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Vacuum-ultraviolet mass-analyzed threshold ionization spectra
of iodobutane isomers: Conformer-specific ionization and ion-core
dissociation followed by ionization

Sang Tae Park, Sang Kyu Kim,a) and Myung Soo Kimb)

National Creative Research Initiative for Control of Reaction Dynamics and School of Chemistry,
Seoul National University, Seoul 151-742, Korea

~Received 30 April 2001; accepted 30 May 2001!

Mass-analyzed threshold ionization~MATI ! spectra using coherent vacuum ultraviolet radiation
have been obtained fort-butyl iodide, iso-butyl iodide, 2-iodobutane, and 1-iodobutane. The
ionization energy to the lower spin–orbit state oft-butyl iodide ion has been determined to be
8.998460.0006 eV, while the threshold for fragmentation tot-C4H9

1 and I has been estimated to be
9.176260.0047 eV. Heat of formation oft-butyl cation,D fH

0(t-C4H9
1), has been re-estimated,

733.763.3 kJ mol21. Peaks due to two different conformers ofiso-butyl iodide ion,PH andPC, are
clearly resolved in the MATI spectra, enabling the measurement of ionization energies to the lower
spin–orbit states of respective conformers, 9.172560.0006 and 9.197260.0006 eV. Corresponding
values for the upper spin–orbit states have been determined from the MATI spectra for the C4H9

1

fragments generated by dissociation in the ion core of neutral as 9.739460.0024 and 9.7649
60.0023 eV. Only two out of three possible 2-iodobutane conformers have been observed in the
MATI spectra with ionization energies to their lower spin–orbit states of 9.088360.0006 and
9.091360.0006 eV, even though conformer identification was not possible. Similarly, it is likely
that four distinct peaks observed in the ionization threshold region of the MATI spectra of
1-iodobutane are the origins for the different conformers. Plausible mechanisms for the ion-core
fragmentation of iodobutanes are discussed. ©2001 American Institute of Physics.
@DOI: 10.1063/1.1386786#
te

ed
d
ss

e
a
ie
on
T

an
K

ion
er

in
te

e
mi-
ats
s
o-

ef-

ate
lds.
ted
er

V

tra,
In-
ved
lso
ing
ex-
o-

a as-
se
ac-

sit
I. INTRODUCTION

Zero electron kinetic energy~ZEKE! states live quite
long so that delayed pulsed-field ionization of these sta
generates highly resolved spectra of ions.1–5 Conventionally,
it is called ZEKE spectra when electrons ejected by puls
field ionization from long-lived ZEKE states are detecte
while detection of the corresponding ions gives ma
analyzed threshold ionization~MATI ! spectra.6,7 Both ZEKE
and MATI spectra, when they are obtained by the combin
use of molecular beam and high resolution lasers, usu
provide accurate and precise values for ionization energ
vibrational frequencies, and even rotational constants of i
in some cases. In this work, we adopt one-photon MA
spectroscopy using a vacuum-ultraviolet~VUV ! laser source
generated by four-wave mixing in Kr gas.8,9 Though ZEKE
spectroscopy is more advanced in terms of sensitivity
spectral resolution, MATI has some advantages over ZE
especially in the study of reaction dynamics occurring in
cores because of the inherent capability of MATI to det
mine the mass of the chemical species involved.7 Compared
to multi-photon MATI, one-photon VUV MATI5,10 is not
only universal in its application but also straightforward
spectral interpretation since any complication associa
with the multi-photon effect can be avoided.

a!Permanent address: Department of Chemistry, Inha Univer
Inchon 402-751, Korea.
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MATI spectroscopic studies of alkyl halide ions hav
been found to be extremely useful for the accurate deter
nation of important thermodynamic quantities such as he
of formation of alkyl ions and proton affinities of variou
hydrocarbons.10 Compared to the more traditional spectr
scopic tools such as the measurement of photoionization
ficiency ~PIE!, photoelectron spectroscopy~PES!, and
photoelectron-photoion coincidence~PEPICO! technique,
MATI provides more precise and probably more accur
values of ionization energies and fragmentation thresho
Thus, related thermodynamic quantities previously estima
from PIE, PES, or PEPICO of alkyl halides can be furth
refined by MATI spectroscopy of the same molecules.

