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The photodissociation g-methylphenolp-ethylphenol, ang-(2-aminoethyl)phenol, chromophores of the
amino acid tyrosine, was studied separately for each compound in a molecular beam at 248 nm using multimass
ion imaging techniques. They show interesting side-chain size-dependent dissociation properties. Only one
dissociation channel, that is, H atom elimination, was observed foratkthylphenol ang-ethylphenol.

The photofragment translational energy distributions and potential energy surfaces from ab initio calculation
suggest that H atom elimination occurs from a repulsive excited state. On the other hand, the H atom elimination
channel is quenched completely by internal conversion and/or intersystem crogsi(®&aminoethyl)phenol.

Only C—C bond cleavage was observed frpri2-aminoethyl)phenol. The photofragment translational energy
distribution shows a slow component and a fast component. The fast component results from dissociation on
an electronic excited state, but the slow component occurs only after the internal conversion to the ground
electronic state. Comparison with the photodissociation of phenol and ethylbenzene is made.

I. Introduction predissociation throughzr* and zzo* coupling results in rapid
guenching of the fluorescence. Indeed, the H atom elimination
from the repulsive electronic excited state of phenol has been
verified in a recent molecular beam experim&m. similar
dissociation channel was also observed from indole, a chro-
mophore of the amino acid tryptophéh.
Since phenol is different from tyrosirét lacks a side chain
f the functional group CHCH(NH,)COOH, it would be very

The amino acids are some of the most important biomol-
ecules. Aromatic amino acids like tyrosine, tryptophan, and
phenylalanine have very large UV absorption cross sections.
However, the fluorescence quantum yields of these molecules
are very small. They indicate the existence of fast nonradiative
processes, which efficiently quench the fluorescénéerhe

nonrad@twtisprocess was assumed to b(_a the ultrafast interna nteresting to determine the photodissociation properties when
cpnvgrsmrﬁ As soon as the electromc energy becqmes the chemical functional group is added to phenol. In this work,
ylbratlonal energy after '”te”‘é?' conversion, the hlg_hly v_|bra- we reported the photodissociation pfmethylphenol,p-eth-
tionally excited molecules quickly dissipate the vibrational ylphenol, and-(2-aminoethyl)phenol. We demonstrate that the

energy fo the surrounding molecules through intermolecular yiqqciation properties could change dramatically as the side
energy transfer before chemical reactions take place. This SO hain is added to phenol

called photostability prevents the unnecessary photochemical
reactions of these molecules upon UV irradiation.

Phenol is a chromophore of the amino acid tyrosine. Recent . . . . .
ab initio calculation suggests that the low fluorescence quantum The multimass ion imaging tecll;lnlques have been described
yield of phenol is due to the dissociative character of the I detail in our previous reports;“ and only a brief account
electronic excited-state potential energy surface, instead of fast'S 9iven here.p-Methylphenol (orp-ethylphenol) vapor was
internal conversion to the electronic ground safe.The formed by flowing ultrapure Ne at a pressure of 600 Torr
calculation shows that absorption of UV photons in the range through a reservoir filled with g-methylphenol (op-ethylphe-
290-240 nm corresponds to the photoexcitation of phenol to N°!) sample at 80C. Thep-methylphenol (omp-ethylphenol)/
the § sn* excited state. The second excited state has a Ne mixture was transferred through a 90 flexible stainless
significant antibonding* character with respect to the OH bond ~ St€€! tube to a pulsed valve and then expanded through a 500
distance. The population of the bright state,c&n be transferred ~ #M high-temperature (10€C) nozzle to form the molecular
to the dark state, Sthrough a conical intersection. As a result, P€am. The method to generatg2-aminoethyl)phenol mo-

instead of internal conversion to the ground electronic state, '€cular beam is different from that gkmethylphenol. A glass
container which contains@(2-aminoethyl)phenol solid sample

* Part of the special issue “M. C. Lin Festschrift" located inside a stainless steel oven (2Q) was attached to
* Corresponding authors. E-mail: ckni@po.iams.sinica.edu.tw (Ni); the front of a pulsed valve. The plunger of the pulsed valve

[I. Experimental

jlehang@mail.ntcu.edu.tw (Chang). extended to the exit hole (diameter: 5@®) of the oven. The
s ﬁ‘;";‘igﬁg]'aT ;\'I:,‘g’nahmversn molecular beam was formed by expandingph@-aminoethyl)-
Il National Tsing Hua Unive?/s'ity. phenol/Ne mixture at a pressure of 600 Torr through the exit
U National Taichung University. hole of the oven.
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Figure 1. Photofragment ion images from (a) methylphenol, (b) °r .

ethylphenol, (c) and (dp-(2-aminoethyl)phenol.
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Figure 2. Photofragment translational energy distribution of the
reaction CHCgH4sOH — CH3CeH.O + H.

