Lawrence Berkeley National Laboratory
Recent Work

Title
A MOLECULAR BEAM STUDY OF THE PHOTOCHEMISTRY OF S. GLYOXAL

Permalink
https://escholarship.org/uc/item/6xg5m8sq

Author
Hepburn, J.W.

Publication Date
1982-12-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/6xq5m8sq
https://escholarship.org
http://www.cdlib.org/

LBI1.-15467
Preprint ©

Lawrence Berkeley Laboratory

RECEIVED

UNIVERSITY OF CALIFORNIA LAVRENCE

BRI Lo L :
Materials & Molecular FEB 18 1983
Research Division

Submitted to the Journal of Physical Chemistry

A MOLECULAR BEAM STUDY OF THE PHOTOCHEMISTRY OF

S 1 GLYOXAL

J.W. Hepburn, R.J. Buss, L.J. Butler, and Y.T. Lee

December 1982 ( \

TWO-WEEK LOAN COPY

This is a Library Circulating Copy
which may be borrowed for two weeks.

For a personal retention copy, call
Tech. Info. Division, Ext. 6782.

Prepared for the U.S. Department of Energy under Contract DE-AC03-76SF00098



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California. '



‘A MOLECULAR BEAM STUDY .OF THE PHOTOCHEMISTRY OF S1 GLYOXAL
J. W. Hepburn,3 R. J. Buss, L. J. Butler and Y. T. Leeb
. Materials and Molecular Research DiVision
Lawrence Berkeley Laboratory and -
Department of Chemistry

University of California
Berkeley, California 94720

December 1982
ABSTRACT

The dissociation of glyoxal after excitation to low lying vibrational

levels of the first excited singlet state has been studied using the method

of molecular beam photofragment translational specfroscopy. Detection of

products at masses_28, 29 and 30 provides unequivocal proof that the S1

state of glyoxal predjssocjatéé in the_absence of collisions. The product

time of flight spectra show the presence of three distinct dissociation
channels; the major ones being formation of H2C0 + C0 and the triple
dissociation forming 2C0 + HZ' The third minor channel is attributed to

the formation of CO plus an H2C0 isomer, possib]y'hydroxymethylene.

a. pfesent address: Department of Chemistry and Department of Physics,

University of Waterloo, Waterloo, Ontario, Canada N2L 3Gl.
b. Miller Professor, 1981-1982.



INTRODUCTION
In several experimental studies,,g]yoxa] has provided a good model
system for investigating molecular photophysics and photochemistry. The

1

first excited singlet state,. the Au,state, has. been the subject of many

1

studies usihg diverse techniqueé. The lAu < Ag spectrum has been

1 and the photophysics of the Sl state is well

thoroughly énalyzed
_ understood.2 The photochemistry of this state is, however, only poorly
known, infspite of a long history of study.3' Not until the recent work by

v Parménter's group4

vhas,therevbeen a clear indication of photodissociation
in the absence of co]]isiohs after excitation to the S1 state. The
products of this dissociation-inc]ude H2’ CO and HZCO,-but.neither the
‘detailed mechanism.for their formation'nof their re]étive yields were
e]ucidéted‘by these studies. |

The methanivafor H, formation near the S1 zero point is of
particular intérest as the”productionwof'H2 by a sequentia] mechanism
(i.e. formation of HéCO followed by decomposition to H2 + C0) is not
allowed, because the potentia] energy barrier (>80 kcal/mole) for such a
process5 is much higher than the maximﬁm internal energy of HZCO (~60
kcal/mole). Recent ab initio work by Osamura et a1® proposed a mechanism

for H, formation in which the dissociation of glyoxal to yield H2 + 2C0

2
occurs in a concerted fashion from a near planar cis-geometry transition
state.

In an attempt to clarify the primary products and fragmentation

mechanism, our study was carried out on the photofragmentation of glyoxal



fragmentation process resulting from excitation of the 8

molecules in a supersonic molecular beam. In this paper the photo-

é band of the

'Sl < SO system, especially the relative yields for the various product

channels and the mechanism for H, formation, are discussed.




