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Introduction of new DLATGS detector for IRT -5000/7000

Introduction

Comparedo the standarddLATGS (Deuterated.-Alanine Triglycine Sulphatg detectormountedon an
FTIR for macro measurementghe MCT (Mercury CadmiumTelluride) detectorusedwith an infrared
microscopehasa muchgreatersensitivity,which is suitedto the measuremeraf micrometersizedsamples
commonfor microscopicmeasurement$iowever,the MCT detectorhassomedisadvantagesuchasthe
requirementfor liquid nitrogen cooling for measurements reducedabsorbancdinearity and a reduced
wavenumberangefor measurements)ASCO hasdevelopeda dedicatedDLATGS detectorfor infrared
microscopy,especiallyfocusingon an increasedsensitivity As a resultof many yearsof work, the new
microscopeDLATGS detectohasbeencreated

In this applicationnote, microscopicmeasurementand mappingmeasurementwith the useof the new
DLATGS detectorareoutlined
Comparisonof newDLATGS detectorand MCT detector
Measuremenf polystyrene

<Measuremenparameters>

Aperturesize 50x 50 pm
0 Accumulation newDLATGS: 100times
MCT: 50times
DLATGS Measuremeninethod transmission

.5 Jk;
Abs
Fig. 1 showsthe infrared spectraof a polystyrenefilm

usinganIRT-5200usingthenew DLATGS detectorandthe
MCT standaranid-bandMCT detectorAs demonstrateth Figure

1, the DLATGS detectorequireswice the accumulationgis
4000 3000 2000 1000 450} comparedto the MCT, but the DLATGS doesallow the

Wavenumbefcm-] .
measuremeiaf a50x 50¢ nnegion

e

Fig. 1 Spectrum of a polystyrene film using the
new DLATGS and an MCT detector

Measurememf polystyrene

Aperturesize newDLATGS 50x 50em
MCT 10x10em

DLATGS Accumulation newDLATGS: 100times
MCT: 50times

Measuremeninethod transmission

I <Measuremerparameter>
0.5

IAbs

MCT Fig. 2 llustratestheinfraredspectraof a Teflon sheeusing
the DLATGS detectorandan MCT detectorto comparethe
4000 2000 1000 a50] sensitivity in the low wavenumberegion As shownin

Wavenumbeferm] Figure2, the measurementsingthe newDLATGS detector
candetectheabsorptiorpeaksof Teflonin thewavenumber
rangefrom 650 to 450 cnm* where narrow and mid-band
MCT detectorgannotietecthepeaks

Fig. 2 Spectrum of a Teflon sheet with using
the new DLATGS and an MCT detector
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Microscopic ATR mapping usingthe new DLATGS and Smart mapping

The results above demonstratethat the new DLATGS detectoris effective for infrared spectra
measurements a50x 50¢ nregion Now, a mappingmeasurementdf a microscopiaegionby a micro-
ATR cassegrairusingthe new DLATGS is outlined The IQ mappingfunctionis installedin the IRT-
5200asa standardeature which allows a mappingmeasurementith the ATR prismin contactwith a
sampleby moving the mirrors within the microscope In this demonstrationthe microscopicATR
mappingof polyethyleneparticleson a Teflon sheetare accomplishedoy using the new DLATGS
detector

<Measuremenparameters>

Aperturesize 20x20em Accumulations
Measuremerpoints 14x 14 - singlepointmeasurement 256times
Measuremerdarea 65x65em - mappingmeasurement 50times
Step 5x5&m Detector newDLATGS
Measurementiethod Micro-ATR cassegrain
(B)
0.2
QY (@)
(1) Base
e W e A
@ Abs
lyethyl
f 10um (2) Polyethylene -
e Sy IO
4000 3000 2000 700

Wavenumbefcm]

Fig. 3 Smart mapping measurement with use of new DLATGS

Fig. 3 (A) is the visible imagewhile Fig. 3 (B) containsthe spectraof 2 single point measurements,
which providerecognizablespectreevenin a20x 20e nmeasuremernegion

Fig. 3 (C) displaysthe infraredimagecalculatedby a Multi-ComponenRegressioranalysisbasedon
the spectrawithin the mappingmeasuremen(The polyethyleneparticlesare shownin warmercolors,
consistenwith the particleshownin Fig. 3 (A).

