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Chapter 8 

 

Spectroscopy and dynamics of  

methyl-4-hydroxycinnamate: the influence of isotopic 

substitution and water complexation 
 

 

 

ABSTRACT 

 

High-resolution Resonance Enhanced MultiPhoton Ionization (REMPI) and Laser 

Induced Fluorescence (LIF) excitation spectra of jet-cooled methyl-4-hydroxycinnamate, 

methyl-4-OD-cinnamate, and of their water clusters have been recorded. Whereas water 

complexation leads to significant linewidth narrowing, isotopic substitution does for all 

practical purposes not influence the excited-state dynamics. In this light, we evaluate two 

previously proposed decay channels of the photoexcited ππ* state involving the 

dissociative πσ* state (analogous to phenol) and involving the optically dark nπ* state (as 

concluded for para-coumaric acid). To come to an unambiguous interpretation of the 

REMPI studies, it has been necessary to determine ionization thresholds. For methyl-4-

hydroxycinnamate and its water cluster values of 8.078 and 7.636 eV have been found. 

Apart from the electronic excitation studies, IR absorption studies have been performed 

as well. These studies provide important vibrational markers for the assignment of the 

various conformations that are present under molecular beam conditions, and offer a 

direct measure of the influence of hydrogen bonding on the properties of the hydroxyl 

group. 

 

 
 

 

8.1 Introduction 

 

Since its discovery in 1985 [1] the Photoactive Yellow Protein (PYP) has been a 

widely studied biomolecular system. While in nature it is responsible for the blue-light 

avoiding behaviour of the Halorhodospira halophila bacterium [2], for scientists it has 

become a well-established model for studying the photochemistry that is at the basis of 

the conversion of photon energy into biological function, as well as for obtaining a better 
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understanding of protein folding processes. The reasons for the popularity of PYP are its 

relatively small size (14kDa), its water solubility, the ease with which crystals are 

formed, and the chemical and photostability.  

 The photocycle of PYP is initiated by the photoinduced trans-to-cis isomerization 

of the para-coumaric acid (pCA) chromophore, which is covalently attached by a 

thioester bond to a cystine residue of the protein. In view of its key role in the 

photochemistry of PYP, the properties of pCA and analogues have been the subject of a 

vast number of both experimental [3, 4] and theoretical [5] studies. For a long time, high-

resolution spectroscopic studies of the pCA chromophore were unsuccessful [6]. 

Recently, we succeeded in obtaining the first excitation and absorption spectra under 

supersonic beam conditions [4]. These studies enabled the identification of electronically 

excited states, the geometry changes that occur upon excitation, and shed light on the 

excited-state dynamics. 

 In the protein pCA is present as a thioester. As a next step towards mimicking the 

influence of the protein environment, it is therefore essential to assess the influence of the 

ester functionality. The thioester of pCA has so far remained out of spectroscopic reach, 

but a good alternative is its oxyester. For that reason, we recently have studied the 

spectroscopy and dynamics of methyl-4-hydroxycinnamate (Chart 8.1), in the following 

referred to as OMpCA, under molecular beam conditions [7]. A further aspect that needs 

to be taken into account when considering the biological conditions under which pCA is 

working, is the influence of water. Microsolvation studies, where one or more water 

molecules are attached to the chromophore, can provide important information in this 

respect [8]. 

 

Chart 8.1. Chemical structure of methyl-4-hydroxycinnamate (OMpCA). 

 

Despite the detailed information from a previous study [7] on the conformational 

heterogeneity, the electronic structure, and spectroscopic properties of OMpCA, a 

number of puzzling observations remained. In particular, a much higher fluorescence 

quantum yield was observed for the cluster of OMpCA and H2O than for the bare 

molecule. Since calculations predicted similar oscillator strengths for both systems (0.03 

for OMpCA and 0.02 for the OMpCA-H2O cluster), it was suggested that this difference 

finds its origin in a reduction of the nonradiative decay rate in the complex. Based on the 
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current state of knowledge, there are two obvious candidates for decay channels that can 

be responsible for this behaviour: internal conversion to the adiabatically lower-lying nπ* 

state, or decay via a conical intersection with a dissociative πσ* state. For pCA we have 

previously concluded that the first channel is important while for phenol it was shown 

that the second mechanism plays a dominant role [9, 10]. The question on their relative 

importance in OMpCA is still open. 

