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Molecular size effects on the site specific photofragmentation of a core excited molecule were investigated

by exciting the N and O K-shells for a series of g (CH,),CN (n = 0—3) in which the O and N atoms
were separated by successively inserting & Qkbup between the two atoms. The photofragment ions
coincident with total photoelectrons were observed by means of a reflectron type time-of-flight mass

spectrometer. Little difference was observed in the fragmentation patterns between the N and O K-edges in

exciting CHCOCN, CHCOCH,CN, and CHCO(CH,).CN. Clear discrimination was observed in the long
chained CHCO(CH;,):CN.

1. Introduction In a recent paper we reported that photofragmentation of the

Photoexcitation of the K-shell electron creates a core hole in C and N K-shell excited GFEN competes with the intra-
a molecule. Direct ionization of the innermost 1s electron in Molecular energy relaxation of the ggroup:* Fragmentation
the molecule composed of light atoms such as C, N, and O patterns were Ilttle_d_ependent onthe ele_ctromcally e>_<C|ted states
usually leads to double electron ejection via normal Auger of CRCN. We anticipate that the effective area of site specific
decay. The mode of excitation of a core electron to a vacant fragmentation of a core excited molecule would be estimated
molecular orbital (MO) is called the resonance Auger process: PY changing the length of a molecule. In this work the molecular
One electron in a valence MO drops down to fill the core hole, Sizeé effect was investigated by successively inserting a CH
and the electron initially excited to the vacant MO is released group between the CO and CN functional groups in a series of
as an Auger electron. Thus, the molecules are populated inCHsCO(CH)ACN and then selectively exciting the O and N
different electronic states of1 charged ions. This mode is K-shells.
called the participant resonance Auger process. On the other .
hand, if the core electron initially excited to the vacant MO 2 Experiment

does not take part in the decay, one electron in the valence MO  Synchrotron radiation (SR) from UVSOR at the Institute for
fills the core hole and another valence electron is released asyolecular Science (IMS) was dispersed using a constant-
an Auger electron, the final states of which are referred to as deviation constant-length spherical grating monochromator, in
two-hole One-partiC'e states. This mode of excitation is called which three gratings with different grooves were installed to
spectator resonance Auger decay. In general, the lifetimes ofgbtain 36-700 eV photona* An Al thin filter was used in order
core hole molecules followed by Auger decays are of the order to reduce the scattered stray light. The dispersed soft X-ray flux
107> s, being shorter than the periods of molecular vibration was monitored by a silicon photodiode and recorded simulta-
and rotation £10°13 s), and hence nonstatistical chemical neously as the photocurrent. All spectra were normalized by
reactions are expected. It has been of great interest to observehe photocurrent in order to correct for fluctuations in the
the products formed by the excitation of the innermost 1s dispersed photon flux.

electron of a specific atom in a molecule. Such evidences for A reflectron type time-of-flight (R-TOF) mass spectrometer
atom-selective soft X'ray Chemistry of gaseous molecules haVewaS mounted at the magic ang|e with respect to the |inear|y
been studied for BD,' Os,2 CRCH,,* CRCHs,** chlorofluoro- polarized electric vector of the SR beadfiThe sample was
carbons;® (CHg)2CO,' Pb(CH)4,° n- and 2-propanol? and introduced into the chamber as an effusive jet. The R-TOF mass
other organic moleculé$;*2by exciting K-edges. These works  spectrometer was designed to collect fragment ions with kinetic
have been performed with the expectation that a chemical bondenergies up te=10 eV atm/e = 70: A high electrostatic field

scission can occur in a limited area around the atomic site of (—1.5 kv/cm) was applied for extracting fragment ions, and
excitation; that is, a site specific reaction following normal and/ two lens systems were installed to focus the ions on a