Theseresultsindicatethat the new DLATGS detectorcan be appliedto an infrared ATR mapping
experimentusinga20x 20€ naperture

Conclusion

Singlepoint measurements the micro regionandmicro-ATR measurements a mappingmodecan
beobtainedusinganewDLATGS detectordesignedspecificallyfor the IRT-50007000seriesof infrared
microscopeaccessories]ASCOnow offersa high sensitivityMCT detectormountedasstandarcandthe
new DLATGS detector for wide wavenumberrange at ambient temperaturesto meet various
measuremergurposes
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Mapping measurement using 1Q Mapping function of IRF5000

Introduction

IR mappingmeasuremenwhich canvisualizemolecularstructurehas
beensuggestedraditionally, howeverthe IR mappingmeasurementas
notbeenwidely utilized becaus®f theseverareasongasbelow.
- Auto stages requiredwhich will maketheinstrumentoo expensive
- It takesquitealongtime for measurement

Regardingthe measurementime, using the systemutilizing multi-
elementgdetectorenabledo shortenthe measuremertime in morethan
double digits in comparisonwith conventional system, and the IR
mappingmeasuremeritasbeengraduallyused

This time, we are now introducing IQ Mapping which was newly
developedin orderto solve anotherproblemwhich is the necessityof
auto stage The 1Q Mapping is a technique allowing Mapping
measurementith manualstageby scanningIR light, andis applicable
to ATR as well as ordinary transmittance/reflectancenapping We
would like to showanexampleof impurity analysisusinglQ Mappingof
thelRT-5200(Fig. 1).

<Measurement 1 Mapping by manual stage >
Mapping measurement was implemented for maiter film (Fig. 2)

[Measurement conditions]
Mode Transmittance
Detector Mid-MCT
Resolution 4 cm?
Accumulation 1

Cassegrain  16x,

Aperture: 50x 50 pum,
Measuremerpoints 9 x 9
Samplingarea 400x 400um

200 425
X [um]

Fig. 2 Observation image
(Yellow-green grid shows
measurement points.)
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ik I 1
4000 2000 1000 650
Wavenumber [cm-1]
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By analyzingthe spectrain Fig. 3, it was confirmed that multi-layer film roughly consistedof two
componentsPVA (red), PVC (blue), and protein (green)was existingin the multi-layer film. By showing
color distributionmaputilizing specificpeaksfor eachcomponenon the RGB display (Fig. 4), components
distributionbecameclear,enablingto detecttheimpurity which couldnot beidentifiedby observationmage

<Measurement2: ATR Mapping>

CombininglQ Mappingwith ATR methodenablesghe measurementvithout any contaminationasthe

numberof contactbetweersampleandprismis only one

Thesampleshownin Fig. 5 wasmeasuredby usingZnSeasATR prism

<Measurementconditions>

Detector MCT-N detector
Resolution 8cntt
Accumulation 8

Cassegrain ATR-5000Z,
Aperture 20x 20 um

Measuremenpoints 6 X 6
Samplingarea 100x 100pum

As a result of mapping measurement,spectra of different
componentswere obtained, dependingon different measuremen
point (Fig. 6).Thesamplemeasuredvasa mixture of waterbasedand
oil-basedmarker,andspecificpeaksfor eachcouldbeidentifiedasin
Fig. 6. Color distribution map using the specific peaksfor each
componentat 1666cn! and1282cntt is shownin Fig. 7. As shown,
mappingmeasurementandetectdifferentcomponent®f the sample
which appearto be only one componentby visible image,assuring
accuratequalitativeanalysis

¥ [um)]

T -100 0 100 190
X [um]

Fig. 5 Sample observation image
(White grid shows measuremenpoints)
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Fig. 6 Measuredspectraof impurity
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NIR Imaging of tablet surface by using IR Microscope

