RECEVED BY 0STI  MAY 0 6 1985 CONE- 035 -

UR -85-1164
LA-UR -2 LA-UR--85-1164

DE85 010769

Los Alamos National Laboratory 1s operated by the University of Cautornmia for the united States Depar'ment of Energy under contract W.7405-ENG.36

TiTLE  LIFETIME AND QUENCHING MEASUREMENTS OF CZH EMISSION
PRODUCED BY VACUUM ULTRAVIOLET PHOTOLYSIS OF C2H2

AUTHOR(S) Joe Jeouru Tiee, CHM-4
Robert Kaye Sander, CHM-4
Charles Robert Quick, Jr., CHM-4
Robert Jose Romero, CHM-4

Ronald Estler, Fort Lewis College "

SUBMITTED TQ  Southwest Conference on Optics
Albuquerque, New Mexico
March 4-8, 1985

DISCLAIMER

This report was prepared as an account of work sponsored by un agency of the United States
Government.  Neither the United States Government nor any agency thercof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility 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. Refer-
ence herein to any specific commercial product, process, or service by trade name, trudemark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or fuvoring by the United States Government or any agency thercof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States G..vernment or any agency thereof,

By accoptance of the article the publisher tacognizes that the U S Gavernment retans a nonexclusive royally.-free icense to publish ot raproguce
the pubushed torm of thie contbbution or to altow others fo do so tor US Government purposes

The §on Alamos Nalinnac Laboralory regeests that the publisher dentily this article as work performed ynde’ the auspices of the U S Department ol Eneryy

VISTRIBUTON (1 1445 UOSUMENT 1S une

T Vj\ { ﬂ
Los Alamos National Laboratory
L@g A @Wﬂ@g Los Alamos,New Mexicc 87545

PORM N B4R 14
ST NO 28094 Y


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


LIFETIME AND QUENCHING MEASUREMENTS OF C,H EMISSION
PRODUCED BY VACUUM ULTRAVIOLET PHOTOL!S?S OF CoH,

J. J. Tiee, R. K. Sander, C. R. Quick, Jr.,
and R. J. Romero
Los Alamos National Laboratory
Los Alamos, NM 87545

and
R. Estler

Fort Lewis College
Durango, Colorado

Abstract

The state-of-the-art tunable vuv sources are used to produce excited C,H
photofragments (CZH*) via the photolysls of acetylene molecules. The quenching
rate constants of the C,H emission by a number of specles are determincd. The
collision-free flunrescence lifutimes are measured at different excitation
wavelengths. The excitation energy thresihold for producing the observed emis-
sion is determined. In addition, a correlation belween the excitation energy

and the emission wavelength {8 observed.



Introduction

In the past, the lack of spectrally intense and tunable vuv sources has
made it extremely difficult to investigate spectroscopy and photochemical dy-
namics of gas-phase species in the short wavelength region (<200 nm). Large
vacuum monochromators (several meters in length) are used to maximize the
vhroughput of the photon flux and spectral resclution. Generally, there is a
tradeof f between photon flux and resolution, A monochromatic¢ vuv source typi-
cally is very weak and in most cases only absorption techniques can be employed
to examine spectroscopic features of a species. More recently, the technologi-
cal advances p;ovided by synchrotron light sources and vuv laser generation in
non-linear media have led to many new prospects in the investigation of photo-
physics and photochemistry of high-lying states of molecules. In this paper,
we will discuss the application of these novel vuv sources in the photolysls of
the acetylene molecule to produce the elusive C,H radicals.

The CoH radical {s thought to be an important intermediate in combustion

! as well as interstellar clouds? and plane-

processes including sooting flames
tary atmospherea.3 Because it is a simple radical isovelectronic with the well
known CN radicul it might be expected to have simple specltroscoplc features,
Calculations show, howcvur," that the bending and atretching vibrational modeu
mix several low-lying elcectronic states. The complexity of the spectrum {3
conf'irmed by the near infrared observat lons,?

