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= BHEGHE L RATE

AR S R IR g5 b s el o BEAR R % EBLI4ALE 7 0 R
ek BT 4 R R~ B 2 R 4 X b kB 3 R -Nicolet 6700
( Thermo-Nicolet Instruments, Madison, WI, USA) %2 % #= & ‘= *F &g i
Continuum (Spectra Tech, Oak Ridge, TN, USA) & & @ = - H ¢ & =
Fa oo bRz A Ra L4 (KB F o oo ez 54k
Pl E% § 4 £r(77 K) e A g FF I 47 (Mercury Cadmium Telluride » MCT)
WRIEEFHEE HRPG M~ BRI R AR (Detectivity, D* ) % k3%
B RIF B A S 5 50 x50 um? ~ 5.0 x 10'° cm Hz"?> W 2 4000 — 650 cm
Voo #h 4 K R enR A Bl d o vh ok f MG T F ek od & 2 W
b RFRAFE I > R L B T e B A< B 553281
2 F 543\ B ficd 8 (Cassegrain objective, N.A = 0.65)> & &% & B &
TiRFRFER HREXBEDLF T 95 13x10um?e gt #h
F %P orB~18 F Bl (Interferogram)3= 41| * Happ-Genzel #1] &_>
#25% (Apodization function) #-3Z % & 'V 5 B 20 Pt & = #9135

demE L FB D o

Beam Size Interferometer
Acceptance Angle Energy Flux
Source FWHM Resolution
H x V (mrad?) (cm™) (photons/ sec)
H x V (micron?) (cm™)

BM 70 x 30 4000-650 13 x 10 0.125 2 x 10"
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EEﬂB Edit Collect ¥iew Process Analyee Report Afl: Window Help =&

Default - Transmission j
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GND spectra selected m
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404

4000 3000 2000 1000

x

OHBO®D=LX =

¥ * eni & 50 iE 78 4o #77] (Main Function)

ﬁ F B 53K T(experiment setup)
ﬁ ## % B (collect background)=>1,

ﬂ FF & & % ¥ (collect sample)—2>1

PPt
CtrHD> % % k2 F F + 712
Ctrl+F-> Fit Window &g -7

Ctrl+H->*Z & £ 3% (Hint)



=~ R 5% 28k Z(experiment setup)
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® Sample compartment: £ & - B & p] % b
2FTIR# & 2 %8 (main)
> 5 st (uScope %R / uScope % T » :EZH & &+ 7 % £ P

® Source: E#H kR

— 1R (Globar source) Beam size: 50 x 30 um?
—>External (SR source) Beam size: 13 x 10 um?

® Recommended range: % T & |k #icf* ]
-4000~650 cm™ (MCT/A: 4000~650 cm™ ; DTGS: 4000~400 cm™)

® \Velocity: %k TR HBESHER (F L FEFITAE X TE4 com P (&
kiRt - Bk T BT H$0.125cm)  MCTH # 3 B
% 1.8988 cm/s ; DTGS# # i & 5 0.4747 cm/s)

® Detector i B & 4% : MCT/A=50*50 um? MCT/B=250%250 pum?

® Aperture: FTIRA # p 5k Blaperture & /5

(#taperturezk ¥ 3t iz vh kR enE 8L b o5 F aperture: T BT FF iz ¢ B R

R R TR 2 e o F R AR IR FHRLBEED

# B FEHLM 4o o 2 d SOFTIRP enlz vk 6k 5 2h 103 kiR o o b sk g

MAEEF R NE R AL D Lk la ¥ F o B AN &g



G2 B ¢ S B G i b k2 B Rk hfp L gt R
R AT R T Bt 0 RS B R RAT R kSl g p

B — 1 2E FKapertures3t jT @

.. Bench ' -
| Peakto Peak:3.18 Loc:1024
E ) ® _ Parameter | Walue all
== e Peat 2048 Sample compartment  Left pScope; %R _:_
Detector MCTAA =l
Beamsplitter KBr =l
Source IR ~!
Accessory MNone e
Window Mone 7
Recommended range 4000 - 650
Max range limit 4000
Min range limit 650
" sy =1
Gain: 1 1.0 ~
“elocity 1.8988 -~
- : . . . - " - . . | Aperture 100
1100 1000 Sample shuttle I}
Data points
@{t\v | I | =3
A A | r=|=a &=
™ mglebeam
A Ton
( Help ’ EOpen’ ( Save ) (SaveAs’ ( OK ’ ('Canc'el’

