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1. Introduction to Research Topic at Toyota Physical and Chemical Research Institute 

Research Topic; Basic Studies and Applications of Far-ultraviolet spectroscopy   
“Research purpose” We have established attenuated total reflection (ATR)-far-ultraviolet (FUV) spectroscopy. It 

has enabled to explore electronic states and transitions of almost all kinds of molecules in condensed phase. Our 

previous research achievements can be divided into as follows; (i) Studies of electronic transitions and states 

including Rydberg (Ryd) states of organic molecules and polymers. (ii) Applications to materials sciences 

(polymers, carbon nanomaterials, ionic liquids, etc.). (iii) Investigations on water, aqueous solutions, and surface 

adsorption water. (iv) Electronic states and photocatalytic activities of TiO2 and metal (Pt, Pd, and Au)-modified 

TiO2 powders. (v) Proposal of FUV-DUV surface plasmon resonance (SPR) sensors using Al thin films.  

At Toyota Physical and Chemical Research Institute I plan to expand the research topic (i). As for (i) we carried 

out detailed research on electronic transitions and states of alkanes, alcohols, amides, Nylon 6, graphenes and so on 

using spectral measurements and quantum chemical calculations. I will continue similar research for benzene, 

cyclohexane, and carbon nanotubes with Prof. Yusuke Morisawa (Kinki University). We will investigate not only 

electronic transitions and states but also stable structures, inter- and intramolecular interactions and the effects of 

molecular interactions on valence electrons (σ electrons) of single bonds of a molecule.  

“Methods” We start from the ATR-FUV spectral measurements and quantum chemical calculations of 

cyclohexane, methyl- and dimethyl cyclohexane to investigate their changes in electronic transitions, electronic 

states, the most stable structures and energy levels by the differences in the number and positions of substituents 

and dihedral angle. We proceed the research as follows; (i) Comparison of the FUV spectra of cyclohexane, 

methyl- and dimethyl cyclohexane with those of n-alkanes and branched alkanes. (ii) Comparison of FUV spectra 

of dimethyl cyclohexane with different positions (o-, m-, p-) and different dihedral angles (cis-, trans-). (iii) 

Optimization of structure and calculations of electronic structure and transitions using Gaussian 09. (iv) A study of 

phase transition of cyclohexane by its measurements of temperature-dependent FUV spectral variations. We will 

elucidate how energy, stable structure and electronic structure change with the position of substituents and dihedral 

angle. Moreover, we will provide deeper insight into electronic translons in the FUV regions based on our new 

research including studies of benzene and carbon nanotubes together with our previous studies. 

“Expected outcome” We may be able to obtain new insight into electronic states, electronic transitions, the most 

stable structures and inter- and intra-molecular interactions of cycloalkanes and benzene. For example, as for a 

cyclohexane ring it has been well known that a six-membered ring having a substitute at axial position is more 

stable than that at equatorial position. Our study may give convincing evidence for that. It is also possible for our 

study to yield new knowledge about effects of intermolecular interactions on valence electrons (σ electrons) of 

single bonds of a molecule from the temperature dependent FUV measurements. It is only our study of tetradecane 

that a change in the transition of an alkane by a change inσorbital has ever been observed. The proposed 

investigation may pave the way to newσchemistry.         
2. Previous Research Achievements  
Research Title; Creation of Molecular Spectroscopy of Electronic and Vibrational Transitions in 
Condensed Phase and Its Application to Chemistry and Biomedicine 

I have aimed at establishing a world COE for molecular spectroscopy. I have long been involved in 



molecular spectroscopy research from far-ultraviolet (FUV) to far-infrared (FIR)/terahertz and Raman 

spectroscopy (1). One of the strategies of my spectroscopy research is to challenge undeveloped and unexplored 

research fields such as FUV spectroscopy of condensed matters (1). Another important strategy has been to carry 

out comprehensive investigations of molecular spectroscopy, from investigations of principles (for example, 

studies of the mechanism of surface-enhanced Raman scattering), developments of cutting-edge instruments (for 

example, attenuated total reflection (ATR) FUV spectrometers), proposals of novel spectral analysis methods, and 

opening up new application fields (1). I have developed molecular spectroscopy markedly by my comprehensive 

and pioneering investigations in molecular spectroscopy (vibrational spectroscopy and electronic spectroscopy) in 

condensed phase. I have made extensive achievements in a wide range of spectroscopy covering FUV, UV, near-

infrared (NIR), infrared (IR), FIR/terahertz (THz), and Raman spectroscopy. Among my path breaking 

achievements, the following six topics are chosen here, and their scientific significance is described.  

1. Our Molecular Spectroscopy Research Common in the Whole Spectral Region from FUV to FIR/THz 

and Raman Spectroscopy  

Usually, it is important to study molecular spectroscopy by dividing it into each spectroscopy such as IR, NIR, 

and FIR spectroscopy. However, at the same time, it is also profound to explore a wide range of spectral region 

comprehensively (1). As comprehensive research of molecular spectroscopy, we carried out (1); 1) application of 

quantum chemistry to molecular spectroscopy, 2) development of spectral analysis methods useful for various 

fields of molecular spectroscopy, 3) comparison of spectra between different spectroscopies for band assignments 

such as comparison between NIR and IR spectra.  

In the applications of quantum chemistry, we have aimed at making a strong bridge between molecular 

spectroscopy and quantum chemistry. (2) Quantum chemical calculations have been extensively used in IR and 

Raman spectroscopy. Our group has expanded them to FUV, NIR and FIR/THz regions both to electronic spectra 

and vibrational spectra to reproduce their spectra and band assignments (1-8). Our significant achievements in the 

applications of quantum chemistry are as follows: 1) We introduced anharmonic calculations into NIR region (4,5). 

Using anharmonic calculations we have succeeded in reproducing many NIR spectra including those of alcohols 

(Figure 1), long chain fatty acids, nucleic acid bases, and natural products.  

 



Figure 1. Examination of the NIR spectrum of low concentration (0.005 M) methanol by the calculated NIR 

spectrum. K.B.Bec, Y. Futami, M.J. Wojcik, Y. Ozaki, Phys. Chem. Chem. Phys. 18,13666 (2016). 

 

Using quantum chemical calculations and NIR spectra measurements we also explored vibrational potential, 

anharmonicity, and molecular structures, particularly hydrogen bonding and intermolecular interactions (4,5). 2) In 

the studies of FUV spectroscopy we applied symmetry adapted cluster/configuration interaction (SAC-CI) method 

to develop investigations of electronic structures and transitions including Rydberg states (8). The quantum 

chemical calculation study also allowed Morisawa et al. to explore intermolecular interactions between alkanes in a 

crystal (9a). 3) We adopted Cartesian coordinate tensor transfer (CCT) method to disclose the band assignments in 

the FIR/THz spectra of polymers (6,7). This method enabled us to consider explicitly intermolecular interactions 

among polymer chains. By this method, we could not only make band assignments but also investigate 

intermolecular interactions and thermal expansion of polymers. 