In the present work we have addressed these issues by detailed studies of the 

OMpCA excited state dynamics. We have studied the bare molecule and its OH-

deuterated form as well as their water clusters using Resonance Enhanced MultiPhoton 

Ionization (REMPI), UV and IR depletion, and Laser Induced Fluorescence (LIF) high-

resolution spectroscopic methods. Apart from elucidating the decay processes of excited 

states, the present study has also provided new information on the ground-state 

vibrational structure, adiabatic ionization potentials, and conformational heterogeneity of 

this important biological chromophore. 

 

 

8.2 Experimental methods 

 

All REMPI and depletion measurements were performed with a supersonic 

molecular beam setup with mass-resolved ion detection as described in Chapter 2 of this 

thesis as well in recent publications [4]. The sample was heated to a temperature of 160 

°C and seeded into vacuum with neon as carrier gas. For the studies of the hydrated form 

of OMpCA the carrier gas was mixed with small amounts of water vapour. Excitation of 

OMpCA was provided by a Nd:YAG (Spectra Physics Lab 190) pumped dye laser (Sirah 

Precision Scan) operating on a mixture of Rhodamine 610 and 640 and frequency-

doubled by a KDP crystal. The pulse energy in these experiments was not exceeding 1 

mJ, and the laser beam was not further focused. 

For the depletion experiments we used a probe beam produced by a Lumonics 

HD500 dye laser operating on Rhodamine 640 and pumped by a XeCl excimer laser 

(Lambda Physik CompexPro 205). The IR pump beam (3450-3760 cm
-1

) for the IR-UV 

depletion (IR-D) experiments was generated by Difference Frequency Mixing (DFM) 

part of the output of the Nd:YAG laser at 1064 nm with the output of a dye laser 

operating on LDS 759 (760-778 nm) using a LiNbO3 crystal. Pulse energies in the range 

of 2-4 mJ were obtained. The beam was partially focused by a lens with a focal length of 

500 mm positioned at 250 mm from the molecular beam. For UV-UV depletion (UV-D) 

experiments excitation occurred in the same way as in the one-colour REMPI 

experiments, but with pulse energies of about 3 mJ. In both IR-D and UV-D experiments 

the time delay between pump and probe pulse was 100 ns. 
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We performed ionization threshold measurements with a two-colour ionization 

scheme. In these experiments, the pump beam was fixed on the origin transition of the 

particular system we were interested in. For the OMpCA-H2O cluster the probe beam was 

overlapped in time with the pump beam and scanned by a dye laser operating on DCM 

and LDS 698 dyes. For the bare molecule a different approach needed to be taken 

because dissociation of the OMpCA-H2O cluster interfered with the signal observed at 

the OMpCA mass. The dye laser operating on a Rhodamine 610/640 mixture was 

therefore run at half the frequency of the pump beam. The background signal caused by 

only the pump beam was subtracted from the pump-probe signal. 

We performed LIF experiments with another molecular beam setup that has been 

described in detail elsewhere [11]. In this setup the sample was heated only to 140 °C 

because the laser beam interacted with molecular beam closer to the nozzle opening. As a 

result, a smaller sample vapour pressure was required compared to the REMPI 

experiments. The excitation laser beam was provided by the KDP frequency-doubled 

beam from a Lumonics HD300 dye laser pumped by a XeCl excimer laser (Lumonics 

HyperEx 400). Typical pulse energies did not exceed 100 µJ. For detection of the 

fluorescence an ARC SpectraPro-500i monochromator in combination with a 

photomultiplier (Philips XP 2254B) was used. 

