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Hydrogen-bonding interactions of uric acid 

complexes with water/melamine revealed by mid-

infrared spectroscopy  

Hiroyuki Saigusa,* Daisuke Nakamura and Shu-hei Urashima
‡ 

Hydrogen (H)-bonding interactions of uric acid (UA) with water have been investigated via 

IR‒UV double resonance measurements in the mid-IR region. Comparison of the present 

results with those obtained previously in the near-IR region enables us to examine microscopic 

hydration effects specific to the H-bonding acceptor sites of UA. It is shown that hydration to 

the C8O site promotes mode coupling of this stretch with the C2O stretch. The occurrence of 

this coupling is manifested in the IR intensity pattern; transition associated with their in-phase 

contribution C8O + C2O is significantly suppressed while corresponding out-of-phase 

contribution gives rise to a strong peak. We have also measured the mid-IR spectra of the 1:1 

complex formed between UA and melamine (MEL) and carried out its structural analysis using 

the spectroscopic signature of H-bonding derived from the result of the monohydrated cluster. 

It is shown that the complex possesses triple H-bonding structure with the C2O acceptor site of 

UA H-bonded with MEL. Furthermore, the technique of IR-depleted UV spectroscopy is 

employed in order to ascertain whether other structural isomers are present in the probe UV 

spectra.  

 

 

 

 

 

Introduction 

The structures of most biomolecules are determined by the 

corrective influence of many weak interactions. Among them, H-

bonding interactions of biomolecules with water are particularly 

important in the stabilization of specific conformations that can 

exhibit biological functions.1 Therefore, identification of both donor 

(D) and acceptor (A) sites involved in H-bonding is essential for 

molecular understanding of the relation between the structural 

features and proper functioning.2  

UA (Chart 1), the final product of purine catabolism, is only 

sparingly soluble in water, and thus excreted in the urine as a 

paste of the crystals.3 Since it possesses four NH and three CO 

sites in its tri-keto form (Chart 1), it is suitable for the 

investigation of H-bonding preference with water. In our 

previous work,4 the technique of laser-desorption and 

supersonic-jet was utilized to generate monohydrated clusters 

of UA in the gas phase, and their structural analyses were 

performed by IR spectroscopy in the NH and OH stretching 

frequency regions in combination with theoretical calculations. 

Two structurally different monohydrates were found and 

assigned to the two most stable isomers, both with UA in its 

triketo form. In one isomer, water is bound to the N3H site 

(denoted W23) while in the other, hydration occurs to the N9H 

site (denoted W89). Details of hydration preference were 

discussed on the basis of the observed frequency shift 

associated with the NH stretching vibrations.  

Multiple H-bonding interactions of UA with MEL (Chart 1) 

were also studied5 in relation to the serious food safety incident 

that urinary stones are accumulated in infants after ingesting 

melamine (MEL)-contaminated formula.6-8 Analysis of urinary 

stones by high-performance liquid chromatography–mass 

spectrometry (HPLC−MS) showed that most stones are 

composed of UA and MEL at a molar ratio of 1:1 to 2:1.9 On 

this basis, it was suggested that a 1:1 complex (denoted 

UA−MEL) stabilized by triple H-bonds is responsible for the 

stone formation.7,10 Motivated by these clinical studies, we 

carried out structural analysis on the corresponding complex 

formed in the gas phase. A single isomer was detected, and its 

Chart 1 Structures of uric acid (UA) and melamine (MEL). 
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IR spectrum recorded in the near-IR region only showed that in 

this complex the two donor sites (N3H and N9H) of UA are 

occupied by H-bonding with MEL. Nevertheless, it was not 

possible to identify the acceptor site of the triple H-bonds 

(either C2O or C8O site).  