Acotylene photolysis la thought to be a good source of CJH radlculs.6'7
Diacetylene, Cyl,, tn the major product of Cul, photolysin In the vacuum ult.ra-
violetd ana Call 18 the tntermediate in this process. Becker t al.9 first

observed phoLoproduct eminnfon following acetylene photolysls at 1236 K. Thin



photoproduct emission appeared to be a continuum from 400 nm to 580 nm. There
seems to be little doubt that the continuum emission is due to CZH'.10 Similar
emission has been seen from the photolysis of C2H2, CZHBr, and CZHCF3.11 Pro-
duction of ground state CZH is also observed in matrix experiments.12 The work
by Becker et al. has deduced en emission lifetime of 6 us using a fluorescence
phase modulation tschnique. A controversy has arisen over the mechanism of
this long decay time: does it represent the radlative lifetime of CZH' or of a
dark intermedlate state that produces a rapldly emitting CZH' product.7'1°

A proposal13'1" for the dark intermediate state I3 that it 1Is the lowest
triplet state of vinylidene, CCH,.'>"17 vinylidene has been cbserved by flash
photolysis of ;cetylene fcllowed by absorption at 140 and 157 nm.'3 The lowest
triplet state of the acetylene isomer, vinylidene is calculated to be at 14,700
em™! above the ground state.'® If a triplet state is the dark precursor to the
C2H' emission, it might be expected this intermediate would be quenched more
ef'ficlently by spceies containing heavy atoms that have a large spin orbit
splitting. It is the intention of this paper to address the Jssues of the
collision-free fluorcscence lifetime and the quenching efficiency nf the emis-

sion produced by vuv photolysis of the acetylene molecule.

Experimental

Two kinds of experimental apparatus are used for these experiments. A
synchrotron light source is used for obtaining low-resolution excitation speu-
tra over the tunlng range from 110 nm t¢ 4 nm, For the time-resolved meas-
urements of fluorescence decay and high-resolution excitation spectra coverlng
@ single vibronic state, a tunable dye laser Is frequency tripled in inert

gases (Xe, Kr, and Ar) to produce tunable vuv pulses.‘u_23



The synchrotron light source is a windowed (LiF) beam port (U9A) at the
Brookhaven National Laboratory, National Synchrotron Light Source (NSLS), with
a storage ring design. The light is dispersed by a 0.5-m monochromator typ:-
cally using 1-mm slits and 2-nm resolution, A stainless steel cell with LiF
windows is used as the sample cell. Photoproduct emission is detected at right
angles with an Acton 0.2-m monochromator and a coocled RCA C31034 AO2 photo-
multiplier tube (PMT). The spectral detection efficiency is calibrated by
turning the excitation monochromator to zeroth order using the synchrotron
radiation as a white light source. The signal from the PMT is then sent to a
NIM photon counting electronics in conjunction with a LeCroy 3500 multichannel
analyzer for d;ta acquisition. Since the NSLS produces light pulses at a repe-
ririon ratc of §.5 Mz (wurking as a one-punch mode), 4 maximum time window of
approximately 150 ns is avallable for time decay measurement. This makes long
emission decay difficult to determine. The sample gas pressure i3 monitored
using 1 1-torr MKS Barocell head. |

The apparatus l'or generating coherent vuv sources using harmonic generation
in rare gases ls shown in Fig. 1. A Nd:YAU laser ls frequency doublea to 532
nm and used to pump a dye laser using Rhodamine (Excitron, Inc.) dyes. The dye
laser output of 40-70 mJ/pulse at the 555-600 nm region is mixed with residual
1.06-ym lighlL from the YAG laser to typlcally produce 5-10 mJ of 365-385-nm
ligh'. Experiments are also performed using the third harmonic of the YAG
laser at 355 nm. The mixing KDP crystal is angle-tuned by a feedback con-
trolled system that allows the scanning of excitation wavelength.

In the lower half of Fig. 1, the device 1s shown to have three chambers
| specifically for the generatlion, utilization, and detection of the vuv light.
It 1s 76 cm long and constructed cf standard 2.75-in, conflat vacuum hardwarc.