 OMpCA in which the hydroxyl group was deuterated, designated in the following 

as OMpCA(d), was obtained by dissolving OMpCA into D2O and stirring for 20 min at 

room temperature, followed by evaporation under vacuum conditions. This procedure 

was repeated three times to obtain a sufficiently high level of deuteration. 
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8.3 Results and discussion 

 

8.3.1. Effects of hydration and deuteration – the decay pathway 
 

Mass-resolved excitation spectra of OMpCA and its water cluster obtained with 

the one-colour REMPI approach are depicted in Fig. 8.1. As our previous studies have 

shown, the spectrum contains contributions from four different conformations arising 

from the syn and anti orientations of the phenolic OH group and the s-cis and s-trans 

configurations of the ester with respect to the double bond. In the LIF experiments the 

origin transitions of the syn and anti conformations of the s-cis form were determined to 

be at 32705 and 32710 cm
-1

, for s-trans only the transition at 32871 cm
-1

 could be 

identified unambiguously as being one of the two origin transitions. For the water cluster 

s-trans and s-cis origin transitions were reported at 32069 and 32133 cm
-1

, respectively 

without further distinction of syn and anti conformations. 

 

Figure 8.1. Mass-resolved, one-colour REMPI excitation spectra of (a) OMpCA and (b) 

the OMpCA-H2O cluster.   

 

Comparison with the LIF excitation spectrum reported for the bare molecule [7] 

leads to the conclusion that in the REMPI spectrum the resonances have a significantly 

larger width, even though care was explicitly taken to avoid saturation by keeping the 

laser power as low as possible. A possible explanation for these observations could be 

that in the S1 ← S0 origin region a one-colour 1+1 REMPI scheme does not lead to 

efficient ionization. To the best of our knowledge, the adiabatic and vertical ionization 
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energies of OMpCA have not yet been reported. He(I) photoelectron studies on pCA 

report a vertical ionization energy of 8.29 eV [12]. If OMpCA would have a similar 

ionization energy, this would imply that ionization could only occur as a 1+2 process. To 

investigate whether this is actually the case, we have performed ionization threshold 

measurements that are displayed in Fig. 8.2. 

Figure 8.2. Ionization threshold measurements at the S1 ← S0 origin transition of (a) 

OMpCA (32710 cm
-1

) and (b) OMpCA+H2O cluster (32069 cm
-1

). 

 

We determine adiabatic ionization thresholds of 64964 and 61395 cm
-1

 for 

OMpCA and OMpCA-H2O, respectively, which extrapolate to 65154 and 61585 cm
-1

 

(8.078 and 7.636 eV) at zero electric field when corrected for the employed extraction 

field of 1 kV/cm [13]. We thus come to the conclusion that for both systems one-colour 

two-photon ionization is energetically possible in the excitation region studied. In phenol 

hydration leads to a significant lowering of the ionization potential from 68628 cm
-1

 to 

64027 cm
-1

 [14]. The observation that a similar lowering is observed in OMpCA is a 

further confirmation of our previous conclusion that water binds to the phenolic part of 

OMpCA [7]. 

Another explanation that could account for the observed widths is based on the 

relative magnitudes of the S1 ← S0 excitation and D0 ← S1 ionization cross sections. If 

the excitation cross section is much larger than the ionization cross section, it could be 

that such high powers are needed to observe ionization that the S1 ← S0 transition is 

saturated. In this respect, it is worth to notice that in our studies on pCA we showed that a 

one-colour 1+1 REMPI scheme in the S1 ← S0 origin region does not lead to efficient 
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ionization [4]. Excitation to the vertically lowest excited ππ* state of pCA is followed by 

ultrafast internal conversion to the nπ* state, which has a much lower adiabatic excitation 

energy. One-photon ionization of the highly-excited nπ* vibrational levels that are 

populated by internal conversion requires photons of much higher energy (λ=193 nm) to 

obtain an appreciable Franck-Condon overlap with the ionic ground state. The presently 

determined ionization energies and REMPI spectra thus suggest that a similar decay 

channel is operative is OMpCA as well. 

