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1. Fourier Transform Nuclear Magnetic Resonance Spectroscopy (FT-NMR)

In these days, Nuclear Magnetic Resonance (NMR) spectroscopy has become one
of the most important tools for investigating the molecular structure and
physicochemical properties of materials in inorganic, organic and biological chemistry.
Structural analyses of natural products by NMR, application in the medical field
(tomogram by NMR) and so on are current topics.

NMR is a spectrometric technique that utilizes the resonant transitions of atomic
nuclei such as 'H and 13C, which are placed in a static magnetic field and irradiated by
a radiofrequency electromagnetic wave. When the energy of the electromagnetic wave
is in resonance with the energy difference between the nuclear magnetic levels slit by
the magnetic field, a resonant absorption occurs. The transition energy is very sensitive
to the electronic, and therefore, to the chemical environment of the nucleus; the
resonant frequency is reported in terms of a chemical shift. The spectrum obtained from
NMR usually consists of more than several lines with different chemical shift values,
from which we can deduce valuable information on the chemical nature of various

parts of a given molecule.

The Center has three FT-NMR spectrometers.

1) Varian UNITY INOVA 500

(500 MHz)
This spectrometer is a high-end model in the Center, and allows not only usual
measurements (*H, 13C, multiple nuclei, DEPT, COSY, etc.) but also all kinds of
measurements such as 2D- and 3D-measurement and inverse measurement (HMBC,
HMQC) by use of Pulsed Field Gradients (PFG) technique. The measurements at low
temperatures to -60 are easily available without liquid nitrogen but with dry air.

2) Varian UNITY INOVA 400

(400 MH2z)
This instrument is capable of measuring solid CP/MAS, and should be employed
auxiliarlily for INOVA 500. Measurement of samples with a very limited amount is
possible by use of 'nano-probe'. In addition, auto-sampler system (for 9 samples at

maximum) allows the continual measurements of 1H, 13C, 1°F, and 31P.



3) Varian GEMINI 2000/200

(200 MHz)
Gemini 2000/200 is an entry model for beginners and for a routine work {H, 13C,
DEPT, CGH COSY, NOE etc.). When you use this instrument with the simple, auto
measurement system (GLIDE), you can have satisfactory spectra with just several

clicks of the mouse.

(MS)

GCMS QP-1000

m/z = 10 1000 M /A M = 2000
S/N 100 1 ng M *(298)

El Cl
20 70 eV



GCMS 9020-DF

GCMS 9020-DF GCMS QP-1000
M/z = 1 6000 M /A M = 25000
S/N 10 50 pg M *(298)
El - Cl FAB FD
MIKES

GCMS PAC-1100

NBS/NIH/EPA 39,750

2. Mass Spectrometer System

Mass spectrometer is a useful instrument for chemical analysis of organic
compounds. This analysis is usually achieved by degrading a few nanogram of a
compound and recording the fragmentation pattern derived from the mass
fragmentation processes.

The molecules of the volatile sample are ionized and divided into lower molecular
mass ions (fragment ions) in the ionization room. The resulting positive charged
molecule and its fragment ions are accelerated into magnetic field unit which separates
them in space according to their masses, and the detector responds to the arrival of the
ions. The record of ion abundance versus mass, which is usually called a mass spectrum,

shows a pattern inherent of the molecule analyzed, and therefore, by using the mass



spectrum, we can identify the molecule and determine the molecular weight and
molecular structure of known or unknown compounds.

The Center has two mass spectrometers which are connected with a data
processing system. They are designed to be almost automatically controlled throughout
the process, and one can easily monitor the instrument conditions, handle the data
obtained, and search library data. Each mass spectrometer is equipped with a gas
chromatography, and so one can analyze a series of compounds in a mixed sample
without isolation procedures. The main specifications of two mass spectrometers and the

data processing system are as follows:

1) Shimadzu GCMS QP-1000 system, quadrupole type
(Performance) Mass range: m/z =10-1000; Resolution: M/DM=2000;
Sensitivity: detection of 1 ng of methyl stearate M * (298) with S/N
ratio > 100.
(Injection of Sample) Indirect injection via gas chromatograph and direct injection
(lon source) lonization method: Electron impact (EI) and chemical ionization (CI)
method; lonization voltage: 20 or 70 eV.
(Measurement type) Mass spectrum, mass fragmentgram, total ion chromatogram,

mass chromatogram, etc.