Recently, our group has reported one-photon VU
MATI spectra of 1- and 2-iodopropane ions.10 Interestingly,
gauche and anti ~or trans! conformers of 1-iodopropane
were well separated as two distinct peaks in MATI spec
which resulted in conformer-specific ionization energies.
formation on the threshold energies and dynamics invol
in the fragmentation of 1- and 2-iodopropane ions has a
been obtained from the MATI spectra recorded by detect
parent or fragment ions. In the present work, we have
tended the VUV MATI spectroscopic study to various is
mers of iodobutanes:t-butyl iodide, iso-butyl iodide,
2-iodobutane, and 1-iodobutane. Accurate energetics dat
sociated with ionization and ion-core fragmentation of the
molecules are reported with discussion about plausible re
tion mechanisms therein.

y,
2 © 2001 American Institute of Physics
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TABLE I. Ionization ~IE! and appearance~AE! energies of iodobutanes, in eV.

t- iso- 2- 1- Ref.

IE(X̃1)a 8.998460.0006 9.172560.0006b 9.088360.0006d 9.208160.0006d this work

9.197260.0006c 9.091360.0006d 9.211660.0006d ’’
9.219260.0006d ’’
9.225360.0008d ’’

8.9860.01 9.1860.01 9.1060.01 9.2360.01 26
8.9860.01 9.1760.01 9.0860.01 9.2160.01 15
9.0960.01 9.1860.01 9.1360.01 9.2360.01 17

IE(X̃2)a 9.739460.0024b 9.784760.0049d this work

9.764960.0023c 9.787760.0043d ’’
9.791460.0050d ’’
9.796060.0039d ’’

9.6460.01 9.7460.01 9.6860.01 9.8160.01 17

AE~C4H9
1!e 9.176260.0047 9.64360.019f 9.646660.0046 9.754460.0045 this work

~0K! 9.18060.015 19
9.1660.03 9.6260.02 9.5560.02 9.7260.02 15

AE~C4H9
1!e 8.9960.01 27

~298K! 9.5460.01 28
8.9860.01 29

aX̃1 and X̃2 denote lower and upper spin–orbit states, respectively, of the ground electronic state.
b,cb and c denote PH and PC conformers, respectively. See Fig. 2.
dConformer-specific ionization energies to the lower or upper spin–orbit states.
eAppearance energies of C4H9

1 from iodobutanes at 0 and 298 K.
fDetermined from photoionization efficiency data.
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II. EXPERIMENT

Iodobutanes were purchased from Aldrich and us
without further purification. Samples kept at room tempe
ture were seeded in helium or argon carrier gas and expa
into a source vacuum chamber through a 0.5-mm-diam
nozzle orifice~General Valve!. The supersonic jet was the
skimmed through a 1-mm-diameter skimmer to enter a
ferentially pumped ionization chamber. The backing press
was typically 2–3 atmosphere and background pressur
the ionization chamber was maintained below 1027 Torr.

Details of the experimental setup were describ
previously.10 Briefly, the second harmonic output of
Nd:YAG laser~Continuum PL8000, 5 ns! was used to pump
a dye laser~Continuum ND6000! to generate 649 or 638 nm
laser pulses. Then it was frequency-tripled to produce
216.6 or 212.4 nm output (;0.5 mJ/pulse) which was use
to excite the Kr 5p@5/2#0-4p6 or 5p@1/2#0-4p6 transition
via two-photon resonant absorption, respectively. A la
pulse in the 500–700 nm range was also generated b
second dye laser pumped by the 355 or 532 nm outpu
another Nd:YAG laser. Two laser pulses were then combi
and loosely focused by a fused-silica lens~50 cm focal
length! prior to entering the Kr gas cell. A MgF2 lens~20 cm
nominal focal length! was placed off-center at the exit of th
Kr gas cell to separate the VUV laser output from the inp
laser pulses in the laser-molecular beam interaction regio11

The VUV laser in the 125–135 nm region was genera
with the Kr pressure optimized in the 1–10 Torr range.

