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1. Electron Microscope 

 

There are two types of microscope in the Center, i.e., a transmission electron microscope (TEM) and two 

scanning electron microscopes (SEM).  

 

� Transmission Electron Microscopy (TEM)  (Room 1) 

 

The transmission electron microscope (TEM) allows the investigation of the internal microstructure of 

organic samples as well as the inorganic, provided that they are thin enough to transmit electrons. The 

microscope is equipped with an X-ray detector made of Si semiconductor and energy dispersive 

spectrometer. The set (energy disparsive X-ray spectrometer, EDX, type Analyst 8000, Kevex) enables us 
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to analyze a chemical composition.  

 

1) Transmission Electron Microscopy (TEM) (Hitachi, H-8100, Room 1) 

We can observe ultra-thin-sections of biological specimens, ceramics, semiconductors, and metals using 

the TEM. The maximum resolution of the TEM was 0.144 nm (lattice image) and 0.021 nm (structure 

image) with magnification up to 1,000,000. Although an ordinal operation voltage of the TEM is 200 kV, 

lower voltages are also available. Since the sample have to be thin enough, there are various instruments to 

make the specimen thin. The observation is conducted by adjusting an image on the fluorescent viewing 

screen and by recording the image on a negative film. The film has to be developed, fixed, and sometimes 

printed. The whole operation needs some technical skills. The biological specimens are usually observed 

after being stained with various metal solutions. However, the H-8100 can observe a bright 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 (in Room 2) and 

equipment for freeze-etching and freeze-fracture techniques are also available in the Center. 

Bright field images, dark field images, which used the scattered electron beam for imaging, and the 

scanning-transmission images are available. When the specimen is crystalline, the Bragg reflection makes 

another type of image, an electron diffraction image, which can be used for determination of the crystal and 

an orientation of the crystal. The H-8100 has a computer-controlled lens that provides the best correlation 

of selected area image and diffraction pattern for all magnifications. 

 

2) Energy Dispersive X-ray Analyzer (EDX) � (Room 1) 

An elemental microanalysis can be achieved by detecting a specific X-ray energy emitted from 

specimens on application of the electron beam. Point analyses can be carried out by viewing the S(T)EM or 

TEM image of the specimens and radiated the electron beam to the point of interest. Area scan mode is also 

available. The obtained data can be analyzed qualitatively and/or quantitatively with a Kevex DELTA 

software FLAME. Various kinds of expression for data imaging are possible with this system, for example, 

the STEM image can be recorded simultaneously with an elemental mapping. 

 

3) Dimple Grinder (GATAN Model 656/3) � (Room 1) 

 � A dimple grinder is an instrument used for grinding circular dimple of spherical profile in the surface of 

materials such as ceramics and semiconductors. The fundamental application is to prepare the specimens 

for TEM observation. This technique is normally used for pretreatment of ion milling. The operator can 

carefully produce a specimen with the thickness less than 5 μm. However, in most cases, a final thickness 

between 20 and 50 μm is normally obtained. 

 

4) Ion Milling (GATAN DuoMill Model 600) � (Room 1) 

The DuoMill is a machine which can “mill” the specimens such as ceramics and semiconductors for 

TEM observation. Ion 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 contain all the facilities for independent ion-thinning 

of two specimens. 

 

� Scanning Electron Microscopy (SEM) (Room 1) 

�����



  

 

In the center, there are two SEMs, type S-4300 and S–3000N. The former has a field emission type cold 

gun. This type of the gun enables a bright and high-resolution image. The elemental analyzer, EDX, is also 

equipped. The latter type of the SEM is used for low-vacuum observation. The SEM can be operate as low 

vacuum as 270 Pa (about 2 torr) by an “environmental secondary electron detector, ESED” and/or a back 

scattering electron detector. This SEM can observe an insulating material without any conductive coating. 

 

1) Scanning Electron Microscopy (SEM) � (Hitachi, S-4300, Room 1) 

The surface of tissues, cells, bacteria, viruses, and non-biological materials can be observed. The 

resolution is 1.5 nm (accelerate voltage; 25 kV) and 5.0 nm (1 kV). The electron beam is emitted from a 

field emission cold gun and a clear image can be obtained even the accelerate voltage is low, such as 1 kV. 

Some insulating specimen can be observed without any conductive coating. The SEM is equipped with 

EDX analyzer. This EDX can detect the characteristic X-ray from the so light elements such as carbon. The 

qualitative and quantitative analysis, a color mapping image of any element, digital files of all images and 

spectrum are available. The EDX, however, has very thin and delicate X-ray window and any dusts of 

micrometer size have to be avoided, otherwise the hit of the small particle causes fatal damage for the EDX. 

The instrument is controllable via PC and this brings an easy operation as a PC-SEM. The specimen has to 

be de-gassed before an introduction into the chamber. For the sample preparation of insulating materials, a 

critical point drying apparatus (in Room 5) and a conductive coating apparatus (in Room 5) are available in 

the Center. 