or resonance Auger decay is to be expected. microsphere plate detector. An energy resolution about 1 eV
* Corresponding author. Telephone:81-75-644-8276. Fax:+81-75- of the primary SR was employed for the acquisition of R-TOF
645-1734. E-mail: ibuki@kyokyo-u.ac.jp. mass spectra because of the weak SR intensity.
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Figure 1. Total photoabsorption cross sections of {CN in the potential (IP) of N(1s) in CHCOCN has not been reported, so
N and O K-edges. The open circles are the experimental data. Thefar as we know. The IP is estimated to be 405.5 eV in analogy
solid curves are obtained by a least-squares curve fitting. The peakyith the N(1s)y* of CH,=CHCN and CHCN.2° The peaks at
assignments given in Table 1 and the estimated ionization potentials402 2, 402.9, and 404.1 eV exposed by the peak fitting have
are shown. The “de” means double excitation. . - ' .

the quantum defect§ = 1.0, 0.7, and 0.8, respectively, and
they are assigned to the 3s, 3p, and 4s/4p Rydberg levels. The
. ! ) S band at 404.9 eV is overlapped by some high Rydberg
using a Samson type double ion chanibuiith an Al thin filter transitions. The broad band peaked at 421.8 eV is assigned to

at the front and the silicon photodiode at the end, with the . -
distance being 23 cm. This chamber was attached to the end ofthea cn = N(1s) excitation. _The humps peaked at 4_06'_5 and
410.5 eV are tentatively assigned to the double excitation, as

e e ECloa =01 D25 ohserve e N K shel specru of O The ater
E/AE, which has been reported to be better than 2000 around peak at 410.5 eV is probably overlapped bydheo excitation.
' ) ; These assignments are summarized in Table 1.

400 eV for measuring the photoabsorption spectrum under the The bottom panel in Fiqure 1 shows the peaks observed in
present experimental conditioksUncertainty in the total cross he O K-shell panet it gTh disti E 530.6 6V |
section of photoabsorption was estimated to be less than 10%.t c -shell excitation. The distinct peak at 0 eV IS

Commercial samples of GEOCN and CHCO(CHy)sCN assigned to the*co<—0(1$) transition. The 3s and 3p Rydberg
with a stated purity better than 95% were supplied by Sigma- 'lde;\e/zecl)s(fsr;i??:iﬁiggégf\llqg;ss ; esrflllin :st(sai(;rifng;tisagr.el gt?\\lie:]or
Aldrich Japan Co. Ltd. and used after distillation in a vacuum '

; : in Table 1.
to collect the middle fraction. The samples of {HCH,CN .
and CHCOCHCH,CN were synthesized according to the 3.1.2. General Photoabsorption Features of {CI(CH,),CN

: . . n = 1—3). The general features of the total photoabsorption
procedur(_es published in _the prewolus papers by Claisamd (cross sec?[ions O?C&G:O(CHQ)”CN (n=1-3) inF;he N and g
Eivc\)/?;:g' aett 2(|)0 rl?/lsl—?zecitt‘l]\/(a(?bg?v?/itﬁ "FII\I>IASR asge;:uinmte\x]aasi K-shell regions are shown in Figures 2 and 3, respectively,
reference: 6 values in CDG} were 3.18 (s, 3H) and 4.70 (s, together with the results for GGGOCN. The strong peaks

S for CHOOCHCN and 223 (. ) 57 (1= 6. 1 aound 100 25005 o are asoignd e - N1s)
2H), and 2.83 (tJ = 6.8 Hz, 2H) for CHCO(CH).CN. These ’ '

synthesized samples were also distilled in a vacuum before usebanOIS around 420 eV in Figure 2 are thecy — N(1s)
Y P excitations, and those around 545 eV in Figure 3 areoth