The VUV laser pulse was collinearly overlapped wi
the molecular beam in a counter-propagation manner,
thus slit-electrodes were used to maximize ion collect
efficiency.12 Spoil field of 0.15–1.0 V/cm was applied, whil
an electric field of 10–125 V/cm was applied at a cert
Downloaded 03 Sep 2003 to 143.248.34.202. Redistribution subject to A
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delay time after the laser pulse for the pulsed-field ionizat
~PFI! of long-lived ZEKE states. Ions were then accelerat
flied through a field-free region, and were detected by a d
microchannel plate detector. A short pulse of the scramb
field was applied at the laser irradiation time, which leng
ened the lifetime of ZEKE states significantly.10,13 Use of a
long delay time~20–40ms! and low spoil field improved the
quality of the MATI spectra tremendously.

III. RESULTS AND DISCUSSION

Since the high PFI field ionizes Rydberg molecules
well below the ionization threshold, ionization energies d
duced from MATI spectra are often underestimated from
true values.14 In the present work, ionization energies to th
lower spin–orbit states of molecular ions have been de
mined by the extrapolation of those deduced from MA
spectra taken at several PFI and spoil fields to the zero-fi
via multiple regression. Validity of this method was check
carefully in the previous work.10 Fragmentation thresholds
however, could not be determined by the above extrapola
method due to low signal levels at low PFI field. Thus, e
ergy calibration factor, deduced by comparing the ionizat
energies for lower spin–orbit states measured at a partic
PFI field with the accurate results, has been used to estim
other values reported here. The values of ionization ener
and fragmentation thresholds obtained in this work are co
pared with previously reported values in Table I.

A. t -Butyl iodide

The MATI spectra of t-butyl iodide ~2-iodo-2-
methylpropane! recorded by measuring C4H9I

1• and its frag-
ment, C4H9

1 , are shown in Fig. 1~a!. Observation of C4H9
1

by PFI means that dissociation has occurred in the ion c
IP license or copyright, see http://ojps.aip.org/jcpo/jcpcr.jsp
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of the neutral in the ZEKE state during the time del
~20–40ms! between VUV excitation and PFI pulses. Assig
ment of the major bands in the C4H9I

1• ion MATI spectrum
is rather straightforward because only one conformer ex
both for the neutral and molecular ion. Accurate ionizati
energy to the lower spin–orbit state oft-butyl iodide ion can
be determined from the position of the first peak in t
C4H9I

1• ion MATI spectrum, which is 72 577
65 cm21 (8.998460.0006 eV). This is in reasonable agre
ment with the previously reported value of 8.9860.01 eV.15

Also observed in the MATI spectrum oft-butyl iodide
are several sharp peaks associated with ionic vibratio
energy levels. Comparison withab initio calculation
~MP2/LanL2DZ!16 suggests that the 116, 197, 423, a
535 cm21 bands are due to C-I stretching, C-I bending, C
bending, and C-I stretching/C-C bending combination,
spectively.