1)

ns [BEL >w-iang

[hadly- A< FH‘%&U“ ’J
beam=> #-F ¥ B FF 1 [B] 3

93

¥

@ FFT 8 3% 2 47

Complex Spectrum
(Frequency domain)

L
2) B 24y Ey >%{
3) Bk 1% M Single
Interferogram
(Time domain)
Fourier
Transform

Interferogram
(Time domain)

Real Part
— Intensity information

— Imaginary Part
— Phase information

Phase |
Correction |

Corrects phase p
errors from
optical/electronic

4

\/’

sources Presented as

real numbers

Frequency

Corrected Absorption Spectrum
(Real component)

-

I
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R Y R A > EA- i 4§ aperture i
a)k e n o

~ ~ 2 S —
MR TR
- 7, =~
% 8 e (uScope%R or pScope%T)
7t Tmapping; 7 % X aperture®i &
Expe riment SE.t.LIp"— C:.lMy_.Dnc.umen_t:swrnnic.lPa.ramlDeI&.ull.,.exp.
- Dimensions Aperture
Caollection type: Area map
X T D
Stap size (umi: [ B f E— 3 © Rectangular H{umy: [1o
Mumber of points: [a E (U i 10
Estimated collection time: 30.99 minutes Anale =y I—
Estimated disk space: 82154 KBvtes Llae d
Background O Hane
Background: The hackground pointis not defined t e 3 ( o 3 t s ’
Background point {pmj: | Mot defined Mot defined vl
—Profile ,’
Profile type: IChemigram Li
Region start; Iu_u Region end; 0.0
Baseline start: |D.D Baseline end: 0
B Advanced mapping options
(oo ) [omn
Cren Y Copen Y Csae ) Foavess) g
KB _— L .
b)d i * % 2 ZFTIR# - 1 % (main)
=344
ﬁ%‘ =

FBench; F & 3% aperture¥ic @

Experiment Setup - C:\My Documents\Omnic\Param\Default.exp
Peak to Peak:3.18

[ Ciniag
Loc: 2048
> Parameter Walue
© MinMax © Peakto peak 'Sampilié”;:ompar‘tment Left pScope; %R~
Detector MCT/A =
Beamsplitter KBr ~ |
Source
Accessory
WWindow
Recommended range
hax range limit
Min range limit
Gain:1
“elocity
- - . - - - ' - . . f Aperture
L 1800 Sample shuttle I
Data points
> AT | s =2
A 4 T =
3 single beam
A Tone
Cron ) Coven) Coned (omon 5
——————————————— — ——




AREAF -HE & T HREERD

“ TBench; 7 @& 42 » 4 ¥ [Peak to peak j ~ T Single Beam 5 > #-+ i

FERR RO S N 181 EL@%;@%@;@ AT - B ARE

BK o o B

Experiment Setup - C:\My Documents\Omnic\Param\Default.exp

Bench || FRTETTEE| L L [series |
Peak to Peak:76.69 Parameiat TER
O ol 5 © Peaktopeak Sample compartment  Left pScope; %R

Experiment Setup - C:\My Documents\Omnic\Par.

aem)l | 1 \ 1\%—\

£ Peak to Peak:73.79

Detector MCT/A

Beamsplitter KBr

Source External

Accessory None

Window None
Recommended range 4000 - 650

Ma range limit 4000

Min range limit 650

Gain:1 10

Velocity 1.8988

[RARNRN RN RNR]

Lel«l

3000 2000 Aperture 100
Wavenumbers (em-1) 20 Sarmpl shtle -
Wavenumbers (cm-1)
22t B O3 DAY =
B N 02 o S0 |2
s ¥ single beam
s 3 Tone

( Help /\ ( Open ’ ( Save ’ (SaveAs) f OK ,
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FTIRA B+ HR=ERE