Molecules in the molecular beam were photodissociated by
UV laser pulses, and fragments were then ionized by VUV laser
pulses. The distance and time delay between the VUV laser

(b) 10 em™ 0-H=96.27

pulse and the photolysis laser pulse were set such that the VUV
laser beam passed through the center-of-mass of the dissociation
products and generated a line segment of photofragment ions

through the center-of-mass of the dissociation products by
photoionization. To separate the different masses within the ion
segment, a pulsed electric field was used to extract the ions
into a mass spectrometer after ionization. At the exit port of

the mass spectrometer, a two-dimensional ion detector was USE(Jg
to detect the ion positions and intensity distribution. In this two-

dimensional detector, one direction was the recoil velocity axis
and the other was the mass axis.

Ill. Computational

The geometries of the ground states and some low-lying
conformers ofp-methylphenolp-ethylphenol, ang-(2-amino-
ethyl)phenol were optimized at the B3LYP/6-321G(d, p)
level. Harmonic vibrational frequencies were calculated to
confirm that the obtained geometries correspond to the equi-
librium structures. In order to interpret the experimental
observations, we computed the potential energy curves for the

ground and excited states of these molecules as functions of

the O—H distance, in intervals of 12 pm, while fixing the other
geometrical parameters at their equilibrium values. The potential
energy curves were calculated by using the state-average
complete active space self-consistent field (CASSCF) method
with the 6-311-+G(d, p) basis set. The active space adopted
in the CASSCF calculations was ten electrons distributed in
ten orbitals, denoted as (10, 10). All the calculations were
performed using the MOLPRO 2006.1 package.

IV. Results

p-Methylphenol. The only fragment ion we observe from
the photodissociation gi-methylphenol at 248 nm using the

igure 4. B3LYP/6-311Gt++(d, p) optimized equilibrium structures

f the ground-statep-methylphenol and relative energies of two
nformers with selected bond lengths (in pm) and bending angles. D
is the dihedral angle between the methyl group and the benzene ring
(nearly parallel).

118 nm photoionization laser bearmige = 107, corresponding
to the heavy fragment from the H atom elimination channel.
The photofragment ion images are shown in Figure 1a, and the
corresponding translational energy distribution is shown in
Figure 2. The probability distribution in the region less than 5
kcal/mol is obscured by the strong interference from parent
molecules. Only the distribution larger than 5 kcal/mol is
illustrated. It shows that the average released translational energy
is large, and the peak of the distribution is located at 18 kcal/
mol. It is interesting to note that the maximum translational
energy almost reaches the maximum available energy of the
eaction. These are the characteristics of the dissociation from
n excited state of a repulsive potential or from an electronic
state with a large exit barrier height.

The translational energy distribution is very similar to that
of H atom elimination from photodissociation of phenol at 248
nm. The large translational energy release in the H atom
elimination channel of phenol at 248 nm was explained as the
dissociation from a repulsive potential energy surfateleed,

a similar repulsive potential energy surface along theHbond
distance op-methylphenol was also found from our calculation.
Figure 3 shows potential energy curves of the first four singlet
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Figure 5. Photofragment translational energy distribution of the
reaction GHsCgH4sOH — C;HsCeH4O + H.
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electronic states along the-®1 bond distance. The ground  Figure 8. Photofragment translational energy distribution of the
state is a stable state with respect to theHDbond distance. reaction NHC,H.CsH4sOH — NH-CH, + CH,CsH,OH.
The first electronic excited statayz*, shows a potential well

at a short G-H bond distance. It crosses with a repulsive
potential,;to*, at a large G-H bond distance. This calculation < sl
suggests that methylphenol can dissociate through the repul- Q@
sive potential energy surface as long as the excitation energy >
is large enough to overcome the barrier height at the crossing % 6
point. S A— no*