Introduction

Near IR light is widely used for nondestructive analysis as an evaluation method in food and
pharmaceuticaindustrydueto i t chagacteristicsuch astransmittingthe glasscontainerand weakerpeak
absorbanc¢hanMid-IR light. Recently,this NIR analysistechniqueis introducedto the ProcessAnalytical
Technologywhich hasbeenproposedoy FDA, andit is usedfor evaluationof uniformity of mixed samples
inside of vials, evaluationof water contentby in-line measurementnd evaluationof contentsin tabletby
using of NIR microscope There are various analysismethodsusing NIR spectroscopysuch as dispersive
type,filter typeandAOTF type,while FTIR is consideredo be bettermethoddueto severaladvantagesuch
aswavenumberexpandability high throughput andhigh accuracyof wavenumberJASCOIR Micro scope
systemIRT-50007000 has a unique feature as option which is detachabledetectorunit, which makesit
possibleto extendthe measurememntangeup to NIR in onesingle FT/IR system This time, we analyzedhe
distributionof component®n tabletsurfaceby NIR imagingsystem which consistof FT/IR-6100andIRT-
7000with NIR expansion

4 -~

Fig. 1 Detector replacement by using detachable detector unit

<Experimental>
Imagingof crosssectionand surfaceof generalmedicaltablet(pairtkiller) was measuredby usingNIR
Microscopesystem

<Measurement Condition>

Multi channel IR Microscope (NIR version) -l 'l
- Light source: Halogen

- BeamSplitter: CaF,

- Detector: InGaAs(Single element)

- Measurementode: Reflection

- Resolution: 8cntt

- Accumulation: 50times

- Aperturesize: 200x 200pm

- Measuremenpoints: Surface: 5& 58 points
Cross SectiorB0x 40 points

Fig. 2 IR Microscope IRT-7000
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Results

Fig. 3 showsNIR spectraobtainedby measuringthe
point in eachlayer on crosssectionof tablet Fig. 4 is
NIR Imagingwhich describeghe color distribution map B
utilizing the height of eachspecific peak As the result,
this imagingdata(Fig. 4) indicatethatthis tabletconsists
of 3 componentsn 4 differentlayers In additiontablet
surfacewas measuredand the color distribution map of AbS |
surfacelayer was obtainedby utilizing the peak height
ratio of Acetylsalicylate This result clearly showsnon
uniformity of surfacematerialasshownin Fig. 6.

As a conclusion,it can be said NIR Micro Imaging
system enables to visualize tablet surface by non

Antacids

\ |

Surfacelayer l

Acetylsalicylate

destructivemethod Suchapplicationis consideredobea 7500 7000 6000 5000 4000
very useful tool and solution in the fields of Wavenumbefcm]
pharmaceuticatievelopmentand quality control, where Fig. 3 NIR Spectra of each elements

thereareuncertairfactorsduringthe process

5600

4200

2800

Y [um]

1400

0 2000 4000 6000 7780
X [um]
Fig. 4 NIR Imaging of tablet cross section

Surface layer (4380 cri)

Antacids (6973 cm!)

Acetylsalicylate ( 4680 cm' )

Surface layer (4380 cnt)

10800

5400

Y [mm]

5450 10900

X [um]

Fig. 5 Picture of general medical tablet (Pairkiller) Fig. 6 Imaging of surface layer Peak ratio : 438@m/4680cm!
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IR microscope is combined with heating stage

Introduction

Differential Scanning Calorimetr{DSC) or Thermo
Gravimetric Analysis(TGA) is generally,usedas an evaluation
methodfor thermophysicalpropertiessuch as melting or phase
transition of the sample. In addition, combinationwith X-Ray
Diffraction(XRD) is sometimessedfor the multiple evaluationof
thermophysicapropertiesandcrystalstructure

J A S C @GROnscroscopelRT-5000 and 7000 combinedwith
the heatingsystem,MHC-5000 (Fig. 1, Chart 1) which we are
now introducing enablesto have an integratedapproachto the Fig.1 IRT -5200and heating stage
geometry change in molecule itself, or the thermopysical
propertiesandthe observatiorimage It canuniformly heator cool Chart 1. Temperature control range of heating
the measuremerdreain IR microscopebecauseéhe measurement stage
area is much smaller than FTIR, assuring high accuracy
measurementYou can easily control the temperatureand the
measurementonditions by interval measuremenprogram of | Temperature| ~ Room -190 ~ 600 °C
temperaturethrough the PC. Scanning of sample image is range temggéitgre i
availablewith the samplemeasuremerdtthe sametime.
Measurement

Using the systemof IRT-5200 with MHC-500Q benzoicacid was heatedfrom 100°C up to 150°C with
rampingrateof 2°C perminutesandIR spectravereobtainedwith 0.5°C intervals

