MM [P Chemical Physics

Direct measurement of the binding energy of the NO dimer
Elisabeth A. Wade, Joseph I. Cline, K. Thomas Lorenz, Carl Hayden, and David W. Chandler

Citation: J. Chem. Phys. 116, 4755 (2002); doi: 10.1063/1.1459702
View online: http://dx.doi.org/10.1063/1.1459702

View Table of Contents: http://jcp.aip.org/resource/1/JCPSA6/v116/i12
Published by the AIP Publishing LLC.

Additional information on J. Chem. Phys.

Journal Homepage: http://jcp.aip.org/

Journal Information: http://jcp.aip.org/about/about_the journal
Top downloads: http://jcp.aip.org/features/most_downloaded
Information for Authors: http://jcp.aip.org/authors

ADVERTISEMENT

Gooofellow

metals ¢ ceramics ¢ polymers * composites

_ 70,000 products
> P 1 : 450 different materials

»F,f“_ 5! =
‘Wwwgoodfellowlisa.dom | small quantities fast

Downloaded 17 Sep 2013 to 131.211.208.19. This article is copyrighted as indicated in the abstract. Reuse of AIP content is subject to the terms at: http://jcp.aip.org/about/rights_and_permissions


http://jcp.aip.org/?ver=pdfcov
http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/www.aip.org/pt/adcenter/pdfcover_test/L-37/1042240683/x01/AIP-PT/Goodfellow_JCPCoverPg_090413/NEW_Goodfellow_banner.jpeg/6c527a6a7131454a5049734141754f37?x
http://jcp.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=Elisabeth A. Wade&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://jcp.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=Joseph I. Cline&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://jcp.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=K. Thomas Lorenz&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://jcp.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=Carl Hayden&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://jcp.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=David W. Chandler&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://jcp.aip.org/?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.1459702?ver=pdfcov
http://jcp.aip.org/resource/1/JCPSA6/v116/i12?ver=pdfcov
http://www.aip.org/?ver=pdfcov
http://jcp.aip.org/?ver=pdfcov
http://jcp.aip.org/about/about_the_journal?ver=pdfcov
http://jcp.aip.org/features/most_downloaded?ver=pdfcov
http://jcp.aip.org/authors?ver=pdfcov

JOURNAL OF CHEMICAL PHYSICS VOLUME 116, NUMBER 12 22 MARCH 2002

COMMUNICATIONS
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The binding energy of the NO dimer has been measured directly using velocity-mapped ion
imaging. NO dimer is photodissociated to produce XP@and NO@), and the NOA) is then
nonresonantly ionized to NQ The threshold for production of NOions is measured at 44 893

+2 cm L, which corresponds to a binding energy of 68%6cm 1. © 2002 American Institute of
Physics. [DOI: 10.1063/1.1459702

NO is an important molecule in a wide range of atmo-with a backing pressure of 1.0-1.5 atm. It is then photolyzed
spheric and biological processes, and as a result the reactivityith a ~222 nm laser pulse, with a pulse energy<of mJ,
of the NO dimer, (NO),, has been of interest since the to produce NOAQ) from the photodissociation reaction:
1950s! 3 NO is an open shell molecule, so the formation of
the dimer involves the formation of a bond from the unpaired (NO);—NO(A) +NO(X).
electron of each NO monomer. This bond is stronger than ighe frequency of the laser beam is monitored with a New
usual for a typical van der Waals molecule. Focus Fizeau 7711 wavemeter, 0.5 cm %, and the cali-

The dissociation and reactivity 0RO), in the gas phase bration was confirmed by comparison of the wavemeter cor-
has been investigated using a variety of experimental sped¢ection and the assignment of the REMPI spectrum of NO
troscopic techniques.® Several of these studies have in- monomer. The NOX) is ionized nonresonantly by the same
cluded indirect measurements of the binding energy ofaser pulse. The NOions are accelerated toward the detec-
(NO),, Do[(NO),], through analysis of its ultravioleand  tor, which is time-gated so that only ions with the same mass
photoelectrofi spectra, analysis of its; and vs vibrational ~@s NO are detected, and velocity-mapped onto a two-
bands’® or direct study of vibrational predissociation of dimensional position-sensitive detector. The resulting ion im-
(NO), in infrared photodissociation experimefit® These ages just below, at, and above the threshold for production of
previous experiments indicate that the binding energy ofNO(A) from (NO), are shown in Fig. 1. The outer ring in all
(NO), is in the range of 560—800 ¢, which is larger than three images is dug to N@j from fche dissociation of the
a typical van der Waals interaction and smaller than a typicaNO- Ar clusters, Wlhz'Ch photodissociates at a much lower en-
chemical bond. Several of the previously determined value§'dy (~100 cmi*)** and has much greater translational en-
for the binding energy ofNO), are given in Table I. There is €9y at this laser frequency.lln the first image, no center spot
considerable disagreement between these previously mels-oPserved. In the second image, a faint center spot can be

sured values. The two most recent measurements differ frof€M: and it grows brighter and slightly larger in the third
each other by more than 100 image. This central feature is also observed at the same

