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2 Cl Thiophene 6.65
2CHg Thiophene 17.32

These data correlate well with the ioniza-
tion potentials calculated for the quenchers
from charge transfer complexes studies pre-
viously done, and therefore a mechanism in-
volving a charge transfer complex formed
between the excited butyrophenone in its
triplet state and the quencher is postulated.
According to the mechanism the energy
content of the triplet states of the thiophen-
ic compounds used in this work should be
greater than 74.1 kcal/mole which is the
energy content of the 3Bu.
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Photoionization Processes at Threshold:
Direct and Auto-lonization and Franck-
Condon Factors for Simple Molecules

C. F. BATTEN, J. A. TAYLOR and

G. G. MEISELS

Department of Chemistry, University of
Nebraska-Lincoln, Lincoln, Neb. 68508
(U.S.A.)

A threshold photoelectron-coincident
photoion spectrometer has been construct-
ed using a collimated hole structure for se-
lection of near-thermal electrons. Calibra-
tion with rare gases demonstrated a resolu-
tion of 0.014 ev FWHM. Location of max-
ima is possible within less than 0.005 ev.
Threshold photoelectron spectra lead di-
rectly to transition probabilities at thres-
hold for direct processes, without concern
for variation in the ionization cross section
past onset. Contributions from intense
autoionizing states just above the onsetf of
direct processes introduce a complication
resulting from incomplete rejection. Pre-
ionization can be identified by relative
abundance measurements of threshold
photoelectrons and photoions, or by re-
ducing the resolution of the threshold
detector by increasing the extraction
field in the ionization region. Vibrational
structure between the first and second
electronic states of the ions is difficult to
assess guantitatively because of such inter-
ferences; these become less important for
higher electronic states. Comparison of
our results with data obtained by other
methods is made for the rare gases, nitro-
gen and carbon dioxide, and measure-
ments on BF 3, SFg, and other small inorg-
anic fluorides will be summarized,
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Photoionization Mass Spectrometry of Al-
cohols, Alcohol Clusters and Carbon Di-
oxide Dimers

J. W. TAYLOR and G. JONES
Department of Chemistry, University of
Wisconsin, Madison, Wisc. 53706 (U.S.A.)

Photoionization of hydrogen bonded al-
cohol clusters and clusters of carbon dioxide
has heen studied using a supersonic molecu-
lar beam sampling system, wavelength dis-
persed vacuum ultraviolet radiation produc-
ed from an electron storage ring, and a qua-
drupole mass spectrometer ion detector. In
addition to a regular spectrum, the observed
m/e intensities for methanol and ethanol
samples display ions corresponding to the
series (ROH),H", where 1 < n < 5. From
mixtures of methanol and ethanol, a com-
plete series of mixed clusters H"(CH;;OH),,
(CH3CH,0H), ,, 0 < n < 4, was observed.
Experiments performed to elucidate how
and where these clusters are formed indi-
cate that neutral cluster species are present
in the sample gas in the molecular beam
source chamber at pressures above 10 Torr,
and that equilibrium conditions may exist
above 35 Torr at 20 °C. Photoionization ef-
ficiency curves for the methanol cluster spe-
cies show appearance potentials in the order
m/e 129(9.3 eV} < 97(9.5 eV) < 65(9.8 eV)
< 33(10.2 eV) < 32(10.84 eV). This order-
ing, as well as high observed cluster ion in-
tensities and low equivalent pressures in the
ion source, leads us to exclude ion—molecule
reactions as the major source of the detected
ions,

If an equilibrium process is assumed for
the neutral cluster and each cluster produces
a unigue ion, the relative intensities of the
cluster ions as a function of molecular beam
source gas temperature can produce thermo-
chemical information on the following neu-
tral cluster equilibria:

(CH30H),, = (CH30H),,—; + CH30H (1)
where the cluster association is assumed to

arise from hydrogen bonding. Linear
van 't Hoff type plots are obtained for



196

methanol in the temperature region near
the condensation point. Preliminary mea-
sured AH values for each member in the se-

ries of reaction (1) at 100 Torr are as follows:

