature which,
when interpreted in terms bf inverse predissociation, in a few cases
éive risé to diétinct improvements in the precision of listed dissoci-
ation energies.

Measurements.of the intensity of chemiluminescence arising from atom
and radical recombination reactions in the presence of various added
gases3 show that when the emission is in the form of discrete bands the
excitation process is normally a termolecular reaction of the ﬁype

X +Y +MoXY +M | (1)
Here X and Y are ground-state species, at least one of which is an atom
or radical, and M is an "inert" third body. If the excited product XY*
is in a state which does not correlate with ground-state X and Y at

¥ On leave from the Department of Chemlstry, Unlverclty of Canterbury,
Christchurch, New Zealand.
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infinite internuclear distance then an inverse predissociation, or
"preassociation,” type of mechanism must be considered. It‘should be
reaiized,’however,’that the process (i) differs from a true inverse
prediésociation because of the intervention of the third body M, so that,
for example, normél selection rules governing predissociation will not
necessarily apply. The following criteria are suggested as a basis for
deciding whether a pafticular chemiluminescent emission‘from avspecies
- XY iévthe result of preassociation:

1. The emission spéctrum should originate from a state of XY that
“does not correlate with ground-state X and Y.

2. The intensity of ﬁhe emission should depend kinetically on the
product of the concentrations of X and Y. |

3. There should be available a repulsive or slightly attractive po-
tential energy curve, derived from ground—stdfe X and Y, té cross the
excited state frém which‘the radiation ofiginates at‘an energyllevel
close to the dissoéiation limit. This is not as strict a requirement

as it is for prediésociation, since in the presence of the third body

M it is likely that the course of any potentiél energy curve is appre-
ciably different from what it is for the isolated molecule.

L, The upper state of the observed transition should show evidence

of predissociation. This_élso should not be a stringent requirement
because of the probable relaxing effect of the third body on selection
rules for prédissociation.

5 In general we éan conclude that whereas the onset of predissociation
indicates an upper limit for_fhe dissociation energy of the X-Y bond, the

onset of preassociation indicates a lower limit for this dissociation energy.

W
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Thus where both processes are observed to occur these energy limits
should practically coincide, and in any case a preassociation limit
should never occur at a higher energy than the dissociation limit as
found by any other reliable Means, unless it i1s to be presumed that
excited atoms are involved. Only in high temperature systems suéh as
burner flames, where the value of RT is typically around 4 kcal per
mole, should there be significant overlap of predissociation and pre-
association limits.

Table I lists a number of representative examples of diatomic
radicals and molecules for which an observed chemiluminescence might
be attributed to preassociation. We consider theﬁ individually as
foliows:

N,: This is to be regarded as the classic example of preassociation,

ot
all of the above criteria being satisfied. The reiationship between
the predissociation in thé B—state of Ne and the Lewis-Rayleigh after-
glow of active nitrogen is'thoroughly discussed elsevhere.

OH: The predissociation at v = 2 and in.upper rotational levels of

v = 1 in the A-state was first observed by Gaydon and WOlfhard.5
Gaydon6 suggested that the inverse process should contribute signi-
ficantly to the population pf electronically excited OH in flame gases.
Tiktin, Spindler and Schiff7 showed that the intensity of OH chemi-
luminescence from a doublé diséharge-flow system containing O and H
atoms is proportional to the product of the concentratioﬁs of the

two atoms, and examined the population of rotational levels resulting

from the recombination process.
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NO: The predissociationfin the S—bénds of NO is Well established.8 It
results from crossing of the C;state with a repulsive 11LH State derived
from ground-state atoms. The preassociation is discussed‘by Young and
Sharpless,9 who observed séverél systems of bands, éome arising from
electronic levels considerably beldw the dissbciation‘limit.

'NHEI The-possibility‘that NH emission from a system containing N and H
atoms was due to'preaéééciation'was_first raised by Guenebaut, Pannetier
and_Goudmand.lo Théif sﬁggeétioﬁ was criticised by Mannella,llvon the
grounds thatvthe 52’ state Wéuld bé expected to rise too steeply to cross
~the A-state near the dissoéiation limit, buf as pointed oﬁt}above this
objection may not be Valid.in the preéeﬂce ofva thifd body. The'alter_
native eXcitationbmechanism proposed by’M@nnellavinvolVed the A-state

of N2

as a reactanﬁ,vand,muét be rejected in the light of recent ex-
periments which show.that the concéntrafion of A-state molecules in
active nitfogen'is extremely low.lg If the preéssoéiation mechanism is

~accepted, as seems réasdnable, then the aissociation eﬁergy of NH must‘_
be considered to lié'very close to the limit at 94 keal.

CuH, T1H and AlH: Emission spectra with intensity proportional to

[cullH] and [T1][H] were reported by Bulewicz and Sugden for hydrogen/air
‘ 13,1k

v  flames bbntaining traces of cupric andvthallous salts respeCtively.