According to the photoelectron spectrum,17 the upper
spin–orbit state oft-C4H9I

1• is located at;4400 cm21

above the lower state. Appearance of C4H9
1 below this en-

ergy in Fig. 1~a! means that the fragmentation occurs in t
lower state. It is reasonable to assume that the C4H9

1 frag-
ment has thetertiary butyl structure also because it is th
most stable among the C4H9

1 isomers.18,19 Fragmentation
threshold energy can be estimated from the energy where
parent (C4H9I

1•) MATI signal disappears and at the sam

FIG. 1. ~a! One-photon VUV MATI spectra oft-butyl iodide in the thresh-
old region for ionization to the lower spin–orbit state recorded by moni
ing C4H9I

1• and C4H9
1 signal. ~b! Fragmentation threshold region in~a! is

magnified to show the appearance energy determination.
Downloaded 03 Sep 2003 to 143.248.34.202. Redistribution subject to A
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1 fragment MATI signal starts to increase

However, as shown in Fig. 1~b!, there exist weak broad
bands in the fragment MATI spectrum even below the ene
where the parent MATI signal disappears completely. T
positions and widths of these peaks in the fragment MA
spectrum do not match with those in the parent MATI sp
trum. Thus, possibility of extremely slow reaction~such as
tunneling! near the threshold energy can be readily ruled o
Instead, the intensity of the broad bands in the fragm
MATI spectrum turned out to be dependent on the molecu
beam conditions such as backing pressure or delay time
tween nozzle-opening event and laser-irradiation. Theref
the weak broad bands in the fragment MATI spectrum
most likely due to hot-band transition and/or contributi
from clusters in the beam. Accordingly, the fragmentati
threshold energy has been estimated from the sharp dec
the parent MATI signal, Fig. 1~b!, resulting in the appearanc
energy of 74 011638 cm21 (9.176260.0047 eV) for the
C4H9

1 fragment. This value is in good agreement with t
appearance energy of 9.18060.015 eV measured with
PEPICO spectroscopy by Baer and co-workers,19 Table I.
Using the heats of formation data fort-C4H9I and I products
in the literature,20,21 D fH

0(t-C4H9
1) is estimated to be

733.763.3 kJ mol21, which is in agreement with 734
63.6 kJ mol21 reported previously.19

The experimental finding that relatively sharp peaks
pear in the C4H9

1 fragment MATI spectrum even above th
fragmentation threshold suggests that both intramolecula
brational redistribution~IVR! and fragmentation processe
are not extremely fast near the fragmentation thresh
namely at;1400 cm21 above the zero point level. Howeve
at higher excitation energies the fragment MATI spectru
shows broad and structureless feature, indicating that I
becomes quite efficient at such energies. Thus the pre
experimental results are consistent with the general con
sus that the fragmentation takes place on the ground io
state through IVR without an exit barrier.

B. iso -Butyl iodide

Two conformations with respect to the C~1!-C~2!
axis, PH and PC, are possible for iso-butyl iodide
~1-iodo-2-methylpropane!,22 as shown in Fig. 2. Relative
thermodynamic stabilities of these two conformers are
accurately known, even thoughab initio calculation~MP2/
LanL2DZ! suggests that thePC conformer is slightly more
stable than thePH conformer. With the energetics differenc
between conformers negligible, the population ratio of t

-

FIG. 2. Newman projections for thePH and PC conformers ofiso-butyl
iodide.
IP license or copyright, see http://ojps.aip.org/jcpo/jcpcr.jsp
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PH and PC conformers will be mostly determined by th
structural degeneracy factor, namely;1:2. Assuming that
the same ratio holds for the MATI peaks, we assign the p
at ;73 972 cm21 in the MATI spectrum, Fig. 3~a!, to the
spectral origin of thePH conformer ion, while the stronge
(32) peak at;74 171 cm21 is assigned to that of thePC

conformer ion. This means that the ionization energy ofPC

is a little higher than that ofPH . The same was found in th
ab initio calculation at the MP2/LanL2DZ level. Ionizatio
energies of thePH and PC conformers ofiso-butyl iodide
determined based on these assignments are 73
65 cm21 (9.172560.0006 eV) and 74 18065 cm21 (9.1972
60.0006 eV), respectively. It is to be emphasized that th
values are conformer-specific, while all the previous d
reported in the literature are the averages over the two c
formers. Also to be emphasized is that conformer-spec