   As for the second research topic “development of spectral analysis methods useful for various fields of molecular 

spectroscopy”, we have prominent achievements in chemometrics and two-dimensional correlation spectroscopy (2D 

COS). In the former, we developed sample and wavelength selection methods to build calibration curves with high 

accuracy efficiently. Among the chemometrics algorithms which we proposed Moving Window Partial Least Squares 

Regression (MWPLSR) (10). It has been used extensively as a powerful wavelength selection method for IR, Raman 

and NIR spectra.  

For the studies on “comparison of spectra between different spectroscopies for band assignments”, besides 

conventional methods we have utilized 2D COS, which allows the direct comparison between two different 

spectroscopies by disclosing 2D correlation between them.     

2. Development of attenuated total reflection (ATR)-FUV spectroscopy - Pioneering of novel σ chemistry.  

In the FUV region (145-200 nm) a number of electronic transitions are expected to appear, however, 

absorption spectroscopy in the FUV region of condensed matters was an unexplored area of molecular 

spectroscopy (8). We developed a novel FUV spectrometer (145-300 nm) based on an ATR technique, making 

possible the easy measurement of FUV spectra of molecules in condensed phase (8,9,11). Since in the FUV region 

one can expect transitions due to π electrons, lone pair electrons, and σ electrons, the ATR-FUV method has 

allowed to investigate electronic states of almost all kinds of molecules in condensed phase. We established an 

assignment method of FUV spectra based on comparison of an observed FUV spectrum in condensed phase with 

the corresponding spectrum in gas phase and electronic transitions calculated by quantum chemical calculations 

(8,9). For example, in the study of electronically excited states of alkanes we assigned a band near 153 nm to a 

transition from HOMO-2 or HOMO-1 to 3p Rydberg state (Figure 2)(9b). Since alkanes are formed only by single 

bonds and do not have lone pair electrons, this transition reflects the state of σ electrons of alkanes. We measured 

ATR-FUV spectra of alkanes, alcohols, ketones, amides, benzene,,,, and so on and calculated their electronic 

transitions and electronic structure (9). We obtained a number of interesting results not only on electronic states 

and transitions where Rydberg orbitals are involved, but also on the effects of molecular interactions on valence 

electrons (σ electrons) of single bonds of a molecule.  

FUV spectroscopy allowed Morisawa et al. (9a) to explore interactions between alkanes in a crystal, which are 



very important to the understanding of interactions that involve hydrogen atoms with same polarity such as 

CH…HC. We measured temperature-dependent ATR–FUV spectra of n-tetradecane during cooling and heating 

between 15 to −38 °C (9a). It was found that the band at 153 nm in the liquid phase becomes weaker, and instead, 

new bands appear at around 200 and 230 nm with decreasing temperature. Of note is that the conversion from the 

153 nm band to the 200 and 230 nm bands occurs at the melting temperature. Therefore, it is very likely that the 

changes in the electronic states are induced by changes during the phase transition.  

 

 

Figure 2. Calculated Kohn-Sham orbitals   

relevant for the excitation of n-hexane. 

(ref.9b). 

 

 

 

This study suggests that an unusually compressed structure is generated on the surface of n-tetradecane at low 

temperatures and that this reversible phase change is responsible for the unusual absorption changes observed in the 

ATR–FUV spectra (9a). The ATR-FUV spectra of the low-temperature solid n-alkane indicate that the energy of its 

HOMO and the energy gap between its HOMO and LUMO in the solid phase are reduced to approximately 60% of 

those in the liquid phase. It is likely that σ electrons are affected by an intermolecular interaction in condensed 

phase.  

We demonstrated a number of important applications of FUV spectroscopy (8). 

i) One can apply FUV spectroscopy to qualitative analysis and discrimination analysis of various kinds of liquid 

and solid samples because each compound shows a characteristic FUV spectrum.  

ii) We reveled that ATR-FUV spectroscopy is powerful for water research, from pure water, aqueous solutions, 

spring water, commercial mineral water, to surface adsorption water. Goto et al. explored structure of liquid 

water on an aluminum surface by variable-angle (VA) ATR-FUV spectroscopy (12). 

iii) FUV spectroscopy has provided new opportunities for materials research (3b,13,14). It has been applied to 

studies of polymers, inorganic semiconductor materials, ionic liquids, and nanomaterials. Tanabe et al. applied 

the ATR-FUV-DUV spectroscopy to investigate electronic states and photocatalytic activities of TiO2 and 

metal (Pt, Pd, and Au)-modified TiO2 powders (13). Recently, Tanabe et al. used ATR-FUV/DUV (deep-

ultraviolet) spectroscopy for electrochemistry research. 

iv) We developed a nanosecond pump-probe transient FUV spectrometer which can be used to probe radical 

species in chain reactions such as O3 pulse-photolytic reaction in an aqueous solution. 

v) Tanabe et al. proposed FUV-DUV surface plasmon resonance (SPR) sensors using Al thin films (15). The SPR 

properties of the Al thin films with varying reflective index have been investigated by ATR-FUV spectrometer.  

In this way we have demonstrated the great potential of FUV spectroscopy for condensed matter in both basic 

science and applications (8).  

3. Establishment of near-infrared spectroscopy as a molecular spectroscopy. 



Our contributions to NIR spectroscopy cover almost its whole range from basic studies of NIR spectroscopy 

such as investigations of overtones, combinations, vibrational potentials, and anharmonicities, developments of 

NIR spectrometers (e.g. surface plasmon resonance (SPR)-NIR spectroscopy, portable NIR imaging systems), 

experimental techniques, and spectral analysis methods, to a variety of applications such as applications to 

physical chemistry (water structure, hydration, hydrogen bindings, solution chemistry), biomedical applications, 

process analytical technology (PAT), polymers, and imaging (16).  

  We carried out a number of innovative studies on applications of NIR spectroscopy to physical chemistry (16-

19). Ikehata et al. investigated thermal phase behavior of triethylamine (TEA)–water mixtures with various 

concentrations by use of NIR spectroscopy (19). Based on this study they suggested that the microscopic association 

of non-polar moieties acts as a trigger for the LCST (Lower Critical Solution Temperature)-type phase separation. 

We (Šašić and Segtnun et al.) applied NIR spectroscopy to study the structure of water (20). To analyze the 

temperature-dependent variations of water spectra we used principle component analysis (PCA), self-modeling curve 

resolution (SMCR), and 2D-COS. The PCA revealed that more than 99% variability in the spectra is due to two bands 

at 6707 and 7082 cm-1 arising from the weakly and strongly hydrogen-bonded water species. All the spectral analysis 

methods mentioned above supported the two-state model of water, although the model is gradually degraded as 

temperature decreases (20). Based on the IR and NIR spectra measurements and their quantum chemical calculations 

Futami et al. showed that it is possible to differentiate hydrogen bonding effects from solvent effects by comparing a 

change in absorption intensity of a NH or OH fundamental with that of the corresponding overtone (21).  Figure 3 

compares the effect of hydrogen bonding between fundamentals and first overtones. 

 

 
Figure 3. Comparison of the effect of hydrogen bonding between fundamentals and first overtones. 

 

Moreover, we developed a new NIR spectroscopic method based on SPR called light absorption responsive 

SPR-NIR spectroscopy to aim at dramatic sensitivity improvement (22). The SPR-NIR system which we 

developed employed an attachment of Kretschman configuration equipped with a mechanism for fine angular 

adjustment of incident light. This technique may be useful not only for a highly sensitive detection but also for a 

detection of small amount of samples. This study may lead to develop enhanced NIR spectroscopy.  