EXPERIMENTAL

The method of molecular beam photofragment translational spectroscopy
has been previously repqrted.7' A supersonic beam of glyoxal was formed by
expanding a mixture of 300 torr of He and ~50 torr of g]yoxa]b(from a0°c
‘reservoir of the monomer) through a 0.13 mm diameter nozzle heated tp
150°C. A conical skimmer was located 5 mm from the nozzle and the beam was
defined to a 2° ahgu]ar divergence by defining slits on the chamber walls of
the two stages of differentiai pumping, before it waé crossed by the
unfocused outpﬁt-of a Nd:YAG. pumped dye laser (Quanta-Ray). Photofragments
were detected by a mass spectrometer which.rotated in the plane of the two
beams about the crossing volume. Product time of flight spectra'Were |
recorded at various angles using a multichannel scaler triggered by the
laser. The mass spectfometer iohizer was located 20.8 cm from the crossing
of the laser and molecular beams. Because of the defining slits between the
detector ionizer and the beam-laser crossing, only photofragments
originating in the crossing volume (~3 mm on a side) were detected.

In order to be certain that the photolysis laser was resonant with the
glyoxal transition, fluorescence was collected by an f/0.67, 1.5" diameter
1ens‘(ldcated below the beém laser crossing), spatially filtered, and
detected by a phototube.‘ For the data reported here, the laser was resonant

1l band at 4398 A. The output of the laser

with the band origin of the 80

was 10 mJd/pulse in 0.5 cm'l.



RESULTS AND ANALYSIS

1
0

taken at masses 28, 29 and 30. At mass 28, TOF spectra were recorded with

For the 8. band of glyoxal, product time of flight spectka were

‘the detector at 10°, 20°, 30° and 40° away from the glyoxal beam. For mass

29, data was collected at 7°, 10°, 15", 20°, 30° and 40°. A mass 30
spectrum was recorded only at a detector ang]e of 10°.

F1gure 1 shows the time of flight spectra of masses 28, 29 and 30
obtained at 10° detector angle.. With the laser powers used in these

experiments,.bdth the fluorescence signals and the photofragment signals

were linear in laser power, indicating that_the observed photochemistry was

thebreSU]t.of_a single-photon brocess. Although signal from a smé]]‘amount
of dimer in the beam-was,detected in the prqduct TOF spectra, thérdimer’
photochemistry'was shown not to contribute to the main features of the.
resultS'byrrepeatihg the measurements uSing}beém conditions for which the
dimer signal was eliminated, and observing no change in the product TbF
spectra (other than the disappearance of the dfmer peak).

The solid lines drawn through the data are the TOF spectra calculated
using the product translational distfibutions (P(E)'s) shown in Fig. 2. The
dotted line spectra shown in Fig. 1 give the result of each P(E) in Fig. 2,
considered separately. The P(E) were determined by a trial and error
fitting procedure, with the assumption that the center-of-mass angular
distribution of product is isotropic and uncoupled from the P(E).

The only fragmentation channels allowed energetically are as follows:

H,C,0, * hv > HCOH + CO (1)

27272
> 200 + H, _ - (2)
> H,CO0 + CO ' (3)

2



"As HCOH has not yet been directly observed, there is no'experimenta]

k,5a’b however, has

heat of formation available. Recent theoretical wor
'indicated'fhat the hydroxymethylene channel is energetically accessible.
Théiradica] channels, such as formation of two HCO radicals, are not allowed
energeti_ca]]y.8 l

- The TOF épectra at mas$v29 and mass 30 show contribufions from two
primary channels. with the éhanne]s becoming better resolved at larger
ang]es;: The only source of ions at mass 29 (HCOf) and 30 (H2C0+)'is
some.iSomer-of'HZCO. The‘individuél peaks in the mass 30}spectra must
have an identica] shape to thqse in the mass 29 spectra, as a consequence of
the cohmon‘parent. Using the two P(E)'s shown in Fig. 2 and with isotropic
center  of mass angular distributions it was possible to fft the mass 29 data
at all angles. The quality of the fit was very sensitive to both the peak
position and widths of the distributions chosen (peak 0.5 kcal/mole, width
*]10 percent); and the felative probability of the two channels was found to
be 9:1 (channel 3: channel 1).