< O(1s) transitions. The peak positions of Rydberg transitions
and double excitation become vague as the molecular size gets
3.1. Total Photoabsorption Cross Sections in the N(1s) and  larger.
O(1s) Regions.3.1.1. CHCOCN. Photoabsorption spectra of 3.2. Site Specific PhotofragmentationFigures 4 and 5 show
CH3COCN at the N- and O-edges have some structures asthe typical fragmentation patterns of R-TOF mass spectra of
shown in Figure 1: Twar* molecular orbitals (MO’s) are CH3COCN and CHCO(CH,).CN, respectively, in which the
spread over the molecule, and then we assign the distinguishableN(1s) and O(1s) electrons are ionized and excited intatthe
peaks at 398.1 and 399.5 eV to thtco — N(1s) andr* oy — levels. The peak intensities are expressed by normalizing with
N(1s) resonant transitions, respectively. In the energy region the maximum peak observed at the O(tspnization, that is,
higher than 401 eV some electronically excited states are m/e = 12 in CHCOCN andm/e = 15 in CH;CO(CH,)CN.
overlapped and/or embedded. To estimate their peak positions,;The contribution of valence electrons was subtracted by
we carried out a least-squares peak fitting by using Gaussianmeasuring R-TOF mass spectra at photon energies just below
functions, and the results are shown in Figure 1. The ionization the K-edges. The Hfragment ion was observed, but we are

The total cross section of photoabsorption was obtained by

3. Results and Discussion
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Figure 2. Total photoabsorption cross sections of LI(CH,),CN

(n = 0-3) in the N K-shell regions.
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Figure 3. Total photoabsorption cross sections of L(CH,),CN

(n = 0-3) in the O K-shell regions.

afraid that the H ion is not completely collected, since it is
ejected into various directions with high velocity. Thus, the H
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Figure 4. Reflectron type time-of-flight mass spectra of {HOCN
excited at the O and N K-edges. The number of hydrogen atoms is
= 0-3 for CH,", C;H,*, and CHCO".

K-shell excitation of CHCOCN are C, CH;" or Nt, CN,
CH3CO™, and COCN. We think that the mass at/e = 26 is
overwhelmingly composed of CNthough a small amount of
C,H2t may be in existence. The yield of CNragment ion at
the N K-shell excitation is about 1.4 times as much as that at
the O K-shell. By contrast, the yield of GAO" at the O K-edge
is 2.7 times as much as that at the N K-shell excitation. The
K-shell excitation of CHCO(CH,).CN shown in Figure 5
mainly produces the fragment ions of @HCH," or N*, C;H,*
or CN*, C;Hz*, CHCN', and CHCO™ (n= 2, 3). The fragment
ion atm/e = 39 is assignable to CHCN\ and the disappearance
of COCN' at m/e = 54 observed in CECOCN is reasonable.
The yields of (CH" + N*) and (GH," + CN™) at the N K-shell
excitation are, respectively, 2.0 and 1.7 times as much as those
at the O K-edge, being due to the selective ionization of the
(CHy).CN group at the N(1s) excitation. The prominent product
at the O K-shell excitation is again GEO', being 1.9 times
as much as the yield at the N-edge. We do not think, however,
that the differences observed in the N and O K-shell excited
CH3COCN and CHCO(CH,).CN are the clear site specific
photofragmentation from the viewpoint of chemical reaction.
In addition to this, the fragmentation patterns depending on the
excited states such as th#, direct ionization, Rydberg, and
o* (not shown) were nearly the same in the excitation of the N
and O K-edges of CECO(CH,),.CN (n = 0—2).

Mass spectra of C¥CO(CH,)sCN excited at the N and O
K-shells are shown in Figure 6 after correcting the contribution

peak is not shown in the figures. The fragment ion exceeding of valence electrons. It is clear that the formation of CB"
m/e = 60 was not observed or was negligibly small. The atthe O K-edge excitation overwhelms others and it reaches to

fragmentation patterns of GBOCH,CN (not shown) were

similar to those of CHCO(CH,).CN in Figure 5.

37% of the total products. The fragment ionsmae = 15
(CHz"), 16 (O"), and 41-43 (CH,CO") undoubtedly originate

Some features in Figures 4 and 5 are summarized in thein the CHCO group of CHCO(CH,)3sCN. Thus, we denote the
following: The major fragment ions generated in the N and O sum of them by “O-side products” in Table 2. Many kinds of
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Figure 6. Reflectron type time-of-flight mass spectra of £HD(CH)s-

CN excited at the O and N K-edges. The number of hydrogen atoms
is n = 0—3 for CH,", CH,CO", and GH,CN*; n = 0—4 for CH,";
andn = 0—2 for CH,CN*.