We have also played important roles in developing NIR imaging. We have been concerned with the development 

of two kinds of NIR imaging instruments (23); one is a highly sensitive portable NIR imaging device named D-NIRs 



(Yokogawa Electric Co.), which is a compact (151×93×120 mm3) instrument. Another is an NIR instrument with 

high-speed, wide-area monitoring having a highly sensitive NIR camera, named Compovision (Sumitomo Electric 

Industries), Moreover, Ishimaru et al. developed an imaging-type two-dimensional Fourier spectroscopy (ITFS) 

system.  

Ishikawa et al. carried out innovative NIR imaging studies of polymers and pharmaceutical tablets by D-NIRs and 

Compovision (23). For example, they studied an aqueous dispersion into a tablet using the latter instrument (23). 

Ishigaki et al. investigated the growth process of fertilized eggs from Japanese medaka (a freshwater fish) non-

invasively using NIR spectroscopy and NIR imaging (24a). The NIR imaging system used in this research, which 

holds a hyperspectral camera equipped with an InGaAs photodiode array, enables one to acquire microscopic imaging 

data only in a few seconds.  

Ishigaki et al. also carried out nonstaing blood flow imaging using optical interface due to Doppler shift (ITFS) 

(24). Obtaining nonstaining blood flow images using heterodyne optical interference and images of molecular 

distribution using molecular vibrational information simultaneously demonstrates an exciting advance in NIR 

imaging. 

4. Investigations of mechanism of surface-enhanced Raman scattering (SERS) and tip-enhanced Raman 

scattering (TERS) and their applications to physical chemistry, analytical chemistry, and nanomaterials 

chemistry  
(a) Investigations of mechanism of SERS: We (Itoh et al.) focused on electromagnetic enhancement mechanism as 
general mechanism of SERS and carried out its research (25,26). Before we started our research on this topic SERS 
mechanism had been investigated using an ensemble nanoparticles system. In such system, the cause of the 
enhancement (plasmon resonance) is averaged, and thus, it was difficult to explore directly the relation between the 
cause and the result (SERS). We solved this problem by use of a single nanoparticle system. We designed a novel 
experimental system that enabled us to carry out electron microscope measurement, plasmon resonance measurement, 
and SERS measurement for the same single nano particle dimer. Using the experimental results obtained by this 
experimental setup as the calculation conditions for electromagnetic analysis, we reproduced SERS cross section. By 
comparing the experimental SERS spectra with the calculated SERS spectra, we succeeded in quantitative 
verification of electromagnetic enhancement effect. By this study we contributed markedly to the advances in SERS 
(Figure 4) (25,26).  
 
 



 
 
 
 
 
 
 
 
Figure 4. Comparison of the experimental (a-e) and calculated results (f-j). (a),(f) dimers of silver nano particles. 
(b),(g) Experimental and calculated plasmon resonance spectra. (c-e), (h-j) Experimental and calculated SERS spectra 
excited with 532, 561, and 633 nm. (ref.26) 
 
 
 
 

 
 
 
 
 
 
We are a rather rare group who has explored the electromagnetic mechanisms (25,26), chemical mechanism (27), 

and that of semiconductor-enhanced Raman scattering (28). Studies of semiconductor-enhanced Raman scattering 
were started in 1982 by Prof. Haruka Yamada whom I succeeded (29). Ji et al. has worked on the mechanism of 
semiconductor enhanced Raman scattering (28). Recent our study on semiconductor SERS revealed that Mie 
resonances scattered near-field effect provided a coherence framework for modeling the electromagnetic mechanism 
of SERS on semiconductors (28). 
(b) Applications of SERS and TERS to physical chemistry, analytical chemistry, and nanomaterials 

chemistry: We started applications of SERS in 1990s. One of our important SERS papers in 1990s was a report on 

“indirect SERS” (30). We explored enzyme immunoassay utilizing indirect SERS of the enzyme reaction product. 

Another interesting study was a SERS study of quantitative analysis of double-stranded DNA amplified by PCR 

(31). At that time, SERS of DNA was rather rare. Recently, we performed two important SRES immunoassay 

studies; one is “Immunoassay using probe-labelling immunogold nanoparticles with silver staining enhancement 

via surface-enhanced Raman scattering” (32a) and another is “label‐free indirect immunoassay using an avidin‐

induced SERS substrate” (32b).  

For the last 10 years so we have focused on label-free 

protein detections by SERS (33). One of our interesting studies 

is “Coupling reaction-based ultrasensitive detection of phenolic 

estrogens using surface-enhanced resonance Raman scattering” 

(34a). Another recent noticeable study is “nickel nanowires 

combined with SERS: application in label-free detection of 

cytochrome c-mediated apoptosis” (34b). Rapid label-free Cyt 

c quantification can be achieved by SERS with a limit of 

detection of 1 nM. Moreover, a recent investigation on the 

application of SERS to enantioselective discrimination of 

alcohols has been highly noted (35). A 3D SERS imaging study 

of polymers has also received keen interest (36).  



We carried out unique studies of TERS. For example, we designed a chemically modified TERS tip for liquid 

TERS (37). Using this tip, nanoscale quantitative measurement of pH profile at a solid-liquid interface has been made. 

TERS was also employed in our group to characterize step, ridge, and crack submicro/nanostructures of epitaxial 

graphene on 4H-SiC (0001̅) (38). We also developed a high vacuum low temperature TERS system with Unisoku Co. 

Ltd. to explore nanomaterials without effects of atmosphere and thermal fluctuation.  

5. FIR/Terahertz and low-frequency Raman spectroscopies and quantum chemistry studies of polymers 

One can say three spectroscopies, FIR, THz, and low-frequency Raman spectroscopies form low-frequency 

vibrational spectroscopy. In the low-frequency region bands due to stretching modes including heavy atoms, skeletal 

vibrations, twisting vibrations, lattice vibrations, and intermolecular vibrations appear. Band assignments in the low-

frequency region are, in general, not easy. Low-frequency vibrational spectra of molecules often reflect their 

intramolecular and intermolecular interactions, and therefore, they have recently been utilized to investigate higher 

order structures of polymers and proteins, their intermolecular interactions, hydrogen bondings, hydrations and 

dynamics. 

Our strategy for polymer research by low-frequency vibrational spectroscopy is to compare FIR/THz, and low-

frequency Raman spectra and carry out quantum mechanical calculation combined with the Cartesian coordinate 

tensor transfer (CCT) method for band assignments (6,7). THz, FIR and Raman spectra including polarized spectra 

of two kinds of biodegradable polymers, poly-(R)-3-hydroxybutyrate (PHB) and poly (glycolic acid) (PGA) having 

weak hydrogen bondings and nylon 6 with strong hydrogen bondings were investigated (6,7). The intermolecular 

interactions among the polymer chains were considered explicitly in our DFT calculations aided by fragmentation 

methodology (CCT method).  

 
Figure 5. Bottom in (A) and (B); Raman and FIR absorption spectra of crystalline PHB, respectively. Top and middle 

in (A) and (B); their calculated spectra (ref.6). 