FIG. 3. One-photon VUV MATI spectra ofiso-butyl iodide recorded by
monitoring~a! C4H9I

1• generated in the lower spin–orbit state and~b! C4H9
1

generated in the upper spin–orbit state.~c! C4H9I
1• and C4H9

1 generated in
the fragmentation threshold region in PIE.
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preparation ofiso-C4H9I
1• ion beam can be achieved b

choosing the wavelength of the VUV radiation used f
MATI, as in our previous study on 1-C3H7I. Several vibra-
tional bands associated withPH andPC conformers also ap-
pear in Fig. 3~a!. ab initio calculation at the MP2/LanL2DZ
level predicts two C-I bending frequencies at 71 a
142 cm21 for the PH conformer ion and at 77 and 138 cm21

for the PC conformer ion. Thus, the peak at;74 106 cm21

can be assigned to C-I bending of thePH conformer, while
those at;74 261 and;74 319 cm21 to the two C-I bending
modes of thePC conformer. Assignment of other bands
rather ambiguous and has not been attempted.

Ionization energies of thePH andPC conformers to their
upper spin–orbit states could be determined from the MA
spectrum recorded by monitoring the C4H9

1 signal, Fig. 3~b!.
Spectral pattern of this spectrum is very similar to that of
lower spin–orbit state MATI@Fig. 3~a!# and hence the con
formational assignment is straightforward. The ionization e
ergies to the upper spin–orbit states based on these as
ments are 78 554619 cm21 (9.739460.0024 eV) and
78 759619 cm21 (9.764960.0023 eV) forPH and PC con-
formers, respectively. No MATI signal due to the parent i
is observed in the same energy region, which indicates
fragmentation threshold is located below the upper sp
orbit state origins. It was difficult to measure the parent i
MATI signal near the fragmentation threshold region. I
stead, photoionization efficiency~PIE! curve for the C4H9

1

fragment was measured, Fig. 3~c!, and its appearance energ
was deduced from the data. The appearance energ
77 7706150 cm21 (9.64360.019 eV) thus obtained com
pares well with the previously reported value of 9.6
60.02 eV.15 The fragmentation threshold is located belo
the upper spin–orbit state origins by;780 cm21.

The upper spin–orbit state origins correspond to the
cess energy of;4570 cm21 from the lower spin–orbit state
origins. The vibrational state density of the lower spin–or
states is estimated to be around 43104/cm21 at this energy.
Accordingly, if the upper spin–orbit states are strong
coupled to dissociative dark states in the lower spin–o
states, spectral congestion or peak broadening is expect
the C4H9

1 fragment MATI spectrum. However, the spectrum
Fig. 3~b!, is found to be quite simple and the widths of ind
vidual peaks are almost the same as those due to the lo
spin–orbit states in the parent ion MATI spectrum, Fig. 3~a!.
Therefore, similar to the fragmentation of 1-iodopropa
ion,10 the upper-to-lower spin–orbit state transition may a
as the dynamic bottleneck in the dissociation ofiso-butyl
iodide ion in the upper spin–orbit state to C4H9

11I.

C. 2-Iodobutane

Three conformations with respect to the C~2!-C~3! axis,
A, G, and G8, are possible for 2-iodobutane, Fig. 4. It
well known from the vibrational spectroscopy of th
2-substituted butane derivatives that theG8 conformer is the
least stable of the three.23 Two peaks appear distinctly a
;73 292 and ;73 316 cm21 in the MATI spectrum of
2-iodobutane in Fig. 5~a!. One possible assignment is to tak
the lower frequency peak as the origin and the higher
IP license or copyright, see http://ojps.aip.org/jcpo/jcpcr.jsp
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quency one as the vibrationally excited band. This is
likely because the latter is separated from the former only
;24 cm21 and is more intense than the former. A more pla
sible assignment is to take both of these as the origin ba
for the A andG conformers. Still, it is a formidable task t
determine which is which. We will just mention here that o
attempt to conformer-assign these bands throughab initio
calculation was fruitless. Even though the conformer ass
ment could not be done, we determined the ionization e
gies to the lower spin–orbit states, which were 73 3
65 cm21 (9.088360.0006 eV) and 73 32665 cm21 (9.0913
60.0006 eV). These are in good agreement with 9
60.01 eV reported by Baer and co-workers,15 Table I.