Figure 5. Reflectron type time-of-flight mass spectra of {3 (CH).-

CN excited at the O and N K-edges. The number of hydrogen atoms
is n = 0—3 for CH,", CH,CO", and GH.CN*; n = 0—4 for C;H,";
andn = 0-2 for CH,CN*.

. . o TABLE 2: Fragment lons Grouped into the O- and N-Atom
small fragment ions are produced via the N K-shell excitation, sjges at the O and N K-Shell Excited CHCO(CH2),CN (n =

in which the strongest one is GH being 10% of the total 2, 3) with Yields Given in Percent

fragment ions produced. The fragment ions in thie = 24—

27, 38-39, and 56-53 regions are assignable toH;" (n = CHCO(CH):CN CHCO(CH)LN

0—3) and CN', CH,CN* (n = 0, 1), and GH.CN* (n = 0—3), O(sf  N(sf  O(sy  N(isf
respectively. They clearly originate in the (@kCN group of O-side products 62 28 30 23
CH3CO(CH,)sCN, and thus the sum of them is denoted by “N- N-side products 17 40 39 32

side products”. The yield of “O-side products” at the O K-shell aMass discrimination effects were minimized by applying a high

excitation reaches 62% of the total fragment ions and decreaseslectrostatic field of—1.5 kV/cm for extracting fragment ions, by

to 28% at the N K-shell excitation, while that of the “N-side focusing the ions with two lens systems, and by measuring signal rates

products” shows the inverse tendency; that is, it increases fromii_'i":‘%’ ?ST Egiﬁ'g%ﬁ?{‘:gﬁgﬁgg:ﬂ:ﬂt 2'3'152?’/;; 3%5;2 ggd

.17% at the O(1s) eXC|tat|0n_ to 40% E.’lt the N(1s) edge, as 9VeN 53 4 5 K-shell excitation® N K-shell excitation. ’ ’

in Table 2. These observations are in contrast to the results of

CH3CO(CH2)2CN shown in Figure 5: The y|e|ds of the “O- andO'CH characters. The MQO'’s from the second'%md 64 to

side products” and “N-side products” of GEO(CH,).CN do the fourth 12&and 14&orbitals are strongly localized on the

not show characteristic distributions. Miscellaneous fragment (CH2)nCN group. The inner 4aor 5&' valence MO's are spread

ions which are difficult to be assigned to the N-side or O-side Over the molecule. The characters of the valence MO's which

products are increased by shortening one; Geyment. fill the 1s hole and then release an Auger electron are closely
After the K-shell excitation, the positive hole is occupied by Similar between the two compounds. Thus, it is expected that

a valence electron through Auger decay and then the hole moveghe mass spectra of GEO(CH,):CN after the Auger electron

to a valence MO to break a chemical bond. The configurations €Mmission would be similar fon = 2 and 3. The fragmentation

of some outer valence MO’s representation in the ground statesPatterns observed are, however, different, as shown in Figures

CHsCO(CH,).CN (n = 2, 3) are expressed as the following > and 6 forn = 2 and 3, respectively. Frpm this (_)bseryation
where the core orbitals on C, N, and O are ignored in the we believe that the valence MQO'’s have little relation with the

numbering scheme: site specific photofragmentation shown above.
The site dependent decomposition observed probably results
n=2: ..(3&)%4d"}124)%(13d)%(5d')*(144)> from the intramolecular energy relaxation competing with bond
dissociation. The yield of C¥CO" at the O K-edge is superior
n=3: ..(4&)%5d")%(144d)%(154)%(6d')}(164)* to that at the N K-shell excitation for all of the compounds

studied in this work. The O(1s) electron in a series 0:CH-
The outermost 14dor n = 2 and 16afor n = 3 MO'’s are the (CH2),CN (n = 0—3) is initially excited and then the O&C
0-HOMOs localized on the C¥CO group with the B, occ, bond is preferentially broken after Auger electron ejection. In
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