2) Shimadzu GCMS 9020-DF system, double focus type
This system makes it possible to measure higher resolution mass spectra than GCMS
QP-1000 system.
(Performance) Mass range: m/z =1-6000; Resolution: M/DM=25,000;
Sensitivity: detection of 50 pg of methyl stearate M *(298) with S/N
ratio > 10.
(Injection of Sample) Indirect injection via gas chromatograph and direct injection
(lon source) lonization method: El, ClI, fast atom bombardment (FAB), and field
desorption (FD) method; lonization voltage: continuously variable
(Measurement type) Mass spectrum, mass fragmentgram, total ion chromatogram,
mass chromatogram, etc.
(Special measurement) Measurements of MIKES (daughter ion), metastable ion,

negative ions, and millimass are available

3) Shimadzu GC-MS PAC 1100
(Computer) Capacity: 95 Mbits.



(Ability) General data procession (saving, display, three-dimensional display,
background subscription, printing, and others), instrument control and
library search (39,750 mass spectra of NBS/NIH/EPA standard data base)

H-8100
H-8010 X Analyst 8000 Kevex
H-8020
(TEM)
100 100
1.44 A 2.1 A
75 kv 200 kV 5
(STEM)
(SEM)
0.5mm 3 nm
(ED)
H-8100

X (EDX)



SEM TEM

Kevex
Analyst 8000
5 (EELS)
B C N O 4eV
Gatan Model 656/3
20pym 50 pm 5um
Gatan DuoMill Model 600
g m
nm

Gatan DuoMill

3. Electron Microscope

The Hitachi H-8100 is a high voltage electron microscope designed to meet
various modern scientific requirements from materials science to biomedical
applications. When the H-8100 is used in conjunction with other instruments, e.g., the
scanning electron microscope H-8010, the energy dispersing Xray analyzer Kevex
Analyst 8000 and the electron energy loss spectrometer H-8020, the H-8100 is capable

of performing various functions listed below according to the user's needs.

1) Transmission Electron Microscopy (TEM)
Ultrastructures of biological or non-biological specimens can be obtained by
magnifying the ultrathin sections by 100 to 1,000,000 times. The resolution limit for



lattice image is 1.44 A and that for structure image is 2.1 A. Five steps of accelerating
voltages from 75 kV to 200 kV make it possible to observe the sections of a wide range
of thickness. Since the H-8100 is computer-controlled, any beginner can get satisfactory
data instantly. The biological specimens are usually observed after being stained with
various metal solutions. However, the H8100 can observe a bright or a dark field
image of non-stained specimens with a scanning-transmission (STEM) mode. It is also
possible to make a stereo pair of photographs by changing the tilt angle of semi-
ultrathin sections.

The ultramicrotome and equipment for freeze-etching and freeze-fracture

techniques are also available in the Center.

2) Scanning Electron Microscopy (SEM)

The surface of tissues, cells, bacteria, viruses, and non-biological materials whose
thickness are up to 0.5 mm can be observed with a resolution of 3 nm. A critical point
drying apparatus and an ion coating apparatus for the preparation of the specimens

are available in the Center.

3) Electron Diffraction (ED)

From the diffraction pattern with selected area diffraction mode, the
crystallographic structure of crystalline materials can be analyzed. The H8100 has a
computer-controlled lens design that offers the best correlation of selected area image

and diffraction pattern at all magnifications.

4) Energy Dispersing X-ray Analysis (EDX)

An elemental microanalysis can be made by detecting a specific Xray energy
emitted from specimens on application of the electron beam. Point, line, and area
analyses can be made by viewing the SEM and TEM images of the specimens. The
obtained data are analyzed qualitatively and quantitatively with Kevex software,
Analyst 8000. By digital imaging various expressions of the data are possible, for
example, the STEM image decorated with elemental mapping.

5) Electron Energy Loss Spectroscopy (EELS)

The H-8100 is capable of performing electron energy loss spectroscopy either in
TEM or in STEM mode. The composing elements, mostly light ones like B, C, N and O
of specimens can be analyzed by measuring the energy loss of electrons passing

through the specimens. The resolution is 4 eV.