Fig. 2 shows3-Dimensionalspectraof benzoicacid with changesn temperatureFig. 3 showsthe changeof
peakintensityat 930 cnt! againsttemperaturehangeandFig. 4 showsobservatiorimagethe benzoicacid with
the changeof temperaturdrom 120to 125 CViewing thesefigures,the structuralchangesand the condition of
the benzoicacid were confirmed at around 12(°C to 12%C. Since the melting point of the benzoicacid is
1224°C*, the molecularstructureandits conditionchangedueto meltingwasclearly seenthroughthis system It
can be concludecthat this systemis applicablefor the measuremenf structuralchangeswith heating,suchas
denaturatiorof proteinsor hardeningorocesf thermosetesin

Model MHC-5000 (option)

06

*Ref.Cyclopediaof chemistry

Abs0.4 04

0.3

m L - -
| ' ¢ ‘;‘ Ab502
130§

0.1

120

110 750 0 ‘ :
Temperature [C]

100 Wavenumber [cm-1] 100 120 140 150
1050 Temperature [C]

Fig. 2 3D spectrum of benzoic acid Fig. 3 Change of peak intensity at 930%tm

4

120°C 122.5°C 124°C ST R g
Fig. 4 Observation image of benzoic acid in each temperCJureéasurement area)
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Fluorescence Observation, Polarization Observation and Differential
Interference Observation methods by IR microscope

Introduction

JASCO IRT-52007200 Microscopesystemhas the high resolution CMOS cameraand 3x optical zoom
function as standardwhich helpsto observemicroscopicalforeign substancevery clearly. Additionally, it is
possibleto setmeasuremergonditionaccuratelyby usingthosevarioustypesof observatioraccessoriesinceit
can identify the fluorescencecharacteristicor polarizationcharacteristicsand the difference of unevenand
refractiveindexvisibly evenif the sampleooksevenasvisible observation

Fluorescence observation

Fluorescence observation condition
Ex 330nm +/-70nm
Em 450nm +/-40nm

Visible observation view Fluorescence observation view

0.2
I g The powder sample that ¢ a nketidentified by visible +

observation was observed by using of the fluorescence
i Sugar observatioraccessqr;andi t IR spectrumwas measuredat both
...,.»/\ -~ greencolor areawhich observedasfluorescenceandblack color
Abs 0.1 area
I As theresultof this measurementR spectrunof Proteinwas

obtainedin this greencolor area,and also IR spectrumof Sugar
wasobtainedn blackcolorarea

‘ This fluorescence observation method is very useful
1000 750 - measuremennethodfor selectivemeasuremerthe samplewhich
Wavenumber [cm] hasfluorescenceharacteristics

:( Polarization observation Differential Interference Observation

0.15

0.05
t Protein

O I I I
4000 3000 2000 1500

Visible Differential Interference
observatiorview observatiornview

Visible Polarization
observatiorview observatiornview

As the result of polarizationobservationaboutstretched
vinyl sample the stretchedconditionpoint of the samplewas
observedvery clearly. This polarizationobservatioris useful
method for observation about sample has orientation
characteristics
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3 different time course measurement methods of FTIR

We will showeachme t h Geatuweandmeasuremertasehere Eachmethodhasa differenttype of scanningnethod
of a moving mirror insideaninterferometerfi | nt me & a U r & peformedwith regularscanningandf r a-gcand
me a s u r ewib nagidgcarsingontime coursemeasurementOnfi s tseapme a S U r eama&vimgmirror makesa
stopat everydatasamplingpointandperturbations givenat the points

Time Res: 1 sec~ Application case structural transition of a sample, monitoring
of gas concentration

MeasurementEX.: Measured transitionof CO, concentrationin roomair. (Fig. 1) Interval measuremeris effectivefor long-time
monitoringof gasanalysis * 1 JASCOintervalmeasuremergrogramconductsnaximummeasuremerdf 60001dataor 24 days

Time Res: 50 msec- Application case photepolymerization reaction, orientation
relaxation of polymer film

MeasurementEXx.: Thecureprocesof UV curedresinwasmeasuredywhich representphotopolymerizationreaction (Fig. 2) Take
a look at the peakintensity transitionat 1637 cn! (bottom of Fig. 2), which attributesC=C stretchingvibration It showsthe peak
intensity rapidly decreasedespondingto UV irradiation and kept decreasingmoderatelyand tells the initial reactionand reaction
procesn photopolymerizationwasobservediery accurately