In view of the above observations it is clear that for OMpCA one should be 

cautious to relate linewidths in the REMPI spectrum to excited state lifetimes, and obtain 

direct information on the photodynamics from this spectrum. To avoid this problem, we 

have performed detailed LIF measurements of OMpCA and the OMpCA-H2O cluster in 

their origin regions. The laser power required for these measurements was much lower 

than what was needed for REMPI. It thus is likely that in the REMPI spectra the S1 ← S0 

transition is indeed partly saturated. Spectra of the 0-0 transitions obtained by LIF for the 

s-cis conformations are displayed in Fig. 8.3. The 0-0 transition of the OMpCA-H2O 

cluster can be fitted satisfactorily using two Gaussian bands with linewidths of 0.20 and 

0.63 cm
-1

 (Fig. 8.3c). We attribute these two bands to the syn and anti conformations of 

the OH group. In the free molecule the syn conformation is at a lower excitation energy 

and has a lower intensity [7]. We therefore assign the lower-energy band to the s-cis syn 

conformation. 

Figure 8.3. High-resolution LIF excitation spectra on a relative wavelength scale of the 

S1 ← S0 origin band of s-cis conformations in (a) bare OMpCA, (b) OMpCA(d) and (c) 

the OMpCA-H2O cluster. 
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Gaussian line shapes do not lead to good fits when we fit the origin transition of 

OMpCA itself. In this case, two Lorentzian bands need to be employed with widths of 2.7 

and 5.0 cm
-1

 (Fig. 8.3a). This clearly suggests life-time broadened bands with excited-

state lifetimes of 1.8 and 1.0 ps, respectively, and confirms the absence of saturation. 

Comparison of the OMpCA and OMpCA-H2O results thus leads to the conclusion that 

the lifetime of the excited state of the cluster is at least an order of magnitude larger than 

that of the bare molecule. Apparently, hydration efficiently blocks a fast decay channel 

that is present in the bare OMpCA molecule. 

Similar effects have been observed in phenol, where the lifetime of the 

vibrationless level of the S1(ππ*) is about 2 ns [15], while in the phenol-H2O cluster it is 

extended to 15-18 ns [15a, 16]. Calculations of Sobolewski and Domcke [9] have shown 

that a πσ* state, which is highly dissociative along the OH stretch coordinate, plays a key 

role in the excited-state dynamics of phenol. In phenol the potential energy surface of S1 

has a conical intersection with this πσ* state. For longer OH distances the same πσ* state 

exhibits a conical intersection with the ground state as well. As a result, internal 

conversion of S1 to S0 mediated by the πσ* state is an efficient radiationless decay path. 

Upon complexation with water the potential energy surface of the πσ* state is strongly 

flattened and no longer dissociative along the OH stretch coordinate. Because the conical 

intersection with the ground state disappears, the internal conversion channel from S1 to 

S0 is blocked. For higher excitation energies this model is commonly accepted, at lower 

energies it has been suggested that the πσ* state is only accessed after direct S1 ← S0 

internal conversion [10]. In this model, the increase in lifetime upon hydration follows 

the conclusions by Sur and Johnson [16] that the OH stretch mode is the main accepting 

mode for internal conversion of S1 phenol to the ground state. Complexation with water 

lowers the frequency of this mode and would thus make it a less efficient acceptor. 

However, this model has recently been questioned since the excited state lifetimes of 

fluorophenols and methylphenols correlate impressively well with the calculated S1 - πσ* 

energy gap [17]. 

The πσ* state might in principle play an important role in the decay dynamics of 

OMpCA as well, although the difference in lifetime of the vibrationless level of phenol 

and OMpCA by three orders of magnitude would not be directly explained by this 

mechanism. One of the consequences of a dominant decay involving the πσ* state is that 

the lifetime of the excited state would be sensitive to changes in the OH stretch mode. 

This should not only be observed upon hydration, but also upon deuteration of the 

hydroxyl group [18]. Isotope substitution reduces the OH stretch frequency. As a result, 

the energy difference between the vibrationless level and the conical intersection 

becomes higher, reducing the rate of internal conversion and increasing the excited state 

lifetime in phenol from about 2 ns to 13.3 ns [19].  If the πσ* state plays a key role in the 

decay dynamics of OMpCA, similar effects should also be observed in this molecule. To 
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assess the influence of the πσ* state, we have therefore performed excitation studies on 

OMpCA with a deuterated hydroxyl group and on the OMpCA(d)-H2O complex. 