6) Dimple Grinder (GATAN Model 656/3)

Dimple grinder is an instrument used for grinding circular dimples of spherical
profile in the surface of materials such as ceramics and semiconductors. The principal
application is to the preparation of specimens for TEM. This technique is normally used
for pretreatment of ion milling. A careful operator can routinely produce a specimen
with thickness less than 5 mm, although in the case of most materials a final thickness
between 20 and 50 mm is normally obtained.

7) lon Milling (GATAN DuoMill Model 600)

The DuoMill is a machine which can “mill” the specimens such as ceramics and
semiconductors for TEM observation. lon milling involves directing a several-keV beam
of argon ions at both sides of a specimen. As the ions strike the specimen, the surface
atoms are sputtered out, which leads to thin the specimen.

GATAN DuoMill has two chambers which contains all the facilities for
independently ion-thinning two specimens.

(ESCA)
ESCA(Electron Spectroscopy for Chemical Analysis) 5 50 A
XPS
05 532 eV
ev
Auger Electron Spectroscopy [AES])
(Secondary lon Mass Spectroscopy [SIMS])
ESCA ESCA-850 AES

SIMS



4. Composite Type Surface Analyzer

Electron Spectroscopy for Chemical Analysis (ESCA), also known as X-ray
Photoelectron Spectroscopy (XPS), is an effective technique for elemental and bonding
analyses of thin surface layers 5-50 A thick of solids. This technique yields the binding
energies of electrons in the surface layers by measuring the Kinetic energies of electrons
(photoelectrons) ejected by the irradiation of soft X-ray. Because the binding energy is
largely (but not entirely) independent of the state of bonding of the atom, the
characteristic energy values (e.g., 532 eV for Oy electrons) can be used for qualitative
and quantitative determination of constituent elements present in the surface layers of
solids including insulators. The binding energy, however, may shift (up to several eV)
reflecting the chemical state of the atom, it is also possible to get information on the
valence number and oxidation number, and the type of functional group present.
Moreover, the ion etching technique provides the depth profiling from the surface. If
the surface is irradiated not by soft X-ray but by electrons, the determination of the
kinetic energies of Auger electrons ejected allows the surface elemental analysis of
solids, especially, of conductive solids, which is designated Auger Electron Spectroscopy
(AES). If irradiated by argon ions, the masses of the secondary ions ejected will also
give the surface information of solids, designated Secondary lon Mass Spectroscopy
(SIMS).

The instrument of the Center for ESCA is a Shimadzu ESCA-850, with which
AES and SIMS can also be done.

Main Applications

Studies of Materials: Analyses of surface and interface of metals, semiconductors,
polymers, glasses, ceramics, powders, catalysts, composite materials, etc. for the
research and development of new materials.

Studies of Surface and Interface States: Studies of oxidation, corrosion, contamination,



elemental diffusion, segregation, adhesion, friction, lubrication, catalytic properties,

surface treatment, deterioration, etc.

optical
circular dichroism [CD]
CD
CD

600 RA-401



5. Analytical System for Biomolecular Conformation

This measurement system is useful for the studies in two important studies in
biosystems, determination of the absolute configuration of an optical isomer present
and analysis of biochemical reactions.

A chiral molecule is a molecule that cannot be superimposed on its mirror image,
where both molecules constitute an optical isomeric pair, and if one has S-configuration,
the other has R-configuration. In natural products, only one type of the configurations
is present in each chiral center, and the characteristic function arises from its own
spatial structural arrangement. Many such examples are found in amino acids,
hormones, enzymes, proteins, nucleic acids, sugars, etc. Therefore, it is very important
to determine which optical isomer is present in a biomolecule (i.e., determination of the
absolute configuration of the optical isomer). A chiral molecule absorbs left- and
light-circularly polarized radiation with different intensities ( . and | r), and such
property is called optical circular dichroism (CD). The CD spectrum itself is a record of
the difference in intensity (I L - | r) against wavelength and shows a pattern inherent
of the absolute configuration present in a biomolecule and hence, can be used to
determine the absolute configuration of optical isomers in unknown compounds.

Chemical reactions in biosystems are usually very fast processes, and the
stopped-flow technique is used in the study of such fast reactions. In this technique,
solutions of the reactants are impelled into a mixing chamber as a piston is withdrawn
suddenly to a stop. The composition in the chamber is then monitored, for example, by
measuring the change of absorption spectra with time. Another method is the
relaxation method: When the chemical reaction system which is initially in an
equilibrium state is perturbed, such as by a temperature jump, a sudden change to a
higher temperature, and the composition relaxes to the new equilibrium, which will
give information about the relaxation times. In conjunction with information about the
equilibrium constants, we can know the rate constants also.

