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1. Syllabus

10:00-11:30, 6 March
Practice 6,7,13,14,20,21 March
Test 27 or 28 March
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Qualification for FT-IR operation

1. FT-IR self-user training
1) Theory class (FT-IR manager Seonhye Son, 4175)
2) Operation class (FT-IR manager Seonhye Son, 4175)
- 10:00-12:00 A.M : Manager explains about FT-IR
- 13:30-16:30 P.M : Each person practices with manager

2. Practice FT-IR yourself
- Each person practice with manager 3 times.

- Please contact manager and make an appointment.

3. Attend the FT-IR test
- 20 min.test
- Explain about IR and measurement methods.

- Sample measurement with ATR or other accessories.
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2. Basic Principles
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Electromagnetic radiation
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Spectral range oo (WPNST

NIR : 12500 — 4000 cm1(0.8-2.5 ym,1.55-0.5¢eV)
- Overtones and combination vibrations

- low absorption coefficient < high sample concentrations

- Advantage : Qualtz is transparent — fiber optics, in glass vials
- Source : tungsten lamp

- Optical material : Qualtz

- Detector : Ge, InGaAs

MIR:  4000-400cmt(2.5-25 ym, 0.5-0.05¢eV)
- Fundamental molecular vibrations : stretch and deformation vibrations
- high absorption coefficient < low sample concentrations
- Source : Globar
- Optical material : KBr, ZnSe
- Detector : DTGS, MCT

FIR : 400-5cm?1(25-1000 um, 0.05-0.0012 eV)
- Backbone vibration of large molecules, molecules with heavy atoms
- low absorption coefficient, strong water vapor absorption — vacuum spectrometer
- Source : Globar, Hg lamp
- Optical material : PE, Csl
- Detector : DTGS, Bolometer
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Molecular processes e UL i
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Molecular vibrations i L WUPST

https://en.wikipedia.org/wiki/Infrared_spectroscopy

Symmetric stretching Asymmetric stretching Scissoring
Rocking Wagging Twisting
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¢ Selection Rules
A molecule will absorb infrared radiation if the change in vibrational states is associated with

a change in the dipole moment (u) of the molecule.

Dipole moment (p)
A dipole moment is a quantity that describes two opposite charges separated by a distance.

u=qxr

g: separated charge(positive and negative charge)
r: distance between center of charges

Vibrational excited states

{ \ Allowed
Ground state transitions
i)
H i"‘H HO [~ (c)
;’f?m& H 1
H H AR
H+ H & - %
P N f o @
H w
Green arrows H H Ground
indicate the . state
direction of Dipole moment No change Dipole moment
vibrations changes in dipole changes
moment

AR TRl | 9



ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

Vibration theory TH urfeT

For a harmonic oscillator it is possible to calculate the vibrational frequency of a
diatomic molecule as follows.

h |k ;
vV =— |— ‘
21C | U L
y
L= M, - M y M, M,
M, + My
Force Absorbance range (cm?)
. Bonding constant )
= vibration frequency(cm‘l) f(dyne/cm)
. . _ 5 _
= vibration frequency(cm-) cC—0 5.0 X 10 1113 1300 — 800
K = Force constant of bond(dynes/cm) €= 50U S LSl = Gl
c=C 9.7 X 105 1657 1900 — 1500
Singlebond K = 5x 10° dyne/cm cC=0 12.1 X 105 1731 1850 — 1600
_ —24 _ —24
c=198x10""g, H=1.64x10""g C=cC 156 X 105 2101 2150 — 2100
VcH = 3040 (0bs)2960 — 2850 C—D 5.0 X 10° 2225 2250 — 2080
C—H 5.0 X 105 3032 3000 — 2850
O—H 7.0 X 105 3553 3800 — 2700
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Vibration theory ;{_.-. LrfsT

C=Cbond C - H bond
v =412 K v =412 £
v MMM, + M, VSR MM, M, + M,
K =10 x 10° dynes/cm K =5.0 X 10° dynes/cm
MiMy _ (12)(12) My _ (D) _ 558
My+M, 12412 M,+M, 12+1 '
_ 10 x 105 _ 5.0 x 10° 3
v =412 —= 1682 cm™(calculated) v =412 0 3032 cm™(calculated)
v = 1650 cm™! (experimental) v = 3000 cm™?! (experimental)
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Vibration theory i UPRST

1) The higher the force constant (k , the bond strength), the higher the vibrational
frequency (wavenumber).

A

%
Absorbance

A

2) The larger the vibrating atomic mass, the lower the vibrational frequency.
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Vibration theory

Example: CO,

symmetrical stretching
1340 cm™!

Relative Transmittance

scissoring bending
666 cm!

0.8

0.6

0.4

0.2

2350 cm™!

666 cm™

3000.

2000.
Wavenumber (cm-1)

1000.

| ﬁ/E T
ULSAN NATIONAL INSTITUTE OF
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asymmetrical stretching
2350 cm™

scissoring bending
666 cm!

The theoretical number of fundamental
vibrations (absorption frequencies) will
seldom be observed.

The overtones (multiples of a given
frequency), combination (sum of two other
vibrations) or difference (the difference of
two other vibrations) tones increase the
number of bands.
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3. Hardware
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Fourier Transform Infrared Spectrometer (FTl-!

ULSAN NATIOMKL INSYITUTE OF 5
SCIENCE AND TECHNOLOGY

Single-beam FTIR Spectrometer

Interferometer IR source

Movable
mirror

Laser
detector

IR detector
Beam

splitter Mirror with
center hole
for laser beam

Sample
compartment

Laser

Mirror wtih
center hole
for laser beam
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Fourier Transform Infrared Spectromet'_ef"rf({l,-‘Tl-U!N ST
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Michelson interferometer

Movable mirror $ & = Optical Path
Difference

‘/\/\ ’
Interference NN — /\/\ O0=nA

Beamsplitter petector
Stationary Mirror P /NN — | O0=(n+%)A
\VAV/

~
C

N
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Fourier Transform Infrared Spectrometé?{i(F’T‘-lR)Lé'r

Dichromatic source Interferogram

l/\

-A -A2 0 A2 A

Continuous source 4= Moveable mirror
A
K\ I
—
N vV >6
: 0

Continuous IR spectrum
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Time domain: Ivs. o Frequency domain: 1vs. v

/OO ) cos(2vd)dv B(v) = /;0:0 [(6) cos(2tvé)dd

% Advantages of FT-IR

Throughput Advantage_Circular aperture, high signal intensity — high signal to noise ratio
Multiplex Advantage All frequencies are measured at the same time

Precision Advantage Internal laser control the scanner — built in calibration
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IR spectrum LEre | UPST

y axis is %T or A

X axis is wavenumber (or wavelength)

d
——
1 ! T=1I/ =
o 0 = : —
T =100 I, A absorbance (no units) =cda
T transmission / (Note A (but not T) o concentration) d = sample thickness
transmittance ¢ = absorbant concentration
a= absorption coefficient
= —— v—H-.r_,-—v—v-'“ﬂll M ﬂ{ﬂ'l"r"l -
1
_ Transmission Absorbance
5 g
fe. &
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IR spectrum ek -

¢ Fourier Transformation)

E / Epackground X 100 = %Transmittance

sample

Sample Interferogram

Ratlo

Apodization l

FT

Background Interferogram

— E—

Absorbance Interpret, Measure

Analyze and Report
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IR spectrum

IR Spectrum in Wavelength (um)

Transmittance

urisT

ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY
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Interferometer

R | Beamsplitter :
. Ge on KBr

Beamsplitter
storage

’ £
VARIAN

Source : SiC material

Detector : DTGS / MCT

Sample Compartment
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Source and Detector LEre | UPST

ULSAN NA}IONAL INSTITUTE OF
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% Source

Nernst Glower heated rare earth oxide rod (~1500 K) 1-50 um (mid- to far-IR)
Globar heated SiC rod (~1500 K) 1-50 pm (mid- to far-IR)
W filament lamp 1100 K 0.78-2.5 um (Near-IR)
Hg arc lamp plasma 50 - 300 pum (far-IR)
CO2 laser stimulated emission lines 9-11 pym

+» Detector

« DLaTGS (Deuterated, L-alanine doped TriGlycine Sulfate)
Pyroelectric detector (mid IR)
DLaTGS detector provides linear response over a very wide
range of FT-IR throughput, which is beneficial in qualitative and
guantitative FT-IR sampling.

« MCT (Mercuric Cadmium Telluride)
Quantum detector
High MCT sensitivity will produce a large signal in a low-flux
measurement. It demonstrates a relatively constant signal
versus data-collection speed.

HPXA2RBUuSKE | 23



FT-IR measurement oo WPNST

ULSAN NATIONAL
SCIENCE AND TECHNOLOGY

Transmission
(Powder, Drugs-Kbr pellt/Films, Coatings, Paints-film
holder/Liquid-window cell)
Absolute reference measurement
1°=0° Sample preparation can be difficult and time consuming

Specular Reflectance
Sample must have a back reflective layer or must be on a mirror
o=Ro (layer thickness = single molecule)

Diffuse Reflectance
Solids and powders, diluted in a matrix of KBr or KCI
Analysis of non-reflective materials

ATR (Attenuated Total Reflectance)

(Powder, Drugs, Films, Coatings, Paints, Liquid, Rubber)
The infrared beam is focused into a crystal

Creating an evanescent wave about 1 — 2 microns deep

No sample preparation

HPXAERBUuSAE | 24



FT-IR measurement i UPRST
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Transmission_Powder, Drugs, Film

Pellet sample (13 mm die) and film sample
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FT-IR measurement
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S urfsT

Type of window materials for liquid sample

AgCl
AlLO,
AMTIR
BaF,
CaF,

Csl

Diamond

Ge

KBr

KRS-5

NaCl

Si

Sio,

ZnS
ZnSe

Silver Chloride
Sapphire
SeAsGe glass, brittle
Barium Fluoride

Calcium Fluoride
Cesium lodide

Diamond

Germanium
Potassium Bromide

Thallium Bromide/Thallium lodide,
extremely toxic!

Sodium Chloride

Silicon, strong IR absorbance between
624-590 cm-?