1. [Experiment setup> Diagnostic> Reset Bench|

ZPD=0) > ¥+ & R F

8

-~

B e
7 Alignfg it o

Id v ';;’
I
i ct | Bench Diagnostic &0
| HeNe ':*
hEx:1.93  hn-1.21  Loc:1024

Align Bench

Bench alignment in progress.
Maximizing laser signal
ﬁ View reference detector
T T - I
1100 1000
Data points

f Verify Smart Accessory ) f Check Desiccant... )

Eoren ) Copen ) save ) Foavens)

( oK ) (E‘ancer,

2. Alignfg i \Experiment setup—> Diagnostic%Alignl

%

= IRk RS £ &7 Alignikt > ¥ &,

£

a) Fat kR AIRPFHRLE o 4o pt pFig * SRE R » L 8L Rk 2

p Bz
A& 37 Tw F 4§ 5L R External (SR source) °
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F# TCollect

® Scan: 16 #

LIRS~

[ R e ]

B3

$o % Be(20% 1)

® Resolution: 4 &3 247 & (X

® Final format:

i B

-3‘\%

8 e

%_% Single beam

% %_% Log(1/R)
Background Handling

\\x»

C

#

& L 0.125~32)

T% = 1/1o

*100

Abs.=log(1/T)=-log(I/Ip)=-logT

% F prELiE 1 (collect background before every sample)

By»f,%r%fﬁg‘b.§4j§\l »FE R B F e F B ok

(loading background file)

Experiment Setup - C:\My Documents\Omnic\Param\Defaultiexp

o
Estimated time for this collection: 00.00:57

No. of scans:
Resolution: m
Data spacing: 1,926 cm-1
i3
ortection: |H20 and CO v

@Automalic almospheric suppression

%) Preview dta calection
a Use fixed Y-axis limits in collect window

Min: :I Max: I:

— File Handling

3 save automaticaly ) Save inteferograms

Base name: | NE M

C:My Documents\Omniclautosave\Diaw(132 spa

Background Handling
) Collectbackground before every sample

() Collect background afler every sample

() Collect background afier E inutes

() Use specified background fle:
M I(Bmat@e )

|

A Callst \:| scans for the background

Experiment tile:

Experiment description:

1v4

¥

i

Coleet |7
Estimated time for this collection: 00,00

Data spacing: 1.928 em-1

@ Automatic atmospheric suppression
{7 Prevew data coleton
(5] se fed Y- it ncolect window

Experiment tile:

No. of scans:
Resolution: |4. v

Final format; (MG v

Comection; |H20 and C02

v

Min: \:’ Max: l_:]

@@ Experiment Setup - C:\Wy Documents\Omnic\Param\Default,exp

—File Handling
) save automaticaly 7 Save interferograms

Base rame. | N Y

C:\Wly Documents\OmniclautosavelDiaw132 spa

5

—Background Handing
(0 Colleet background before every sample

0 Collest background afer every sample
() Collet background after
Use specifed hackyround fle:
l C{Docurnents and Seﬂings\SR-lMSll (orowse.)

o

3

seans for the background

Experiment description:

b E-‘-]‘Lr"

mﬂ l\“

M8

kMR

Dlolols

D

ZEEE 322

TR EpoERt - BT R0

¥ #- Final format i¥ %_% Log(1/R), Abs., KM %

LRSS B




F # k3 B~# (collect background)

Collect |Bench | Quality | Advanced | Diagnostic| Cor

Estimated time for this collection-  00:00:19 & _F ﬂ“ﬁ:ﬂ?ﬁ T_AF %:Qﬁi?; s g&,gg a

Mo. of scans: | 32

Resolution: [4- ~] LY
- » 2 vty 2= N AN
Data spacing: 1.928 cm-1 %1 ™ v el F"ig '&r'@ T ;’S-b g Sk f:a’ )
Final format: |SingleBeam ~|

Caorrection: | None

SR PR SRS P

W' Automatic atmospheric suppression
' Preview data collection

1 Use transmittance data during preview 7}"‘ _}\ ¢oo ReS.
M Use fixed Y-axis limits in collect window 4 hd
win Max[200 | Set. o
Experiment title: ?:5
Default 2
i
_ ftHelp ‘ ftOpen‘ ftSave ‘ I'Ewg_;" 32.