 

Figure 5 bottom in (A) and (B) depict Raman and FIR absorption spectra of crystalline PHB, respectively, 

and top and middle in (A) and (B) show their calculated spectra (6). The calculations were carried out under 

vacuum (top) and with the explicit correction for the intermolecular interactions (middle). Of note is that the main 

features of both Raman and FIR spectra of PHB were reproduced by both calculations irrespective of the 

intermolecular interactions were considered or not. However, the explicit correction yields much better 

agreements between the experiments and the calculations in terms of the spectral shapes, relative intensities, and 

relative frequencies. Moreover, the explicit calculations and the experiments in both of the Raman and FIR spectra 



led Yamamoto et al. to propose the band assignments; they assigned the Raman bands at 79 and 98 cm−1 to those 

at 73 (out-of-plane C= O + CH3) and 90 (CH2 + CH3) cm−1 in the explicit calculation (6).  

There were a lot of dispute on assignments of the low-frequency modes of nylon. Our study has provided 

them with defined assignments. We found a similarity in 125 and 70 cm-1 regions between crystalline polyesters 

and nylon 6 that both polymers show specific out-of-plane vibrational peaks around 100 cm-1, which are sensitive 

to the lattice length among polymer chains (6,7).  

6. Medical Applications of Raman and NIR Spectroscopy and Applications of Raman Spectroscopy to Basic 

Biology 

I am one of the pioneers in medical Raman spectroscopy (39). I together with started my nondestructive Raman 

study of the mechanism of cataract formation in 1981 (40). This may be the first application of Raman 

spectroscopy to an investigation of disease mechanism. This study demonstrated the potential of Raman 

spectroscopy in medical diagnosis. I also made significant contributions to medical applications of NIR 

spectroscopy and applications of Raman spectroscopy to basic biology. 

(a) Medical applications of Raman spectroscopy: In 1980s I together with Mizuno et al. proceeded the studies of 

cataracts and those of lens aging in parallel using mouse and rat lenses (39,40). We found nondestructively the 

significant difference in the mechanism of cataractogenesis and lens aging at the molecular level. In the case of mouse 

lens aging the water content in a lens decreases gradually while that in a cataract lens increases. Moreover, during 

cataract formation some of buried tyrosine residues of lens proteins become exposed (40). Figure 6 (A) and (B) 

compare age-dependent Raman spectral variations in the 950-700 cm-1 region (tyrosine doublet region) of a normal 

rat lens and a cataract rat lens, respectively. Note that the intensity ratio of the tyrosine doublet (855/832 cm-1) changes 

for the cataract lens. I wrote a very important review paper on Raman applications to medical studies in 1988 (39).  

 

Figure 6. Comparison of age-dependent Raman spectral variations in the 950-700 cm-1 region (tyrosine doublet 

region) of (A) a normal rat lens and (B) a cataract rat lens (ref.40). 

 

In 1992 we used 1064-nm excitation FT-Raman spectroscopy to measure Raman spectra of brain tissues. 

Subsequently, we reported Raman spectra of brain cancer tissues and found various spectral variations for the tissues 

due to cancer (41). Glioma grade Ⅲ showed a strong band at 856 cm-1 due to polysaccharides. One of the neurinoma 

contained a carotenoid which exhibited two resonance Raman peaks at 1157 and 1524 cm-1. The appearance of a 



strong Raman peak at 960 cm-1 suggested that the central neurocytoma of choroid plexus was calcified. These are 

examples of initiatives of cancer tissue Raman studies. 

Recently, we (Ishigaki et al.) investigated esophageal cancer in an early stage by use of Raman spectroscopy. Of 

note in this study was that a kind of neural network was used to analyse Raman spectra for diagnosis of the cancer 

tissues (42). We also carried out a Raman imaging study of cancer tissues (43). We compared several chemometrics 

methods for extracting the contribution from paraffin of cancer tissue samples in Raman imaging measurement.  

(b) Applications of Raman spectroscopy to basic biology: Recently, many Raman spectroscopists are concerned 

with medical or biomedical applications of Raman spectroscopy, and also its applications to biochemistry are 

active. However, relatively few research groups have been involved in its applications to fundamental and basic 

biology. Therefore, we pay attention to their applications. For example, using Raman spectroscopy Ishigaki et al. 

investigated mouse embryo development and its qualitative evaluation at the molecular level in a nondestructive 

manner (44). A Raman spectra measured in situ during embryonic development revealed that proteins with a β-

sheet structure are derived from maternal oocytes, while α-helical proteins are additionally generated by switching 

on a gene after fertilization. We also explored potential biomarkers indicating developmental competence of 

matured oocytes by Raman spectroscopy (44). It was found that phosphoric acid and phosphorylation levels are 

potential biomarkers. These studies have opened a new area of applications of Raman spectroscopy to fundamental 

biology. 

(c) Medical applications of NIR spectroscopy: I together with Matsunaga began our biomedical applications of 

NIR spectroscopy at the end of 1980’s. We succeeded in measuring NIR spectra of blood hemoglobin in a human 

hand in a nondestructive manner (45). We could monitor noninvasively a change of oxyhemoglobin in the blood. 

Later, this study was extended to our NIR noninvasive observation of blood sugar in an arm. For this purpose, I aided 

a Panasonic group to develop a specialized NIR spectrometer with high sensitivity and low noise. Moreover, we 

performed NIR spectroscopic determination of human serum albumin, γ-globulin, and glucose in a control serum 

solution with newly developed chemometrics algorithms (searching combination moving window partial least 

squares) (46). 

As stated, above we have challenged to unexplored undeveloped fields of molecular spectroscopy with original 

idea and methods and developed markedly them. We have contributed significantly to modern molecular 

spectroscopy through the establishment of basic principles, the development of instruments, the proposals for the 

novel spectral analysis methods and the applications of quantum chemistry to molecular spectroscopy. Our 

achievements have been internationally recognized and have had a strong impact on a wide research area not only 

chemistry but also biology and medicine. 
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L-cyteine, Chemistry Letters, 713-716 (1975). 

(2) Y. Ozaki, T. Kitagawa, and Y. Kyogoku: Raman study of the acid-base transition of ferric 

myoglobin; direct evidence for the existence of two molecular species at alkaline pH, FEBS 

Letters, 62, 369-372 (1976). 

(3) Y. Ozaki, T. Kitagawa, Y. Kyogoku, H. Shimada, T. Iizuka, and Y. Ishimura: An Anomaly in the 

Resonance Raman Spectra of Cytochrome P-450cam in the Ferrous High-spin State, Journal of 

Biochemistry, 80, 1447-1451 (1976). 

(4) T. Kitagawa, Y. Ozaki, J. Teraoka, Y. Kyogoku, and T. Yamanaka: The pH Dependence of the 

Resonance Raman Spectra and Structural Alterations at Heme Moieties of Various C-Type 

Cytochromes, Biochimica et Biophysica Acta, 494, 100-114 (1977). 

(5) T. Kitagawa, Y. Ozaki, Y. Kyogoku, and T. Horie: Resonance Raman Study of the 

pH-Dependent and Detergent-Induced Structural Alterations in the Heme Moiety of 

Rhodospirillum Rubrum Cytochrome c’, Biochimica et Biophysica Acta, 495, 1-11 (1977). 

