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As part of the JSPS (Japan Society for the Promotion of Science) Core-to-Core 

Program, I studied in the Dr. Pierre Çarçabal’s group at the Université Paris Sud XI for 

two weeks, from 8th of May, 2012 to 23rd. This is a report of my stay. 

 

1. Purpose of the visit 

Subject of my research is conformational analysis of tyrosine (tyr) 

by using gas phase spectroscopy, and I have already investigated 

isolated tyr (Fig.1). In the next step, I planned to study 

conformations of hydrated tyrosine clusters. Resonance enhanced 

multi photon ionization (REMPI) spectrum of tyr-H2O cluster has 

already been reported by de Vries and co-workers, however, they 

have not analyzed the spectrum at all.[2] In the REMPI spectrum, 

the most intense band is observed at the almost same energy region 

with tyr monomer. This spectral feature is close to mono hydrated 

phenylalanine.[ref] Thus the most intense band observed in the 

REMPI spectrum of tyr-H2O cluster may come from a structure in which water molecule 

binds to amino-acid site of tyr (AA bound). Additionally, in the REMPI spectrum, weak 

bands are observed at ~300 cm-1 lower energy region than the tyr monomer. These 

bands may be assigned to structures in which water molecule binds to phenolic OH (OH 

bound), because electronic transition of phenol-H2O cluster is observed at ~300 cm-1 

lower energy region than the monomer.[3] To determine the structures, IR spectra 

should be measured. In addition, it is necessary to examine whether other conformers 

exist or not by using UV-UV hole burning spectroscopy. However, in our laboratory, it is 

difficult to detect hydrated clusters for some reason.  Dr. Pierre Çarçabal at the 

Université Paris Sud XI has investigated the hydrated biomolecule clusters. So I 

decided to visit his laboratory to measure spectra of hydrated tyrosine clusters.      

 

2. Progress of the study 

2.1 Mass spectrum and REMPI spectrum 

First, we measured mass spectrum (Fig. 2). Ionization UV laser was fixed to 282 nm 

which is off-resonant to both tyr monomer and tyr-H2O cluster. Observed cations were 

produced by two-photon UV absorption. Mass peaks of tyr monomer and dimer are 



 

Fig.3 REMPI spectra of (a) tyr-(H2O)1 and (b) tyr  

 

Fig.2 Mass spectrum of tyrosine 

observed at 181 and 362 u, respectively, in addition, tyr-H2O cluster is also observed at 

199 u. Intensity of tyr-H2O was about half of tyr monomer, which is sufficient to 

measure the REMPI spectrum. 

 Then we measured a REMPI spectrum by monitoring tyr-H2O mass channel (Fig. 3a), 

which well-reproduced the previously reported one. By comparing with REMPI 

spectrum of tyr monomer (Fig. 3b), the observed bands can be classified two groups, one 

is observed at the similar energy region as the monomer, and another is at ~300 cm-1 

lower energy region. As mentioned at the previous section, the former is expected to 

come from AA bound structure and the latter from OH bound. To confirm this 

expectation, we measured IR dip spectra.  

 

 

 

 

 

 

 

2.2 IR dip spectra 

Fig.4 shows IR dip spectra of tyr-H2O cluster. In the IR dip spectrum (a) which is 

measured by monitoring band 1 (35626 cm-1), the blue-most band observed at 3723 cm-1 

is assigned to free OH stretch of H2O. The band at 3656 cm-1 is assigned to free phenolic 

OH stretch because the same frequency band is observed in tyr monomer. By compared 

with phenylalanine-H2O cluster,[4] the broad bands at 3488 and around 3260 cm-1 are 

assigned to hydrogen-bonded OH stretches of H2O and carboxyl group, respectively (see 



Table 1 Infrared frequencies (cm-1) of tyr-(H2O)1 

band 1 

(a) 

band2 

(b) 

assignment 

3723 3747 ν3 of water  

3488 － ν1 of water 

3656 3507 phenolic OH stretching 

3417 3424 anti-NH2 

－ 3335 sym-NH2 

 3260 3221 H-bonded carboxyl OH 

     

Table 1).  