Silicon Dioxide (Quartz)

Zinc Sulfide

Zinc Selenide

200
1700
300
500
900

200

750
270

300

200

400

300

1200

300
300

25000-360
20000-1780
1100-593
65000-700
70000-1100

40000-200

40000-2500 & 1667-33
5500-625

40000-400

17900-204

40000-625

8900-624

40000-2500

17000-690
20000-454

N/A
1-14
1-9
5-8
1-9

N/A

1-14
1-14

N/A

N/A

1-12

1-14

5-12
5-9

Complexing agents
acids, alkalies
alkalies
NH,*, salts, acids
NH,*, salts, acids

Lower alcohols “wet”
solvents

K,Cr,0;, H,SO,
H,SO, aqua regia

Lower alcohols “wet”
solvents

Complexing agents

Lower alcohols “wet”
solvents

HF, HNO,

HF, some hot acids and
bases

acids

Acid, strong alkalies
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FT-IR measurement i UPRST

ATR (Attenuated Total Reflectance)

s oy
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ATR crystal — Refraction index

I']Sample < NATR crystal

Detector Interferometer
IR out IR in

< ATR system>

Penetration depth
up to tweo microns

I’-PIunger
Crystal Ca
, Crys [

Crysta

At | R Beam

InSe Internal Reflection Element

Single-bounce ATR Multi-bounce ATR
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ATR (Attenuated Total Reflectance)
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@ 7 =& BAEE I, F =222 =28 YAA0 ESIH A2 FHef 72

Depth of penetration (dp) of the IR beam into the sample
A
d =

! 2x(n’sin’@—n?)P

Wavelength Wavelength
2 14m 254m
Crystal Refraction index | Depth of penetration |[Depth of penetration
Y at 1,000cm™ at 45° at 60°
Diamond 2.4 1.66 1.04
Si 3.4 0.81 0.61
Ge 4.0 0.65 0.5
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ATR (Attenuated Total Reflectance)
> ATRAHEEHO| 54

@ R+ 2HEHN 22 XM 37} SHEEX|T STHY M 7|7 CHE

—

@ 2o YEHO[= 05 ~20um O[22 HHHO| Ciet & H&

0
o Film in transmission
< Film bottom side - ATR
§ S Film top side - ATR
3 ©
5 ©
2 o
< o
-
o -

4,000 3,500 3,000 2,500 2,000 1,500 1,000 500
Wavenumbers cm-!

<Ml 52 A= 2K} filme| 2AM Ant>
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FT-IR measurement
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ATR crystal
_ ATR Spectral Refractive | Depth of Penetration ()
Material Uses
Range (cm-1) Index (at 45° & 1000 cm-1)
Good for most samples,
especially strong
Germanium 5,500 - 675 4 0.66 absorbing
samples, such as dark
polymers
8,900 - 1,500 ' '
silicon 3.4 0.85 Resistant to basic
& 360-120 solutions
Very resistant t idi
AMTIR 11,000 - 725 2.5 1.77 eryresis a- 0 acidic
solutions
ZnSe 15,000 - 650 2.4 2.01 General use
Good for most samples.
Diamond 25,000 - 100 2.4 2.01 Extremely caustic or hard
samples

PN e o b S L TS N
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Reflectance method

Specular reflectance Diffuse reflectance (DRIFTS)

Sample

Reflective surface

Sample

Reflective surface

- “n

Seagull Praying Mantis
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4. Pre-treatment
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Transmission_powder sample i LPNST

Preparing KBr Pellets

Step 1. The powder sample and KBr must be
ground to reduce the particle size to less than 5
mm in diameter. Otherwise, large particles scatter
the infrared beam and cause a slope baseline of
spectrum.

Step 2. Take two stainless steel disks. Place a
piece of the precut cardboard on top of one disk
and fill the cutout hole with the finely ground
mixture.

Put the second stainless steel disk on top.

(Fill the ground sample on more smooth side of
disk.)

GTA[EER ZHuSAR | 34
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Transmission_powder sample LEre | UPST

Preparing KBr Pellets Pressing pellet

Step 3. Pressing pellet

1) Place your pellet press into the CrushiIR
= Adjustable Die Stop adjusting the die stop as needed to provide a
= 7 comfortable amount of clearance.

2) Position the pellet press so that it’s top and
bottom are centered relative to the die stop
and the hydraulic ram.

3) Close the protective shield.
Press Arm 4) Turn the pressure lock/release knob fully
clockwise to close.

Pressure Lock
Release Knob

Protective shield

HPXA2RBHWSKE | 35



Transmission_powder sample IR g WIET

ULSAN NATIONAL
SCIENCE AND TECHNOLOGY

Preparing KBr Pellets Pressing pellet

Step 3. Pressing pellet

5) Apply force to the pellet press by
pumping the press arm up and down.

6) Continue applying force to the pellet
press until you reach its maximum
rating.

In the case of the PIKE Evacuable Pellet
Press, the maximum load is 10 US tons.
WARNING - Never exceed the maximum
force rating of the pellet press.

7) Allow the force to stay at the maximum
value for about 1 minute.

8) Then release the force by turning the
pressure lock/release knob
counterclockwise.

9) Open the protective shield and remove
the pellet press to extract the pellet.

NOTE: KBR POWDER IS SOFT AND COMPRESSIBLE. WHEN MAXIMUM FORCE IS APPLIED TO THE POWDER IT IS NORMAL FOR THE
DIGITAL READING TO DROP INITIALLY BEFORE IT SETTLES AND REACHES A STEADY-STATE READING.
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Transmission_powder sample ieE L UPNST

ULSAN
SC|ENCE AND TECHNO DG

Preparing KBr Pellets Pressing pellet

Step 4. Disassemble the die set and put the pellet onto the sample holder.
Step 5. Please clean the die after you finish your experiment,
Step 6. Measurement background spectrum.

Step 7. Take a small amount of powder sample (about of 0.1-1% of the KBr amount) mix with
the KBr powder. Subsequently grind the mixture for 3-5 minutes.

Step 2~6.

Step 8. Measurement sample spectrum.

v' A good KBr pellet is thin and transparent.
Opague pellets give poor spectra and white
spots in a pellet indicate that the powder is not
ground well enough, or is not dispersed
properly in the pellets.
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Transmission_liquid sample

» Eye dropper
Step 1. Choice the window material.(ZnSe or CaF,)

Step 2. Measurement background spectrum with

window material. @‘— sample

Step 3. Place a small amount of sample onto the
window using the eye dropper or spatula.

Step 4. Once enough sample is deposited on the APP'Y pressure and
window, place the other infrared window on top twist top window
of the sample.

Step 4. Twist the windows together in opposite
directions to get rid of air bubbles and to
decrease the pathlength. \__/‘

Step 5. Measurement sample spectrum with Apply pressure and
sample and window material. twist bottom window

xR YHlusxts | 38
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Specular Reflectance reE UFSET

PREPARATION OF SEAGULL

Place Seagull part to FT-IR main body.

(D Seagull part

2 Sample holder

@ ATR sample holder

(@ ATR crystal(Ge and ZnSe)
® Polarizer

Gipx|gEs R aSKR | 39
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Specular Reflectance

PREPARATION OF SEAGULL
Connect and additional purge line to the fitting on the Seagull.

Incident Angle Scale Purge Fitting

(@

7
$

o
/Q\

o —
e =" Q)
0 e ) Angle Adjustment
Pl \\ Knob
g @‘ B =
/7// \ —
/ s
[y _
B = — =~
g > - -
/ //
Jl—
Q
A
<
Foam Purge Seal (2) Q Purge Door Pull
‘ \ ‘ //
/7
w— Base Plate
=
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Specular Reflectance e urfsT

PREPARATION OF THE SAMPLE HOLDER

1) Turn the slide knob on the external reflection sample
holder clockwise (Figure) until the slide is free to move.

Sample

Retainer Plate

Slide

~ Sample
Plate

Height
Adjustment
Knob
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“-
Specular Reflectance Coies  WPRST

PREPARATION OF THE SAMPLE HOLDER 2) Lower the height adjustment knob by rotating it clockwise.

3) Locate the sample plate on the height adjustment knob.

4) Place the reference face up on the sample plate and move
the slide so it lightly touches the reference.

5) Secure the slide by turning the slide knob clockwise.
6) Elevate the reference by rotating the height adjustment

knob counterclockwise until the mirror is held in place
against the retainer plate and slide.

7) Open the purge door and slide the sample holder into the
Seagull™.

g -
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Specular Reflectance LEre | UPST

INCIDENCE ANGLE AND REFLECTANCE OPERATION

The incident angle O (Figure 5) is read from the scale on top of the Seagull.

Sample

~{ A

8) Set the incident angle.

9) Collect the background spectrum.

10) Replace the reference with the sample.

11) Collect the sample spectrum.

©

IIIIIIII]I]I]III]I]I]IIIIIIIII]ID

Incident Angle
Indicator

[IIN0N0E00I

Indexing Ring

s

Angle Adjustment Knob

|
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Specular Reflectance Coies  WPRST

ATR SAMPLE HOLDER 2

The ATR sample holder is used for ATR operation.

Sample holder

&
Crystal Clamp

Ge(or.

ATR Crystal

Sample Holder Body MOUNTING THE ATR CRYSTAL

1) Mount the ATR crystal into the ATR sample
holder using a 7/64” ball driver undo the two
screws on the crystal clamp of the ATR sample
holder.

2) Remove the crystal clamp.

3) Carefully place the crystal on the ATR sample
holder body as shown in Figure.

4) Carefully replace the crystal clamp and
tighten the screws evenly so the crystal clamp is
seated with equal gaps on both ends.

CAUTION:
The ATR crystal scratches easily so it should be
handled with care. Wipe only with damp
lens tissue or cotton swabs.
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Specular Reflectance
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ATR SAMPLE HOLDER

ATR Crystal

Pressure Plate

To use the ATR sample holder:

5) Install the ATR sample holder into the Seagull™.
6) Set the desired incident angle.

7) Collect the background spectrum.

8) Locate the pressure plate on the height adjustment knob of the ATR sample holder.
9) Place the sample on the pressure plate.

10) Raise the pressure plate to make contact between the crystal and the sample.

11) Collect the sample spectrum.