In the present work, IR−UV double resonance spectroscopic 

measurements on the monohydrated cluster of UA and 

UA−MEL complex are extended to the mid-IR region11-20 to 

elucidate how hydration to a specific CO site of UA affects the 

frequency and intensity of this stretching mode and others. It is 

shown that hydration to the C8O position of UA enables for 

coupling of this mode with C2O stretch mode. The occurrence 

of this mode coupling is manifested in the IR intensity pattern 

of these stretch transitions. By using this spectroscopic 

signature of H-bonding, the observed UA−MEL complex is 

unambiguously identified as the calculated most stable structure, 

in which the C2O site of UA is H-bonded to the amino 

hydrogen of MEL. 

 

Methods 

Gas-phase isolation of UA and production of its hydrates and 

complexes with MEL was performed by the laser desorption 

technique, as described in detail elsewhere.21 The powder sample of 

UA or a mixture of UA and MEL (1:1 in molar ratio), each added 

with a graphite matrix (10%), was used to prepare a sample pellet. It 

was placed in a stainless holder and irradiated by the second 

harmonics of a neodymium-doped yttrium aluminum garnet 

(Nd:YAG) laser. The plume of desorbed molecules was entrained 

into a supersonic expansion of argon (5 atm) in order to facilitate 

complex formation. For producing hydrated clusters, the carrier gas 

was passed through a reservoir containing water.  

 

Infrared Spectroscopy 

Hydrated cluster of UA and 1:1 complex of UA−MEL formed by 

this method were ionized through resonant two-photon ionization 

(R2PI) using a frequency tunable UV laser, and analyzed by a TOF 

mass spectrometer.22-24 Mass-selected UV spectra were recorded by 

probing ion signal at a particular mass channel while scanning UV 

laser frequency. IR spectra were recorded in the mid-IR (1500−1800 

cm−1) by the IR−UV double-resonance scheme, but not normalized 

with respect to the IR laser fluence (1–2 mJ/pulse, focused with a 

cylindrical CaF2 lens of f=300 mm). The IR radiation was produced 

by difference frequency generation of the signal and idler outputs of 

an optical parametric oscillator and amplifier (OPO/OPA) system 

(LaserVision) using a AgGaSe2 crystal. The rotation-vibration lines 

of water vapor25 were used for frequency calibration. The probe UV 

light (~0.1 mJ/pulse, focused with a cylindrical lens of f=500 mm) 

was the frequency-doubled output of a YAG-pumped dye laser. The 

UV laser was operated at a repetition rate of 10Hz, and delayed by 

100 ns with respect to the IR laser at 5 Hz. The alternate UV signals 

measured with IR laser turned on (Ion) and off (Ioff) were fed into a 

boxcar integrator, and displayed as depletion yields defined by log  

(Ioff  /  Ion). 

Additional IR-UV double resonance measurements were 

performed by fixing IR laser to a prominent vibrational transition of 

a particular isomer and scanning UV laser. The resulting IR-depleted 

UV spectra enable us to examine if spectral features of other isomers 

are embedded in the UV spectra.4,26 

 

Computational Methods 

All calculations were performed using the Gaussian 09 quantum 

code package.27 Geometries of monohydrated cluster of UA and 1:1 

complex UA–MEL were optimized at the second-order Møller–

Plesset’s perturbation (MP2) method with the 6-311++G(d,p) basis 

set. Thereafter, single-point calculations were carried out for the 

lower-energy structures at the Coupled-Cluster including all Single 

and Double excitations (CCSD) level with the same basis set, to 

improve the accuracy of their energetic ordering. Vibrational 

frequency calculations were performed for the optimized geometries 

using the Density Functional Theory (DFT)’s B3LYP hybrid 

functional (a parametrized combination of Becke’s exchange 

functional, the Lee, Yang, and Parr correlation functional, and exact 

exchange functional) with the 6-311++G(d,p) basis set. The 

calculated frequencies were scaled by a factor of 0.982 to account 

for the observed frequencies of C6O stretches of monomer. 