 

2) Scanning Electron Microscopy (SEM) � (S-3000N, Room 1) 

This type of SEM has an ordinal tungsten hairpin type filament and can operate with accelerate voltage 

ranged 0.3 to 30 kV. Resolutions of the SEM are 3.0 nm (high vacuum mode, 25kV) and 4.0 nm (low 

vacuum mode, 25 kV). An advantage of the SEM consists of an ability of low vacuum operation. The 

special type of the secondary electron detector, “Environmental SED”, can detect the secondary electron 

images even at low vacuum of 270 Pa (about 2 torr). Consequently, insulating samples and samples easily 

destroyed in vacuum are targets of the SEM. Further the specimen chamber is wide and the observation 

area is 4 x 6 cm size. When the SEM is operated under high vacuum, the SEM can be regarded as a high 

performance SEM with ordinal W filament. The SEM is a PC-SEM and easy operation is capable.  

 

3) Scanning Electron Microscopy (SEM) ,� (S-4800, Room 1) 

A new scanning electron microscope (SEM), Hitachi type S-4800, is introduced to the Division of 

Instrumental Analysis in 2008. The type S-4800 SEM has a field emission gun with the highest 

resolution of 1.0 nm at acceleration voltage of 15 kV. By using Beam Deceleration Technology, it has a 

resolution of 1.4 nm even at very low acceleration voltage of 1 kV. This also brings less damaged 

image with high resolution. The SEM has two electron detectors, upper and lower ones. The two 

detectors enable to obtain pure secondary electron (SE) image, backscattered electron (BSE) image, 

and compositional image of SE and BSE. This technology results in the excellent image. The 

specimen stage of the S-4800 is motor-driven and the maximum specimen size is 100 mm. The 

working distance is usually 8 mm and tall specimen should be avoided.  
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4) Ion milling system, (E-3500, Room 1) 

In order to prepare a cross-section of very thin area for SEM observation, a new ion milling 

apparatus, Hitachi E-3500, is now available. The E-3500 makes "mirror finished" cross-section by Ar 

ion bombardment with a shielding plate. The milling rate is about 100  m/h or more. Rounding of the 

edge, distortion and micro-cracking during machining and polishing of cross-section can be removed 

and clear-cut cross section can be obtained. 
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��Surface Analysis Instrument (XPS) 

 

The Center has two surface analysis instruments, Ulvac-Phi Quantera-SXM-GS and Shimadzu 

ESCA-3400. The objective of a surface analysis is to determine the chemical composition of the outer few 

atomic layers of a solid surface. X-ray Photoelectron Spectroscopy (XPS), also known as Electron 
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Spectroscopy for Chemical Analysis (ESCA), is one of the most widely used surface analysis techniques. 

The sample is irradiated with mono-energetic soft X-rays (Al-Kα or Mg-Kα) causing photoelectrons to be 

emitted from the sample surface in ultra high vacuum environment. An electron energy analyzer determines 

the binding energy of the photoelectrons. From the binding energy and intensity of a photoelectron peak, 

the elemental identity, chemical state, and quantity of an element are determined. The information XPS 

provides about surface layers or thin film structures is of value in many industrial applications as follows, 

polymer surface modification, catalysis, corrosion, adhesion, semiconductor and dielectric materials, 

electronics packaging, magnetic media, thin film coatings used in a number of industries and so on.  

The average analysis depth of these surface analysis techniques is approximately 0.5-5 nm, with the 

exact analysis depth dependent on the specific technique. As a result, surface analysis techniques provide 

unique information that cannot be obtained with instruments having a larger analysis depth, such as energy 

dispersive X-ray analysis (SEM-EDX) and fourier transform infrared analysis (FT-IR). To probe below the 

surface, surface analysis instruments are equipped with a sputter Ar ion gun to allow the controlled removal 

of material from the sample surface. This allows the thickness of surface layers to be measured and 

multi-layer thin film structures to be characterized. 

 

Ulvac-Phi Quantera-SXM-GS� (Scanning X-ray microprobe) �Room 5� 

X-ray sources: monochromatic Al-Kα 

The diameter of the x-ray beam can be adjusted from less than 9μm to 100μm in diameter. 

Measurement mode: XPS (spectroscopy, depth profiling, mapping, line analysis, etc.) 

� Standard platen: 75×75 mm� (up to 20 mm thick) 

� Hot/Cold sample stage 

 

Shimadzu ESCA-3400 (XPS) (Room 5) 

X-ray sources: Mg-Kα 

  Measurement mode: XPS 

  The ESCA-3400 is fitted with a preparation chamber for gas reaction. 
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3. Mass Spectrometer System (MS)� � (Room 1) 

 

Mass spectrometry is essential to identify organic compounds. After ionization of sample materials, the 

molecular and fragment ions are measured.  

The mass instruments in this center require only a few nanogram order of samples. The samples are 

introduced into the chamber directly, indirectly, and by way of gas chromatography (GC). Then, the 

samples are ionized by electron impact (EI), chemical ionization (CI), and fast atom bombardment (FAB) 

methods.  