DFAE (7 SR Pk i Bl % 2§ 2% Pause 0 fie & SR L fpE

B> - 24T % S8R Wik 2 )% Bk g

JH

[rattan 165
]m CIFl Bt Cobet Vew Process Aeahos Sess Repot Aeks SST Wedow Heb
| %&ﬁ
1 bakgrounda
s, Collect Bakaroundf, oy [ & Eeimtaiis| ah .0 |2 %
[Addto s new window ﬂ@
9 ) Backgound ‘ %1
\'/ Please prepare to collect the backgroud spectum. ‘ /
2! b " \
| i /
o $ | /
{ 3 151
%! f
| 01
) S-D /\
§ iy
U o 0 0 =0 ) 150 100
L — ' g . Waveoumbers (cm1)
a0 ¥0 30 XN | s 4000cm-1 Posk Value: 3.1
" = g .cw«csm
Vo4

. Collect Status ‘



# & L 3EB# (collect sample)

TAEY SR 2 B is 23 » # R k¥ >final format :E log(1/R) -

w 2, L »
CER TR T Y Lt BT R

%E

final format i & chik 3%

Absorbance (A), Reflectance (R), and Transmittance (T)

I I
Iy Io
1
= —log( ) —100(—) = —log( ) = —10g(R)=10g(E)
A=1-R-T
Incident radiation
I Reflection 1
/ RG)  § of
£ ,08
g 2ot
_ B . ggoe. — Absorptance
e R
" 803
2 0.2
2 01
0 950 960 970 980
Wavelength(nm)
T(Iy)

Optical Density (OD) or absorbance (A)
Absorbance (A) emphasizes absorption, while OD may include other losses.

Resolution: i 3 4 3%5 i 4p #8730 g A B o & FTIR ¢ »

245 B ¥k % %424 (Maximum OPD) & F 1 @ AY ~ —

max

Flpt OPD 4%~ » AV A%-] » £ RFHfR475 4 4%3 > i L 7R &

1T T o



k42 £ (optical path difference, OPD ) 4% £ » + W B F £ R L * ek
AR Ft T RE LR FEFETR (] Av) e Ra it
ZPD 1%k 0 F O UBLIRIGE DT L T F R B UL R

B LM PR RRF Lkt o FE S/N X ARAE -

-—\

RERAR AR A B RERLSET R L RS A A

OPD &% -

Resolution: 8 cm™, 4 cm™

Effect of Resolution on Two Close Peaks in FTIR
1.0 7 (Alfrue spectrum (actual absorbance)

@ 1650 cm* 1645 cm*
E H Two peaks at
1 ! 1650 and 1645 cm™
5’ —Mm”
0 > . :
1670 1665 1660 1655 1650 16‘45 |$rlU 1635 1630 1625

Wavenumber (cm)

101 (8) Measured spectrum

Resolution = 4 cm™! v Peaks are resolved
v Two peaks can be
distinguished
0

P ——

— F————
1670 1665 1660 1655 1650 1645 1640 1635 1630 1625
Wavenumber (cm™)

107 (¢) Measured spectrum

Resolution = 8 ¢cm™! X Peaks are not resolved
X They appear as
one broad peak

1670 1665 1660 1655 1650 1645 1640 1635 1630 1625
Wavenumber (cm™')

* Resolution (cm!) = ability of the instrument to distinguish two adjacent peaks.
* Rule of thumb: Two peaks can be resolved when their separation is greater than the resolution
« In this example: separation = 5 cm™ dcm’ (5>4) - resolved 8cm' (5<8) = not resolved

No of scans (#F 7 =% #c)
¥ /317 & (Resolution) # % /% > d **Z & £ | { & ¢H OPD = -
H i Bch Bp sl A4 kP e e

Bg oo Tt f B 4r 745 =< Bk (Number of Scans ) % 22 3 2wk vt

(S/N) -



F X Hr4e 5 DB 8L (Signal) £

MR A4 Signaly = N X Signal,

"% 5231 (Random Noise) & =x % /|- &2 1t

TP 8

A I RR

= X A4 Noisey = VN x Noise;