12) Clean the crystal with lens paper and IPA.
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Diffuse Reflectance

M5 Cap Purge Line Fitting
Window /
1(,-

Thumbscrew — '3'-1 M2 Cap

o S
i <> Purge Sleeve
< | = Thumbscrew (2)
\‘\ & - 2 /

7
Purge Door -

Foam Purge Seal

L~

e PN
T ok - .,'/

Knob AN a4 S

Heigh
Sample Stage Mounting Screw

Rail Plate
t Adjustment Knob

’.//
ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

~ \‘-\L’///’
Standard Sampling Cup
10mm diameter (0.25ml)

Microsampling Cup
3mm diameter(0.03ml)
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Diffuse Reflectance = ~urfsT

DRIFT(Diffuse Reflectance Infrared Fourier Transform)
= Factors for high quality DRIFT

Packing
Samller particles Sample dilution reduce Loosely packing maximize
(€10 pum) improve the the distorted spectra IR beam penetration
quality of spectra. by Specular reflectance and minimize spectral
component. distortions.

SIDE VIEW TOP VIEW
\ 120° N
/0\ /_\
>
sample surface sample surface

| Caffaine, Difiuse Reffeciance, Ditied

Kubelka-Munk

00 ] A

3 : Caffeine, Diffuse Reflectance, Mot Diluted

Kubelka-Munk

L la
Interior View of the Praying Mantis ‘ VJJR
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Diffuse Reflectance | i.',»_";{--' LIrfiEE

PREPARATION OF PRAYING MANTIS

= i “‘ B

The plate can be removed from FT-IR
main body when this lever move from

the left to the right.
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Diffuse Reflectance _‘ urfsT

PREPARATION OF PRAYING MANTIS 1) Remove the plate.
2) Change to the rail plate.

3,4) Change the lever position to fix the
rail plate.

~  5) Put the Praying Mantis on the rail plate.
6) Move the Praying Mantis along the rails
until the spectrometer focal point is in the
center of the

., attachment.

: 7) Lock the Praying Mantis in place by
tightening the locking mechanism knob.
8~10) Extend the purge sleeves until they
firmly contact the sides of the sample
compartment. Lock the purge sleeves in

= place with the thumbscrews.

l \ Y.




Diffuse Reflectance = ~urfsT

ULSAN NATIONAL INSTITUTE OF

PREPARATION OF PRAYING MANTIS

For quicker purging, connect an additional purge line to the fitting on the Praying Mantis.

1) Prepare additional line.
2,3) Connect the line to the main body.
4,5) Connect the line to the Praying Mantis part.

Purge line
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BACKGROUND SPECTRUM

ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

1) Prepare reference material.

2) When the reference material is KBr, grind

the powder with mortar and pestle.

The particle size should be smaller than 10 mm

(i.e. not exceeding the wavelength of the

incident radiation).

3) Overfill one of the sampling cups with the

reference material (i.e. KBr).

4) Level off the surface using a flat blade.

5~6) Open the purge door and slide the

sampling cup into the Praying Mantis,

pushing it in against the stop.

7) Find the center of laser position on

sample surface turning the Height

adjustment knob.

8) Measure background spectrum.
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Diffuse Reflectance = ~urfsT

SAMPLE SPECTRUM

1)

sample “7®

1) Add sample to reference material(i.e. KBr).
2) Grind the sample with reference material.
If the sample Is a strong absorber it may need to be diluted (approximately 1~5%) In a nonabsorbent reference matrix.

3) Overfill one of the sampling cups with the sample and level off the surface using a flat blade.

4) Open the purge door and slide the sampling cup into the Praying Mantis, pushing it in against the stop.
5) Close the purge door.

6) Measure sample spectrum.
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FT-IR Measurement s L UPAST

1. Agilent Resolution Pro. STATR

2. Collect => Method Editor

............
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FT-IR Measurement

3. Method List = select method

Method Edito \Program Files\Warian\Resolutions\Sample Dataimethode
File
Contents | Common Settings Iﬁ Soan

=18 Method Summary

T Commaon 5ettings

T Motes

T Background Scan

Slaw Kinatics

T Advanced Setlings Summary

5]

[ Method List

= [ methode (3]
i MCT.chm
=] Standard Method - %T.clm
=] Standard Method - reflectar
=3 Advanced Methods [3]
i) High Res- 0.1em-1.clm
= MIR.cim
] Slow Kinetics.clm
=4 ATR (3]
£ Diamond.clm
| Geclm
= ZnSeclm
=3 Micraseope (3]
i ATPR.clm
] Reflection.clm

_] Transmizsion. clm

@ This page contains the mosk cormmonly used settings. Press F1For more help

Scan Settings

Mumber of scans

S pectum narme

Reszolution [cm-1)
Scan type

Scan range [cm-1)

Sample scan

22 *
zample

4 v
Absorbance b
000 5| 1o B850 %

Uszable range: 6000 ... 450

Spect ter Confi

Method accessory

Inztalled acceszony

Backaround scan
a3z

4

background

Set o Installzd

e

Iﬂ Eackground

'+'S ignal Manitor

4. Signal Monitor click

i
=W Micrazzope
ot

Help

Restore Defaults

urisT
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FT-IR Measurement

| I'I/E T
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5. Single Beam click

— Fie Wiwm COptiors Help
CHGEXOOMETZVE oM G I+ NPLARE§D

[ pe L7 [uhf [~ oot Duore Coenion— (] ZJ8 | [~ GeleotFiepan Templaie - . (g | [~obect ori -

L 45
# i Pubi-Spactra | Cocursarnt | 4843
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&

5=

A0k

Yoks
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20F
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35
A0

45

S5
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E5

I

For Hidp, phacc F1

0= ey

P
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2 o™ a1 4000
Sare b

!Il.wm WL

i W

Ik Pl i

[t ]
| Ao Earsikab

—

Copetight s | (el S00PD 4 ol .
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“,;:1; 2%
FT-IR Measurement SSis L UPNST

6. Background click

Mok N R AT B EES D
I =
|
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. , o s
FT-IR Measurement i UPRST

7. Sample loading and press
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8. Monitor live spectrum click

pectral document1.bsp]
[k File Edit view Collect Transforms Analysis Tools Windows Help

S g MERrit-eM &% I+ NHLMARESD

Ij“ l”: Culrent Scan v m w - Select Quant Calibration - v m -- Select Report Template - » !; - Select Script -

[Monitor Live Spectrum | A=
& multi-spectral document1,bsp
@ Multi-Spectral Document1

35-  background

30-

25=

20-

Response

0=

P S S S P R o
7500 7000 6500 6000 5500 5000 4800 4000 3500 3000 2500 2000 1800 1000 500
Wavenumber

MName Spectum  Created Scan Created Scan  1730: 2320 1165 1453 1434 3030 2340 TrpltPk? TrpltPk3 Peak?3 sugar
Background (Predicted)

“hackgrnund Dane
2 sample __JM | Done

3 background Done

Displays a live "real-time" processed spectrum Copyright © 1993-2003 Agilent, Inc.
e
15 Start
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SRR
FT-IR Measurement LEre | UPST

9. Scan click

= =
E 7 1+ s 0BG
I
......
[ BT

& .
o5 o
¢

10. ATR cleaning

IPA and lens paper



e P
FT-IR Measurement s 1 JAFNET

= o=~ ULSAN NATIONAL INSTITUTE OF
* e 232 SCIENCE AND TECHNOLOGY

11. Monitor live spectrum = If there is no peak = Cancel click

= e [0 s =l o [ B FEgD
'-—.,.
=
1
I \
g Tl 1
) \ syl
] i |l|
e L RO M WE WN WE ME WE DE 1T BT W0 S DT M SN M T8 DN AT ST WD EE DT W0 NE E (8 08
— S —

12. Log of True cafe
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: TS “-
Measurement_FT-IR Microscope s JPNST

= Fill the detector with Liquid Nitrogen.

1) Microscope MCT detector(for single spectrum) need about 500mL liquid nitrogen.
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. ="
Measurement_FT-IR Microscope s JPNST

= Restart the computer and Switch on the microscope part.

1)
2)
3)
4)
5)
6)

se the up and down arrow
Press ENTER to choose.
Seconds until highlighted

Select Agilent FTIR Imaging.

Click OK on Long On to Windows.

Switch on the microscope part(backside of IR microscope).
Switch on the FPA detector(only for the IR image scan).
Switch on the Joy stick for the stage control.

Open the beam line between mainbody and microscope part.

Log On o Windows

Pia N ot L M oN =
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Measurement_FT-IR Microscope

= FT-IR Microscope_ATR

1. Open the Agilent Resolution Pro. Program.

2. Place the sample on the sample stage.

3. Method editor — Method List — Microscope.

urisT

ULSAN NATIONAL INSTITUTE OF

SCIENCE AND TECHNOLOGY

4. Find focus and select the measurement point of sample changing the stage positon.

File:

Contents

= T2 Methad Surmary
] Commaon Settings
T8 Motes
T8 Background Scan
T Slow Kinetics
+ 11 Advanced Settings Summary

[ Method List

= | method [5)
] %T_DLaTES.clm
= ATR.clm
] Reflectance_DLaTG5.clm
i Standard Method - %T.clm
] Standard Method - reflactar
=1 Advanced Methods (4]
= FarlR.clm
] HighRes - 0.1em1.clm
= NIR.clm
2 Slow Kinetics.clm
= ATR[3)
] Diamond.clm
= Geclm

=1 Microscope [3)

i Transmission.cim

Common Settings

@ This page contains the most commonly used settings, Press FL for mare help

Scan Settings

Nurnber of szans

Spectum narme

Resolution [cm-1)
Scan ype

Scan range [cm-1)

Sample scan
32

sample

4
Absorbance
4000 %) 1o 700

Uszable range: 6000 ... 700

Spectrometer Configuration

Method accessory

Installed accessary

<

Backgiound zcan
32

4y

T

background

L

Set to Installed

b

m Scan
b Backgiound
ignal Manitar

=4 Microscope

oK

Help

Restore Defaults
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- s “
Measurement_FT-IR Microscope oo WPNST

= FT-IR Microscope_ATR

Change the X, Y
position of stage

mAperture rotation

Aperture size

nnnnnnnn

Brightness

Reflectance/
Transmittance mode

Turn Right — Stage DOWN Turn Right — Stage DOWN k
Turn Left — Stage UP Turn Left — Stage UP '
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= FT-IR Microscope_ATR