There are three instruments in this center. Users can select the instruments depending on the kinds of 

sample materials and the purpose of measurements.�

 

1) JMS-MStation 700 (JEOL) (Double focus type) (Room 1)  

Specifications: 
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Mass range: 1-24,000 Da (accelerating voltage: 1 kV)  

Resolution: 60,000 

Introduction: direct and indirect inlet, GC (LC)  

Ionization: EI, CI, FAB 

Measurement mode: low and high resolution, positive and negative ion mode  

Others: Linked scan 

�

���MS-AMSUN200/GI (K9) (JEOL) (Quadropolar type) (Room 1) 

Specifications: 

Mass range: 1-1,000 Da   

Resolution: > 2,000  

Introduction: GC 

Ionization: EI, CI 

Measurement mode: low resolution 

�

3) GC Mate II GCMS System (JEOL) (Room 1)  

Specifications: 

Mass range: 1-1,000 Da (accelerating voltage: 2.5 kV), 1-2,000 Da (accelerating voltage: 1.25 kV)  

Resolution: 500, 1000, 3000, 5000 (controlled by computer) 

Introduction: direct inlet, GC 

Ionization: EI, CI, FAB 

Measurement mode: low resolution, positive and negative ion mode  
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4. HPLC system (Agilent-1100 series)� �Room 1� 

 

 This system with LC-MS (JMS700) interface may be used for mass analysis of eluates under 

continuous detection mode. 

This HPLC system can detect various organic molecules in high sensitivity under three detection modes; 

UV-VIS spectroscopic mode (190~600 nm), fluorescence mode (280~900 nm), and differential refractive 

index mode (RI 1.00~1.75 at room temperature +5 to 55�C). 

Specifications: 

� Control module: PC (Windows OS) and control/analysis software 

� Degas: micro degasser (to remove gasses in solvents used, resulting in suppression of bubbles) 

� Pump: Binary pumps for two solvents making gradients with various flow rates (0.001~5 ml/min) 

� Column temperature: Column chamber with constant temperatures (at room temperature, -10 to 

80�C) 

� Collection of eluates: fraction collector 

Notes. 

  It is important to select suitable columns to succeed in good separation of materials. Packed columns are 

used mainly for chromatography, such as normal phase, reversed phase, size-exclusion, and ion 

chromatography. Among them the revsersed phase chromatography is most frequently used in the field of 

biological and analytical chemistry. 
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 For person who want to use this HPLC system he or she must prepare his or her own column, and should 

take out waste solvents and wash the flow pipes by methanol after completion of the experiment. 
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5. Fourier Transform Nuclear Magnetic Resonance Spectroscopy (FT-NMR) 

Nuclear Magnetic Resonance (NMR) spectroscopy has become one of the most important tools for 

investigating the molecular structure and physicochemical properties of the matters in inorganic, organic 

and biological chemistry. The application of NMR in the medical field is also a current topic (e.g. 

tomogram by NMR). 
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NMR is a phenomenon which occurs when the nuclei of certain atoms, such as 

1

H and 

13

C, are immersed 

in a static magnetic field and exposed to a second oscillating magnetic field. Some nuclei experience this 

phenomenon, and others do not, dependent upon whether they possess a property called spin. NMR 

spectroscopy uses radiofrequency radiation to induce transitions between different nuclear spin states of 

samples in a magnetic field. The utility of this method for structural characterization arises because 

different atoms in a molecule experience slightly different magnetic fields and therefore transitions at 

slightly different resonance frequencies in an NMR spectrum. Furthermore, splittings of the spectra lines 

arise due to interactions between different nuclei, which provides information about the proximity of 

different atoms in a molecule.  

The Center has three FT-NMR spectrometers. 

 

1) JEOL ECA-600 (600 MHz) (Room 4) 

This spectrometer allows not only usual measurements (

1

H, 

13

C, multiple nuclei, DEPT, COSY, etc.) but 

also all kinds of measurements such as 2D-measurement and inverse measurement (HMBC, HMQC, 

TOCSY, DOSY, etc.) by use of Pulsed Field Gradients (PFG) technique. It is a high-end model in the 

Center, and has high resolving power. 

 

2) JEOL ECX-400P (400 MHz)  (Room 4) 

This instrument is used as same as ECA-600. Also allows not only usual measurements but also all kinds 

of measurements such as 2D-measurement and inverse measurement. 

 

3) JEOL ECA-500 (500 MHz)  (Room 3) 

This spectrometer allows to measure not only usual measurements (

1

H, 

13

C, multiple nuclei, DEPT, COSY, 

HMQC, HMBC etc.) but also all kinds of measurements such as 2D-measurements by use of Pulsed Field 

Gradients (PFG) technique. In addition, it is equipped with solid NMR measurement unit. It can apply in 

solid chemistry, biopolymer field.�
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6. Electron Spin Resonance (ESR) � (Room 2) 

 

The Electron Spin Resonance (ESR) Spectrometer is an analysis instrument, utilizing the phenomenon of 

magnetic resonance of electrons, that measures compounds having unpaired electrons (free radicals). The 

instrument is used to obtain information about the amount, structure, electron state and relaxation times of 

the free radicals through the magnetic properties of unpaired electrons. 