TR KEN

S/N fRT %

SlgnalN _

1

: S/N ==VN

Noisey

4

16

w1 S/N < VN

64

w|bh|No|+R

y o 256 16
HY N iHFf=#co
# ~ FTIR Mapping # o S e
BAIRUS AT TEBR T FR m?vii‘“q%@
i&&;%&ﬁﬁ?‘ % ! BLiE Move stage—2>set current to home
——1 Arrow too>#5 & P51
ﬁ.z]
4 2 3
:  Stage movement tool> #5 # % - = %
: Zoom to point>1Z:iF edF fa T 38 2 <
B Pl Edit .(D\h(t View Process Andlyze Series Report Aths SST Window Help BEIE A‘lsuhzw gt:njz\:vﬁ?:
VExpwimsnt’ | Default - & micrometer - 8 5ench status 1%12 :: cs)‘:jen
et | S | B | QRO Y Aperturs Dimensions
8
g 40 50 60 70 80 90 100 110 120 130 D 8 SOTA IR0 A0 190 00010 10140 150'160 17049 Movxew:t:g: s E]
ESetHome io Current
Ererzn Reset Home
Pessoe 9ol 28 LI [ slgle RN ’ Dy anejj—ngm 50 W)
74 start v B @ £/ 0MNC- [aths - { 11.5%6.- Pant B OMINIC Fig )0 - b St T
Mowe by Steps &Y
|
- W =
T




RN N

mnSel AutBsn AdvATR Subhact FindPks SelctAl  Clear Search  LibMar PrevFpt AddNE  View NE

= Experiment Setup - c\my documents\omnic\param\MIRacle-Ge-ATR.exp X F
Gollect | Bench | Quality | Advanced | Diagnostic, Gonfigure Mapping | Series|

Dimensions

Collection type: Area maE
Y

Step size (pm): [0 [0 (‘Tply_J
Number of points: fo | Jo —
Start position (pm) o | Jo | Defautt

End position (um) o Fjo

imated collection time: minutes
Estimated disk space: 328.73 KBytes
Background -
Background: The background point is not defined
Background point (um): | Not defined [ Not defined
Profile
Profile type: [Chemigram ~|
Region Start: 0.0 Region end: 0.0
Baseline start: 0.0 Baseline end: 0.0

¥ Advanced mapping options

[‘_ Collect.. . ) p_Aperture_J [‘_ Focus .
(‘_ He\p_J (‘_ Open_J (‘_ Save_J (‘_SaveA_sJ £ OK_J ‘_CancEIJ

. i . . . . ' . . . . i . . . . '
3000 2500 2000 1500

% = % ¥k T (4 ! scan, step size, Area...) 2 k&= 0 A
Collect AL E ™ » iE# collectmap > & 2 % {8 FH4ofrd 5 o
(i& {7 Mapping #° %P - 5§ #F 45 =0 BFALE 128 = - 78 'k
BNC 54 > F 87 F & ¥t Pause > #cd T+ shutter 3574
(§HP-S8 licdy > RH2 )3 §P > E IR K Ll fe =
B gl T - BaERE)

icollect View Process Analvee Eeport A1)
Experiment setup... Chl+E

Dizplazr Spectral Quality Beference

Advanced Diagnostics. ..

Collect Map Backgronnd
Collect Map



i 7 Mapping B¥ > A FH 4T
® i = — =t ~ = [f] <7 Mapping P¥ » 4= 41 — =¢ aperture » " ¥
N I
® 2L pE s s kRATEE w IR LR B LT W R U
Fo 0D FLRFH (ZPD=0) #F HKREZE A DA -
SR £ ATH k{8 » 4% T % ¢ 2 A)3 4 B fx shutter (& (On: 2-21) » F&

IR 35 OK » 11 % reset shutter » ¥ B 47 5 o

Vadlupsraaankerauin

(8 v

-—-—m‘

UNIBLITZ®

RENSE  actuaTe

SYNC.
ACTIVE
EXPR PRESET N.O

0\ms
/ _1me
—1oms \ JVINGENE
ASSOCIATES

100 ms
\ Rochester, NY 14625
1800 SHUTTER
FUSE

N.'\

TIME SEL
MODEL VMM-T1 St. ™WER DRIVER/TIMER
L e i




= ~ IR Beam Line Interlock System

o FHRARIHRC 2PV ASRIIP LD 0 AR AR
B prlE EFIA R Mg BAILCHREY SR kA i
Y

e FRIMEFRFALABEFRIRIEABEEILC §d FEEE
AL B S = & B M B shutter>GV3 § R (R
o) ERIEAIZEIIA R RHRE TR AHigskr § 4k 0
pF L K-k B B GV3D shutter (3% ¢ 4542) 0 A B LS T F