 

Results and discussion  

Low-energy isomers of monohydrate of UA and UA–MEL 

complex 

Low-energy structures of the monohydrate of UA and UA−MEL 

complex calculated at the MP2 level of theory with the 6-

311++G(d,p) basis set are shown in Fig. 1. In the case of the 

monohydrate, two isomers W89 and W23 are nearly isoenergetic and 

lower in energy than isomer W67.4,28,29 Two lowest-energy 

structures of UA-MEL are found to be structures 239 and 893 of 

ADD(UA) – DAA(MEL) type,5 in which two H-bonding sites (23 

and 89) correspond to those occupied in the monohydrates W23 and 

W89, respectively. In both structures, two molecular pairs are 

stabilized by triple H-bonding and significantly folded each other. 

On the contrary, structure 678 is of ADA(UA) – DAD(MEL) type, 

which is nearly planar and higher in energy due to significant 

pyramidalization of the two amino groups of MEL.30  

 

Monohydrated clusters of UA 

 

Fig. 1 The three lowest-energy isomers calculated for UA monohydrate 

(top) and UA−MEL complex (bottom). Stabilization energy (in kJ/mol) 

with respect to the most stable isomer is indicated in parentheses. 
Formation of H-bonds is indicated by the dotted line with its distance in 

angstrom. 
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We have previously shown that the UV spectrum recorded by 

probing R2PI signal at the mass channel of monohydrate ion consists 

of many sharp peaks that can be assigned to either isomer W89 or 

W23.4 This enables us to record the IR spectra of respective isomers. 

In order to make comparison with the mid-IR spectra of these 

monohydrates discussed later, the corresponding near-IR spectra 

recorded with better signal-to-noise ratio are displayed in Fig. 2, 

together with that of UA. The monomer spectrum in Fig. 2(a) reveals 

four prominent bands corresponding to free NH stretching vibrations. 

In contrast, the spectrum of W23 in Fig. 2(b) reveals no peak 

corresponding to free N3H stretching vibration (3491 cm-1 in UA 

monomer), which is consistent with this H-bonding structure. In the 

top spectrum recorded for isomer W89, transition due to free N9H 

transition of UA (3517 cm-1) is absent, which indicates that this site 

is hydrated. Instead, a broad red-shifted band is observed at 3313 

cm-1 and assigned to that of bound N9H stretch vibration. The 

transition associated with bound OH stretch of water is observed at 

3444 cm-1 in W89 and 3468 cm-1 in W23 while respective free OH 

stretching transitions occur at 3728 and 3727 cm-1. 

The corresponding mid-IR spectra are shown in Fig. 3, in 

comparison with the calculated and scaled spectra (with a 

scaling factor of 0.982). The monomer spectrum in Fig. 3(a) 

shows three strong bands at 1744, 1765, and 1798 cm-1, which 

are assignable to C6O, C2O, and C8O stretching vibrations, 

respectively, in comparison with the calculated spectra. The 

potential energy distribution analysis31 provided by DFT 

frequency calculation indicates that C2O and C8O ‘internal’ 

modes of UA are somewhat coupled each other, and thus the 

bands at 1765 and 1798 cm-1 are ascribed more precisely to 

their out-of-phase [C2O(65%) – C8O(14%)] and in-phase 

[C8O(62%) + C2O(12%)] contributions, respectively.32 The 

1744 cm-1 band is assigned to the stretching vibration 

predominantly localized on the C6O mode. An additional peak 

is observed at 1777 cm-1, which is likely to occur due to mode 

coupling (or Fermi-type resonance) between one of CO 

stretching vibrations and a combination of low-frequency 

vibrations.  In addition, some peaks are accompanied by 

noticeable dips [e.g., on the top of the 1798 cm-1 peak in Fig. 