5. Click Capture.
6. Click OK.

3% Resolutions Pro - [Image Setup1]
] File Options Help
oHSXERMEB Y| - M@l ¢ WE
[ po [ Current Scan

[SE]
BEE
i B
BAEERS
VI AR | [~ Select Quant Caltiation - | ZI2 ||~ Select Report Template - | 3 ||~ Seect Sert - MiE]
A=
@ Image Setupl
@ Multi-spectral Document1.bsp

ishlad

=T
Release

Image Attachment

[ Autocapture at Scan

For Help, press F1
/4 start € | @ Total: &

oft PowerPoint ... %

<
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= FT-IR Microscope_ATR

N

. Put the ATR slide to the lens part.
. Method editor — Method List — Microscope — Reflectance — Signal monitor

0o

G Fie Vew vims e —
S H s % I ARERED
[contents I[e settings d semn T .
= 10 Method Summeny @ This page contains the most commany used sektings. Prass F1 for more hielp =
7] Common Settings W W Sonra o]
T Notes
2 o Scan Seltings
Tl Slow Kinetis 208
1) Advaroed Sellings Summary Sample scan Backgiound scan |
Number of soans [32 HE 3 @ 1 |
Spectum name [sample | | | @ L |
r
Faion ) ®
. adl
Methad List R o
Seantange [om 1) ')
© [ method (5] ; g
T OLeTGS.chn Usable range: 6000 700 ) 2
ATR.clm Sty
Reflectance_DLaTGS.cim | | Spectrometer Canfiguration -
Standard Method - %T.cim T [ ——
Standard Method - reflactar Methodaccessay || [ Sellolnseled | @
51 (3 Advanced Methods (4]
£ Faif.cin Instaled sceesso Optiors ¥ |
] High Res - D1em1.clm v [ ¥ ol
2 NRom )
1 Slow Kinetics cim 4o
5LdATRE el
) Diamond.cin )
2 Gecm
.
adl
[ Transmission.cin TR T T m am A am o s awm o m PI—,I;VI-‘JW B0 qm @ Em e w0 =1
< >
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Measurement_FT-IR Microscope Cire g WPET

= FT-IR Microscope_ATR

9. Background — Save

Resolutions Pro - [Multi-Spactral Document1:2]

T Fla tew Options Help =
Fhled DN MBTECe - &l + NHAAREBERD
o [/ AL | |- Seiect Quort Coenaton- | 3 - Select Report Template ~ | /5 ||~ Selec Scopt -
Wmuuﬂ‘ - 4823
255
20+
15

T, & Gt A R EE ©
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05 LI e B | [t 8 | [ 3
1.0
S
2 st
3 Lo B
Fiorane  MulSpecus Domumem Seans: |2
25 Seveasiron Aazoubons P Specta [ bep) o | Ceee o
e 4
30- 32 32
558 Points.
35 5o 4080 < 4080
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40 152 i
|
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H AN \ ey
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L g ans e e |
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208 |
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Measurement_FT-IR Microscope

= FT-IR Microscope_ATR

10. Monitor Live Spectrum

=% Resolutions Pro - [Multi-Spectral Document1.bsp]

QFile Edit Wiew Collect Transforms Analysis Tools Windows Help

JHe B MEEris -l

||1| |j“~" urrent Scan

v IA w - Select Quant Calibration - v

A

Monitor Live Spectrurm }_ B.5—
@ Multi-Spectral Document 1, bsp background
6.0-
5.5-
A=

11. Move up the stage checking the IR signal through Monitor live spectrum.

12. Scan.

latioms Pro - [Nt
Fio tew Oplions Helo

SHe & i [ i

- M G 1 kN

oA EERD

22 e -
e — " . . oo

| The optimum absorbance value is about 0.1. [ e

00558 ".I |‘I Processed

ooy | \ Ll )

- [ »N' e

"1 ('11 [ l T

A ==

1 .‘ I"\ J | |

025+ ‘J I\\" s

1 ol

I
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= FT-IR Microscope_ATR

jocument1. bsp] %3 Resolutions Pro - [Multi-Spectral Document1.bsp]

nalysis Tools Windows  Help [k File Edit View Collect Transforms Analysis Tooks Windows Help
MEEre -eM &G 1+ NTMARERD FoHS XD METYR oM@ ¢INPLARERD
LA i | |- Select Gt Calbration | E[B | |- Select Pepan Template - v‘{_,; |- elect Scvipt - ~E m l’ﬁ Curtent Scan v\[é.ﬂ__.ummwmu_&wp v|is  [-seketscipt- |3
FEN RE
0065-  sample(3) & @ Muki-Spectral Document1.bsp 0085=  sample(3)
0.060- 0,080~
0055~ 0055
0.050- 0050~
0085~ 0045
0040 0040~
0.035- 0035
o lo
8 fnoan E oom-
: :
< E
2 £ 0025-
2
020~ 0020~
0015 0015~
0010~
o a
When you drag this line
’
h . 0000
you Can see the capture Image. 006
0010~ 0010~
“son’ 3m00 wOD 0D 00 00 3300 300 300 G000 28 B R R i1 R TV B
Name Spectum | 17302920 | 1165 Name Spectum | 17302920 | 1165 1453 7494 303
ameic) — | '” 1_samplef3)
2 samplef2] A samolel2) TP
L\ 3 backaround ——]
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1. Remove the protective film in the stage.

2. Place the sample on the stage and find the focus.

3. Remove the sample from the stage.

4. Method editor — Method List — Microscope — Transmittance
— Signal monitor

| == | | Common Settings IM oy
=18 Methad Summary @ This page contains the most commonly used settings, Press FL for more help
T Common Settings |ﬂ Becherad
T Motes i
18 Background Scan Scan Settings ol Horit
T8 Slow Kinetics * Signal Manitor
T Advanced Settings Summary Sample scan Background scan
Murnber of scans 32 E 32 £ D ;E-'_ Microscope
Spectrum name zample background Jra

Resolution [cm-1) 4 v D
Scan type Abszorbance e jg‘ m

[ Method List

Scan range [cm-1) 4000 3| 1o (700 £ j#
= [ methad (5] -
=) %T_DLaT&S.cim Usable range: 000 ... 700 L Restore Defaults
] ATR.clm
_] Reflectance_DLaTGES. clm Spectrometer Configuration
2] Standard Methad - %T clm
_] Standard Method - reflectar Method accessory Set to Installed \IHJ

=1 Advanced Methods (4]

j ;‘.arl"l:!hclm e ch Installed accessory Jr’
B igh Res - 0.1cm-1.clm

= MIR.clm

] Slow Kinetics.clm
=01 ATR 3

] Diamond.clm

i Geclm

H ZnSe.cm
=1 Microscope (3]
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_ '_:.:..':." ot
Measurement_FT-IR Microscope oz WPNET

= FT-IR Microscope_Transmittance

5. Adjust the maximum Interferogram volts value changing the low condenser.

6. Collect Background.

a1+ nfnagels

nnnnn

Volts value of Interferogram = 7. Save.

e AR AR A ‘ L Ty ..
o ey e

Sensiichy
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Measurement_FT-IR Microscope

= FT-IR Microscope_Transmittance

8. Place the sample on the stage and find the focus again.
9. Check the Monitor live spectrum.
10. Collect scan.

33 Resolutions Pro - [Multi-Spectral Document1. bsp:2]

| I'I/E T
ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

S
T File ¥ew Options Help - ax
3 3, L, 2N =< ] N =
CHe A D MBETCEG oM@ R NHLARERS
w l"i" m m -~ Select Quen! Caitration ~ v | ]2 | [~ Select Repor Template - )\,‘; ~ Select Seipt - -
A R
@ Mulki-Spectral Document1,bsp
o Cancal
View
07= O Interferogram
O Single beam
@ Pracesse: 4
0.6= Zoom
05-
Parameters
Apetture:
0.5 cm’-1 at 400( v
0.4-
Sensitiviy
1 -
0
»
3
g
£ 02-
5
2
&4
0.0-
01-
0.2-
0.3-
04
................................................................................
3800 3800 3400 3200 3000 2800 2800 2400 2200 2000 1800 1800 1400 1200 1000 800
Wavenumber
For Help, press F1
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Measurement_FT-IR Microscope it WIS

= FT-IR Microscope_Reflectance

1. Place the reference gold mirror on the sample stage.

2. Find focus on surface of gold mirror.
Aperture size should be same with sample size.

3. Method editor — Method List — Microscope — Reflectance
— Signal monitor — Background — Save

" Reference gold mirror I

CIEIEEES | Common Settings m Soan

=12 Method Summary @ This page contains the most cormaonly used settings. Press F1 For more help 4 P | t h I t h t
1 Cormoateos LA boctgroms . Flace the sampie on the stage.
IZ] Mot

Sample scan Background scan

T Advanced Settings Summarny

2 vgarisin || Scmists Hysovationa | 5. Find the focus and select the

Murnber of scans 32 E 3z H @ .
Spectium name sample backaround i I I leasu rel I lent p0|nt.
.
.
iior) g o 6. Check the spectrum with
Scan lype Absorbance N _i,i . .
Method List M t I t
| Scamangelon] B0 B 0 03 @ onitor live spectrum.
= [ method (5] o
] %T_DLaTGS o Usable range: BO00 ... 700 3 Restore Defaults
=] ATR.cn 7. Scanu
&) Reflzctance_DLaTGS.chn Spectrometer Configuration
] Standard Method - %T.cln
£ Standard Method - reflectar Method accessom Set to Installed SV
[=-[J Advanced Methods 4]
—] Failf.clm Installed accessony Options ¥ _i,i
] High Res - 0.1em-1.clm
=] MIR.chn

=] Slow Kineties.clm
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= FT-IR Microscope_ATR image scan(mapping)

1. Open the Agilent Resolution Pro. Program.

2. Click the Image Setup.
- You can change the Resolution, Sensitivity and Scan number.

2% Resolutions Pro - [Multi-Spe;
Q File Edit Wiew Collect  Tran:

o He &G

Iﬁ l"i"‘ Current Scan

ctral Document1]

2. ﬂm |
VI Wi

indows  Help
(P =] 1=
ging Setup luant Calibration -

Al x|
| @ Multi-Spectral Document 1
s Electronics |Dptics Advanced | Background | Imaging | Computations
. N 1+ AFERD .
[ M i . B cm
— Speed: Fange: 2000 E000 4000 2000 a
| | 2.5kHZ v | Computational:
e — :_"." UDF:- Source:
h | 2 b | Beamsplitter;
o Filter (kHz): Peeclo
| HOME b | Accessony
Resalution [cri™) ; ATR Crystal:
|4 b | Optical Filter:
— Sensitivity: Naminal
L ]
Save Range
|Ejlcgans to Co-add: | O Nominal it
(@ Custom | 4000.000 | | 700 | e
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Measurement_FT-IR Microscope

= FT-IR Microscope_ATR image scan(mapping)

3. Find the beam line from the mainbody.

1) Select the Optics.