(6) K. Kawano, Y. Ozaki, Y. Kyogoku, H. Ogoshi, H. Sugimoto, and Z. Yoshida: 15N Nuclear 

Magnetic Resonance Spectra of Octaethylporphyrin, Journal of The Chemical Society Chemical 

Communications, 1977, 226-227 (1977). 

(7) T. Kitagawa, Y. Ozaki, and Y. Kyogoku: Resonance Raman studies on the ligand-iron 

interactions in hemoproteins and metallo-porphyrins, Adv. Biophys, 11, 153-196 (1978). 

(8) Y. Ozaki, T. Kitagawa, Y. Kyogoku, Y. Imai, C. Hashimoto-Yutsudo, and R. Sato: Resonance 

Raman Studies of Hepatic Microsamal Cytochromes P-450; Evidence for Strong π Basicity of 

the Fifth Ligand in the Reduced and Carbonyl Complex Forms, Biochemistry, 17, 5826-5831 

(1978). 

(9) K. Tanaka, H. Akutsu, Y. Ozaki, Y. Kyogoku, and K. Tomita: Molecular Conformations of 



2020/07/17 

 2 

γ-Aminobutyric Acid and γ-Amino-β-hydroxybutyric Acid in Aqueous Solution, The Bulletin of 

the Chemical Society of Japan, 51, 2654-2658 (1978). 

(10)  Y. Ozaki, T. Kitagawa, and H. Ogoshi: Resonance Raman Spectra of 

Matallo-trans-octaethylchlorins and Their Meso-γ, δ-deuterated and 15N-Substituted Derivatives, 

Inorganic Chemistry, 18, 1772-1776 (1979). 

(11)  Y. Ozaki, Y. Kyogoku, H. Ogoshi, H. Sugimoto, and Z. Yoshida: 15N Nuclear Magnetic 

Resonance Studies of the Iron-Axial Ligand Bond in Low Spin Iron (Ⅱ) Complexes of 

Octaethylporphylin, Journal of The Chemical Society Chemical Communications, 1979, 76-77 

(1979).  

(12)  K. Kawano, Y. Ozaki, Y. Kyogoku, H. Ogoshi, H. Sugimoto, and Z. Yoshida: Nuclear 

Magnetic Resonance Spectra of Nitrogen-15 Enriched Octaethylporphyrin and its Derivatives, 

Journal of the Chemical Society, Perkin Transactions Ⅱ, 1979, 1319-1325 (1979). 

(13)  Y. Ozaki, R. W. King, and P. R. Carey: Methotrexate and Folate Binding to Dihydrofolate 

Reductase.  Separate Characterization of the Pteridine and p-Aminobenzoyl Binding Sites by 

Resonance Raman Spectroscopy, Biochemistry, 20, 3219-3225 (1981). 

(14)  A. L. Verma, Y. Ozaki, A. C. Storer, and P. R. Carey: Rotational Isomers of Ethyl Dithioacetate 

and Ethyl Thionoacetate; A Raman Study, Journal of Raman Spectroscopy, 11, 390-392 (1981). 

(15)  Y. Ozaki, D. H. Pliura, P. R. Carey, and A. C. Storer: Vibrational Spectra of Scissile Bonds in 

Enzyme Active Sites; A Resonance Raman Study of Dithioacylpapaines, Biochemistry, 21, 

3102-3108 (1982). 

(16)  C. P. Huber, Y. Ozaki, D. H. Pliura, A. C. Storer, and P. R. Carey: Precise Structural 

Information for Transient Enzyme-Substrate Complexes by a Combined X-ray 

Crystallographic-Resonance Raman Spectroscopic Approach, Biochemistry, 21, 3109-3115 

(1982).  

(17)  J. J. C. Teixeira-Dias, V. M. Jardim-Barreto, Y. Ozaki, A. C. Storer, and P. R. Carey: The 

infrared, Raman, and resonance Raman spectra and normal coordinate analysis of methyl and 

ethyl dithioacetate, Canadian Journal of Chemistry, 60, 174-189 (1982). 

(18)  Y. Ozaki, A. C. Storer, and P. R. Carey: The Raman and resonance Raman spectra of some 

substituted dialkyl dithioesters and their rotational isomers, Canadian Journal of Chemistry, 60, 

190-198 (1982). 

(19)  A. C. Storer, Y. Ozaki, and P. R. Carey: Resonance Raman spectroscopic evidence for an 

intermolecular interaction involving the amide and dithioester groups of N-acyl glycine ethyl 

dithioesters, Canadian Journal of Chemistry, 60, 199-209 (1982). 

(20)  Y. Ozaki, A. Mizuno, Y. Kamada, K. Itoh, and K. Iriyama: Laser Raman spectroscopic study of 

a diabetic cataractous lens, Chemistry Letters, 1982, 887-890 (1982). 

(21)  A. Mizuno, Y. Ozaki, Y. Kamada, H. Miyazaki, K. Itoh, and K. Iriyama: Direct measurement 
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of Raman spectra of intact lens in a whole eyeball, Current Eye Research, 1, 609-613 (1982). 

(22)  T. Iwamoto, M. Yoshiura, Y. Ozaki, and K. Iriyama: Re-Examination of an Alumina Procedure 

for the Preliminary Purification of Urinary Catecholamines, Jikeikai Medical Journal, 29, 

361-371 (1982). 

(23)  K. Iriyama, M. Yoshiura, and Y. Ozaki: “Living merocyanine Dyes” and Some of Their 

Physicochemical Properties, Proceedings of The 21th Japan Congress on Materials Research, 

299-302 (1982). 

(24)  P. R. Carey, Y. Ozaki, and A. C. Storer: Comparison of the substrate conformations in the 

active sites of papain, chymopapain, ficin, and bromelain by resonance Raman spectroscopy, 

Biochemical and Biophysical Research Communications, 117, 725-731 (1983).  

(25)  K. Itoh, Y. Ozaki, A. Mizuno, and K. Iriyama: Structural Changes in the Lens Proteins of 

Hereditary Cataracts Monitored by Raman Spectroscopy, Biochemistry, 22, 1773-1778 (1983). 

(26)  Y. Ozaki, A. Mizuno, K. Itoh, M. Yoshiura, T. Iwamoto, and K. Iriyama: Raman Spectroscopic 

Study of Age-Related Structural Changes in the Lens Proteins of an Intact Mouse Lens, 

Biochemistry, 22, 6254-6259 (1983). 

(27)  K. Iriyama, A. Mizuno, Y. Ozaki, K. Itoh, and H. Matsuzaki: An application of laser Raman 

spectroscopy to the study of a hereditary cataractous lens; on the Raman band for a diagnositic 

marker of cataractous signatures, Current Eye Research, 2, 489-492 (1983). 

(28)  Y. Ozaki, K. Nagayama, Y. Kyogoku, T. Hase, and H. Matsubara: Resonance Raman 

spectroscopic study on the iron-sulfur proteins containing [2Fe-2S] clusters, FEBS Letters, 152, 

236-240 (1983). 