The MATI spectra probing the parent ion or C4H9
1 frag-

ment do not show any sharp feature in the threshold regio
the upper spin–orbit state. Rather, only broad and struct
less bands are observed in both MATI spectra as show
Fig. 5~b!. Consequently, ionization energies to the upp
spin–orbit states of 2-iodobutane ion could not be precis

FIG. 4. Newman projections for theA, G, and G8 conformers of
2-iodobutane.

FIG. 5. One-photon VUV MATI spectra of 2-iodobutane.~a! C4H9I
1• gen-

erated in the lower spin–orbit state and~b! C4H9I
1• and C4H9

1 generated in
the fragmentation threshold region.
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determined. Instead, sharp decrease of the parent MATI
nal is observed at;77 795 cm21, indicating that the frag-
mentation of 2-iodobutane ion is nearly complete with
;20ms at this energy. The ionization energy to the upp
spin–orbit state was previously measured to be 9
60.01 eV (;78 100 cm21) by PES.17 Therefore, it is very
likely that the fragmentation threshold is lower than the u
per spin–orbit state origin. However, the threshold ene
could not be determined from the MATI spectra unambig
ously. While the parent MATI signal disappears complete
at ;77 795 cm21, the C4H9

1 MATI signal starts to appear a
much lower energy of;77 420 cm21, Fig. 5~b!. Two expla-
nations are possible. One is to assume the involvemen
hot-band transitions, which may allow the fragment to a
pear below the true threshold energy. The other possibilit
that the fragmentation occurs very slowly in the thresh
region such that MATI signals for the parent and fragme
coexist even after a long delay time of;20ms after the laser
pulse. The appearance energy of the C4H9

1 fragment was
previously measured to be 9.5560.02 eV by PEPICO
spectroscopy15 and is closer to the appearance energy e
mated from the fragment MATI signal. Hence, it may b
tempting to adopt the second of the explanations abo
namely very slow dissociation near the threshold. The br
structureless bands in MATI spectra in Fig. 5~b! indicate that
state-mixing is nearly complete in the lower spin–orbit st
at the excess energy of;4500 cm21. This, in turn, suggests
that the reaction near the threshold may occur statistic
and its rate constant may be reasonably estimated by
Rice–Ramsperger–Kassel–Marcus~RRKM! theory.24 The
vibrational frequencies for theA conformer ion obtained by
ab initio calculation~MP2/LanL2DZ! and the threshold en
ergy of 4250 cm21 estimated from the appearance of t
fragment ion signal in Fig. 5~b! were used in the RRKM
calculation. The rate constant at the threshold thus estim
was 2.63106 s21. The calculated rate constant is larger,
nearly two orders of magnitude, than needed to validate
slow dissociation model. An alternative may be that fra
mentation occurs via tunneling at the threshold reg
through an exit barrier. We do not have any information
clarify the situation. Hence, we take tentatively the thresh
determined from the sharp decrease of the parent MATI
nal as the appearance energy of the C4H9

1 fragment, Table I.
To unravel the nature of this ion-core dissociation, real-ti
rate measurement would be desirable.