The fragment translational energy distribution and potential o 4l
energy surfaces suggest that the H atom elimination occurs from 2
the repulsive potential surface along the-B® bond (eq 1): %

CH,CH,OH— CH,CH,O0+H Q) o S,

The potential energy curves in Figure 3 were calculated at oF . . .

the ground-state geometry of the most stable conformer. The 50 100 150 200 250

structure is shown in Figure 4a. The ground-state structure of :

the other stable conformer is shown in Figure 4b. For this ) O-H distance (pm)'

conformer, we calculated the three lowest-lying states at two Figure 9. Potential energy curves of-(2-aminoethyl)phenol as

structures, one at the equilibrium structure of the ground state gulnlcfj'r'g(;f t;]lee\(/le distance calculated at the CASSCF(10,10)/6-

and the other at ©H = 210 pm. It was found that while the P '

mo* state lies higher than the ground state andsth# state at C N

the structure of the ground state, it becomes the lowest one att"erey d|str|but|9n is shown n Figure 5. It shows that the

O—H = 210 pm. Accordingly, the potential energy curve of average translational energy is large, and the peak of the

the 7o* state must intersect s,omewhere with that of thet distribution is located at 18 kcal/mol. The electronic potential

state and that of the ground state, respectively, similar to thoseENErgy curves a_Iong theQ—I bond dl_stance are illustrated in

in Figure 3. Figure 6. A similar repulsive potential along the-@ bond
p-Ethylphenol. Similar dissociation dynamics was found distance was found. The experimental data and potential energy

from the photodissociation gi-ethylphenol at 248 nm. Only surface calculation suggest that H atom elimination occurs

the fragment ion ofrve = 121 was observed, as illustrated in  through the following reaction (eq 2):

Figure 1b. This corresponds to the heavy fragment resulting

from H atom elimination. The photofragment translational C,HsCeH,OH — C,H:CH,O + H 2)
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Figure 10. B3LYP/6-311Gt++(d, p) optimized equilibrium structures and relative energies of the groundps{@taminoethyl)phenol of several
conformers with selected bond lengths (in pm) and bending angles. D is the dihedral angle between the ethyl backbone and the benzene ring (nearly
perpendicular).

The potential energy curves in Figure 6 were calculated at released translational energy for the fast component is large,
the ground-state geometry for the most stable conformer. Theand the peak of the distribution is located far away from zero.
corresponding structure is shown in Figure 7a. The ground- These are the characteristics of dissociation from an excited state
state structure of the other stable conformer is shown in Figure with a repulsive potential energy surface, or from an electronic
7b. From the calculation of the three lowest states at the state with a large exit barrier height.

equilibrium structure of the ground state and in the vicinity of  gjmjjar translational energy distributions have also been found
200 pm, we confirmed the existence of a repulsive potential, j, the photodissociation of ethylbenzene, propylbenzene, and
0¥, along the O-H coordinate for the other conformer. ethyltoluene at 248 nif~18 For ethylbenzene, propylbenzene,
p-(2-Aminoethyl)phenol. Significantly different photodis- and ethyltoluene, the alkyl group—C bond cleavage is the
sociatiop properties were found from the photodi.ssociation of major dissociation channel. The photofragment translational
p_(2-_am|_noethyl)phenol. No fragments correspor_ldlng to H atom energy distributions of these molecules show a slow component
elimination were observed. Only the ffagme'_“ ione = 30, and a fast component. Since the alkyl group is not an electronic
1g6’ gnql 197 lwere bfound at 248 n‘?ﬂ uing the d118 nm chromophore at 248 nm, an electronic excited state with a
photoionization laser beam. Fr@gment lon's = 106 an 1(.)7 repulsive potential along the-6C bond is not expected to play
have similar intensity distributions along the velocity axis. It a role in this photon energy region. The dissociation mechanism
2‘;%3213 Igaggfgttfmee _exlcc()g;e\slﬂt\‘;’ gﬁggaag?ei;;cr?ﬁgngan was _inte_rpreted as the slow component in the_trans_lat_ional energy
) distribution resulting from the ground-state dissociation and the

be confirmed from the fact that only fragment iomé& = 107 fast component resulting from the trivlet-state di iation. Th
and 30 were observed as the VUV wavelength was changed ast component resuiting 1ro € rpiet-state dissociation. The
fast component resulting from the triplet state was confirmed

from 118 to 157 nm. The dissociation can be described by the L . i o
; ; . from the ab initio calculation that a large barrier does exist in
following reaction (eq 3): . . e .
the exit channel. An analogous dissociation mechanism can also

NH,C,H,C¢H,OH — NH,CH, + CH,C,H,OH  (3) be applied here to explain the photodissociation pef2-
aminoethyl)phenol at 248 nm.