� ESR spectrometers have been widely used in studies of biological organisms and semiconductors, and 

used to measure magnetic properties (such as paramagnetism, diamagnetism and ferromagnetism) in 

substances having free radicals. For example, in fields related to biological organisms, objectives of study 

include active oxygen species, nitrogen monoxide, nitrogen dioxide and trace metals contianed in enzymes 

and proteins. In material-related fields, objectives of study include lattice defects in optical fibers or 

amorphous silicon, solutions in conductive high polymers and peroxidized radicals in high-polymer 

molecules. The ESR spectrometer has characteristics of instruments for both analysis and assessment and is 
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used a wide range of fields such as medical science, pharmacology, sciences and oceanic and enviromental 

chemistry. 

� This spectrometer system is designed so that it can be used for a wide range of application mesurements 

corresponding to various study purposes, not only with the main system alone but also combined 

attachments. 
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7. Inductively Coupled Plasma Atomic Emission Spectrometer (ICP-AES)  (Room 1 and 5) 

 

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. 

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 wavelength of the emission lines can be used to identify a element, and the intensity of the emission 

line is proportional to the number of the atoms undergoing the corresponding transition. Thus, the detection 

of emission intensities at a particular wavelength can be used to determine the concentration of the analytes 

in solution. Over seventy elements, including some non-metal elements such as boron, carbon, silicon, 
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phosphorus, and sulfur, can be detected and analyzed by ICP-AES. 

In the center, there are two types of ICP-AES, a microwave sample preparation system and a water 

purification system. 

 

1) HORIBA Jobin Yvon ULTIMA2 

Specifications:    

  RF generator  :  Operating frequency: 40.68 MHz; operating power: 0.8 - 1.55 kW 

  Optical mount :  Czerny-Turner mount (1.0 m focal length) 

  Wavelength range :  120 - 800 nm 

Options :  Ultrasonic nebulizer and hydride vapor generation unit  

2) Hitachi P-4010  

Specifications:    

  RF generator  :  Operating frequency: 40.68 MHz; operating power: 0.7 - 1.3 kW 

  Optical mount :  Czerny-Turner mount 

  Wavelength range :  175 - 780 nm 

Options :  Ultrasonic nebulizer, hydride vapor generation unit, autosampler, and 

flow injection sample (FIA) preparation system 

3) Microwave sample preparation system (CEM, type MDS-2000) 

4) Water purification system (Toyo Seisakusho Kaisha, Ltd., Advantec RFD250NB) 
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8. Scanning Probe Microscope System (SPM)�  (Room 2) 

 

The SPM system detects the atomic force or the tunnel current between the sample surface and the probe 

tip, and can result a topographic map when the tip is scanned across the sample surface. SPM can image 

surfaces with atomic-scale resolution, 0.2 nm in the surface and 0.01 nm to the perpendicular direction of 

the sample. It is possible to do even the observation of the atomic level imaging under the optimal 

conditions. 

By replacement of the unit, it can have the measurement mode of Atomic Force Microscope (AFM), 

Scanning Tunneling Microscope (STM), Frictional Force Microscope (FFM), Electrochemical AFM, 

Viscoelastic AFM (VE-AFM) and so on. Measurement at the temperature from �140 �C to 300 �C, 

under vacuum, or in liquid (of a volume of 1<mL) is also available. 

The system consists of a probe station for a system control, a data processing system, and two 

measurement units (a multi function-type unit SPA400 and an environment control-type unit SPA300HV). 

Most of the measurements, such as AFM, can be performed with either of the two units. However, 

electrochemical AFMPSTM measurements are available only with SPA400, and measurements at 

controlled temperature / or under vacuum conditions are possible only with SPA300HV. Both of the units 

are equipped with an optical microscope. With that, it is easy to settle a sample and adjust the instrumental 

conditions. The data processing system (DELL OptiPlex GXa, DOS/V type, Windows 95) provides useful 

various filters such as Fast Fourier Transform (FFT) algorithm and data analysis programs, and you can 

make a full color 3-dimensional image and print out it by using an EPSON PM-750C printer. 

Measurement Modes 

Contact AFM, wet-AFM, AFM with electric current measurement, surface electrical potential microscope, 

dynamic force mode&DFM, cyclic contact mode or non-contact mode AFM1  wet-DFM, STM, 

electrochemical AFM, electrochemical STM, VE-AFM, FFM, lateral modulation (LM)-FFM.�
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9. Analytical Systems for Ultra-High Speed Phenomena 

 

This system is useful to analyze various ultra-high-speed phenomena in nature, such as transfer process 

of a flash of lightning, destruction process of materials, formation process of turbulent flow, or in more 

micro-scale level, re-combination of an electron and a positive hole in semiconductors, etc., which are 

observed in situ visually, thermally, or through photoluminescence processes in the time scale up to of the 

order of nano seconds. This system consists of two analytical systems, a high-speed camera and video 

system and a time-resolved photoluminescence spectrophotometer. 