(29)  Y. Ozaki, T. Iwamoto, M. Yoshiura, K. Iriyama, M. Nakano, and T. Arai: Test of Commercial 

Digoxin Enzyme-Immunoassay Kit, Jikeikai Medical Journal, 30, 375-380 (1983). 

(30)  K. Nagayama, Y. Ozaki, Y. Kyogoku, T. Hase, and H. Matsubara: Classification of Iron-Sulfur 

Cores in Ferrodoxins by 1H Nuclear magnetic Resonance Spectroscopy, Journal of Biochemistry, 

94, 893-902 (1983). 

(31)  K. Iriyama, Y. Ozaki, K. Hibi, and T. Ikeda: Raman spectroscopic detection of haemoproteins 

in the eluate from high-performance liquid chromatography, Journal of Chromatography, 254, 

285-288 (1983). 

(32)  P. R. Carey, C. P. Huber, H. Lee, Y. Ozaki, and A. C. Storer: Time Resolution by Transient 

Chromophore Creation: Defining the Scissile Bonds in an Enzyme-Substrate Complex to 0.03Å, 

Time-Resolved Vibrational Spectroscopy, 1983, 325-330 (1983). 

(33)  K. Iriyama, M. Yoshiura, T. Iwamoto, and Y. Ozaki: Simultaneous Determination of Uric and 

Ascorbic Acid in Human Serum by Reversed-Phase High-Performance Liquid Chromatography 

with Electrochemical Detection, Analytical Biochemistry, 141, 238-243 (1984). 

(34)  A. Mizuno, Y. Ozaki, K. Itoh, S. Matsushima, and K. Iriyama: Raman spectroscopic evidence 
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for the microenviromental change of some tyrosine residues of lens proteins in cold cataract, 

Biochemical and Biophysical Research Communications, 119, 989-994 (1984). 

(35)  Y. Ozaki, A. Mizuno, K. Itoh, and K. Iriyama: Potential clinical application of laser Raman 

spectroscopy for cataract diagnosis, Innovation et Technologie en Biologie et medicine, 5, 

269-286 (1984). 

(36)  K. Iriyama, M. Yoshiura, T. Iwamoto, Y. Ozaki, T. Hosoya, H. Kono, H. Ikeda, and T. 

Miyahara: Attempt at the Determination of Uric Acid regional Distribution in Human Kidney by 

Chromatography, Jikeikai Medical Journal, 31, 277-281 (1984). 

(37)  P. R. Carey, H. Lee, Y. Ozaki, and A. C. Storer: Rate-Structure Correlation for 

Enzyme-Substrate Intermediates; Resonance Raman and Kinetic Studies on Some 

N-Benzoylglycine (Dithioacyl) papains, Journal of the American Chemical Society, 106, 

8258-8262 (1984). 

(38)  P. R. Carey, H. Lee, Y. Ozaki, and A. C. Storer: Vibrational spectra and rotational isomerism of 

simple dialkyl dithioesters and N-acylglycine ethyl dithioesters, thiolesters, and dioxygenesters, 

Journal of Molecular Structure, 126, 261-270 (1985). 

(39)  Y. Ozaki, K. Iriyama, T. Kitagawa, H. Ogoshi, and T. Ochiai: Comparative study of 

metallochlorins and metalloporphyrins by resonance Raman spectroscopy, Rev. Port. Quim, 27, 

340-341 (1985).  

(40)  K. Iriyama, M. Yoshiura, Y. Ozaki, T. Ishii, and S. Yasui: Preparation of merocyanine-dye 

Langmuir-Blodgett films and some of their physicochemical properties, Thin Solid Films, 132, 

229-242 (1985). 

(41)  Y. Ozaki, Y. Kyogoku, T. Hase, H. Matsubara, T. Oshima, N. Ueyama, A. Nakamura, and K. 

Iriyama: Resonance Raman Characterization of Iron-Sulfur Cores in Various Ferredoxins and 

Their Model Compounds, Iron-Sulfur Protein Research, 22-39 (1986). 

(42)  Y. Ozaki, K. Iriyama, H. Ogoshi, T. Ochiai, and T. Kitagawa: Resonance Raman 

Characterization of Iron-Complexes in Various Spin, Oxidation and Ligation States. Ⅰ: 

Comparative Study with Corresponding Iron-Porphyrin Complexes, The Journal of Physical 

Chemistry, 90, 6105-6112 (1986). 

(43)  Y. Ozaki, K. Iriyama, H. Ogoshi, T. Ochiai, and T. Kitagawa: Resonance Raman 

Characterization of Iron-Complexes in Various Spin, Oxidation and Ligation States. Ⅱ: 

Low-Frequency Skeletal Vibrations and Iron-Ligand Stretching Modes, The Journal of Physical 

Chemistry, 90, 6113-6118 (1986). 

(44)  H. Ishida, R. Kamoto, S. Uchida, A. Ishitani, Y. Ozaki, K. Iriyama, E. Tsukie, K. Shibata, F. 

Ishihara, and H. Kamada: Raman Microprobe and Fourier Transform-Infrared Microsampling 

Studies of the Microstructure of Gallstone, Applied Spectroscopy, 41, 407-412 (1987). 

(45)  Y. Ozaki, A. Mizuno, K. Itoh, S. Matsushima, and K. Iriyama: Raman Spectroscopic Study of 
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Cataract Formation: Emory Mouse Cataract, Applied Spectroscopy, 41, 597-605 (1987). 

(46)  Y. Ozaki, K. Iriyama, and H. Hamaguchi: Multichannel Raman Spectroscopy of an Intact Lens: 

Raman Measurement with Laser Irradiation below the Threshold for Retinal Damage, Applied 

Spectroscopy, 41, 1245-1247 (1987). 

(47)  A. Mizuno, H. Nozawa, T. Yagishita, H. Matsuzaki, Y. Ozaki, and K. Iriyama: Effect of Aldose 

Reductase Inbihitor on Experimental Diabetic Cataract Monitored by Laser Raman 

Spectroscopy, Exp. Eye Res, 45, 185-186 (1987). 

(48)  H. Ishida, Y. Ozaki, R. Kamoto, A. Ishitani, K. Iriyama, I. Takagi, E. Tsukie, K. Shibata, F. 

Ishihara, and H. Kamada: Raman Microprobe and Fourier transform-infrared microsam pling 

studies of the micriostructure of gallstone (Ⅱ); Calcium phosphate stone and fatty acid 

calcium-salt stone, Microbeam Analysis, 1987,189-191 (1987). 

(49)  A. Mizuno, E. H. Tanaka-Kanematsu, H. Nozawa, Y. Ozaki, K. Iriyama, and T. Ikeda: Laser 

Raman optional dissection study of an intact lens; comparison among horizontal axis profiles of 

lens water, sulfhydryl, and disulfide contents, Microbeam. Analysis, 1987, 199-201 (1987).  

(50)  T. Kitagawa and Y. Ozaki: Infrared and Raman Spectra of Metalloporphyrins, Structure and 

Bonding, 64, 73-114 (1987). 

(51)  Y. Ozaki, K. Iriyama, H. Ogoshi, and T. Kitagawa: Ligand-Aided Photoreduction of 

Iron-Porphyrin Complexes Probed by Resonance Raman Spectroscopy, The Journal of the 

American Chemical Society, 109, 5583-5586 (1987). 