The analytical system for biomolecular conformation in the Center consists of two
principal instruments: a JASCO J-600 CD spectrophotometer and an Otsuka
Electronics RA-401 stopped-flow spectrophotometer. This system is useful for the
above-mentioned two studies, and can be used also in other research fields, for example,
conformational analyses of liquid-crystalline molecules showing cholesteric/smectic C*
phases, analyses of various chemical reactions such as acid-base, oxidation-reduction,

complex formation, organic, and catalytic processes, etc.



(ICP-AES)

(ICP-AES)
(IcP) (1860 )
(1861 ) R. W. Bunsen G. R. Kirchhoff
(1CP)
( )
ICP-AES
70
ICP 6,000-10,000 K
( ICP)
1 ppb
1000 ppm
ICP-AES

ICP-AES Leeman Labs Inc. PS-1000UV
40.68 MHz 0.7-2 kw
178-808 nm,
1ppb-1000 ppm



6. Inductively coupled plasma atomic emission spectrometer (ICP-AES)

It often becomes necessary to explicate elements present in electronic materials,
ceramics, and superconductive materials in the research and development of advanced
materials, infinitesimal amount of metallic elements existing in organism samples, and
elements existing in the circumstances such as water, soil, and atmosphere. Inductively
coupled plasma atomic emission spectrometry (ICP-AES) is useful for these purposes.
This technique makes possible both qualitative and quantitative analysis in a wide
range from a trace of to a high concentration of many elements.

R. W. Bunsenand G. R. Kirchhoff discovered two new elements, cesium in
1860 and rubidium in 1861, using atomic emission spectrometry (AES). ICP-AES is
basically very similar to the traditional AES, except that it utilizes the inductively
coupled plasma (ICP) as the excitation source. In ICP-AES, the sample to be analyzed
is introduced into the source, and atomic excitation occurs. The emitted light is
dispersed by a suitable means such as an optical grating monochromatic system, and
finally, the resulting spectrum is recorded on a photographic plate or detected as an
electronic signal via photomultiplier detection system.

The wavelength of the observed emission lines can be used to identify a
particular element, and the intensity of the emission line is proportional to the number
of the atoms undergoing the corresponding transition. Thus, the detection of radiation
at a particular wavelength can be applied to the qualitative elemental analysis of the
sample and the intensities measured at these wavelengths to the quantitative analysis
of the analyte elements. Over seventy elements, including most metal elements and
some non-metal elements such as boron, carbon, silicon, phosphorus, and sulfur, can be
detected and analyzed by ICP-AES.

In ICP, a radiofrequency induction coil is used to heat argon ions in an argon gas
stream to temperatures of 6,000-10,000 K. Such high temperatures of plasmas lead to a
high degree of atomic excitation and thus, to a high sensitivity for detection. As a result,
a linear response from 0.1 ppb or below to 1000 ppm or more is easily realized without
change of operating conditions. The high temperatures also ensure that virtually all
compounds are broken down to their constituent elements and thus, the matrix effects
and the background interference from molecular species, which are so often a problem
in other atomic spectroscopies, are largely eliminated. The pretreatment of the sample
for ICP-AES can be undertaken with ease and rapidly, in contrast with other atomic



spectroscopies.

ICP-AES, made by Leeman Labs, Inc., type PS-1000UV
RF generator:  Operating frequency: 40.68 MHz
Operating power: 0.7-2 kKW
Detector: Wavelength range: 178-808 nm
Detectable concentration: 1 ppb-1000 ppm
Ultrasonic nebulizer
Hydride vapor generation unit
Autosampler
Microwave sample preparation system
Water purification system

200-700 nm

p-p*

5000 300 cm*

2000

HATR



7. Spectrophotometer (UV-vis and IR)

1) UV-visible Spectrophotometer

Absorption of the ultraviolet (UV) and visible (vis) light with the wavelength of
200-700 nm by a given molecule is dependent on its electronic structure. In other words,
the origin of such absorption is a transition of electron in the ground state level to an
upper level, and typical examples are the dd transitions in the transition metal
compounds and p-p* transitions in organic compounds with double bonds. Therefore,
UV-vis absorption spectrum is used for identification and quantitative analysis of such
types of compounds, and sometimes, for getting information on the electronic structure
of unknown compounds.