 

I) High-Speed Camera and Video Systems 

 

1) Ultra-high-speed camera instrumentation: Ultranac standard set  (Room 5, carrying out is 

possible) 

A photographing speed of 2,000-20,000,000 flame per sec with an exposure time of 10 ns-20 μs and an 

interflame distance of 40 ns-320 μs is accomplished, and the time resolution is 0.5 ms to 50 ns. The camera 

lens is of Nikol F mount and the detector is a fluorescence sheet of 80 mm in diameter, which is transferred 

onto a black and white film of polaroid type. 

 

2) High-speed video instrumentation: Kodak EktaPro HS-4540-2� (Room 5, carrying out is possible) 

�����



  

The maximum photographing speed in the full flame mode with 256x256 image elements is 4,500 flame 

per sec with a time resolution of 222 μs, and when used in the divided flame mode with 64x64 image 

elements, the maximum speed is 40,500 flame per sec with a time resolution of 25 μs. The total number of 

flames is 3,072, applicable to a phenomenon for 0.68 s, in the full flame mode, and 49,152 for 1.21 s in the 

divided flame mode. The black and white picture of each flame is recorded on a DRAM memory, which 

can be transformed and saved in Tiff format. Output type: GP-IB and NTSC. This camera can be used with 

Image intensifier (3) and Laser system (4) to capture high speed phenomena very clearly. 

 

 

3) Intensified lens system (ILS): Imco  (Room 5, carrying out is possible) 

This instrument amplifies a very faint light to 100 to 10,000 times, and used with 1 or 2. The diameter of 

the lens is 40 mm. The gate time can be changed from 10 ns to 1.2 ms by 10 ns step, or to infinity. 

 

4) Analytical system for thermal vision image: Nikon Thermal Vision Laird 3ASH  (Room 5, 

carrying out is possible) 

This measures the temperature distribution of materials as a thermal vision image and analyzes. The 

detector is a PtSi Schottky type Infrared-Charge Coupled Device (IR-CCD), which can detect an 

electromagnetic wave of a wave length of 3-5 μm, and thus the observable temperature range is �

20-190/150-500/400-2000 � , and the photographing speed is 60 frame per sec. The total number of image 

elements is 410,000 (H811xV508). The type oh lens: F1.2, f45mm, where F is inversely proportional to the 

brightness of the lens and f is the focus distance. The minimum camera distance is 0.5 m. Output type: 

NTSC, RS232C, and Nikon special digital connector. 

 

5) PIV(Particle Image Velocimetry) System � (Room 5, carrying out is possible) 

The PIV system, which consists of a double-pulsated Nd:YAG laser, a cross-correlation camera and 

analysis software, can obtain the velocity information of the flowfiled with high temporal and spatial 

resolution. The camera has about 1000 x 1000 pixels and it can record two images that apart very short 

time (>2 micro-seconds) at the frequency of max 15Hz. The Nd:YAG laser has 2 flush lamps and work 

each lamp at arbitrary timing with synchronized with the camera. The user obtains the 2-D velocity profile 

by calculating the cross-correlation of the recorded images with the analysis software. This system can be 

applied to the any gaseous and /or liquid flowfiled if there are trace particles in it. 

 

II) Time-Resolved Photoluminescence Spectrophotometer (NAES)  (Room 5) 

 

Photoluminescence is the emission of light when a substance is illuminated with high-energy 

electromagnetic radiation and which persists, for short times (usually of the order of ns) at least, after the 

source of illumination is removed. The anisotropy, decay time, and wavelength of absorption and emission 

during the process strongly depend on the electronic structure of excited and ground states, which are very 

sensitive to the molecular orientation and the dielectric constant of the environment in the substance. 

Therefore, time-resolved photoluminescence spectroscopy is not only useful to follow the electron transfer 

process in an emission device, but also obtain information on the molecular dynamics and 

micro-environment, using an appropriate fluorescence probe. Horiba NAES-700D is settled in the Center. 

It is equipped with two incident light sources; 

�����



  

 

1) Nano second lamp (NFL-700), which can generate 8.5 kHz sequential pulse of below 2 ns half width, at 

a wave length of 200-700 nm; 

 

2) Nitrogen-dye laser (NDL-100), which can generate 5-1000 Hz sequential pulse of about 700 or 400 ps 

half width, at a wave length of 337.1 nm and 360-700 nm, to follow processes of the order of subnano 

seconds. 

It is possible to measure the time-resolved spectrum in nano-second order. A Cryostat system (Oxford 

instruments, Optistat DN-VS cryostat and ITC502 temperature controller), which enables the 

measurements at the temperature range of 77-500 K, is also equipped.  
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10. Spectrophotometer (UV-Vis and IR) 

 

�) UV-visible Spectrophotometer  (Room 5) 

Absorption of the ultraviolet (UV) and visible (Vis) light with a 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 d-d transitions 

in the transition metal compounds and π-π* transitions in organic compounds with double bonds. Therefore, 

UV-vis absorption spectroscopy is used for identification and quantitative analysis of such types of 

compounds, and sometimes, for getting information on the electronic structure of unknown compounds. 