Bdeié * § S o

b

Valnssitnannesanin:
O s o

Rk




41k (i% * Source 7 External #-3%)% » Grtmriiiidle & ~
ER=gE ,@;{f,ﬁ%ﬁ(&f 4% ILC~ 2 2 R GV3 £ 41k /i Shutter 2t

BLeb)a i B AR ARG o B FF R E (READY)

THFREGFHRN 360 mA E T EER LY SR pE s A
AABE T AR AR IR A DT 0 S ETR N ERER
7% (Top-up mode operation) o & #* *z ¢b & ¥ &g fe b @ Bk 2 P & JF
Ble T F 5L R((BNC,RG59/U )i £ %3 » Injection Output
(TTL1: Long-Gating & TTL2: Short-Gating)f§ % (Trigger)#: |

B S Pe F o

IR Beamline




e #-7 F SHUTTER *r 4% % N.C (normal close) i& {7 RESET »

H pF R eLes PLC Trigger ¥ ¥ 4p I (Exposure time:58 s; Delay

time: 2 s) °

AL F /A»"‘T/ LA

MCT (& 4§ 4F » Mercury Cadmium Telluride ) MR E » 4 F & & 4 iR
I |

fi % (LN2):E 7 "8 -MCT MR B E A R (77K & -196% )

Rg

MR rRRBIERE A

’-=1 W B 0RIER v % B RERE P OB K
A OBE 2k o

2. AEgBRE (RIpA ) FAER K

T AR IER T @?mwi%iéﬁ YR F o

3. R 15~30 A4 & W
BT Gr B R 2B S 7 B R

%}E%
- \1.
W



Kubelka-Munk mode

Kramers-Kronig i it & ~ f&1* F1% & (causality) #7i& = e &
H x> KB4 a F 5k (Reflectance Spectrum ) ## 4% = 33T
Bof sk 3 A 5N o sem R F R g BT 8t % (Complex Refractive

Index ) & x4z % & (Absorption Coefficient ) °

The Kubelka-Munk (K-M) model has a particularly simple solution in the case of semi-infinite samples. All the geometric
peculiarities of the inhomogeneous sample are condensed into a single parameter, the scattering coefficient s. The diffuse

reflectance R, is given as:
k |k k
Rpy=14-- —(2+—)
s s s

where k is the absorption coefficient of the sample (k = 4m*/ 1) where ) s the wavelength).

This relatively simple form is easily solved for k/s yielding the familiar K-M transform:

k (1-R.)
s 2R,

The K-M transform of the measured spectroscopic observable is approximately proportional to the absorption coefficient
and hence is approximately proportional to the concentration.

Kubelka-MunKk € | sr2k 2_

9

F# TCollecty 7w fék &1

e
Scan: 4y =< #(1412"5 1)

Resolution: 3 3% %47 & (3X T [10.125~32)
Final format:

B4 B % 75 Kubelka-Munk
P~# &3k 5 Kubelka -Munk

R SRS SV

-~

1. Process->Other Correction
2. Select a correction—>Kramers-Kronig=> OK



KM 2 i 7= 4%(Log(1/R)—KK Correction—Absorption—like)

& OMNIC - [Window2] =en X
gﬂkm‘l(nkﬂ\ﬂewhmmﬂcpmhﬁumwﬂdp

% Transmittance
Other Conversions...
Reprocess..

Retrieve Interferograms

play
Baseline Correct..
Automatic Baseline Correct
Advanced ATR Correction...
PAS Linearize on

Interactive Kramers-Kronig..

1 [ovmcmmem |

Blank
Straight Line

Subtract..
Automatic Region Subtract
Fourler Self-Deconvolution.
Smooth...

Automatic Smooth

Change Data Spacing..
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