In this work, we have applied velocity-mapped ion im- threshold wavelength when the carrier gas is changed to He,
aging following nonresonant ionization to directly observeand the threshold wavelength IS alsq independent of stagna-
the threshold for dissociation NO),. lon imaging has tion pressure. We therefore assign this central feature t6 NO

been applied to a wide range of photodissociation
processe%l, and is typically coupled with resonance- TABLE I. Measurements of the (N@)oinding energy.
enhanced multi-photon ionizatiofREMPI) to detect state-

i —1
selected products. Reference Year published Do[(NO),] (cm™7)
In this experiment,(NO), is produced in a doubly This work 2002 696 4

skimmed molecular beam by expanding 3%—5% NO in Ar, Dkhissiet al.(8) 1997 764-18

Howardet al. (7) 1993 639-35

Fischeret al. (6) 1992 787
@Electronic mail: ewade@mills.edu Hetzleret al. (10) 1991 710-40
YCurrent address: Lawrence Livermore National Laboratory, Livermore, Casass&t al. (9) 1988 806t 150

California 94550. Billingsley et al. (5) 1971 56033
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FIG. 1. Images collected following ionization of NO at222 nm, showing
the threshold of photodissociation MO), to NO(X) +NO(A). The images hv NO(X) + NO(A)
are scaled so that the brightest pixels are full white. The first image is below
the photodissociation threshold, at 222.768 nm, so no central spot is ob-
served. The second image is just at threshold, at 222.745 nm, and a faint
central spot, due to NOfrom the photodissociation diNO), can be ob- TO[NO(A) — NO(X)]
served. The third image, at 222.718 nm;-i40 cm ! over the threshold and

the central spot is becoming larger and more intense. The outer ring in all
three images is due to N@J produced by the photodissociation of

NO- Ar, which is much more weakly bound thgNO), and so has more NO(X) + NO(X)
recoil energy at the same laser frequency.

from the photodissociation ofNO),, which is being pro- Y Y Do[(NO)2]
duced from nonresonant ionization of N&)(just above the
photodissociation threshold and therefore has very little
translational energy.

Since a photon of-222 nm light has more than enough (NO)2 (ground state)
energy to _Iomze NO@’ the ,amoum of recoil _en?rg,ﬁfec’ FIG. 2. Schematic of energies involved in the photodissociatidiNg), to
observed in theNO), image is the sum of the initial internal No(x) +NO(A), as described in Eqd).
energy of(NO),, Ej.iiai» and the energy of the photohy,
minus the sum oD [ (NO),], the energy difference between
the NOX) state and the NGOX) state, To[NO(A) thatD o[ (NO),] is 696+ 4 cm L. However, it is likely that, if
—NO(X)] and the internal energy of the NO produdgs,,  (NO), were rotating with 3 cm?® of rotational energy, the
rotation would result in centrifugal acceleration of the disso-
ciation products which would in turn result in translational

Einitial

Erec= Einitia + hv— {DO[ (NO),]

+To[NO(A) —NO(X)]+ Eno}- (1) energy. Since we can directly observe MQ(produced just
above threshold with<2 cmi® of translational energy, it is
These energy levels are shown schematically in Fig. 2. likely that at threshold we are observing N&( produced

By examining the ion images to determine the wave-from (NO), with very little initial rotational energy. If that is
length for whichE,.. approaches zero, where the central spothe case, therDy((NO),) equals our directly measured
in the images disappears, we find that the threshold energgthreshold energy and is 682 cm L.
or the laser frequency associated wilj,.=0cm !, is We also assume that the NQve observe at the thresh-
44893+ 2 cm ! or 222.75-0.01 nm. To[ NO(A) —NO(X)] old wavelength is due to NO products in their rotational and
is very well established at 44200.2chm*® so vibrational ground state, so th&to=0. It is possible that
{Do((NO);) — Ejnitia} 18 693+2 cm™ . Ejniias is the sum of  dynamic constraints make it impossible for the dissociation
vibrational and rotational energy faNO),. The smallest of (NO), to produce NO in its ground rotational state. Since
frequency normal mode aNO), is v,, which is 117 cm®  this would meanEyo>0, it would mean that our value of
for thecisisomef*and 79 cm * for thetransisomer® Ifwe  Do((NO),) is larger than the true value. However, we ob-
were observing dissociation from vibrational hot bands, weserve NO with <2 cmi ! of translational energy, which
would expect to see separate rings for each vibrationally exsuggests that there is at most a very small barrier to disso-
cited state, as the detection system can easily resolve ringsation, and which in turn suggests that just at the dissocia-
corresponding to an energy spacing>e10 cm 1. Since we  tion threshold there is no impulse that would force the NO
do not observe such rings, the only remaining source of inproducts to be rotationally excited.
ternal energy fofNO), is rotational excitation. It is not pos- Hetzler et al. observed product rotation distributions of
sible for us to directly measure the extent of rotational excithe NO fragments following dissociation of overtone-excited
tation, but we can estimate it. REMPI measurements of théNO),.'° They accounted for the observed distributions by
spectrum of NO monomer in our molecular beams give us gostulating a 900 cm' barrier to the association of NO frag-
rotational energy of 31 K. Using the available rotational ments to form the dimer. Our results strongly suggest that
constants foNO),,’ and approximatingNO), as a prolate there is at most a very smalk(2 cm ') barrier to the re-
top, it is possible to calculate a Boltzmann distribution forverse reaction.

(NO), rotational states at 3 K. If we assume that we do not  Similarly, we assume that the first NOwe observe is
detect signal due to rotationally excited states that are lessue to the dissociation of the dimer to produce M®(
than 5% of the total population, we find an upper limit of + NO(X,II,,), not NOA) + NO(X,I135). If for some rea-
rotational excitation of 32 cm !, which would indicate son, the NOK) is produced exclusively in the spin-orbit
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