- Beam_Internal

- Detector_Mainbody detector(DLaTGS, TE Cooled or MCT, Lin Broadband 1.0)
2) Click Set up.

: M Ol G 1 ABER®
1 b Sem S WA [ sees0umtCotrin - et e Torctn - (5 |- St St Ci]
PR Electro Hvanced | Background | Imaging | Cormputations

IR Source Source Power Hardware

® MIR Source O Boost Beamsplitter; |KEBr wv
(I NIR Source () Normal A .

CCESHON one v

O oif O off

) Extemal ATR Crypstal: - |Mone -
Eeam Optical Fiter: | None w

Intermal
@ Aperture
Left
Ole @ Source Open -
) Riight
() Nat Installed
Beam Attenuator 100%
Detector Throughput ° v
() DLaTGS, TE Cooled
(&) MCT. Lin Broadhand 1.0 Iizrozcope
() Nat Installed [ Pass Thraugh Side Port, Mot in use
() MCT, High Sensivity 251 D etector Optics miode:
O Mot Installed ) Left () Transmittance
ight eflectance
O PRigh @ Refl
() Ground
[ Automatically capture image before scan
Scan ] ’ Backaround Setup ] [ Scope Setup ] [ Save ] ’ Feset ] ’ Cancel ] [ Help ]

T ATEE T SHI=ALR
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Measurement_FT-IR Microscop oo (WPNST

= FT-IR Microscope_ATR image scan(mapping)
3) Click Find Centerburst.

1 File wiew Options Help x

DR X a0 MERCE oM G IR NPHMARERS
["_\[*lr V_‘\m -~ Select Quen! Caltration -~ | [0 [~ Select Aepor Templaie -~ v H\,} - Select Soript -

ET] I
ground
@ Multi-Spectral Document1 6.595
:
5o
e
4= (@) Interferogram
-
Zoom
2=
1 Parameters
Apetture:
0.5em™ at 4000 v
E Senshiviy:
1 -
A=
g o
B Find Certerbuast
————
- = 7
4
e
e
70
v B-
9=
P S S e S S S TS S P
50 100 150 200 260 300 350 400 450 500 550 600 650 700 750 800 850 200 950
Paints
Error10000: Spectrometer Enor. The IR data ADC has ovenanged - sean datais no longer accurate. -~

Errar 0000: Spectrometer Enor The IR data ADC has overranged - scan data is no longer accurate.
Enror 0000: Spectiometer Enor The IR data ADC has owverranged - scan data is no longer accurate,

993-2009 Aglent, Inc.
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= FT-IR Microscope_ATR image scan(mapping)

4) Check Centerburst Found.
5) Click OK.

T File ¥ew Options Help

CHoX A0 METVR =M K+ NPLMARBRS
w |~1» m m - Seleot Quant Cafbration - v | [J1 | |- Seleot Report Template - 9\2’3 - Select Seript -

S Es
Background
@ Multi-Spectral Document1 6.599
1 [
4= (® Interferogram
3=
Zoom
2
- Parameters
Aperture:
0.5 em™1 at 4000 v
0= , Sensitivity:
1 -
=
&
ERE-
- = J
-
e
e
70
I B-
9=
P T S o S s T
50 100 150 200 260 300 350 400 450 500 550 600 650 700 750 800 850 200 950
Paints
Error10000: Spectrometer Enor. The IR data ADC has ovenanged - sean datais no longer accurate. -~
Error| 0000: Spectrometer Enor. The IR data ADL has ovenanged - scan datais no longer accurate.
Errorl 0000: Spectometer Exmor. The IR dala ADL has ovenanged - scan datais no longer accurate.
v

993-2009 Aglent, Inc.

For
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Measurement_FT-IR Microscope sois  WJPRST

* FT-IR Microscope_ATR image scan(mapping) o

| Electiorics | Optics | Advanced || Backgiound | Imaging | Computations |

: il 5 .
4. Imaging — Scope Setup oa " |low | | B .
1) Find the focus of measurement point. —

O Mot Installed

2) Change the aperture size and rotation of lens. e = ’
3) Click capture. = _
4) Click OK. =

@ MCT, LinBioadband 1.0

—

Scan ] [Backgrnund] [ Setup ] [Su:-:upe Setup] Save ] [ Feset ] [

2% Resolutions Pro - [Image Setup1]
] File Options Help )

HoHs ¥ a0 MERY L roM@ll ¢+ NPKARERD

A po | current Scan v | [ Select Quant Calbration = | & | [ Select Regon Templte - v& | [ select seipt - M=l

x|

| Visible Image | Microscope | Stage |

Image Attachment

@ Image Setupl

@ background3. dat

@ Stingray.dat

@ background2. dat

@ Multi-Spectral Document1

‘ [ Autocapture at Scan

i

I

~
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: “-
Measurement_FT-IR Microscope s JPNST

= FT-IR Microscope_ATR image scan(mapping)
5. Put the ATR slide to the lens part.

6. Set the background file name and save condition.
Imaging — Background — New File - Save

Savsin | ) UCRF v @ 2 @ —BIEI
Sizearhye]
Optics | Advanchd | Background | Imabing | Computations
ackaround Esisting Backaround
tin
Select
Mevs Fil
s to Co-add:
File name: |Stmg|ay ‘ I Savi ]
oy C PO FilsarisnRessiutinnstSams
Save gz type: | IMAGE Data [* dat) v | | Cancel | MMM pataMICRFtseonhyet 2012017114201 711 22\backgiound dat
Backgrourd Propert
Status = Exist:
FIES = 4
UDF: =2
Backgiound Gcans = 4
Type = Single-beam
Zero Fillng Factor = Auta
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Measurement_FT-IR Microscope

= FT-IR Microscope_ATR image scan(mapping)

7. Imaging set up again.
1) Select the Optics.

- Beam_Left

- Detector_Ground

2) Click Set up.

FIOHE X DN TN MABERD
.! = e T e e e = Electroni anced || Background || Imaging | Computations
IR Source Source Power Hardware
@ MIR Source O Boost Beamszplitter: | KBr -
(O MIR Source ) Normal
Accesson: Mane w
O oif O 0of
© Extemal ATR Crpstal  |Mone w
Eeam Optical Fiter: | Mone -
Internal
g Aperture
Lett
(®) Source 0.5 em™1 at 4000 em™1 w
so_| [Scmsbe] [ Seme ] [ ] [Tt ] (e ]| O Flight
() Mot Installed
Beam Attenuator 100% v
Detectar T hroughput =z
() DLaTGS, TE Cooled
() MCT. Lin Broadhand 1.0 Microzcope
() Mot Installed [[] Pass Through Side Port; Mot in use
) MCT, High Sensivity 251 Detectar Optics mode:
© Net Installed ® L?ft () Transmittance
) Right (%) Reflectance
(%) Ground
[] Automatically capture image before scan
Scan ] [ Background Setup [ Scope Setup ] ’ Save ] [ Reset ] [ Cancel ] ’ Help ]
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- Fia VS
Measurement_FT-IR Microscope IR g T WS

= FT-IR Microscope_ATR image scan(mapping)

8. Lancer Control

= mae]
Live Display - ) EZL
)I I o
min ol armth mas e
i ‘ ‘ ‘J H ||I|‘ |\|| | .....
L W "”' "‘ 'n\ I Nm i " "\' wi\ “ﬁ
iy Contrast mas i i | | ‘

Calibration
{* Show Flaw Data %

" Show Calibrated D ata

- ol & .I o "‘} L‘ ll ]
I 1 -
[ Expand IR Field of View _Setup Stage 1 MM'H e

Signal Intenzity

HighRange < Calibration >

- Click show Raw Data
- Change Warmth and Contrast checking right image.

Frame Rate (Hz): 277358
Frame Period [ms): 026
Integration Time [mg)  0.055

Average Intenzit: 10348

< Control Signal Intensity >
- Check the shape of mountain.
- Make the baseline one-third of box.

Infa
B4« B4 Lancer MCT

Serial Murmber: 07-2307
Detector Temperature; 75K

< FPA detector information >
You have to check the temperature.
When you see the red warning mark, please close the program and fill the liquid nitrogen again.
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Himii—y
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= FT-IR Microscope_ATR image scan(mapping)

9. Click Calibrate — OK — Check the calibratio

n Results — OK

Live Dizplay
|
J
D T
min W armnth mas
|
|)|
min Contrast mas
Calibration .
% Show Raw Data Calibrate

" Show Calibrated D ata

[~ Expand IR Field of View

Check zignal level with
unblocked beam, then press
ok

Signal Intensity
High Range
Frame Rate [Hz):  3773.58

Frame Period [ms):  0.26
Integration Time [ms]:  0.055

Average Intensity: 10339

Infio

Ed » B4 Lancer MCT
Serial Mumber: 07F-2907

Detector Temperature; 75K

< Calibration Results >
=  OOR Pixels have to be below than 7%.

AN N

LowFluxNoise have to be below than 5.

Live Dizplay
. ;
min wharmnth
|
1 1 ) 0
mir Contrast
Calibration

(% Show Raw Data

™ Show Calibrated Data &l

™ Expand IR Field of Yiew COR Pixels = 117 (2,856 %)

LowFlux = 5539 counts

HighFlux = 10466 counts
LowFluxhaise = 2,44 counts

Signal Intensity
High Range
Frame Rate [Hz):  3773.58

Frame Penod [mz),  0.26
Integration Time [me]:  0.055

Average Intensity: 10463

Info
Ed 4 B4 Lancer MCT

Ak,

The difference value between LowFlux and HighFlux is about 3000.
Value > 3000, Calibration again after decrease Average Intensity .
Value < 3000, Calibration again after increase Average Intensity.
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; e el SCIENCE AND TECHNOLOGY

= FT-IR Microscope_ATR image scan(mapping)

10. After calibration,

you can see the green color window at upper box and yellow line at lower box.
(uncalibrated data would be in white)
11. Click background.