The TOF Spectrum for mass 28 (COf) does not have the same shape as

the mass 29 and mass 30 spectra. An additional feature appears as a |
vshoulder on the slow side of the major peak. The source of this extra
signa] cannot be the CO from the CO + H2C0 channels because the velocity
distribution of tﬁis CO is fixed by linear momentum conservation in the
center of mass coordinate system to be very similar td that of the HZCO.'
The shoulder on the major peak must arise from a dynamically distinct

channel producing CO with a velocity intermediate to that formed in the

previously discussed channels.



An energy distribution for thiS new channel that must be introdqced'to
fit the mass 28 data is shown in'Fig.AZ. vIt is not possible to fit the masé
28 data by using the twb distributions which fft‘the masé 29 data, even if
theirrreiative intenSitiesvaré'variéd.' In obtaining.a-P(E) to fit the third
channel, it was assuméd‘that‘the two channe]s'observed\in the mass 30 data
contributevtq the mass 28 spectra the same:re]ative amounts. The relative
yield for the three channels was obtained from the signal intensities after
correcting fpr kinematic.effécts; and noting that channel 2 produces twice
therignal at ﬁéss 28 while channel 1 and 3 give a contribution by direct
ionization of the CC and the dissociative jonization of thevHZCO product.
The resu]tfng‘branching ratio was fbuhd to be 3.5:9:1 (channel 2: chénne] 3: S

channel i),



DISCUSSION
These data show that excitation to low-lying vibrational states in the

S, state of glyoxal leads to dissociation in the absence of collisions.

1
Although not shbwn here, similar data have also been obtained for several -
low lying vibrational bands including the zero point level of Sl’ which
suggests that a]],vibrationél states of Si predissociate. The TOF data

show the presence of three product chanhe]s at the phdtoh energy uséd, 65
kcal/mole.

Of particular interest is the product channel which can be seen oh]y in
the mass 28 TOF spectrum. This implies that a fragmentation channel exists
which giveS CO but not formaldehyde (or formaldehyde isomer) and this is
likely td be: H2C202 + hv > H2 + 2C0, suggested by Osamura et a1.6

In a sequential dissociation process for which the first step is the
formation of CO + HZCO folliowed by'fragmentation of the formaldehyde, the
maximum energy avaiiab]e for internal excitation of the H2C0 is 56
kcal/mole. However, 1t,has been well established, both theoretically and

experiment_any5

that the barrier to deComposition of formaldehyde to H2
+ (O exceeds 80 kcal/mole. Therefore sequential dissociation is.prohibited
at these excitation energies.

In fact, the energetics observed are those expected for a single step
decomposition. The CO TOF spectrum determines the translational energy of
CO, from which the total translational energy can be obtained only in the
case of fragmentation to two products (mass 28 and mass 30). 1In the case of

a fragmentation to three products, the analysis is more comph’cated9 and

the conservation laws are not sufficient to allow exact determination of the

14



product translational energy.unless measurements are carried out on all
three fragments. Because the mass of H2 is so small compared to that of
C0, there are kinematic constraints restricting the geometries of
decomp051t1on In order to conserve energy and linear momentum, the
concerted decomposition wh1ch resu]ts in CO product separating symmetr1ca11y
with respect to the H2vve]oc1ty with 7.5 kca]/mo]e of translat1qna] energy
(the experimentally observed most probable) must result fn'the angle bétween
the velocity vector of the two CO mo]ecules being‘>144°. If you allow the |
.trans1t10n state to be nonsymmetr1c, the angle between ‘the two CO molecules
must be >141°. The average decompos1t1on results in 15 kcal/mole in
tramslation df.the}two CO molecules and 41 kcal/mole which‘are shared among
H2 translation and internal excitation of the three species. It is likely
as. in many othermfouf-center elimjnations, that the Hé,is vibrationally
' excited. | |