The Center has two UV-vis spectrophotometers, a Hitachi 330 type and a Hitachi
4000U type. The Hitachi 4000U type is a high-end model in the Center, which is

designed for reflection as well as normal absorption measurements.

2) Infrared Spectrophotometer

Absorption of light in the infrared (IR) region (400-5000 cm-?) is dependent on
the vibrational structure of a molecule. That is, the absorption is due to vibrational
transitions accompanied by a number of rotational energy changes, and so, is observed
as a vibrational-rotational “band”. The frequency or wave length of the absorption is
closely connected with the mass, force constant, and geometry of the vibrational unit of
the molecule. Therefore, IR spectra are useful for the structural analysis of the
molecule. The Center has two types of IR spectrometer, a JASCO A-302 and
Perkin-Elmer System 2000. JASCO A-302 is a diffraction-grating type spectromer, and,
on the other hand, the Perkin-Elmer System 2000 is a Fourier Transform (FT) type
using a modified Michelson interferometer. In the latter instrument, the usage of FT
method and a laser beam provides more precise and more accurate determination of the
wavelengths of IR absoption peaks, higher sensitivity, compared to the measurements
with the former. It is also possible to accumulate the spectral signal and perform
time-resolved measurements. Mathematical treatments for the spectra, such as addition,
subtraction, multiplication, division, integration, etc. are easily carried out.
Furthermore, IR spectra of aqueous solutions are also available by using a HATR

(horizontal attenuated total reflectance) accessory.



-196

8. Cold converter (Liquid nitrogen supplying system)

The cold converter is a system which can store a liquefied gas. From the system
the liquefied gas and/or the gas itself are available. The liquefied gas which was
transported by a tank lorry from the maker is transferred to the converter. The cold
converter facilities in the Center is a system for liquid nitrogen storage (max. storage is
1 ton). This system makes it possible for anyone at Gifu University to get as much
liquid nitrogen as he/she needs whenever he/she needs it. Liquid nitrogen is a very
convenient cooling medium ( coolant ) by which you can easily make a temperature as
low as -196 . Liquid nitrogen, therefore, is an indispensable medium for studies in
the wide field of physics, chemistry, biochemistry, medical, and biological science. In
addition to it's use as a coolant, liquid nitrogen is a convenient source for nitrogen gas.
Ultra-pure nitrogen gas can be obtained easily and in large quantities through the cold
converter.
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NAES-700D
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Oxford Instruments , Optistat
ITC502 temperature controller 77~500 K
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IH-NMR Analysis of Nerve Edema in the Streptozotocininduced Diabetic
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K.Shibata
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Synthesis, No.11, 1321-1324(1997) (NMR, MS, FT-IR)
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Carbohydrate Research, 300, 207-217(1997) (NMR, IR)
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Carbohydrate Research, 304, 187-190(1997) (NMR)
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Carbohydrate Research, 302, 223-227(1997) (NMR)
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Selenothioic Acid S-Ethers: Synthesis, Characterization, and Trend for
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Chemistry Letters, 739-740(1997) (NMR, MS)
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Chemistry Letters, 1001-1002(1997) (NMR, MS)
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Synthesis of 2-O-Fucosyl Sulfatide, a Blocker of L- and P-Selectin
Biosci. Biotech. Biochem., 61(9), 1615-1616(1997) (NMR)
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Journal of the Physical Society of Japan, 66, No.7, 1920-1923(1997)
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Japanese Journal of Physiology, 47, 291-297(1997) (NMR)
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Second-Order Optical Nonlinearity of Novel Methacrylate Polymer with
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Polymer Journal, 29, No.2, 184-187(1997) (NMR, MS)
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Regio- and Stereo-Selective Additions of Sodium Selenides to Conjugate
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J. Chem. Soc. Perkin Trans. 1, 211-215(1997) (NMR, MS, IR)
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J. Chem. Soc. Perkin Trans. 1, 2679-2680(1997)
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(NMR, MS)

87-91(1997)
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Journal of Materials Science Letters, 16, 1315-1318(1997)(TEM, EDX)
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