Fig. 8.3b displays the LIF-detected origin band of the s-cis syn and anti 

conformers of OMpCA(d). Before discussing fits of this band, we notice that the peak 

intensities are reversed compared to the non-deuterated molecule (Fig. 8.3a), that is, the 

low-energy transition now has the largest intensity instead of the high-energy transition. 

In OMpCA the syn conformation is at lower excitation energy. Apparently, deuteration 

affects the syn and anti form differently to such an extent that in OMpCA(d) the anti 

conformation is at a lower excitation energy. The figure shows that the band contours can 

be fitted satisfactorily with two Lorentzian line shapes indicating that the width of the 

bands is determined by lifetime broadening. For the deuterated species we find linewidths 

of 2.5 and 4.2 cm
-1

 for the anti and syn transitions, respectively. The small differences 

that are observed upon deuteration of OMpCA thus do not parallel at all the large 

changes observed for deuteration of phenol. Moreover, excited-state lifetimes in OMpCA 

are still more than three orders of magnitude shorter than what is observed for phenol and 

its deuterated form. 

 The linewidths observed for OMpCA are very similar to the linewidths observed 

in pCA excitation spectra [4]. For pCA it has been shown that internal conversion from 

the optically excited state to a dark nπ* state is the dominant decay pathway. In view of 

the deuteration results, we therefore conclude that the same decay channel is active in 

OMpCA, and that a potential decay channel involving the πσ* state only plays a minor 

role. One question that then arises concerns the difference in ionization behaviour of pCA 

and OMpCA. OMpCA can be ionized in a (1+1) scheme, for pCA ionization only occurs 

with a high-energy photon. Here, we have concluded that for both molecules ionization 

takes place from the nπ* state. Our experiments thus suggest that in OMpCA the energy 

difference between the minima of S1 and the nπ* state is smaller than in pCA. As a result, 

ionization to low-energy vibrational levels in the ionic state would be more efficient. 
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8.3.2 Conformational heterogeneity of OMpCA(d)-H2O cluster and IR 

absorption studies 

 

Further information on the excited-state dynamics can in principle be obtained 

from studies on the OMpCA(d)-H2O cluster. However, for these clusters adequate LIF 

studies could not be performed because of the lack of mass resolution. As a result, the 

signal from the various species cannot be separated. As an alternative to assess the 

influence of the combined effects of deuteration and hydration, we have therefore 

performed mass-resolved REMPI excitation spectroscopy, taking care to minimize 

saturation effects as much as possible. Comparison of the OMpCA(d)-H2O REMPI 

excitation spectrum displayed in Fig. 8.4 with the analogous spectrum of the non-

deuterated cluster in Fig. 8.1 would in first instance indicate that the bands in the 

deuterated species are broader. UV-D spectroscopy, however, reveals that the apparent 

broadening is due to the much larger number of observed conformations that leads to 

overlap of transitions (see Fig. 8.4). 

Figure 8.4. REMPI excitation (a) and UV-depletion (b) spectra detected at the mass of 

the OMpCA(d)-H2O cluster. Energies of the origin transitions are given in Table 1. 

 

In the LIF studies of de Groot et al. [7] two species of the OMpCA-H2O cluster 

could be distinguished that were assigned to s-cis and s-trans without further distinction 

of the syn and anti conformations. Fig. 8.4 demonstrates that for the OMpCA(d)-H2O 

cluster at least eight distinct species are present. The signals of species 3 and 7 have a 
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characteristic built-up time, and only become visible a few hours after moving the sample 

from a dry environment into the setup (Fig. 8.5). It is important to notice that during these 

REMPI measurements the sample was kept at a temperature of 160 °C, and during the 

night stored at room temperature under humidity conditions as they were in the lab. We 

therefore conclude that species 3 and 7 are products of a reaction involving water from 

the environment. 

Figure 8.5. REMPI excitation spectra detected at the mass of the OMpCA(d)-H2O cluster 

obtained at different times after transfer of the sample into the experimental setup. 

Indicated are the excitation regions where a distinct built-up of the signal takes place. 