This Center has a Hitachi 4000U UV-Vis spectrophotometer (in Room 5). Both transmission and 

reflection modes are available. 

 

�) Infrared Spectrophotometer  (Room 5) 

 

1) Transmission Spectrophotometer 

Absorption of light in the infrared (IR) region (400-5000 cm

-1

) 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. 
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The Center has a Perkin-Elmer System 2000 spectrometer (in Room 1), which is a Fourier Transform 

(FT) type using a modified Michelson interferometer. FT method and a laser beam system provide more 

precise and more accurate for the determination of the wavelengths of IR absorption peaks with higher 

sensitivity, compared to the measurements with a previous diffraction-grating type spectrometer. 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. 

�

2) Microscope, reflection mode Spectrometer 

In remarkable progress of the nano-scopic material science, a new surface analysis technology in a 

minute domain is becoming very important. 

The ideal spectroscopic analysis method for materials would require three sorts of information about 

chemical composition of materials, its three dimensional-distribution state, and the dynamic process. 

Fourier transform infrared microscopic analytical method shows the high discernment ability and the 

space resolution for molecules which are the characteristics of vibrational spectroscopy. This method 

would provide information for the structure of material, an interaction between molecules, and the chemical 

compositions. 

Fourier-transform infrared microscopic analytic system, FT-IR-460 Plus/IRT-30-16 (JASCO Inc.), has 

been introduced recently in our institution, and this system can be used to measure easily not only a 

very-small size and amount of samples but also the sample by which the macro analysis was carried out 

with conventional microscopy. Thus, it has extended the application range of measurement  

For example, since non-destroying measurement of the specific small part in about dozens of 

micrometers or an uneven sample is possible, the power can be demonstrated to surface analysis of a new 

material and a new small device. 

Furthermore, measurement on the real time in a minute reaction place is possible for this system by 

having an electric field ATR (attenuated total reflectance) unit, and, thereby, a dynamical analysis becomes 

possible for the polymerization process of conductive polymers, the growth mechanism of protein crystals, 

the electrochemical reaction on a minute electrode and so on.  

The CCD camera system, by which we can check the measurement part of a sample on CRT of a 

computer, is built in, and this system has the feature that the opening area of aperture and an angle are 

freely controllable by mouse operation etc., so a beginner can also use easily. Measurement in a 

transmission and reflection mode is possible for infrared microscope unit IRT-30, and they are suitable for 

detection of samples, especially such as a low-light-transmission metal and an inorganic sintering object, or 

a very-small-quantity ingredient. Moreover, the distribution of a specific functional group can be measured 

with moving the sample stage one- or two-dimensionally and measuring the spectrum of many points.  

Since the software for measurement and analysis is also compatible with other models already introduced 

into the center on the OS of Windows 2000, and thus a user can use this system without sense of 

incongruity. 

�

3) Probe type Spectrometer 

The Center has a Mettler Toledo ReactIR 4000 spectrometer (in Room 5).  The system is possible to measure the 
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IR spectrum through direct insertion of the stick-type of probe� (φ6 mm) into a reaction solution, and using a 

continuous measurement provides a real-time, dynamic picture of quantitative chemistry under actual reaction 

conditions.  For example, the trace of intermediates which are only exist under the reaction, can be identified, and the 

rate of disappearance of the substrates and appearance of the products can be observed quantitatively by the change of 

the peak intensity, therefore, those results help to solve the reaction mechanism and/or to analyze the reaction order.  

The probe is made from the chemically stable materials such as hastelloy and diamond, thus, although the observation 

around 2000-1900 cm

-1

, which is the area of IR absorption of diamond, is limited in principle, it is possible to measure 

within the extremely wide range conditions such as the range of temperature –80 to 120 °C, pressure 0 to 7 atm, and pH 

1 to 14. 

�

4) Illuminat IR 

(Microscopic attenuated total reflectance (ATR) -Fourier transformed infrared spectroscopy (FTIR), 

developed by SensIR Co., U.S.A.) 

IlluminatIR is a microscopic infrared spectroscopy, measuring small amount and tiny (12 ~ 100 mm) 

samples even in heterogeneous biological tissues non-destructively. This instrument is attached to ordinary 

manual light microscope (Olympus Co., Japan) with infrared spectroscopic measurement unit and CCD 

camera, so you may realize easily how to handle the microscope and FTIR instrument. This FTIR 

instrument has ATR probe with a thin diamond disk to attach to the sample, and also infrared reflection 

measurement device. The sample can be directly observed in the shape and texture by CCD camera and 

simultaneously its infrared spectra. The picture of sample and infrared spectra can be stored as a digital 

data. The IR measurement operation is controlled by a personal computer on Windows XP OS. You may 

need liquid nitrogen for IR detector. 