(52)  Y. Ozaki, A. Mizuno, K. Itoh, and K. Iriyama: Inter- and Intramolecular Disulfide Bond 

Formation and Related Structural Changes in the Lens Proteins; A Raman Spectroscopic Study 

in vivo of Lens Aging, The Journal of Biological Chemistry, 262, 15545-15551 (1987). 

(53)  Y. Ozaki: Medical application of Raman spectroscopy, Applied Spectroscopy Reviews, 24, 

259-312 (1988). 

(54)  Y. Ozaki, K. Iriyama, T. Iwasaki, and H. Hamaguchi: Resonance Raman study of mono- and 

multilayer Langmuir-Blodgett films of merocyanine J-aghgregates, Applied Surface Science, 

33/34, 1317-1323 (1988). 

(55)  Y. Ozaki, F. Kaneuchi, T. Iwamoto, M. Yoshiura, and K. Iriyama: Nondestructive Analysis of 

Biological Materials by FT-IR-ATR.  Method Ⅰ: Direct Evidence for the Existence of Collagen 

Helix Structure in Lens Capsule, Applied Spectroscopy, 43, 138-141 (1989). 

(56)  Y. Ozaki and F. Kaneuchi: Nondestructive Analysis of Biological Materials by ATR/FT-IR 

Spectroscopy.  Part Ⅱ: Potential of the ATR Method in Clinical Studies of the Internal Organs, 

Applied Spectroscopy, 43, 723-725 (1989). 

(57)  Y. Ozaki, K. Aoyagi, K. Iriyama, H. Ogoshi, and T. Kitagawa: Resonance Raman 

characterization of (N-methyloctaethylporphyrinato)cobalt (Ⅱ), The Journal of Physical 

Chemistry, 93, 3842 (1989). (現物なし) 
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(58)  K. Okada, Y. Ozaki, K. Kawauchi, and S. Muraishi: The Usefulness of Infrared 

Microspectroscopy for the IR Spectroscopic Measurements of Solid Proteins, Applied 

Spectroscopy, 44, 1412-1414 (1990).  

(59)  T. Ogura, V. Fidler, Y. Ozaki, and T. Kitagawa: Alcohol-Catalyzed Photoreduction of 

Iron-Porphyrin Complexes Revealed by Resonance Raman and Absorption Spectroscopy, 

Chemical Physics Letters, 169, 457-459 (1990). 

(60)  H. Furuichi, Y. Ozaki, K. Niki, and H. Akutsu: Redox Process of Iron-Sulfur Clusters of the 

Soluble-Domain of the Membrane-Bound Hydrogenase from Desulfovibrio Vulgaris Miyazaki F 

Studied by Resonance Raman Spectroscopy, J. Biochem, 108, 707-710 (1990).  

(61)  S. Sugai, K. Murata, and Y. Ozaki: ATR/FT-IR Spectroscopy for Nondestructive Structural 

Analysis of Rabbit Cornea treated with Chemicals, Animal’s Eye Research, 10, 23-24 (1991). 

(62)  K. Horikiri, H. Nakajima, T. Matsuura, and Y. Ozaki: Diagnosis and Estimation of Toxic 

Changes in the Cataractous Rat Lens induced by Sodium Selenite using Raman Spectroscopy, 

Animal’s Eye Research, 10, 31-32 (1991). 

(63)  K. Hotta, H. Mizusawa, and Y. Ozaki: Raman Spectroscopic Study on the Cataractous Lenses 

of Stre-ptozotocin-induced Diabetic Rats (Case Report), Animal’s Eye Research, 10, 33-36 

(1991). 

(64)  Y. Ozaki and A. Mizuno: Basic Studies for Cataract Diagnosis by Laser Raman Spectroscopy, 

Animal's Eye Research, 10, 35-48 (1991). 

(65)  M. Fukui, N. Katayama, Y. Ozaki, T. Araki, and K. Iriyama: Structural characterization of 

phthalocyanine Langmuir-Blodgett multilayer aseemblies by FT-IR spectroscopy, Chemical 

Physics Letters, 177, 247-251 (1991). 

(66)  N. Katayama, Y. Ozaki, and N. Kuramoto: Resonance Raman study of Langmuir-Blodgett 

films of 2-(4’-dioctadethylaminopheylazo)-N-methylbenzothiazolium perchlorate, Chemical 

Physics Letters, 179, 227-231 (1991). 

(67)  K. Uehara, Y. Ozaki, K. Okada, and J. M. Olson: FT-IR Studies on the Aggregation of 

Bacteriochlorophyll c from Chlorobium limicola, Chemistry Letters, 1991, 909-912 (1991). 

(68)  N. Katayama, Y. Ozaki, T. Araki, and K. Iriyama: ATR/FT-IR studies on Langmuir-Blodgett 

films of 3-octadethyl-2-[3-(3-octadethyl-2-benzothizolinylidene)-1-propenyl] benzothiazolium 

iodide, Journal of Molecular Structure, 242, 27-37 (1991). 

(69)  M. Kubota, Y. Ozaki, T. Araki, S. Ohki, and K. Iriyama: Fourier Transform Infrared 

Spectroscopy Study of Thin Langmuir-Blodgett Films of 2-Octadecyl-7, 7, 8, 

8-tetracyanoquinodimethane, Langmuir, 7, 774-778 (1991). 

(70) N. Katayama, M. Fukui, Y. Ozaki, N. Kuramoto, T. Araki, and K. Iriyama: Molecular 

Aggregation, Orientation and Structure in Langmuir-Blodgett Films of 2-(4’- 

(Ethyloctadecylamino)phenylazo)-N-methylbenzothiazolium Perchlorate and 2-(4’- 
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(Dioctadethylamino)phenylazo)-N-methylbenzothiazolium Perchlorate Studied by Infrared, 

Visible Absorption, and Resonance Raman Spectroscopies, Langmuir, 7, 2827-2832 (1991). 

(71) A. Mizuno and Y. Ozaki: Aging and cataractous process of the lens detected by laser Raman 

spectroscopy, Lens and Eye Toxicity Research, 8, 177-187 (1991). 

(72)  Y. Ozaki, T. Matsunaga, and T. Miura: Nondestructive and Noninvasive Monitoring of 

Deoxyhemoglobin in the Vein by Use of a Near-Infrared Reflectance Spectrometer with a 

Fiber-Optic Probe, Applied Spectroscopy, 46, 180-182 (1992). 

(73) K. Okada, E. Nishizawa, Y. Fujimoto, Y. Koyama, S. Muraishi, and Y. Ozaki: Nondestructive 

Structural Analysis of Photosynthetic Pigments in Living Rhodobacter sphaeroides Mutants by 

Near-Infrared Fourier Transform Raman Spectroscopy, Applied Spectroscopy, 46, 518-523 

(1992). 

(74) Y. Ozaki, A. Mizuno, H. Sato, K. Kawauchi, and S. Muraishi: Biomedical Application of 

Near-Infrared Fourier Transform Raman Spectroscopy. Part Ⅰ: The 1064-nm Excited Raman 

Spectra of Blood and Met Hemoglobim, Applied Spectroscopy, 46, 533-536 (1992). 