 

Identification of the various species in Fig. 8.4 has been obtained with IR-D 

spectroscopy, and by comparison with the UV-D and IR-D spectra of the OMpCA-H2O 

cluster. The conformational heterogeneity of the latter cluster is less, and conformations 

have already been identified [7]. UV-D and IR-D experiments on this cluster thus can 

provide comparative information on the ground and excited state vibrational frequencies 

and provide characteristic fingerprints of different conformations. Fig. 8.6 reports the 

REMPI excitation and UV-D spectra of the non-deuterated cluster. The UV-D spectra of 

the s-cis and s-trans conformations show that significant differences occur in the region 

40-110 cm
-1

 above their origin transition. One feature that is particularly distinctive is the 

double band at ~50 cm
-1

 in the s-cis excitation spectrum, while for s-trans only a single 

band is observed. The depletion spectra of the OMpCA(d)-H2O cluster shown in Fig. 8.4 

display similar patterns. In particular, we notice the double band in species 1-4 and its 
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absence in species 5-8. We thus conclude that OMpCA(d) has an s-trans conformation in 

species 1-4, while species 5-8 have an s-cis conformation. This conclusion is in line with 

the difference in excitation energies observed for the origin transitions of s-cis and s-

trans conformations in the non-deuterated OMpCA-H2O cluster. 

Figure 8.6. REMPI excitation (a) and UV-depletion (b) spectra of the OMpCA+H2O 

cluster. The upper trace is assigned to the cluster in which OMpCA adopts a s-trans 

conformation, the lower trace is associated with a s-cis conformation. In both cases no 

further distinction of the syn and anti configurations is possible. 

 

From the IR-D results reported in Table 8.1, we conclude that the phenolic OH 

stretch in OMpCA is subject to a large frequency shift upon complexation. We therefore 

identify this as the group to which water binds, in agreement with predictions by quantum 

chemical calculations [7]. For the s-cis conformation a shift of -156 cm
-1

 is observed, for 

the s-trans conformation a shift of -154.5 cm
-1

. These values are ~20% larger than what 

is found in phenol (-133 cm
-1

) [20] and indicate that the phenolic OH is more acidic in 

OMpCA, in line with the larger charge delocalization possible in OMpCA. The IR 

measurements on the OMpCA-H2O cluster suggest a further fingerprint characteristic of 

the s-cis and s-trans conformations: comparison of the frequencies in s-cis and s-trans 

shows that for s-trans the asymmetric H2O stretch is red-shifted by 0.4 cm
-1

, while for the 

phenolic OH stretch the frequency is higher by 1.5 cm
-1

. 
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Fig. 8.7 displays the species-specific IR-D spectra of the eight species observed 

for the OMpCA(d)-H2O cluster. The bands observed in these spectra are tabulated in 

Table 8.1. Above, we have concluded on the basis of the vibronic activity in the 

excitation spectra that species 1-4 have an s-trans conformation, and species 5-8 an s-cis 

conformation. The asymmetric H2O stretch frequencies are in line with this conclusion 

since in species 1-4 the frequencies are at lower frequencies than in species 5-8. 

Figure 8.7. Conformation-specific IR-D spectra of  OMpCA(d)-H2O species. 

 

For species 1 and 5 asymmetric stretch frequencies of 3697.1 and 3697.5 cm
-1

, 

respectively, are found, implying red shifts of ~47 cm
-1

 compared to the frequencies 

observed in the other species. These frequencies and shifts are indicative of the presence 

of HOD instead of H2O [21]. Since all species have been observed at the same mass 

channel, we have to conclude that in species 1 and 5 deuterium exchange has occurred 

between the OD group in OMpCA(d) and a water molecule. The excitation spectra thus 

are associated with OMpCA-HOD instead of OMpCA(d)-H2O. The shifts observed for 

the 0-0 excitation energy of 1 and 5 support such a conclusion. Studies of deuterated 

phenol-water clusters show that the 0-0 transition of PhOH-HDO is red-shifted by a few 

cm
-1

 compared with PhOD-H2O (1.4 cm
-1

 according to Dopfer et al. [14] and 3.1 cm
-1

 

according to Schmitt et al. [22]). A similar difference (3.8 cm
-1

 and 3.3 cm
-1

 for s-cis and 

s-trans conformations respectively) is observed here. Finally, we note that within the 

subset of species 2-4 and 6-8, species 4 and 8 have an asymmetric H2O stretch frequency 
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that is slightly blue-shifted compared to the other species. We take this difference as an 

indication that the conformational structure of these two species is slightly different. 