�
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11. Circular Dichroic Polarimeter  (Room 5)  

�

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 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 (I 

L
 and I 

R
), and such property is called optical circular dichroism (CD). The CD spectrum itself is a record of 

the difference in intensity (I 
L
 − I 

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. A JASCO J-820 CD Polarimeter was installed in the center on 

March, 2002. 
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Specifications: 

Light source   : 450 W Xe arc lamp (water cooled) 

Wavelength range  : 163@1100nm 

Wavelength accuracy : 163@180 nm :±0.2nm ; 180@250 nm :±0.1 nm ; 250@500 nm: 

±0.3 nm; 500@800nm : ±0.8nm; 800@1100nm: ±2 nm 

Scan speed   : 1@ 10000 nm/min  

CD full scale   : ±10mdeg / ±200mdeg / ±200mdeg 

     Input channels  : 2 internal plus 2 external signals can be acquired simultaneously   

Data processing system : Display and overlay the spectra, data file arithmetic operations,  

     derivatives, peak detection and processing, smoothing,baseline correction,  

data file conversion (JCAMP-DX, ASC format), printing layout etc. 

Others    : CD and UV spectra can be measured simultaneously. 
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12. Elemental Analyzer� (Instructor laboratory) 

 

Determining the Carbon, Hydrogen, Nitrogen and Oxygen content of unknowns is one of the most 

basic and essential needs for any chemist. The analytical method of CHN Corder is based on the complete 

and instantaneous oxidation of the organic sample by "flash combustion" which converts all organic and 

inorganic substances into combustion products. The resulting combustion gases (H
2
O, CO

2
, N

2
) are then 

detected by a thermal conductivity detector which gives an output signal proportional to the concentration 

of the individual components of the mixture. Elemental analysis determines the amount (typically a weight 

percent) of an element in a compound, and therefore is particularly useful in determining the elemental 

composition, the purity and the empirical formula of the unknown compounds. This method is an essential 

aspect of chemical characterization in natural products, materials science, organic and inorganic synthesis, 

pharmaceutical products, etc. 

 The center has a Yanaco CHN CORDER MT-6 Elemental analyzer with an oxygen determination 

kit. The instrument controlling and the data processing are performed effortlessly on a Windows 98 

platform. Analytical data can be easily handled with MS-WORD or Excel. The technical specifications of 

the Yanaco CHN CORDER MT-6 are as follows: 

 

Specifications 

Elements  : C, H, N, S and/or O (with oxygen determination kit)  

Measuring range : C: 3@2600 μg; H: 0.5@400 μg; N: 1@1000 μg; O: 50@1000 μg  

Accuracy   : < 0.3% absolute  

Sample size  : 2 mg (weighed with a Sartorius microbalance)  

Analysis capacity : 5 ~ 10 times / hour; 20 samples can be continuously determined with an  

    autosampler.  

 Stable time  : 90 min. after switching on.  
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13. Laser Raman micro-spectroscopy (Instructor laboratory) 

 

A Laser Raman spectroscopy can be used as a flexible spectroscopic-analysis method. By 

this spectroscopic method, information, such as a molecular species of a compound, a kind of 

atomic cluster, a binding-crystal structure and a orientation character of a molecule, is 

acquired by measuring the Raman scatters originated from the interaction of the laser light 

and the substance which is irradiated. Compared with other spectroscopic methods, such as 

infrared spectroscopy, the Raman spectroscopic method can carry out non-destructive 

analysis, with easy sampling for materials in solid, liquid, or gas forms, and moreover an 

in-situ analysis can be performed. Therefore, it is a means indispensable to the structural 

analysis of a semiconductor, nano material, and a functional organic polymers. Especially, by 

using surface enhancement of Raman scatters (surface plasmonic phenomenon) for a metal 

and semiconductor nano particle, the detection of a single DNA molecule is also attained, and 

it is proved recently to be powerful to the research on the functional expression mechanism of 

biomolecules, such as DNA and proteins. Therefore, the laser Raman technique is useful to 

both of nano material science and gene engineering. 

The center has a system of high sensitive micro-spectroscopy of Raman scatters (JASCO, 

NRS-1000 series). Following five points can be mentioned as a feature of the equipment. (1) 

Excitation laser wavelength is 532 nm and is having the power supply of air cooling at100 V 
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used stably. (2) It is equivalent to Class I (JIS standard) safety for laser light and 

corresponds to the interlock system. (3) The high sensitive cooling CCD detection system is 

used, and a Raman shift value can be measured in 100~8000 cm-1 by 532 nm excitation. (4) 

In the sample chamber, it is used under modes of micro (back-dispersion) and macro 

(pseud-back- dispersion), and a sample is measured in both modes in a change. (5) 

Observation of a sample, laser spot, and an aperture image can be displayed on a CRT 

monitor with the built-in CCD and a video capture, and the sample with a minimum of 1 

micrometer size can be measured by the confocal optical system. 