Unfortunately, due to the extreme dffficu]ty of H2 detection in a
beam experiment, it was not possible to obtain a meaningful TOF spectrum at
mass 2, SO the‘actual total translational energy is not known. However, if
we assume an impulsive energy being channeled into product translation, We

9 with a

would in fact predict the observed behavior of the channel 2 P(E),
mean 8 kcal/mole in CO translation, and a maximum of 15 kcal/mole.
The most probable fragmentation channel gives CO + H2C0 as products,
with about 60 percent of the avai]ab]e‘energy remaining in product internal
excitation. While the identities of this product channel and the H, + 2C0
channel are unambiguous, the lowest translational energy channel is more

difficult to assign. The products are CO and a formaldehyde isomer, but the

energetics are completely different from the CO + H2CO channel.
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There are two possible explanations for this Tow translational energy
channel. The first one is that the products are also CO + H2CO, but there:

is a microscopic branching10

which leads to the bimodal energy distribu-
‘tion; i.e., there are two quite different pathways on the potentiaT hyper-

surface to the CO + H,CO product. If this is true, the less probable path.

2

to the CO + H,CO product wod]d have to deposit almost 90 percent of the

2
available energy into ihtéknél'excftatidn of the products. Since there is
- no loQ Iyingvelgctronic state to take up some.of the internal energy, this
' explanatidn also imp1i€s that all the energy -in the product internal excita- |
tion is Vibfational'or rotation.

| The other more likely possibility for this channel is the formation of
co + hydroxymethyiehe, HCOH. Reliab]e theoretical ca]cuiations-place HCOH
50 kcal/mole higher in energy than forma]dehydé.5 This would give the CO.

+ HCOH channel ~15 kéa]/mo]e of excess avai]ab]e energy, WHich is consistent
with the product tranlsational energy obseryed for this channel.

Further evidence for an unstable product such as HCOH is provided by
Parmehter's recent work4 in,which’masé ana]yéis ofvthe condensable product
resulting from low pressuré photolysis of H2C202 gave the stoichiometry as
C1.7H2.001.7, rather than CH20 which would be expected if formaldehyde was
the only condensable productf In light of this additional evidence, we
tentatively ascribe this low trans1ationa1,energy channel to formation of CO
+ HCOH. | | |

From the mass 28 TOF, the relative yields of the three channels has
been determined to be: H2C0 + CO, 67 percent; 2C0 + H2, 26 percent;

HCOH + CO, 7 percent. |
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In a recent study by J. Troe's group on the thermé]-decomposition of

g]yoxalll the yie]ds.for-the.HZCO +'C0-and'2C0 + H2 channels were

found to be approximately equal, and the barfiers for both decompositions -

were found to be ~50 kcal/mole. Although these th~sets'of~experimenta]

":resu1tsvcannot be compared directly because different initial excitation

energies Qere,used,:both agree that one of the major channels is formation

of 2C0 + Hz_as has been predicted theoretically.
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The heét of formation of gTyoxal is not well known. Using the group .

property rules of Benson (S. W. Benson, "Thermochemical Kinetics", John' 

Wiley and Sons, New York, 1968) the estimated AHf of glyoxal is

o

-60 kca]/mo]e,.AHf_of CHO is about +8 kca]/mole,»resu1tihg in a

total endothermicity of +76 kcal/mole for the (HCO), » 2HCO channel.

For both the H, + CO and the H,CO + CO channels, aH_ ~+4
kcal/mole (at 0°K).
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FIGURE CAPTIONS

Fig. 1.

Fig. 2.

Time of flight spectra taken with detector 10° from molecular
beém. .Daté taken at‘massés 28, 29 and 30 afe given as poihts,'
while fifs to data are shown as solid lines. Fits show result
ffomlenergy dfstrjbﬁtions given in:Fig. 2. - Contfibutibns to total

due to each channel are shown as dotted lines. .-

lTrans]atiéna]'energyvdiStributions-used to obtain calculated time

of flight spectra shown in Fig. 1 for a) mass 28 and b) masses 29

and 30.
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