 

On the other hand, in 

the IR dip spectrum (b) 

which is measured by 

monitoring band 2 

(35255 cm-1), the free 

phenolic OH stretch is 

not observed (see 

Table 1). This is a 

signature of OH bound 

structure, that is, 

phenolic OH forms hydrogen bond with H2O. The blue-most band observed at 3747 cm-1 

is assigned to anti-symmetric stretch of H2O. The intense band observed at 3507 cm-1 is 

assigned to hydrogen-bonded phenolic OH stretch, whose red-shift from the free 

phenolic OH stretch is 149 cm-1 which is larger than that of phenol-H2O cluster (134 

cm-1)[3]. The broad band at 3221 cm-1 is assigned to carboxyl OH stretch which forms 

hydrogen bond with amino group. Among 12 conformers of tyr monomer, there are 4 

conformers which forms the same type hydrogen bond. Based on the frequency of the 

carboxyl OH stretch, we tentatively assigned that the observed OH bound structure 

consists of conformer XR which gives the carboxyl OH stretch band at 3229 cm-1.  

 

Fig.4 IR dip spectra of measured by probing (a) band 1 and (b) band 2 



 

2.3 IR-UV hole burning spectra 

To examine whether other conformers exist or not, we applied IR-UV hole burning 

spectroscopy. The principle of the spectroscopy is shown in Fig. 5. This spectroscopy is 

the almost same with IR dip spectroscopy, however, the laser which is scanned is 

different, that is, the UV laser is scanned with fixing the IR laser to a certain IR band in 

the former (Fig.5). I will explain by using an example in which two conformers, A and B, 

coexist (Fig.5). By fixing the UV laser to band a and b, IR dip spectra a and b are 

supposed to be measured. In the IR dip spectra, band  and  are observed at different 

frequencies in each spectrum. If the IR laser is fixed to band  and the UV laser is 

scanned, a REMPI spectrum is measured in which, however, intensity of bands belong 

to conformer A should be decreased because the IR laser is making depletion (hole) on 

the conformer A selectively. By subtracting the IR-UV spectrum from the normal 

one-color REMPI, only the bands belong to the conformer A remain and other bands 

belong to other conformers are buried into noise level, because the latter should give the 

almost same intensities in the both spectra. Similarly, if the IR laser is fixed to band , 

we can extract the bands belong to conformer B from the REMPI spectrum through the 

same procedure. 

 

Fig. 6 shows the IR-UV hole burning spectra. Spectrum (a) is measured by fixing the 

IR laser to 3747 cm-1, while 3723 cm-1 for (b), which are free OH stretches of H2O. 

Actually, the bands of lower and higher energy regions are separately observed. 

According to these spectra, we can discriminate two conformers, however, we cannot 

deny the existence of other conformers, because, for instance, different conformation of 

the amino-acid site will not affect the frequency of the free OH stretch of H2O binding to 

the phenolic OH. Generally, the frequency of X-H stretch does not reflect delicate 

difference of conformers, however, low frequency vibrations do. Therefore, in order to 

 

Fig.5 The principle of IR-UV HB spectroscopy 



discriminate the conformers precisely, measurement of UV-UV hole burning spectra will 

be indispensable.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.6 IR-UV hole burning spectra of tyr-H2O cluster measured by probing (a) band 1 

and (b) band 2 



2.4 Discussion about the structure of OH bound conformer 

Here we will discuss the OH bound conformer of tyr-H2O cluster. As mentioned at 

previous section, we tentatively assigned that the observed OH bound conformer 

consists of XR conformer which is the most stable one among 12 conformers. By 

comparing the IR spectrum of the OH bound conformer with that of XR, needless to say 

that the phenolic OH stretch is largely red-shifted due to the hydrogen bond with water 

molecule, it is easily found that also the hydrogen-bonded carboxyl OH is 8 cm-1 

red-shifted from XR monomer, while symmetric and anti-symmetric stretches of NH2 

are the almost same (see Fig. 7). This result is quite curious because water molecule 

does affect the hydrogen bond in the amino-acid site which is far from water molecule 

and does not directly interact with water. Maybe, such a phenomenon is usually 

interpreted as cooperative effect of hydrogen bond, but in this case, it is rare because 

these two hydrogen bonds do not interact directly. 

  

Similar phenomenon is observed in dopa, which has a single conformation and its 

structure of the amino-acid site is completely the same with that of XR of tyr.[1] The 

hydrogen-bonded carboxyl OH of dopa is 24 cm-1 red-shifted from that of XR, while 

 

Fig.7 IR dip spectra of (a) tyr XR-(H2O)1 (b)tyr XR and (c) dopa[1] 



 

Fig.8 The structure of (a) tyr XR-(H2O)1 and (b) dopa 

symmetric and anti-symmetric stretches of NH2 are the almost same with those of XR. 