3(a)], which are due to absorption of the IR laser beam by water 

vapour (top panel). The strong peak located at 1575 cm-1 is 

assigned to mixed modes with substantial contributions from 

two stretches N3C4 and C4N9, and N3H bend (δN3H).32 

The mid-IR spectrum obtained for isomer W23 [Fig. 3(b)] 

shows a strong band at 1798 cm-1, which is predominantly due 

to C8O mode. As a result of H-bonding to the C2O site, its 

stretching frequency is expected to decrease, allowing for 

 

Fig. 2 IR spectra of (a) UA monomer, and monohydrated clusters (b) W23 

and (c) W89, recorded in the near-IR region. The UV probe frequencies 

used to record the IR spectra are 34051 cm-1 for W89 and 34071 cm-1 for 
W23, which are indicated by the arrows in Figs. 4(a) and 4(b), respectively. 

Vibrational spectra calculated at the B3LYP/6-311++G(d,p) level (scaled by 

a factor of 0.958, ref. 4) are also shown. The vertical, dotted lines are used 
for guiding the calculated NH stretch transitions. Vibrational frequencies 

appear to be different from those in the previous report (ref. 4) as a result of 

frequency calibration.     

 

Fig. 3 Mid-IR spectra recorded for (a) UA monomer, and two 

monohydrates (b) W23 and (c) W89. The vertical lines in the experimental 
spectra correspond to positions of the indicated frequencies. Vibrational 

spectra calculated at the B3LYP/6-311++G(d,p) level (scaled by a factor of 

0.982) are also shown. Energy curve of the mid-IR laser is shown in top 
panel. The UV frequencies used to record the respective IR spectra are the 

same as those in Fig. 2.   
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coupling with C6O stretch mode. Therefore, the doublet 

structure observed at 1745 and 1739 cm-1 can be associated 

with the in-phase and out-of-phase contributions of the two 

stretch modes C2O ± C6O. This behaviour is in striking 

contrast to the case of NH stretching vibrations shown in Fig. 2 

where frequency reduction induced by hydration are much 

larger and thus mode coupling with other NH stretches is 

unlikely to occur. A weak shoulder observed at 1594 cm-1 

corresponds well to the calculated frequency of the bending 

vibration of water (δOH). 

Our normal mode analysis for isomer W89 indicates that H-

bonding at the C8O site mediates vibrational coupling of this 

mode with C2O mode. Accordingly, the calculated two 

transitions in Fig. 3(c) are better described by the in-phase and 

out-of-phase combinations of the two internal modes with 

nearly equal contributions. In this case, the C8O and C2O 

stretch motions are almost in the opposite directions, and thus 

the IR activity of their symmetric combination (C8O + C2O) is 

substantially suppressed as manifested in Fig. 3(c). This in turn 

suggests that the strong band at 1757 cm-1 can be assigned to 

the out-of-phase (antisymmetric) combination of the two stretch 

modes (C2O – C8O). Furthermore, the strong band at 1743 cm-

1 agrees in frequency well with pure C6O stretching vibration 

of monomer, which led us to assign this band to the 

corresponding transition of isomer W89. A weak shoulder 

observed at 1766 cm-1 is tentatively assigned to a combination 

band with a low-frequency vibration. 

Having observed that the mid-IR spectra of isomers W23 

and W89 differ each other, the technique of IR-depleted UV 

spectroscopy is carried out to examine whether spectral features 

of other isomers are embedded in the UV spectra.4,26 In this 

method, IR laser of a higher pulse energy (2mJ/pulse) is tuned 

to a specific transition of a given isomer. As a result of 

depopulation in the vibrational ground state, its contribution to 

the UV signal is effectively suppressed. Thus, we expect that 

the resulting UV spectrum is composed of isomers which are 

not subject to depopulation.  Conversely, UV spectrum of the 

isomer that is depleted with this IR irradiation can be obtained 

by recording the difference between the R2PI signals with the 

IR laser turned on and off. 