(n, n —1in parenthesis): (2,1) 4.6 kcal/mole;
(3,2) 2.0 kcal/mole; (4,3) 1.1 kcal/mole, and
(5,4) 0.4 kcal/mole. These values must re-
main tentative until the contribution from
additional clustering in the beam expansion
and other contributions to cluster intensity
can be explored. '

Cluster formation with carbon dioxide as
sample gas appears to be dominated by
growth in the molecular beam expansion jet.
At very short nozzle-skimmer (NS) distances
(of the order of 2 nozzle diameters), essen-
tially no COg dimer intensity is observed.
Under relatively severe expansion conditions
(320 Torr CO4 pressure, —40 “C nozzle tem-
perature, NS distance = 23 nozzle diameters)
cluster ions corresponding to (002):; with
1 < n < 20 are observed, with the upper lim-
it defined by our maximum mass spectro-
meter scan range. The photoionization effi-
ciency curve of COg dimer, m/e 88, taken
under molecular beam conditions such that
only the dimer is produced shows that the
onset of ionization is shifted 0.37 eV lower
than the onset of the molecular ion with
substantial broadening of the autoioniza-
tion structure in the spectrum. Only three
broad autoionizing peaks in the 700 - 800 A
region of the m/e 88 photoionization effi-
ciency curve were observed, and these peaks
could be fit to a Rydberg series with a limit
of 18.04 €V, slightlg lower than the 18.07
eV energy of the B E; state in CO;. These
features may provide insight into the struc-
ture of the dimer. Finally, the photoioniza-
tion efficiency curves of m/e 88 taken at
higher photon energies than 14 eV and un-
der molecular beam conditions which pro-
duce significant amounts of higher poly-
mers shows strong evidence of higher clus-
ter ion fragpmentation enhancing the m/e 38
intensity.

This research was supported by the Nat-
tional Science Foundation under GP-36236X
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under N0O0014-75-C-0943.
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Chemiluminescence from Alkyl Hyponitrite
Decomposition
G. D, MENDENHALL and N, A. KLOSTER-
MAN
Battelle-Columbus Laboratories, Columbus,
Ohio 43201 (U.S.A.)

Chemiluminescence was observed from
solutions of dibenzyl hyponitrite and 2-
pentyl hyponitrite at 25 - 70 °C. At 563.5 +
0.3 °C in benzene, the rate constant for de-
cay of chemiluminescence from dibenzyl
hyponitrite below about 0.03 M was
(7.9 £ 0.4) x 10" %571, alone and in the
prescence of 0.00027, 0.0027, or 0.026 M
9,10-dibromoanthracene (DBA) as a lumi-
nescence enhancer, At higher concentrations
of benzyl hyponitrite the decay occurred at
an accelerated rate, which is presumably as-
sociated with an induced decomposition. [1]
In carbon tetrachloride and with 0.026 M
9,10-dibromoanthracene, the initial light
intensity from 0.010 M dibenzyl hyponitri-
te was about 2.5 fold greater than in benze-
ne, although the same rate constant for de-
cay was observed (7.9 x 10”1571 a2t 53.3 °C).

The following kinetic scheme and equa-
tions were assumed:

BzH —1 . 2 PhChyO- + Ny

2PhCH,0- — 2 PhCH2OH + PhCHO
—2 . PhCH,OH + PhCHO!
—2 . PhCH,OH + PhCHO®

PhcHO' Bt . phcHO®
PhcHO® —2 . PhcHO
3
PhCHO™ _ 6 ppal+ phcHO
+ DBA
DBAl —% . DBA+hv
DBA! 8 DBA
- dhy _ klksk-] [DBA]
di (ke + k7)
(kg + ky)

B
(ko + Rz + ky4) (ks + kg (DBA)) [B2H]

A plot of I vs. [BzH] in the presence of
0.027 M DBA could he represented by a
straight line that intersected the origin and
data points up to 0.03 M in BzH.

Our observations are consistent with, but
do not demand the hypothesis that the very
week chemiluminescence associated with auto-