A 10-cm f.1. lens la used to focus the near uv light into the third harmoni:



generation (THG) section. A LiF lens (15 cm f.1. at 400 rm) is placed between
the THC section and the sample section. A LiF window is used to separate the
sample cell from the nitric oxide ionization cell, which is used as a vuv de-
tector with 200-300 V bias across the plates (2.5 cm apart). The THG cell :is
filled with ¢ fferent mixtures of rare gases (Ar, Kr, and Xe) depending on the
desired excitation wavelengths. Pressure in the THG cell 1s monitored using a
Wallace and Tiernan 800 torr sensor head. Pressure in the sample cell is meas-
ured using a Hastings thermocouple gauge and 1-torr MKS Baratron head. The
acetylene is passed through a trap at 195 K before use. The other gases are
passed througn traps at either 77 K or 195 K, as appropriate.

Because the THG process is only typically reported at 10'6 efficient, near
uv scattered i1l1ght 1s expeciLed v Le large compared to the desired signal, the
photoproduct luminescence resulting from vuv photolysis. The sample chamber is
painted black with Aquadag and a number of black anodized aluminum baffles are
inserted along the beam path. A liquid filter cor.sisting of 5-g/& hydrated
Fe2<sou)3 is used in the right angle detection system. The flilter transmits
emission from 400 nm to 940 nm with a transmission dip from 550 nm to 620 nm
while blocking :icattered light. The liguid filter produces virtually no fluo-
rescence and has two orders of magnitude more attenuation than a glass color
filter. A Hammamatsu R955 PMT thal is gated on by a voltage pulse with a vari-
able dzlay time is used for observing the emission. The output of the PMT s
amplified 100 times and sends to elther a PAR boxcar or a transient digitizer/
mini computer system for signal averaging and data reduction. In some experi-
ments, a pinhole (-0.3 mm in diameter) is inscerted into the midsection of the
sample chamber., Because of Lhe very large difference in the refractive index of

the LiF lens (for example, n = 1.62 @ 12 nm and n = 1.40 @ 366 nm), the vuv



and near uv laser beams are focused at very different focal lengths. This
 allows the pinhole to discriminate much of the near uv light. A better-than-

two orders of magnitude of reduction in the scattered light 1s attained.

Results

Initial survey data are obtained using the synchrotron. The photofragment
emission spectrum obtained using an acetylene pressure of 40 mterr is shown in
Fig. 2. This spec.rum is acquired by scanning the emission monochromator while
holding the excitation monochromator fixed at 120 nm. A monochromator resolu-
tion of 2C nm is used in order to maximize the instrumental throughput. Eve:
so, there is stlll a significant amount of noise shown in the spectrum and no
detectable structure is identified. Previous observations at higher resolution
(1 nm) also show no significant structure, 17,2 Huwever, the ohserved spuc-
trum differs from the previous work in that it shows emission extending farther
to the red (essentially to the cut-off wavelength of the PMT, 900 nm). This is
due to the broader spectral response of the PMT's used In the present work.

Flgure 3 shows the synchrotron excltation spectrum, and the laser absorp-
tion and excitation spectra. The excitation spectra are produced by scanning
the excitation wavelength and monitoring the photoproduct emission using a
bandpass filter. The absorption spectrum is created by monitoring the output
of the NO ionization cell in Fig. 1 while scanning the dye laser., The wave-
length resolution in the laser experiments is given by ¥3 times the Nd:YAG
laser bandwidth or approximately 2 em™! in the vuv.
The synchrotron excltatlon spectrum shows peaks due to a combination of
- vibratiovaal progression in Rydberg states und valence states, The spectrum

agroees with the previouy work.‘u which {ndicates a cut-off wavelength of cmin-

sion at 1406.% nm, rather than 130 nm.7 The high-resolution laser spectra are



scans of one vibronic band. The transition is assigned as a member of the R
Rydberg series, n = §, vé = 1 with vibronic symmetry 1Ilu — 12'8' Previous
absorption measurements place the transition at 1220.63 k. The most notable
observation on comparison of the laser excitation spectrum and the laser ab-
sorntion spectrum is their similarity. Although individual rotational lines
are not resolved because their spacing ZBv 13 about equal to the laser band-
width, the similarity in rotational contours suggests that the predissociation
process leading to the emitting photofragment is independent of J; i.e., a
homogenecus predissociation rather than proportional to J(J + 1) as In a het-

erogeneous process.?2?