 

Table 8.1. Vibrational frequencies observed in conformation-selective IR-depletion 

studies of OMpCA and OMpCA(d), and of their water clusters. Numbers in parentheses 

behind OMpCA-H2O entries refer to species numbering given in Fig. 8.4. Values have 

been obtained by fitting experimental data with Gaussian lineshapes. 

 

0-0 

transition 

(cm
-1

) 

phenolic  

OH stretch 

(cm
-1

) 

asymmetric 

H2O stretch 

(cm
-1

) 

asymmetric 

HDO stretch 

(cm
-1

)  

OMpCA s-cis 
32704.9/ 
32709.8a 3651.7  - - 

OMpCA s-trans 32871.8 3651.7  - - 

OMpCA-H2O s-cis 
32132.9/ 

32133.3a 3495.7  3743.6  - 

OMpCA-H2O s-trans 32069.2 3497.2  3743.2 - 

OMpCA(d)-H2O (1)  32065.9 - - 3697.1 

OMpCA(d)-H2O (2)  32069.2 - 3743.3 - 

OMpCA(d)-H2O  (3) 32078.6 - 3743.3 - 

OMpCA(d)-H2O (4)  32089.3 - 3743.7 - 

OMpCA(d)-H2O (5) 32129.1 - - 3697.5 

OMpCA(d)-H2O (6) 32135.3 - 3743.6 - 

OMpCA(d)-H2O (7) 32144.7 - 3743.7 - 

OMpCA(d)-H2O (8) 32151.7 - 3744.0 - 
a) Excitation energies of OH-syn and OH-anti conformations. 

 

 On the basis of these considerations, we come to the following assignment of 

species 1-8:  

(i) Species 3 and 7 are most probably the products of a reaction with water. Since the 

mass of these species is the mass of OMpCA(d)-H2O one could speculate that the 

deuterium atom in OMpCA(d) has moved from the phenolic OD to another position in 

the molecule. The IR spectra show that 3 and 7 have s-trans and s-cis conformations, 

respectively. 

(ii) Species 1 and 5 are assigned to OMpCA-HDO clusters with s-trans and s-cis 

conformations, respectively, as the result of deuterium exchange between OMpCA(d) and 

H2O. 

(iii) Species 2 and 4 are assigned to the s-trans OH-syn and OH-anti conformations, 

species 6 and 8 have the analogous OH-syn and OH-anti conformation with an s-cis 

backbone.  

The difference in 0-0 excitation energies of the OH-syn and OH-anti conformations in the 

OMpCA-H2O cluster is 0.4 cm
-1

 (Fig. 8.3c). Interestingly, the assignment of species 2 
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and 4 as well as 6 and 8 to syn and anti conformations implies that this difference 

increases up to ~20 cm
-1

 in OMpCA(d)-H2O. 

 

 

8.4 Summary 

 

The application of UV high-resolution spectroscopy on jet-cooled OMpCA, 

OMpCA in which the phenolic OH has been replaced by OD, and the cluster of OMpCA 

with a single water molecule, has enabled us to elucidate the excited state dynamics of 

OMpCA. Our results show that hydration has a large effect on the excited-state lifetime. 

In the bare molecule lineshapes indicate a lifetime in the ps range, in the complex with 

water this is increased by three orders of magnitude into the ns range. Comparison with 

phenol only shows qualitatively similar characteristics. In phenol the excited-state 

lifetime increases upon complexation with water as well, but for the bare molecule the 

lifetime is already in the ns range. Similarly, we find that deuteration of the phenolic OH 

group in OMpCA does not lead to the large increase in lifetime that is observed for 

phenol. These observations imply that the decay channel involving the dissociative πσ* 

state is not dominating the excited-state dynamics of S1. Instead, we conclude that 

photoexcitation to S1 is followed by rapid internal conversion to an optically dark nπ* 

state, similar to what is observed for pCA. 
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