The photofragment translational energy distribution of the ~ We also performed similar calculations fe(2-aminoethyl)-
reaction shown in eq 3 is illustrated in Figure 8. It is obvious Phenol. Figure 9 shows the electronic potential energy curves
that there are two components in the distribution. The two along the G-H bond distance of the most stable conformer of
components in the distribution indicate that there are at least p-(2-aminoethyl)phenol. The repulsive characteristic of the
two mechanisms involved in the dissociationpef2-aminoet- potential energy surface along the-8 bond distance of-(2-
hyl)phenol at 248 nm. For the slow component, the average aminoethyl)phenol was observed. The structures of the most
translational energy release is small and the fragment transla-stable conformer and the other conformers are illustrated in
tional energy distribution decreases monotonically with the Figure 10. For the other conformers, we calculated the three
translational energy. These are typical characteristics of alowest electronic states at the equilibrium structure of the ground
dissociation from hot molecules. On the other hand, the averagestate and in the vicinity of 200 pm. We confirmed the existence
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of a repulsive potentialyo*, along the G-H coordinate for all in p-(2-aminoethyl)phenol are the same, that is, they quench

the other conformers. the population of the Sstate and make the H atom elimination
from the repulsive state impossible.

V. Discussion Since the energies of different conformers are very close,

The results of these three amino acid chromophores revealMOre than one conformer existed in the molecular beam. In
interesting side-chain size-dependent dissociation properties.add't',on' the rotational barriers for tkl‘e methyl, ethyl, and
Since the alkyl group and amino group are not the absorption 2-aMinoethyl groups are about-£R0 cn * for these molecules
chromophores at 248 nm, photoexcitationpeethylphenol, calculated at the B3LYP/6-31#1+G(d, p) level, indicating that
p-ethylphenol, ang-(2-aminoethyl)phenol at 248 nm photons they can rotate freely. The results therefore are the averages
all correspond to the excitation of the phenyl ring. However, according to the populations of each conformerlln the mpleqular
the decay of the excited phenyl ring is very different between beam. Although we cannot dete'rmme the relative contributions
these three molecules. For bgtmethylphenol ang-ethylphe- of these conformers, the experimental results ShOW Fhat_ all of
nol, the major relaxation of the excited phenyl ring is through the conformers of methylpher_ml and ethylphenol existing in the
the coupling between ther* and zro* states. As a result, H molecular beam only dissociate along the-i® bond on the

atom elimination from a repulsive state is the major dissociation '€PUISive potential energy surface. On the other hand, none of
channel. These observations demonstrate that the dissociatiod'® conformers ob_—(z-ar_mnoethyl)phenol t_hat eX'Ste‘.j in the
from the repulsive excited state plays an important role in small Molecular beam dissociate on the repulsive potential energy
tyrosine chromophores, including phengimethylphenol, and surface. They only dissociate .througk-rC bond cleavage on
p-ethylphenol. As the side chain changes from H st GHs the ground state and/or the triplet state. _

to C;HaNH,, the dissociation properties change dramatically. . Comparison of these three chromophores reveals an interest-
The change could be due to two effects from the side chain. "9 S|de-ch.a|n effgct on the dls.soma.tlo.n dynamlcs.. A future
First, the change of the location of the repulsive potential energy challenge is to find out the dissociation dynamics of the
surface could render it inaccessible under current photoexcitationcOnformers that currently do not exist in the molecular beam,
conditions. However, our calculations show that the repulsive € larger chromophores, or tyrosine itself.

characteristic of the potential energy surface along theHO
bond distance exists in all three molecules. In addition, the s
energy of the repulsive potential energy surface remains in the
same region that the energy from the absorption of 248 nm
photon is enough to reach the repulsive part of the potential
energy surface, although it does not necessarily indicate that
thedabsorption spectra a}znd coupling strelngth betwfeimhe I References and Notes
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