D. 1-Iodobutane

Conformational isomerism for this molecule is mo
complicated than the aboves because not only the confor
tions around the C~2!-C~3! axis but those around the C~1!-
C~2! axis must be taken into account. Total of five conform
ers are possible,AA, GA, AG, GG, and GG8 in Fig. 6.
According to the electron diffraction study,25 only three of
these five are significantly populated in the gas phase
23°C; AA (19617%), GA (17631%), and GG (64
631%). On the other hand, four bands appear distinctly
the ionization threshold region, namely at;74 261,
;74 286,;74 343, and;74 400 cm21, of the MATI spec-
IP license or copyright, see http://ojps.aip.org/jcpo/jcpcr.jsp
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trum of 1-iodobutane, Fig. 7~a!. Accepting the results from
the above electron diffraction study, one of these may be
to the contribution from the vibrationally excited neutra
clusters, or vibrational excitation in the molecular ion. Sin
the situation is very complicated, we will not make any
tempt to identify these bands. Ionization energies associ
with these four bands are listed in Table I.

The appearance energy of the C4H9
1 fragment from

1-iodobutane has been determined to be 78
636 cm21 (9.754460.0045 eV) from the disappearance
the parent MATI signal, Fig. 7~c!. This is in good agreemen
with 9.7260.02 eV measured previously by PEPIC
spectroscopy.15 Figure 7~b! shows the fragment ion MATI
spectrum near the upper spin–orbit state region. Comp
to the lower spin–orbit state spectrum in Fig. 7~a!, bands in
this spectrum are much broader and separations are sm
Through repeated measurements, we could confirm the p
ence for four bands at around;78 911,;78 932,;78 959,
and;79 003 cm21, which may correspond to four conform
ers observed in the lower spin–orbit state region. The i
ization energies to the upper spin–orbit state of 1-iodobut
estimated from these bands are 78 919640 cm21 (9.7847
60.0049 eV), 78 943635 cm21 (9.787760.0043 eV),
78 973640 cm21 (9.791460.0050 eV), and 79 010
631 cm21 (9.796060.0039 eV). These are in good agre
ment with the average ionization energy of 9.8160.01 eV
determined previously by photoelectron spectroscopy.17

IV. CONCLUSION

Overall, ionization energies and fragmentation thresh
energies of iodobutane isomers determined by MATI sp
troscopy in this work have been found to be in reasona
good agreement with previously reported values determi
by PES, PIE, or PEPICO spectroscopy. However, the va
determined here are more precise and probably more a
rate. Furthermore, it is to be emphasized that the values
sociated with ionization are now conformer-specific. As h

FIG. 6. Structures ofAA, GA, AG, GG, and GG8 conformers of
1-iodobutane.
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been demonstrated in our earlier work on 1-iodopropane
beam of a particular conformer ofiso-butyl iodide,
2-iodobutane, or 1-iodobutane ions can be now selectiv
prepared by just tuning the excitation VUV wavelengt
Fragmentation of 2-iodobutane ion in the upper spin–o
state occurs via efficient coupling to dissociative dark sta
in the lower spin–orbit state. On the other hand, the upp
to-lower spin–orbit state transition may act as the dynam
bottleneck in the fragmentation ofiso-butyl iodide ion in the
upper spin–orbit state. 1-iodobutane ion may lie half w
between these two in terms of the efficiency of the upper
lower spin–orbit state transition. In conclusion, we have h
investigated the ionization and ion-core fragmentation
various isomers of iodobutane. The way how alkyl grou
are chemically arranged around the formal charge cente
the molecular ion has turned out to affect both ionization a

FIG. 7. One-photon VUV MATI spectra of 1-iodobutane.~a! C4H9I
1• gen-

erated in the lower spin–orbit state,~b! C4H9
1 generated in the upper spin–

orbit state, and~c! C4H9I
1• and C4H9

1 generated in the fragmentation thres
old region.
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fragmentation energetics significantly. A highlight of th
work may be that a new method has been developed w
can be used to investigate the conformational effect on s
troscopy and dynamics of iodobutane ions. In particular,
pability to study conformer-specific chemical processes m
lead to better understanding of the influence of conforma
on reaction dynamics which has been an important subje
organic chemistry over the years.
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