2

mag

=< [E] A [y
o B M A el
briplate -+ | 22y |- Select Serpt - -8
Background
e
iew
() Interferogr
@ Show Calibrated Data
[~ Expand IF: Field of View ~ SetupStage Zoor
Signal |
High Ran ¥ Parar
Epetture:
R 0.5 o™ 24000
ms} 026
Sensitivity:
nsity, 10467
Info
54 1 64 Lancer MCT
Serial Number: 07-2907 e
Detector Temperature: 75K =
Auta Sensitivity

0.00070~

0.00072~

0.00074-

0.00076=

0.00078-
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= FT-IR Microscope_ATR image scan(mapping)

12. Save the data
B

)

o uil@l 1+
seei 112 OB L e
File name: [background | [ save |

Save 25 lype: | Resolutions Pro Spectra [* bsp) |

=5 Resolutions Pro - [background3. dat]
B Fie Edt view Colect Transforms Analy:

Tools  Windows  Help
CHedROMERYRE oM@ T+ NHLARERD
PP pore [ Eument Scan ~ LA A | [~ Sekct Guant Calbration - v §[B | [~ Selert Fepot Template -

(=] —

~| Hé‘ [ - Select script - ~

@ backgrounds, dat

@ Stingray.dat.

@ backgroundz2.dat

@ Multi-Spectral Document !

Diaw Mode
O Wiefiame ) Color Bleed
O Solid O Cortaurs

Colors
Alwaps butoscale

Uppet Intensity

Lower Intensity

Palette Backaround
O Monachiome @ Black

O Color 1
® o2 Ounite

Y Pixel

Zaom

V¥ Scale

3D
Flat View
Fitch

Flotation

Row =38 Cal =40

Response

|
T T T T e T e e e e e T e e e e e e e e
5800 5600 5400 5200 5000 4800 4600 4400 4200 4000 3300 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 BOO 4
Wavenumber
Image Yiew Arimate Slice Show s Unit Options.
Fieauercy Sioe @ [
Featwelnage O o 001 40|

Fealure: = Step: [1.928 ‘



Measurement_FT-IR Microscope

urisT

ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

= FT-IR Microscope_ATR image scan(mapping)

13. Place the sample on the stage and find the focus of measurement point.
14. Open Imaging Setup.

15. Click Setup.

2

i [

ZHS X B

lalt-@Mleg T+ NI MAREND

A e curent sean

~ LA | - Select Buant Caitration -

v m |~ Select Report Templete -

v g:; |- Select aript -

Dian Made

O Wihtame () Color Bleed

O Salid O Contours
Colors

[] Always Autoscale
Upper Intensiy

Lower Intensity

Paleite Background
OMenochiome (2 Black

Q) Colr 1
&) Color 2 O whis

Zaoom
¥ Scale
3D

Flat View
Pich

Fiatation

800 60D 4

x|
@ Stingray.dat
@ backgroundz. dat
@ Multi-Spectral Document 1
Electiorics | Optics | Advanced | Backgiound | Imaging | C
_ 35 o
= Speed Range: 000 6000 4000 2000 0
i
- 0= 25KHZ ||
5= UDF: Souce:
20- 2 |3 B i
15 Filter [kHz) Detector
1o NONE || becessony
: FResolution e ATR Crystal
OpiicaiFiler
! ‘ : : Sensitivity Morminal
R N T [ —
H Pivel Save Range
e » 5 oanslBoadd @ Nominal 000 400 emit
5
@
3
2
I
5
7
2
Y
2 Scan | [Backgoud)] [ Sewp J|(Scopesetip] [ Save | [ Resst | [ cancel | [ Heb
I
3 i
|
T T T o o T
5800 5600 5400 5200 5000 4800 4600 4400 4200 4000 3800 35600 3400 3200 3000 2600 2600 2400 2200 2000 1800 1600 1400 1200 1000
Wavenumber
Esfract ot Image Yiew Arimate Shce Show Asis Unit Options
Fogme S (o) ?;g_%g-m Stat: [ 395,195
Festue Image O Stop: (6ot 430
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Measurement_FT-IR Microscope i UPST

= FT-IR Microscope_ATR image scan(mapping)

16. Move up the stage and check the Display image(green box) on Lancer Control.
17. Click Scan when you see the shape of sample surface.

[ [=]x]

NHMARERD

Live Display

.... [ ermplate v|H\2‘3 |~ Setect Seript - vl

mir Warmth max

I
06| {Cancal]

min Contrast max — -+

View
(® Interferogram

Calibration
 Show Flan Dsta  Calbrate|

@ Show Calibrated Data

I”" Expand IR Field of View Selup Stage

Signal Intensity

Zoom

HighFange [ Parameters
Aperture:

Fiame Rate (H2) 377358 05 omT ot 4000 v
Frame Period [ms):  0.26

o Sensiivity:
Intearation Time (ms).  0.061

-
Average Intensiy: 10263

Info
B4 v 64 Lancer MCT
Serial Number: 07-2307

Detector Temperature: 76K

Find Centerburst
Auto Sensitivity

DDDD?D—V WHH “‘ H\f 'F C_re ]

0.00072-

0.00074-

0.00076-

0.00078-

0.00080~

P S o s PP
a0 100 150 200 260 300 380 400 450 A00 560 600 BE0 700 780 800 850 200 950
Puaints

For Help, press F1 Copyright @ 1993-2009 Agient, Inc

s start €8 8 - ’gu 10:39 AM
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= FT-IR Microscope_ATR image scan(mapping

18. Save.

Savein| 0 20171122 707 = o

=] backgroundz. bsp
| =] backaroundz.bsp
|&] background bsp
=] stingray.bsp

File namne:

[oamptd |

Save as hype: ‘ Fiesolutions Pro Spectra [%.bsp) T L

esolutions Pro - [sample. dat]

0.001-

@B Fle Edt view Colect Transforms Analysis Took Windows Help

BEES
3 v i = ) EJ i (==
- ICHe B oMEBEErE-oM @ !+ RHLARERD
m M‘Eunenlﬁnan "HL\ AR | [~ 3elect Quan Calbration -~ | JJ3 | [ Select Repon Templats ”‘(% |- Select S -
x| Draw Mode
@ sample.dat O wireframe (&) Color Bleed
@ barkgraunds. dat © Sold © Contouss
& @ Stingray.dat
@ background?.dat Colors
& Muli-spectral Dorument 1 (EREED
Uppet Intersity
Lowar Intarisity -
Paletiz Backoround
O Monochiome @ Black
= O Color1
2 @ Color 2 (it
- Zoom
¥ Seale
D)
2] Flat View
Filch
Fiotation
Row =25 Col = 27 |
0.10-
5 0.05- |
E |
oo~ }
0.05- }
if ‘
| ]
P W N N N N W N W N S W W W W W W W W W N W W R
000 4300 4600 4400 4200 4000 3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000
Wavenumber
Edtact at Image View Arimate Siice Show s Unit Options
Row Freauercy Slics. @ Rane 1 || s
P ~ Stopt fenm 4 | (o |
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Open Fiezilla program_Open Site manager

Site Manager

=)

Site Manager

- @ New_Site Site Mame e m Site Mame
[New_site [New_site
Host /1P # URL Host /1P / LURL
[100.100.100.30 Advanced [10.249.74 Advanced
Usermame U zername
|dj|irr| I~ anongrous |dJ|"T| I Anonymous
Paszword Password
. [” Don't save password = [~ Don't save password
Fort Timeout Retries Part Timeat Fietries
|22 |50 |2 [~ Retry On |22 |50 |2 [~ Retry On
[+ PaSY ™ Use Prosy [7 PASY ™ Use Prosy
Connection Connection
[FTP =] [FTP =l
Comments S5L Oplions Comments S5L Dptions
I ~ ~ 2 4 r
r r r r
MNew Site MNew Categary | I Connect || Cloze | Mew Site Mew Category | -I Cloze
S— E

Host IP :

100.100.100.247 (in UCRF)
10.24.9.74 (from outside)
Username : djlim

PW : 0254

Port: 22
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Data translation with Filezilla program =

Equipment PC
100. 100. 100.30

Network Connect

urisT

ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

Server PC Researcher PC
100. 100. 100. 100
Internet Connect

—)

10.24.9.74 10.24.9.74

@ Core FTP LE - 10.24.942- Wk
File Wiew Sites Manage Help
&Y A= o, N
E 7 & N P Oohd ®@$ i @ ?
250 CWD command successful. " is current Folder. -
PO
257 "I"is current directory,
PASWY
227 Entering Passive Mode [10,24,3 42 146,137,
LIST
Connect socket #1020 10 10.24. 9,42, port 37563 .
150 Opening data conne
226 File sent ak |
l Transferred 4,525 butes | UCRF PC Or My PC Server PC i
lcssx 2 [ o G & oM x & [ o a9 & &
Ii-'—. |CZWUSEBWUN|STWDDCUmEn15W ﬂ |f ﬂ Ii-'—.
* | Filename Size | Date | * | Filename | Size | Date -
09/13413 09:07 <.
) Fax 08/13413 1128 ..
J Malvem Instruments 05/19/12 10:43 , Compary 10/04/13 11:|=
| SAP 10703413 17:24 . Labs 10706413 20:
| Scanned Documents 0813413 11:28 . Program 09/02/13 12:—
) Ah=oH 0807413 15:49 | toengineer 0130413 10:
IIEIJSEH ul F = 14 KB 09726412 1759 | touser 10/04/13 15:
@XHF_data_EIc'.‘ s NZ2KB 12/2712 13:22 , UCRF 10:0213 17
@:HEHL S LF_2009 = pdf 45 KB 08/07/13 1613 , UCRF =15 & 10/01/13 14
@J =S - HN=EH L BRI H dax 3Z2KE 04726413 18:00 'I_ﬂ'_]ﬂFl't"l A 2 220 e 0 M4/27413 15




6. FAQ

Reservation control informatio e . TR

d . ‘ i
Request for self user _ sfifr,
. v »
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*
' ™, &
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Reservation control information

-
&
ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

Reservation time unit DEIY IRERETRA Cancelable timing Fee (ATR)
reservation time

Client 21,000/hr
30 min. 3.0 hr 2.0 hr
Self-user 15,000/hr
Create Account
www.ucrf.unist.ac.kr 1
o DSavsli Sign Up |Fmgotynurpasswnrd m UrisT UCRF X
IFHST  Central Research Facilities AboutUCRF  EquipmentStatus  DataRoom  Participation Space  Q 2
1. Click [Sign up]. @ uniseacic
e . 3
2. Click [UNIST Member]. sus
3. Input [Portal id/pw]_Click [Confirm]. e
Please check your information. S o
Contact Extension 4064
4. Input professor name in [Principal investigation] e [0 [ *
_Click [Professor search]_Click professor name. ams 4
5. Click [Create Account].
[ ] o
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ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

Request for Self-user oy - urfsT

www.ucrf.unist.ac.kr

Welcome =45 MyPage | Edit profile m

F Equipment Status Data Room Participation Space Q

Status of analysis request

My Page Status of analysis request
UNIST Central Research Facilites
Request for Self-user . lication esult ¢
Equipment Status Appdatet gnal tsi After pass the test’

Status of analysis request

Request for Self-user 1. Login UCRF website.