Fig. 4 shows the UV spectra of the monohydrated clusters 

recorded with IR laser turned on (Ion) at the prominent CO 

stretching bands displayed in Fig. 3. The spectra with IR laser 

turned off (Ioff), and their difference spectra (Ion – Ioff) are also 

shown. The spectra shown in Fig. 4(a) are obtained with IR 

laser tuned to C2O – C8O transition of isomer W89 at 1757 cm-

1 shown in Fig. 3(c). Upon this IR irradiation, ground-state 

population of isomer W89 is expected to be washed out while 

isomer W23 survives. The observed IR-depleted spectrum Ion is 

found to match well that obtained with IR laser fixed at the free 

N3H transition4 [the 3488 cm-1 peak of isomer W89 in Fig. 

2(c)]. Since the N3H position of isomer W23 is H-bonded with 

water, IR irradiation at free N3H transition allows us to record 

the UV spectra of isomers having no free N3H site (i.e., isomer 

W23).  

If IR laser is tuned to the strong transition of W23 appearing 

at 1798 cm-1 in Fig. 3(b), then we expect the depleted spectrum 

Ion to display spectral features associated with isomer W89. In 

fact, the observed Ion spectrum shown in Fig. 4(b) resembles the 

difference spectrum Ion – Ioff in Fig. 4(a), and assigned 

predominantly to that of W89. Moreover, it is noted that the Ion 

spectrum agrees with the corresponding spectrum recorded with 

IR depletion at free N9H transition.4  

The UV spectra shown in Fig. 4(c) are obtained upon IR 

irradiation at the 1743 cm-1 band, which is assigned to C6O 

stretching transition of W89. Since this transition lies in close 

proximity to the broad features assigned to the two transitions 

of W23 (1739 and 1745 cm-1), we expect that both isomers are 

subject to depletion by this irradiation. Indeed, it can be seen in 

Fig. 4(c) that the UV signal Ion is nearly suppressed. This 

support the presumption that the UV spectrum Ioff is composed 

of spectral features of the two isomers and contribution of other 

isomers such as the next stable isomer W67 in Fig. 1 is 

negligible in this UV energy region. The vibrational frequency 

of C6O mode calculated for isomer W67 is substantially lower 

than this depletion frequency as a result of hydration to this site, 

as shown in Fig. S1 (ESI†). The absence of W67 in this UV 

energy region has been interpreted by a theoretical 

calculation.29 The result predicts that the excitation energy of 

this isomer having an H-bond at the C6O site is substantially 

lower than in the other isomers, thus resulting in insufficient 

one-color R2PI signal.          

 

 

Fig. 4 IR-depleted UV spectra (Ion, red) and difference UV spectra (Ion – 

Ioff, blue) recorded for the monohydrated clusters with IR laser tuned to 

the prominent transitions in Fig. 3: (a) C2O – C8O of isomer W89 at 1757 

cm-1, (b) C8O of W23 at 1798 cm-1, and (c) C6O of W89 and C6O – C2O 

of W23 at 1743 cm-1.  UV spectra recorded with IR laser turned off (Ioff) 

are shown in black. The arrows shown in parts (a) and (b) indicate the UV 

peaks of isomers W89 and W23 used to record the respective IR spectra 

given in Figs. 2 and 3.  
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UA–MEL complex 

In our previous report,5 we showed that the UV spectrum of 

the UA–MEL complex located in the region of >33500 cm-1 

appears to be broad with no well-resolved peaks. It was also 

found that the IR spectra obtained by the IR-UV double 

resonance method are basically independent of the probe UV 

frequency. Based on these observations, it was suggested that 

only one conformer is responsible for the observed UV 

spectrum.  