The excitation spectra are also taken at different emission wavelength
regions. Figures 4 and 5 depict two spectra obtained with narrow band pass
filters centered at 440 nm and 850 nm. One interesting feature ls the distinct
shift in the amplitudes of vibronic peaks in the two spectra. It indicates
that the higher the excitation photon energy the higher the emitting photon
energy; l.e., the excitation energy in the CZH' photofragments 1s directly
correlated to that of the CoH, precursors.

The temporal behavior of the emissions is investigated in detail. Fluores-
cence signal is averaged over a large number of shots (>1000) .or a particular
gas mixture of acetylene. The difference between this averaged signal and the
background (an averaged signal with the cell empty) 1s then fit to an exponen-
tial over the temporal region where the background intensity is small compared
to Lhe signal. 1t appears that single exponential decays give good fits to
curves for varlous pressures of acetylene/quencher mixtures. The decay rate
conatants are plotted ir Fig. 6 for 10 mtorr of acetylenc versus pressures of
ftsell, Xe, and He, Using a simple llnear fit for each of the 3idded gas pres-

Sured, a bimolecular rate constant can be derived by calculating the slope of



the linear curve. The quenching rate constants of the CZH' emission for all
the gases stucdied are summarized in Table I. It should be not~d, however, that
the rate constants are somewhat phenomenological in the sense that we are ob-
serving decay of emlssion over a broad spectral region, rather than a state-
selected decay.

Collision-free fluorescence lifetimes cf the emission are also determined
at different excitation wavelengths (see Table II). This is derived by extrap-
olating the CZH* photoemission quenching curve of C2H2 to zero pressure. The
values are in good agreement with the previous works.9'1° However, the result
seems to indicate that at a shorter excitatlon wavelength a shorter emission
lifetime is obtained. This is consistent with the observation that the shorter
wavelength CZH' emitters tend to be more short-lived, since it is zlso observed
that the shorter wavelength excitation leads to more excited photoproducts.

Addilional experiments are iwaplewmcnied on the ﬂzhz molecule. It 1s deter-
mined that similar quenching rate constants and lifetimes are measured for the
excited CoD photofragment. However, the collision-free lifetime of the CoD
emission is measured to be longer (~10 us) when an excitation wavelenglh of
1222.6 R corresponding a 4R Rydberg transition for vé = 1 is used. This may
have some implication as to the electronic and vibrational coupling between the

electronic manifolds.

Discussion

It is interesting to examine the quenching rate constants for the various
species shown in Table I. A comparison with triplet state quenching of other Il
electron systems {n rare gas matrlce526 indicates that triplet state quenching
in the present system cannot be invoked. For examp'c, it has been observed

that the quenching of the triplelL state lifetime of benzene varled by a factor



»100 in the series of Ar, Kr, and Xe quenching gases, If triplet quenching
were the process occurring in the acetylene/CZH system, then a much larger
change of quenching crcss sections in the He, Ar, Kr, and Xe series would be
expected. Furthermore, the existence of low-lying singlet states of O, would
be expected to rapidly quench a triplet state by spin exchange. Thus, the
quenching data summarized in Table 1 implies that neither a metastable pre-
cursor of the photochemical emitter nor the emitter itself are triplet states,
as had been previously suggested.‘" We may also exclude other splin orbit cou-
pled intersystem emission processes sSuch as a quartet state to doublet state
transiticn in Ehe CZH' which has been pr'oposedu as a component of the visitble
luminescence.

As mentioned before, the similarity in the rotational contour between the
fluorescerice excitation and the absorption spectra can be interpreted to mean
that the predissociation of CZH2 is caused by a homogeneous perturbation. Since
the excited C2H2 state symmetry is 1Hu, the exit channel of the predissociation
mu3t also be 1nu; the H atom is ZS. so the CZH' must be produced in states
correlating with 1l electronic symmetry. By examining the CZH electronic state
calculation of Shih et al.,‘I it is believed that 32A' is the most likely candi-
date emitting state of CZH on the basis of energy spacing correlates with 21 at
its equilibrium C-C bond spacing. However, our lifetime measurements are not
in agreement with the calculated value (~0.2 uys) for this particular state.u
It {8 not clear whether the considerable discrepancy is due to the imprecision
of ‘the theoretical model in determining transition strength.