Status of settlements H
2. Click [My Page].

41 [My Page]
Status of education Materials Characterization Lab 3. Click [Request for Self USGI"]_
application

4-2 4. Select the equipment.
Status of tour application Surface Analysis

1) Select [Materials Characterization Lab].

Status of access permissions 4—3 e .
application confocal Raman 2) Select [Surface Analysis].

Status of penalty 4_4 3) SeleCt [Confocal Raman].
4) Click [Apply].
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: : ="
Reservation 2 UIFIST

ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

portal.unist.ac.kr — Research Equipment— Equipment reservation/input result

IJr“E-r Administration Room Seonhye Son | Site map | Log out Q I KOR | ENG
u

Home Human Resource Financial Procurement Asset Budget Research Equipment Fund Intellectual Property Application for use of lecture Bulletin board Settings Improvement Request

Equipment Reservation

“|» H
S
Equipment Reservation Search condition
Equipment Reservation List
Faupment St Reseonvation date: 20150101 @ Resenvation O Input result  © Completed € Al
s dassifcation: | adcssicston| 7| cupmemeame  |7]
Favorite et
Equipment booking list =
| & Application H [i] Reservation cancel H . Input result|
Select | Status Sortation Equipment name Chief of research Researvation date | Reservation time Fee | 1st classification 2nd classification name Application date Free_Test | Free_Longterm = Memo
[] | Reservation Admin Confocal Raman zE7| 20150817 13:00~16:30 000 UMAL - 7|7| 254 Surface Analysis 20150804 1544 ] O B
[] | Reservation Admin AFM-Raman ze7 20150817 13:00~16:30 000 UMAL - 7|72 Surface Analysis 20150810 1627 O O
O Reservation Admin Confocal Raman 2gE7 20150817 09:00~11:30 000 UMAL - 7|7| 244 Surface Analysis 2015.08.04 1844 (m} [m}
[ | Reservation Admin AFM-Raman 2157 20150817 08:00~11:30 000 | UMAL - 7|7 244 Surface Analysis 20150810 1627 o O
[] | Reservaticn Admin FL-IR 27| 20150813 15:00~18:00 000 | UMAL - 77| xa Spectorscopic Analys 20150807 1053 [m] O
[] | Reservaticn Admin FT-IR g7 20150813 13:30~15:00 000 UMAL - 7|72 a4 Spectorscopic Analys 20150807 10:52 O O
[] | Reservation Admin FI-IR uE7| 20150813 08:00-12:00 000 | UMAL - 7|7 244 Spectorscopic Analys 20150807 0857 O O
[] | Reservation Admin Confocsl Raman 2E7| 20150812 15:30~17:00 000 | UMAL - 77|24 4 Surface Analysis 20150807 17:15 O O
[ | Reservation Admin FLIR %7 20150812 10:30~11:00 000 UMAL - 7|7 244 Spectorscopic Analys 2015.08.07 1457 o O
O Reservation Admin Confocal Raman 297 20150812 09:00~10:30 000 | UMAL - 7|7| 244 Surface Analysis 2015.08.06 1321 O O
[] | Reservaticn Admin FL-IR 27| 20150811 14:30~18:00 000 | UMAL - 77| xa Spectorscopic Analys 20150807 0857 [m] O
[] | Reservation Admin Confocal Raman zE7| 20150811 13:30~1430 000 UMAL - 7|7| 254 Surface Analysis 20150805 11:42 O O
[] | Reservation Admin Confocal Raman uE7| 20150811 08:00-10:00 000 | UMAL - 7|7 244 Surface Analysis 20150810 1304 ] O
[] | Reservation Admin FT-IR 2E7| 20150811 08:00-12:00 000 | UMAL - 7|7 244 Spectorscopic Analys 20150807 10:56 ] O
[ | Reservation Admin FL-IR 2157 20150729 08:30~10:30 000 | UMAL - 7|7 244 Spectorscopic Analys 2015.07.28 1326 o O
[ | Reservation Admin FL-IR 27| 20150717 16:00~17:00 000 | UMAL - 77| 244 Spectorscopic Analys 20150717 1800 [m] O
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Reservation o JIFST
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[ Equipment reservation help

Search conditic ) =
Inquiry

| @ Resenvation (" Input result ) Completed O All

l 1st classification ‘ | 'l 2nd classification v Equipment name: - I

Researvation date: 20150101 2015.08.04

Equipment bookina list =
e Application
Select | Status PR s Chief of research Researvation date | Reservation time Fee | 1st classification 2nd classification name Application date Free_Test | Free_Longterm | Memo
[] | Reservation Self AFM-Rzman 27| 20150724 14:00~15:00 000  UMAL - 7|7|5ta & Surface Analysis 20150717 11:08 | O |;|
[] | Reservaticn Self Confocal Raman 7| 2015.07.24 14:00~15:00 000 | UMAL - 7|7 24 Surface Analysis 2015.07.17 11:07 ] O |;|
O Reservation celf FT-IR HET| 2015.07.23 13:30~17:00 000 | UMAL - 7| 7| 244 Spectorscopic Analys 2015.07.17 11:05 O O |£|
O Reservation Self Confocal Raman nE7| 2015.07.22 13:00~14:00 000 | UMAL - ?|7| 24 surface Analysis 2015.07.20 11:20 O O |£|
[] | Reservation Self Flucrometer 2157 20150720 14:00~14:30 000 | UMAL - 7|7| 24 Spectorscopic Analys 20150717 11:03 O O I;I
[] | Reservation Self Fluorometer 27| 2015.07.20 13:30~14:00 000 UMAL - 7|7| 24 & Spectorscopic Analys 20150716 1655 | O |;|
[] | Reservaticn Self FI-IR 7| 2015.07.17 16:00~17:00 000 | UMAL - 7|7 24 Spectorscopic Analys 2015.07.17 18:00 ] O |;|
— =
3 [] Application |\ 3 Close || 2 B7|<>x7| "

Select equipment

1 = 1. Select the classification and equipment

15t classification: | UMAL - 717|258 [*]  20d dlassification: | Surface Analysis [*]  std classifcation: | Cenfocal Raman [~]

project informaion

e[S B . st et . 2. Select the time you want on white box.
Yellow box : my reservation

&if | | Reservation time unit daily maximum reservation time Reservation open timing Cancelable timing Fee

s Red box : others reservation

i ROIAFSI01 | Laser power on/off
2 " S2JAIEI02 Keep clean lens to aveid contamination

Time/date 07/20(M) 077211 07/220M) 07/23(M) 07/24(F) 07/25(S) 07/26(S) 07/27(M) 07/28T) 07/23(W) 07/30T) 07/31F) 08/01(S) 08/02(S) 08 - - -
I oovo-0os0 = = o o =] =] =] =] =] =] =] a 3 CI k [Appl ]
b = m] m] m] [m] [a] [a] [a] [a] [a] [a] [a] u] ) IC Icatlon -
i [EEELTIRTEY 5] 5] 5] ] a] a] a] a] a] a] a] O [m}

1030-11.00 =] =] =] =] O a] a] O a] a] O = =

12:00-12:30 5] 5] 5] 5] 5] 5] 5] 5] 5] 5] 5] = =

11:30-1200 ] ] ] ] a] ] ] a] ] ] a] [m} [m}

12001230 5] 5] 5] ] a] u] u] a] u] u] a] [} [}

1230-1300 5] 5] 5] 5] ] a] u] u] a] u] u] a] [} [}

1300-1330 =] =] =] O O O O O O O = = H

=] =] =] O a] a] O a] a] O = =
5] 5] 5] 5] 5] 5] 5] 5] 5] 5] 5] = =

1430-15:00 ] ] ] a] u] u] a] u] u] a] [m} [m}

1500+1530 5] 5] ] ] a] u] u] a] u] u] a] [} [}

1530-1600 5] 5] ] a] a] a] a] a] a] a] O O

1600-1630 =] =] =] O a] a] O a] a] O = =

16:30-17:00 5] 5] 5] 5] 5] 5] 5] 5] 5] 5] = = .
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Search condition

_, Inquiry

Reseanvation date: 20150101 || . |20150804 |y

.