For ease of discussion, the experimental and calculated IR 

spectra of the 1:1 complex in the near IR region5 are 

reproduced in Fig. 5.  It can be seen that transitions 

corresponding to free N1H and N7H stretching vibrations of 

UA are observed at 3449 and 3524 cm-1, respectively, while 

those of free N3H and N9H stretches are absent in the 

spectrum. The finding firmly establishes that the latter two NH 

sites are occupied by H-bonding with MEL, which is 

consistent with a nonplanar pair, either structure 893 or 239 

shown in Fig. 1. Unfortunately, the IR spectra calculated for 

the two structures shown in Fig. 5 are very similar each other, 

which makes unequivocal assignments of the experimental 

spectra difficult. It is also important to note that a broad 

absorption band is observed in the low-frequency region of 

2500–2850 cm-1. This large red-shift is explained to occur by 

the formation of a robust H-bond between hydrogen atom of 

the NH site (N3H or N9H) of UA and nitrogen atom of MEL 

ring (NH···N).5 In both UA-MEL structures, the other two H-

bonds, CO···HN(amino) and NH···N(amino), are calculated to 

be much weaker than the middle H-bond, as can be seen in Fig. 

1. 

To distinguish between the two possible nonplanar 

structures of the UA–MEL complex, it is essential to examine 

their CO stretching vibrations. Fig. 6 shows the result of the 

mid-IR measurement together with the calculated and scaled 

stick spectra for the two structures. As described above, C8O 

stretching mode of monomer UA is mixed with C2O stretch 

mode, i.e., C8O ± C2O. In the case of the UA–MEL complex, 

this coupling may be lifted if the C2O site is H-bonded with 

MEL, quite similar to the monohydrate W23. Thus, the strong 

transition at 1785 cm-1 in the calculated spectrum of Fig. 6(b) 

is associated with pure C8O stretch mode of structure 239. In 

structure 893, mode coupling between the two stretches C8O 

and C2O is still effective and the IR intensity of their in-phase 

composition C8O + C2O is calculated to be remarkably weak 

as displayed in Fig. 6(c). This mode coupling behaviour is 

similar to the pattern observed for the corresponding two 

modes of the monohydrate W89 shown in Fig. 3(c).  On this 

basis, the sharp transition observed at 1785 cm-1 is firmly 

assigned to pure C8O stretching vibration of structure 239, 

which supports the previous assignment made based on the 

near-IR spectrum in Fig. 5. The other two peaks at 1727 and 

1740 cm-1 are assigned to mixed modes of C2O and C6O 

stretches. The intense peak appearing at 1616 cm-1 is due to 

bending vibration of the free amino group of MEL (δNH2), 

which appears slightly higher in frequency than that measured 

in gas phase at 150C (1598 cm-1).33 Vibrational assignments 

 

Fig. 5 Near-IR spectrum of the UA–MEL complex recorded between 2500 

and 3650 cm-1 with the UV probe frequency at 34600 cm-1. Vibrational 

spectra calculated for structures 893 and 239 (scaled by a factor of 0.955, 

see ref. 5) are shown in lower two panels. Assignments for the amino 

stretching vibrations of MEL are shown in black, and the corresponding H-

bonding sites of UA are indicated in parentheses.  

 

Fig. 6 (a) Mid-IR spectrum recorded for the UA–MEL complex with the 

UV probe frequency at 34600 cm-1. Vibrational spectra calculated for 

structures 239 and 893 (scaled by a factor of 0.982) are shown in parts (b) 

and (c), respectively. The vertical lines in the experimental spectra 

correspond to positions of the indicated frequencies. The monomer spectra 

are shown in lower two panels for comparison. 
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for other peaks appearing in the calculated spectra, together 

with those of structure 678, are shown in Fig. S2 (ESI†).  

The fact that the IR spectral pattern of the UA–MEL 

complex in Fig. 6(a) is nearly independent of the probe UV 

frequency at >34000 cm-1 suggests that a single structural 

isomer accounts for the observed UV spectrum To justify this 

conjecture, we have scanned the probe UV frequency with IR 

laser fixed to free C8O stretching peak at 1785 cm-1. With this 

IR irradiation, only structure 239 will be depopulated while 

structure 893, if exists, survives. The resulting IR-depleted UV 

spectrum is shown in Fig. 7. It can be seen that the two spectra 

with IR laser turned on (Ion) and off (Ioff), are very similar in the 

intensity distribution at >34000 cm-1. Furthermore, the 

diffrence spectrum Ion – Ioff also resembles these two spectra. 