(75) Y. Ozaki, A. Mizuno, and F. Kaneuchi: Structural Differences between Type Ⅰand Type Ⅳ 

Collagen in Biological Tissues Studied in Vivo by Attenuated Total Reflection/ Fourier 

Transform Infrared Spectroscopy, Applied Spectroscopy, 46, 626-630 (1992). 

(76) Y. Ozaki, T. Miura, K. Sakurai, and T. Matsunaga: Nondestructive Analysis of Water Structure 

and Content in Animal Tissues by FT-NIR Spectroscopy with Light-Fiber Optics. Part Ⅰ: Human 

Hair, Applied Spectroscopy, 46, 875-878 (1992). 

(77) Y. Ozaki, R. K. Cho, K. Ikegaya, S. Muraishi, and K. Kawauchi: Potential of near-infrared 

Fourier-transform Raman spectroscopy in food analysis, Applied Spectroscopy, 46, 1503-1507 

(1992). 

(78) Y. Ozaki and A. Mizuno: Molecular aging of lens crystallins and the life expectancy of the 

animal; age-related protein structural changes studied in situ by Raman spectroscopy, 

Biochimica et Biophysica Acta, 1121, 245-251 (1992). 

(79) Y. Fujimoto, Y. Ozaki, T. Kato, N. Matsumoto, and K. Iriyama: Substrate and surface pressure 

dependencies of the molecular orientation and structure of arachidic acid monolayer films, 

Chemical Physics Letters, 196, 347-352 (1992). 

(80) K. Horikiri, H. Nakajima, T. Matsuura, I. Narama, Y. Fujimoto, and Y. Ozaki: Estimation of 

Structural Changes in the Cataractous Rat Lens using Raman Spectroscopy, Exp. Anim., 41 (2), 

225-230 (1992). 

(81) R. K. Cho, Y. Ozaki, J. J. Ahn, and M. Iwamoto: The applicability of near infrared reflectance 

spectroscopy for monitoring changes in secondary structure of denatured proteins, Food 

Sciences, 7, 333-338 (1992).  

(82) N. Katayama, Y. Ozaki, S. Yasui, and K. Iriyama: Spectroscopic studies of thiatri-, penta-, and 
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heptamethine cyanine dyes Ⅰ: Structure of thiatri-, penta-, and heptamethine cyanine dyes in 

solutions studied by NMR, Journal of Molecular Structure, 274, 171-181 (1992). 

(83) Y. Fujimoto, N. Katayama, Y. Ozaki, S. Yasui, and K. Iriyama: Spectroscopic studies of thiatri-, 

penta-, and heptamethine cyanine dyes Ⅱ: infrared and resonance Raman spectra of thiatri-, 

penta-, and heptamethine cyanine dyes, Journal of Molecular Structure, 274, 183-195 (1992). 

(84) N. Katayama, Y. Fujimoto, Y. Ozaki, T. Araki, and K. Iriyama: Substrate Dependency of the 

Structure of Langmuir-Blodgett Films of Thia Tri- and Heptamethine Cyanine Derivatives 

Studied by Infrared and Resonance Raman Spectroscopies, Langmuir, 8, 2758-2763 (1992). 

(85) S. Terashita, K. Nakatsu, Y. Ozaki, T. Mochida, T. Araki, and K. Iriyama: Structural 

Characterization of Langmuir-Blodgett Films of 2-Dodecyl- and 2-Pentadecyl- 7, 7, 8, 

8-tetracyanoquinodimethane, Langmuir, 8, 3051-3056 (1992). 

(86) T. Araki, S. Yokoi, N. Katayama, M. Fukui, Y. Ozaki, and K. Iriyama: Fourier-transform 

Infra-red, Visible Absorption, and Resonance Raman Studies on Langmuir-Blodgett Films of 

Nickel Phthalocyanines, Mol. Cryst. Liq. Cryst. Sci. Technol. –Sec. B, Nonlinear Optics, 3, 

357-366 (1992). 

(87) A. Mizuno, T. Hayashi, K. Tashibu, S. Muraishi, K. Kawauchi, and Y. Ozaki: Near-infrared 

FT-Raman spectra of the rat brain tissues, Neuroscience Letters, 141, 47-52 (1992). 

(88)  N. Kuramoto and Y. Ozaki: Fourier transform IR spectroscopy studies on Langmuir-Blodgett 

films of 2, 4-bis (4-methyloctadethylamino-2-methyl phenyl)-cyclubutadienediylium-1, 

3-diolate, Thin Solid Film, 209, 264-268 (1992). 

(89)  K. Iriyama, T. Araki, N. Shimada, S. Yokoi, Y. Ozaki, and T. Iwahashi: Relationship between 

structure and function of a Langmuir-Blodgett films of an amphiphilic Ni-phthalocyanine 

responsive to NO2, Thin Solid Films, 210/211, 446-448 (1992). 

(90)  Y. Fujimoto, N. Katayama, Y. Ozaki, T. Araki, and K. Iriyama: Resonance Raman and infrared 

studies of Langmuir-Blodgett films of 3, 3-dimethyl-2-[3-(3, 

3-dimethyl-1-octadethyl-2-indolinylidene)-1-propenyl]-1-octadethyl-3H-indolium iodide, Thin 

Solid Films, 210/211, 597-600 (1992). 

(91)  M. A. Czarnecki, N. Katayama, Y. Ozaki, M. Satoh, K. Yoshio, T. Watanabe, and T. Yanagi: 

Time-Resolved FT-IR Study on Reorientation of Ferroelectric Liquid Crystal, 

(S)-4-Methylhexyl 4-[4-(Decyloxy) Phenylethynyl]-2-Fluorobenzate, Applied Spectroscopy, 47, 

1382-1385 (1993). 

(92) H. Sato, Y. Ozaki, K. Uehara, T. Araki, and K. Iriyama: ATR/FT-IR Study of a Monolayer Film 

of Chlorophyll-a on a Germanium Plate, Applied Spectroscopy, 47, 1509-1512 (1993).  

(93) M. A. Czarnecki, Y. Ozaki, M. Suzuki, and M. Iwahashi: Quantitative Study of the Dissociation 

of Dimeric cis-9, cis-12-Octadecadisnoic Acid in Pure Liquid by the FT-IR Liquid Film 

Technique, Applied Spectroscopy, 47, 2157-2161 (1993). 
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(94) M. A. Czarnecki, Y. Liu, Y. Ozaki, M. Suzuki, and M. Iwahashi: Potential of Fourier transform 

near-infrared spectroscopy in studies of the dissociation of Fatty acids in the liquid phase, 

Applied Spectroscopy, 47, 2162-2168 (1993). 

(95)  Y. Liu, M. A. Czarnecki, Y. Ozaki, M. Suzuki, and M. Iwahashi: Usefulness of the Second 

Overtone of the OH Stretching Mode for the Study of the Dissociation of Hydrogen-Bonded 

Z-9-Octadecen-1-ol in the Pure Liquid State, Applied Spectroscopy, 47, 2169-2171 (1993).  

(96)  D. Borchman, O. P. Lamba, Y. Ozaki, and M. Czarnecki: Raman structural characterization of 

clear human lens lipid membranes, Current Eye Research, 12, 279-284 (1993). 
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