(¢ Reservation (7 Input result O Completed Al

15t classification: | UMAL - 7171258 Y| and classification: | urece Analyss *|  Equipment name:|Confocal Raman v

P Reservation cancel

o Application{ | - Reservation cancel || 7 Input result

Select | Status Sortation Equipment name Chief of research Researvation date | Reservation time Fee | Lst classification 2nd classification name
|| Resenvation Self Confocal Raman 297 20150724 14:00~1500 000 UMAL - 7|7| 244 Surface Analysis
[] | Reservation gelf Confocal Raman &7 0150722 13:00~14.00 000 | UMAL - 77| 244 Surface Analysis

1. Select the reservation.

2. Click the [Reservation cancel].
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After measurement, you have to input result instead of filling in log sheet

| [ Equipment reservation

Search condition =

) Inquiry
Researvation date: T
|2(115.0J.01 |‘"|2915"3"1"'0“‘l || (® Reservation O Input result O Completed O All

1st classification: M J7IEng |" 2nd(|a;siﬂ(ati0r|: Equipment name:
Equipment booking i I n p Ut reS U |t =

o Application || [ Reservation candl || |7 Input result‘

SEEY] Status Sortation Equipment name Chief of research Researvation date | Reservation time Fee | 1st classification 2nd classification name Application date Free Test | Free Longterm | Memo
Reservation Self Confocal Raman x| 20150724 14:00~15:00 000 | UMAL - 7)17|1 244 Surface Analysis 20150717 1107 O O |;|
[0 Reservation celf Confocal Raman 4z 20150722 13:00~1400 000 | UMAL - 7)17|1 244 Surface Analysis 20150720 1120 O O |£|

1. Select the reservation.
2. Click the [Input result].

e 2= = B3
3. Check the informat d click [S S facoe
. ec e Intormation ana ciic [ ave]- dition
| Reservation information =2
(), Inquiry
. Resenati ber. .
R | o e |02y Reservation date: | 2010724 Client authoritization: | 5&If E Esondgunstaci &
15t classification oMl | APPlication date: 20150717 Reservation time: 14:00~15:00 Rate 50 Equipment name Confocal Raman
Equipment booking || Project informaion =
- Chief of research | Chief of research Detail project number detailed item Executable amount
pication] [ [§14
20032 na7| - - ° [ °
Select | Status
Resenvation || =
[1 | Resenation
Cost Unit quantity | Unit | unit amount discount applying | Option applying | Amount | Fee Rate | Amount
ECEE T 05 H 12500 10 25,000 50 12500
=4 25,000 12,500
Process condition =
e s Mode ATR
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Guideline for the Operation of the UCRE.‘
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Article 1 (Purpose)

This guideline is intended to provide detailed requirements for operating the Central Research Facilities at Ulsan National Institute of
Science and Technology (UNIST) (hereinafter referred to as “UCRF”) in accordance with Article 10, Operational Regulations of Central
Research Facilities at UNIST.

Article 2 (Scope)
This guideline shall apply to faculty, graduate students, undergraduate students and researchers at UNIST, as well as external clients, who
request services from UCRF, and equipment managers.

Article 3 (Definitions)

Terms used in this guideline shall be defined as follows:

“Autonomous use” means that UNIST faculty members or students use UCRF's equipment without any help from the equipment manager.
“Autonomous user” refers to users who have qualifications for the “autonomous use” of the equipment in paragraph 1 above, according to
procedures set by UCRF.

“‘Request for analysis and processing” is a request to the equipment manager to perform a series of analyses and processes, so
autonomous users can use UCRF's common equipment to obtain the results of a test analysis or process.

Article 4 (Access Management)

@ If any personnel want authorized access to laboratories with restricted access, they must fill out an application form and
receive approval from the supervising professor and Center manager to register their ID.

@ If any personnel needs to access laboratories for equipment maintenance and repair, they must be accompanied by a
competent manager or have the manager's approval to gain access to the labs.

® For laboratories that require safety training for personnel with access, approval for access will be withheld until they complete
prior training, as specified for each laboratory.

Article 5 (Requests for Analysis and Processing)

@ If a client requests for analysis and processing that can be supported by UCRF, the client should discuss with the equipment
manager beforehand.

@ A client who requests analysis and processing shall cooperate with the equipment manager in identifying the necessary
information needed to maintain the normal operations and safety of equipment or facilities.

® Analysis and processing services will be available to clients on a first-come-first-serve basis. In any special circumstances
such as equipment inspection and repair is needed, requests for such services may be reserved or cancelled at the

equipment manager's discretion.
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@ If there are no special requests from the client, each manager may discard any specimens that are seven days or older after
the results-notice date, and may also discard the outcome or results data produced by the analysis and processing service
three months from the day of said notice or later.

Article 6 (Qualifications for Autonomous Use)

@ Authorized persons who qualify for autonomous use shall be limited to graduate students, researchers, professors and
authorized undergraduate students (with the supervising professor's approval) at UNIST.

@ Qualifications for autonomous use shall be granted to any persons who satisfy the requirements specified by each laboratory
(e.g. safety training, equipment user training, evaluation, etc.).

® A list of autonomous users shall be updated every 6 months and shall be published on the UCRF homepage.

@ An autonomous user's qualifications may be cancelled if the equipment manager deems it necessary, or if the user does not
frequently use the equipment (less than the minimum limit of 10 times in the last 6 months). In such cases, users may
discuss with the manager and go through a re-orientation process to be qualified for autonomous use again.

Article 7 (Responsibility of Autonomous Users)

@ Autonomous users should follow the instructions for using the equipment as they learned during the orientation. If there is
something significant to report, they must discuss with a competent manager and help operate and maintain the safety of
the research equipment facilities.

@ Autonomous users will be liable for any accidents, equipment damage, failure and loss incurred as a result of their
negligence when using the equipment.

® Equipment reservations should be made a day (24 hours) prior to when they need to use the equipment, and may be
cancelled no later than 12 hours before the booked start time. If a user wants to cancel their reservation, they must inform
the equipment manager via phone or e-mail during regular work hours (weekdays: 09:00 - 18:00) or via e-mail during off-
hours.

@ Any reservations that are made less than 24 hours in advance may be cancelled before the booked start time. If users want
to cancel their reservation, they must inform the equipment manager via phone or e-mail during regular work hours
(weekdays: 09:00 - 18:00) or via e-mail during off-hours.

® After using the equipment at night or during the equipment manager's off-hours, authorized users should make sure the
laboratory is put back in order, the lights are turned OFF, and the entrance door is properly locked before leaving.
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Article 8 (Restrictions for Autonomous Use)

@ For the convenience of other users, a comfortable research environment, and to promote proper use of the equipment, UCRF
may sanction users.

@ Sanction criteria from the above paragraph 1 shall follow "Table 1. Penalty Points and Sanction Criteria for Users of Common
Equipment.”

Article 9 (Billing for Test Analysis Fees)

@ Clients or autonomous users will receive bills for test analysis fees in the following month after the analysis and processing
has ended, and may only pay for these bills to UCRF's bank accounts.

@ Clients or autonomous users shall follow the specified procedures to pay bills charged under the standards of test analysis
fees in accordance with Article 8, "Operational Regulations of Central Research Facilities at UNIST."

® The standards of test analysis fees, as stipulated in Article 7, Operational Regulations of Central Research Facilities at UNIST,
may be provided to clients or users before request or use.

@ If this is their first request or first time using the equipment, clients and users should submit copies of their business license
and their bank book to UCRF's administrative offices.

® When there is any change to the business license, they shall inform the administrative manager of the change and send a
copy of the new business license to the manager.

® Bills for test analysis fees shall be issued by UCRF's administrative office, and clients or users shall pay the bill to UCRF no
later than 1 month after the bill is sent to them. If the payment is overdue, UCRF may stop supporting services for users and
laboratories in arrears.

@ If more time is required for analysis and process due to negligence on the part of clients, additional test analysis fees may be
charged.
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Behaviors subject to penalty points Penalty pts
[Eligibility to use equipment]
1 Unauthorized use of equipment without permission 5
2 Use of equipment without a reservation 3
3 Someone other than the equipment lessee used the equipment 3
[Reservations for using equipment]
4 Reserved and used equipment outside of permitted hours 1
5 Use of equipment beyond the time reserved without making another reservation beforehand for extra time 1
6 Failed to use the equipment durng the reserved time and did not cancel reservation in advance 3
7 Cancelling reser\./.a.tions for equipment after the cancellation deadline, under Article 7, Guideline for the Operation of the UNIST Centr 1
al Research Facilities (UCRF)
8 Use of any equipment without giving a prior notice to the equipment manager, after making a reservation 1
[Careless behaviors]
9 Using functions on the equipment that are not permitted 3
10 |Failure to promptly notify the manager of any errors or failures detected during use 3
11 |Negligence that resulted in damages or failure to the equipment 5
12 |Negligence that resulted in loss or damage to an equipment component or part 5
13 |Failure to record in the equipment usage log after using any equipment, or misrepresentation or partial representation of the facts 1
14 Fai_IL_Jr_e to provide speci_men informatioq required by th_e equipment manager to ensure normal operations and safety of equipment or 3
facilities, thus resulting in damage or failure to the equipment
15 [Careless behaviors] 3
16 |Using functions on the equipment that are not permitted 5
17  |Failure to promptly notify the manager of any errors or failures detected during use 5
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Follow-up actions

Classification Penalty pts.

(Individual users of equipment)

Equipment manager will notify user(s) and their supervising professor by email of their penalty p
> 5 boints oints total, and shall post the details of their penalty points on the bulletin board of the equipment|
=°P room. Users with penalty points 8 points or higher may not use the relevant equipment for 3 mo
nths.

Sum up penalty points imposed
to individuals Equi . . . - .
quipment manager will notify user(s) and their supervising professor by email that the user(s)

> 8 points may not use the relevant equipment for 3 months until they complete the re-orientation course;
=P will also forward an official notice to their supervising professor; and will post details of their pen
alty points on the bulletin board of the equipment room.

(User's laboratory)

Equipment manager will notify the user(s) and their supervising professor by email that user(s)
= 12 points with penalty points 15 points or higher may not use the relevant equipment in the laboratory for
Sum up penalty points imposed 3 months.
on the students in the laborator
y for the same equipment in the

same laboratory

Equipment manager will email the supervising professor to inform that the user(s) may not use t
> 15 points he rel_e\_/ant equipment in th_e laboratory for_3 month_s; will also fqrward an oﬁicial_ notice to their s

upervising professor; and will post the details of their penalty points on the bulletin board of the e
quipment room.

UCRF will notify students and their supervising professor by email that the user(s) with 25 penalt

= 20 points y points or higher may not use any UCRF equipment in the laboratory for 1 month.

Sum up penalty points imposed

on the students in the laborator

y for all ga%zﬁjggrlgggm in the UCRF will notify students and their supervising professor by email that user(s) may not use any
= 25 points UCRF equipment in the laboratory for 1 month; will also forward official notice to their supervisin

g professor; and will post details of their penalty points on the bulletin board of UCRF.
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