Also in the dopa, the phenolic OHs do not interact directly with the amino-acid site. As 

shown in Fig. 8, the phenolic OH at para position with respect to the amino-acid site 

acts as a proton donor to the oxygen atom of the neighboring OH, which is similar to the 

OH bound conformer of tyr-H2O cluster. The experimental results clearly demonstrate 

that some interaction between the phenolic OH(s) and the amino-acid site, however, 

detail of the interaction is not identified. In the dopa case, the specific stability of the 

observed structure can be explained by dipole-dipole interaction between the phenolic 

OHs and the amino-acid 

site.[1] Thus, the 

enhancement of the 

hydrogen bonding 

strength may be 

explained by the 

dipole-dipole interaction. 

To discuss its mechanism 

deeply, help of the 

theoretical calculations 

will be necessary, which is 

now in progress. 

3. Presentation in the group seminar 

On 14th of May, I attended to a group seminar and presented my recent results of tyr 

monomer, which was the first presentation in English for me. Gas-phase spectroscopy of 

tyr has already been reported by a lot of researchers [2, 4-8], however, their conclusions 

of the number of conformers and the assignment of their structures do not consistent 

with each other. In my research, REMPI and IR dip spectra of tyr were measured by 

using laser desorption supersonic jet technique, and number of conformers and their 

structure were reassigned by comparison with the results of quantum chemical 

calculations. It was found that the dipole-dipole interaction between the phenolic OH 

and the amino-acid site is specifically large in the most stable conformer XR. After the 

presentation, I was asked two questions. The first question was about the energy 

difference between the most stable conformer XR and others by Prof. 

Zehnacker-Rentien. The second one was about how to calculate dipole-dipole interaction 

by Dr. Çarçabal. For both questions, I could not answer satisfactorily without helps of 

Dr. Ishiuchi. However, it was my honor that Prof. Zehnacker-Rentien appreciated my 

research.  



4. Conclusion and acknowledgments 

It was confirmed that water molecule is combined to amino acid site or phenolic OH of 

tyrosine. By comparing the IR spectra, we tentatively concluded that the conformation 

of tyrosine in the latter type corresponds to conformer XR of tyrosine monomer, which is 

the most stable one. In this conformation, it was found that the hydrogen bonding 

strength in the amino-acid site is enhanced by attaching water molecule to phenolic OH 

which, however, is far from it. It is a remarkable cooperative effect because hydrogen 

bonds of amino-acid site and phenolic OH are far away beyond aromatic ring and do not 

interact directly. To rationalize this phenomenon, helps of the theoretical calculations 

will be necessary and which is now in progress. 

Finally, I would like to express my appreciation and thanks to Dr. Pierre Çarçabal, Dr. 

Shun-ichi Ishiuchi, Prof. Masaaki Fujii, and everyone involved in this program. 

 

References 

1. S. Ishiuchi, H. Mitsuda, T. Asakawa, M. Miyazaki and M. Fujii, Phys. Chem. Chem. 

Phys. 13, 7812 (2011). 

2. A. Abo-Riziq, L. Grace, B. Crews, M. P. Callahan, T. van Mourik and M. S. de Vries, J. 

Phys. Chem. A 115, 6077 (2011). 

3. T. Ebata, A. Fujii and N. Mikami, Int J Mass Spectrom Ion Process 159, 14 (1996). 

4. T. Ebata, T. Hashimoto, T. Ito, Y. Inokuchi, F. Altunsu, B. Brutschy and P. 

Tarakeshwar, Phys. Chem. Chem. Phys. 8, 4783 (2006). 

5. L. Li and D. M. Lubman, Appl. Spectrosc. 42, 418 (1988). 

6. S. J. Martinez, J. C. Alfano and D. H. Levy, J. Mol. Spectrosc. 145, 100 (1991). 

7. R. Cohen, B. Brauer, E. Nir, L. Grace and M. S. de Vries, J. Phys. Chem. A 104, 6351 

(2000). 

8. L. I. Grace, R. Cohen, T. M. Dunn, D. M. Lubman and M. S. de Vries, J. Mol. 

Spectrosc. 215, 204 (2002). 

 

 

 