This finding seems to support the previous assignment that the 

UV spectrum consists only of structure 239 in this frequency 

region.  

It should also be noted in Fig. 7 that the UV spectrum Ioff  

reveals weak, gradually diminishing features that extend to 

lower frequency region of 33600 cm-1. However, IR–UV 

double resonance measurements in this UV probe region have 

failed due to its low intensity. Instead, we have examined the 

IR-depletion yield of UV signal, which is defined as log (Ioff / 

Ion), as a function of the UV frequency. The resulting curve is 

shown in top panel of Fig. 7. It appears to vary less in the range 

above 34100 cm-1, with values of about 0.4. This agrees 

qualitatively with the assignment that spectral features of other 

isomers having no free C8O group (e.g., structure 893) are not 

present in this region. It can also be seen that depletion yield 

decreases to approximately 0.2 in the range below 34000 cm-1, 

possibly an indication of the existence of other structural 

isomers shown in Fig. 1. Since neither structure 893 nor 678 

possesses free C8O group, they cannot be depleted with this IR 

irradiation, which are expected from the calculated frequencies 

shown in Fig. S2 (ESI†). 

Conclusions 

The IR spectra of the two most stable monohydrated clusters of 

UA have been recorded in the mid-IR region using the IR-UV 

double resonance scheme. Based on the CO stretching 

vibrational frequencies, the acceptor sites of H-bonding with 

water are unambiguously identified. In one isomer, C2O and 

N3H sites of UA are linked by water molecule (W23) while in 

the other, C8O and N9H sites are hydrated (W89). The normal 

mode analysis provided by DFT frequency calculation reveals 

that C8O and C2O stretch modes of the isomer W89 are 

strongly coupled as a result of hydration to the C8O site. 

Consequently, the IR intensity of their in-phase contribution 

appears to be significantly suppressed, in good agreement with 

the calculated spectra. In contrast, such mode coupling is nearly 

absent in isomer W23, thus giving rise to a strong absorption 

band corresponding to that of monomer. 

For the 1:1 complex of UA and MEL, our previous study 

performed in the near-IR frequency region showed that the 

observed isomer corresponds to one of the two most stable 

structures (239 and 893), both having a triple H-bonded pair of 

nonplanar geometry. The observed mid-IR spectrum of this 

complex showed that its C8O stretch mode is not influenced by 

the complexation with MEL, which is consistent with the 

calculated lowest energy structure 239. To confirm the above 

structural assignments of the monohydrates and complex with 

MEL, IR depletion spectra have been recorded by scanning UV 

frequency while IR laser tuned to specific IR transitions of 

each isomer for depopulation.  

The present results obtained for the monohydrate of UA 

and UA–MEL complex show that complexation with MEL 

occurs at the H-bonding sites of UA which are also used for 

hydration. Thus, we expect that once MEL occupies these H-

bonding sites, UA is less likely to accommodate water 

molecules, an implication that formation of insoluble urinary 

stones is facilitated by the complexation. More importantly, it 

is found that vibrational motions of UA are significantly 

altered by hydration or complexation with MEL, depending on 

the H-bonding donor site. Such vibrational mode mixing in 

biomolecules, which is promoted by specific H-bonding, may 

have profound effects on the biological functions. 
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Fig. 7 UV spectra of the UA-MEL complex recorded with IR laser turned 

on at the 1785 cm-1 peak (Ion) and off (Ioff), and their difference spectrum (Ion 

– Ioff). Depletion yield derived from the relation log (Ioff / Ion) plotted as a 

function of UV frequency is shown in top panel. 
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