A computer is controlled by Windows OS and this system does not need a vacuum, high 

pressure, etc., and it has the feature responding to a micro and macro analysis. The 

education and research in connection with the analyses of organic functional materials, 

medical and pharmacological samples, biomaterials, semiconductors, environmental samples, 

etc. may be well supported with this equipment.�
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14. Thermal Analysis (DSC/TG-DTA/TMA)  (Room 5) 

 

Thermal analyses are the methods detecting structural changes of materials with temperature variation. 

The Center has a comprehensive thermal analytical measurement system (SSI EXSTAR-6000 series) 

including two differential scanning calorimeters (DSC) which detect heat release/absorption of the 

examined sample, a thermal gravimetric and differential thermal analyzer (TG/DTA) which measures 

weight change of the sample with time at a constant temperature or with temperature raising, and two 

thermal mechanical analyzers (TMA) which record thermal changes in dimension, hardness, or some 

mechanical property. 

The measurement system is applied to all types of solid or liquid compounds/materials both organic and 

inorganic, including low-molecular mass compounds, polymeric materials and medical products. The 

system is useful in elemental researches in the field of chemical and bio-materials when examining various 

thermal phenomenon such melting, glass transition, crystallization, solidification/polymerization, 

sublimation/vaporization, thermal degradation/dehydration, thermal expansion/contraction, thermal 

hysteresis behaviors etc.; in thermal characterization of newly synthesized materials; and in product control 

in the daily production. 

Each measurement mode is summarized as follows: 

 

1�SSI DSC 6200: 
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Temperature range: from -150 �C to 725 �C, sensitivity: 1.6 >W. 

For measurements up to 500 ºC, usually, aluminum sample pans are used and samples in both solid and 

liquid are packed into them by using a useful electronic sample sealer. Temperature is computer-controlled 

with an automatic controlled gas-supplying unit. 

 

2�SSI DSC6100: 

Temperature range: from -150 �C to 500 �C, sensitivity: 0.2 >W. 

  This unit is especially useful for high precision calorimetry of, for example, protein solutions in the 

biomaterial field, usually only on heating, but measurements on cooling are possible by using a cooling can. 

A common base unit (control unit) is used for both DSC6200 and DSC6100 modes and the furnace and 

sensor is different.  

 

3�SSI TG/DTA6300: 

Vertical type balance method is employed. Temperature range: from room temperature to 1,500 �C, 

sensitivity: 0.2 >g. Sample amount is usually about 10 mg. Depending on the actual temperature range 

recorded, sample pans made of aluminum, platinum, or alumina are used. 

 

4�SSI TMA/SS6100:  

for measurements from -150 �C to 600 �C 

 

5�SSI TMA/SS6300:  

for measurements from room temperature to 1500 �C 

Both modes use a common measurement unit but with different furnaces. Three types of probes (for 

expansion/compression, needle-in, and tensile modes) made of quartz (for measurements up to 1000 �C) or 

of alumina are available. Maximum sample dimension is 10 mm in diameter and 25 mm in length and the 

TMA range is ±5 mm. 
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15. Femtosecond Fiber-Laser 

 

� Femtolite (BS-60-YS) is a class 3B laser.  It delivers femtosecond pulses at 780nm, 1560nm with pulsewidth < 100 

fs, average power > 20 mW, and repetition=50±2MHz.  Each beam is polarized TEM00 mode with 

diameter=2.5±0.5mm(780nm) and 4.0±1.0mm(1560nm).  The laser head and controller work with wall-plug-power 

(AC 100V) without cooling water.  This laser is maintenance-free from adjustment and expendables.  It is compact, 

light and easy to hand carry� (laser head: 145×98×40mm , controller: 200×215×89mm , total weight: 3kg).  The 

synchronized pulse with laser repetition frequency is supplied from the SMA terminal of laser head.  We can operate 

emission, interlock, and monitor through the remote control connector.  
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16. Tera Hertz Time Domain Spectroscopic Microscope: THz-TDS� (Room 5) 

 

      The tera hertz time domain spectroscopic microscope was introduced.  This device generates linearly 

polarized THz electromagnetic waves.  Because its frequency is among radio frequency and IR light, it has both 

characteristics.  It propagates through paper and plastic plate like electromagnetic wave does.  It can be manipulated 

by mirrors and lenses like lights.  High-resolution images can be obtained by its shorter wavelength comparing with 

radio wave.  The absorbance spectra of several materials and chemical reagents is applied for measurements and 

analysis. 

      The typical characteristics of this THz-TDS are summarized as follows..  The standard configuration works it 

as transmission THz-TDS microscope.  The optics arrangement and control software choose spatial resolution, 

no-resolution, transmission, or reflectance measurements.  We can select mode; no-resolution/ 2D scanning/ 3D 

scanning.  Careful setting (<10μm) for realignment of optics is required.  In order to satisfy easy setting, the laser 

alignment module is prepared.  Detailed information will be given from office and cooperation staffs.  Please ask 

them freely.  The class 3B laser is included in the device.  We must pay attentions for our safety.  And we never 

stain or damage the optics.  We can easily operate THz radiation and measurement with only such attentions. 
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