The emission was_ofiginally believed to be due to.thermal excitation of

hydride moleéuies formed through ﬁhe.equilibria

| Cu+H+ M= Cul + M_ ' (2)
TL 4 H + M5 TIH + M o (3)

15

but later work has shown that a mechanism based on reaction (l) is

much more likely. The predissociatioh limitsvare as given by Gaydonl

N
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and Herzbérg,2 who alsc discuss similar conclusions for Al1H. In the

case of AlH the reported coincidence of predissociation and pro-
association limits leads to a value of 70.5 kcal for the dissociation
energy, with some uncertainty due to the highbtemperature of the

source.

CN and CO: The observations of chemiluminescencevwere made by Savadatti
and Broida,l6 who mixed carbon vapour, containing_a small percentage of
atomic carbon,>with atomic H, N, and 0. They proposed that the C2
emission they observed was pfoduced as a‘result of the reactiqn of an
excited metastable C, with atomic oxygen or nitrogen. According to

3
o the Ajﬂg state from which the bands originated can

Ballik and Ramsay
be populated directly by collision of grouﬁd—state atoms, so a pre-
aésociation mechanism is not required. Carbon atoms Would be expected
to be much more plentiful in the flame with N or O atoms than in pure
carbon vapour; however, it 1s notable that no CH emission was obsérved
from a mixture of carbon vapour with atomic hydrogen. The predissoci-
ation limi£ for CO is given by Douglas and M¢ller.l8

I0, BrO and Cl0: Emission bands arising from states of these molecules
that do not correlate with ground—étate atoms are observed from burner

19-21

flames containing traces of the appropriate halogen. For IO and BrO

it has been shown that the intensity is proportional to the product of

the concentrations of atomic oxygen and atomic halogen.22’23 Quite

precise values of dissociation energy, based on convergence limits of

s 2k
these band systems, are available for C1l0 and BrO, and a less precise
estimate based on a ground-state Birge-Sponer extrapolation is avail-

1,25

able for IO. -For TO the preassociation limit leads to a satis-

factory value for the dissociation energy provided it is
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assumed that 2P iodine atoms are involved. TFor BrO the presumed

1/2
lower limit appears to be gﬁ_least 10 kcal too high, eveh aftér 2Pl/2
bromine étoms'afe invoked, while for ClO the limit obtained is so high. : (v
that a preaésociation mechanism is rﬁled out. Of the three halogens
only.iodine is present in the flame almost entirely in tho form of:freé
atoms;26 For chlorine theAthermél excitation of equilibrium amounts of
ground-state Cl0 could be sufficientvto aocount for the observed bands;
this'process might also aocount for a.part of the BrO emission.
NBr, NCl and NF: For NBr Milton, Dunford and Douglas originally proposed
a preassociation mechanism for population of the observed excited state;27
fheir.listed dissOciation energy'repreoénts a compfomise between the
preassOciation limit and a Bifge-Sponer extrapolation.- For NC1l and NF
fhe cheﬁiluminescence was‘obsefved'from discharged mixtUresvwhich are
reasonébly certain to have contained both‘atomic species, but the light
emission was very weak and was cerfaiﬁly not observod right up to the
dissociation limit in elther case. The‘Do &alues for NCL and NF given
in the last column of Taole I represent linear.Birge—Sponer extrapola-
tions based on the ground-state data obtained in theée otUdies,27’28
and are expected to be too high. |

It is anticipated thatvtﬁe above discussion should serve to indicate
the need for further work to fill in some of the gaps in Table I, and to

extend the table to include other small molecules and radicals. : ‘..

%y\
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Table I.

Mpleculé | Transition..‘ Crossing State Kinetics Preéii;iiatip?’ Prgdliigiiatlon . Listed D
.N2 BBH 205 o ?2; - o w2 LA 005 ' ;'225.i (Ref. 1)'j
oH :A22+-X2H : 5T o ; [o1fu]" o 101.3 110 S 101.5 (Ref.vi)
o - Pnfr . Ny L - vfo] '_ . _1h§.5 _! | 149.5 150 (Ref. 1)
"NHv. dnads '_-52‘_ e "5 . oh I .85+10 (Ref. 1)
om Lxs - lowllE] . 665 66.5 6kl (Ref. 1)
o B-A - (rel[H] 50 50 . 46tk (Ref. 1)
Aznli "ln%x12+ ;-  - '} - | _'  0.5 - '70.5' ».'-.67i5 “‘(Ref.il)
CcN - BQZ-XEZ | - . 160 o i 18747  (Ref. 1)
co. .“ . 32 3H ' — : R o éﬁo S 256 — 56,1 (Ref. 1)
0 - "An-x?n 1ol % 63 CMhah (Ref. 1)
o Aan.x?n - [Br1[o] 7L _': 81 . 55 (Ref.2k)
‘w0 APmsfm . - - | o 97 63.5 (Ref.2h)
NBr b 1z+-x 5T 5H,5II or 5T e 6.4 ' - . 6745 (Ref.27)
O NCZ | blZ X5 3H,5II or 57 - | 54 : - . 96 (LBX)
R o5t 05 20,50 or %5 - 6 - 105 (LEX)

;8f 4
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