I¢ Is appropriate to compare the present quenching studles with rates that
have been previously measured. Becker et al.9 measured rates for Hp, N., and
Ar quenching that are approximately 1.5 to 2 times faster than ours, while

thelr rate for CoH, quenching is identical to ours, and also to that measured
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by Saito et al.'0 saito'e rate for He quenching is slightly faster. Saito

et al. measured rates at several emission wavelengths and found that the rates
increase at shorter wavelengths, consistent with the idea that short wavelength
emission represents more highly excited molecules. Shokoohi et al.27 measure
longer lifetimes and slower quenching rates in the near infrared emission of
CZH'. but the=e processes may represent quenching that 1s more like vibrational
relaxation thar electronic relaxation due to the complex perturbations in the
low-lying electronic states of CZH."'5 Suto et al.?3 in nontime-resolved
quenching studies have measured a product of quench rate times decay time for
Ar, N5, and CpH,. However, their values for this product are a factor of two
higher than the values measured Ly Saito et al..1° Becker et al..9 or our work.
Furthermore, Suto et al, report a dramatic decrease in the values of this prod-
uct at shorter wavelengths which we do not observe in comparing our data at 118
nm and 122 nm.

In conclusion, by using two novel tunable vuv Sourcces, a synchrotron 1ight
source and a frequency tripled laser, we have measured time-resolved quenching
rate for the CZH* and CZD' photoproducts by a number of gas specles. In addi-
tion, collisjon-free lifetimes of the CZH' and CZD* emission are measured at
different excitation wavelengths. One of the emitting states is tentatively
assigned to he the 32A' state. The results indicate that a metastable triplet
intermediate does not play a significant role in the formatlon of the observed

emission.
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TABLE I

QUENCHING RATE CONSTANTS OF C,oH EMISSION BY A NUMBER OF SPECIES

Rate
Constants
(sec”! torr™)

0, 1.43 £ 0.26 x 10°
Ar 7.7 £ 1.1 x 10°
N, 9.8 + 0.71 x 107
Kr 6.25 . 0.35 x 107
Xe 1.30 + 0.04 x 108
Hy 1.65 + 0.04 x 108
D, 1.36 & 0.08 x 100
o 1.39 + 0.9 x 106
He 4.71 & 0.08 x 10-
(1220 §) C,H, 5.03 ¢ 0.15 x 10°

(1182 X) C,Hy) 4.79 + 0.15 x 100
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TABLE 11

COLLISION-FREE LIFETIMES OF C,H EMISSION
AT DIFFERENT EXCITATION WAVELENGTHS

Wavelength Electronic State Lifetime
(nm) of C.H, (ps)
118.22 4R',v5 = 1 6.1 + 0.5
122.02 4R,v5 = 1 6.6 + 0.5

128.19 3R"' V8 - 2 8.8 + 0.8
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Figure Captions

1. A schematic diagram of the experimental apparatus,
2. An emission spectrum of CzHl observed with an excitation wavelength of
120 nm.
3. A composite of a synchrotron fluorescence excitation spectrum, a vuv laser

absorption spectrum, and a vuv laser fluorescence excitation spectrum.

y, A fluorescence excitation spectrum of C,H, obtained with a U440-nm band-
pass filter.

5. A fluorescence excitation spectrum of C2H2 obtalr 4 with a 850-rm band-
pass filtaer,

6. A plot of the inverse of the fluorescence lifetime as a function of the
quenching gas pressure,



APPARATUS FOR VACUUM ULTRAVIOLET PHOTOLYSIS
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A COMPARISON OF A SYNCHROTRON SPECTRUM AND
THE RESOLUTION AVAILABLE FROM A LASER SOURCE
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