Time Res.:5 msec~ *3 Application case relaxation process of liquid crystal
orientation

MeasurementEX.: Relaxationprocesf liquid crystalorientationwith electricfield responsavasmeasured (Fig. 3) Takealook at
the peakintensity transitionat 2925 cnt? (bottom of Fig. 3), which attributesC-H stretchingvibration It is observedthat its peak
intensityfluctuatedrespondingo powervoltageturning on andoff, andalsodecreaseth two stepsrapidly andthenmoderately after
power voltagewasturnedoff. It is known thatliquid crystalin the areanearelectrodehasfasterorientationrelaxationthan bulk and
suchdifferencebetweerthemwasobserved*2 limited to the materialswith repetitiveresponse *3 10 nsec~ is optionally available

Ahs
Abs

o7

50000 50000

06
25000 3050
'Y 3000

240 1650

\{\\ 1640 é,e &pé\
2900 o & W 30 AN [N 2800 <
am”””’ber[%-:; < evs%bs%w wo Tty <
3D Spectrum 3D Spectrum 3D Spectrum
0.55 02 0.81
«—> ’ UV irradiation «— —
0.5} 2 hour ¥ 10 sec 10 msec
) 0.15 Abs
Measurement Time (MT 12 hour i 0.8 .
Measurement Interval (Nt 10 min MT - 50 sec MT - 50msec
Abs Detector : TGS o1 Mi : 80msec MI : 250msec
L ’ : Detector. MCT-M Detector :MCT-S
0.4 Abs
0.79
0.05
10V |—|
Power Voltage 0V
03 Il L
0 4 8 12 % 25000 50000 0 25000 50000
. . Time [hour] . . Time [msec] ) . Time [msec]
Peak intensity transition of 2360 ¢m Peak intensity transition of 1637 ¢m Peak intensity transition of 2925 ém
Fig. 1 CO, concentration transition Fig. 2 Cure process of UV cured resin  Fig. 3 Relaxation process of liquadystal orientation

(Interval measurement data) (Rapidscan measurement data) (Stepscanmeasurement data)
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Synchronous and Asynchronous data correlation of FTIR

The time-coursemeasuremenbr the measurementnder temperaturechangeis availablein the IR spectrometryso that the
structurechangeof sampleunderthe conditionscanbeobservedin the ordinaryanalysismode,it is necessaryo checkthe changeof
peakintensityor the shift in everypeak Thereforejt is not easyto performthe properanalysisif somepeaksareoverlappedOnthe
other hand, the two dimensionalcorrelationprogramprovidesthe details of eventhe overlappedpeaksor hidden peaks In the
program,the fourier transformof peakbehaviorat any wavenumbein time-coursecan be performedresultedin the calculationof
real and imaginary parts The real part is called as synchronouscorrelatiori' and the imaginary part is called as asynchronous
correlatiori?. Eachof correlationspectraare displayedin two dimensionalmodeso that you can easily seethe detailsof eventhe

overlappegpeaksor hiddenpeaks

*1Synchronouscorrelation It indicateshow much the behaviorof peakintensity changeis similar to eachother. If the intensity
changeof peakincreasesor decreasesn samedirection, the positive numberis displayed If it is in different
direction,the negativenumberis displayed

*2Asynchronousorrelation It indicateshow muchthe behaviorof peakintensitychanges differentfrom eachother. If the speedof
peakintensitychangdn X axisis slowerthanthe speedof intensityin Y axis,the positivenumberis displayed If the
speedn X axisis fasterthanthatof Y -axis,the negativenumberis displayed

-Testrun of two dimensional correlation program
For your betterunderstandin@f this program,the synthesizedpectrawvere simulatedunder

thepeakintensitychangewith thefollowing conditions(Fig. 1 andTable1) . 1
Table 1 Conditions of simulation Abs
0.5 20
Peak behavior Increase Decrease 1090 cm*: decrease, 1110 cin 1400 1200 100 8
: emt
gradually increase Fig. 13D spectra of synthesized waveforn

The correlationspectraof synthesizedvaveformareshownin Fig. 2 and3, while the estimatedpeakbehaviorsare displayedin
Table2 and 3 respectively As you can see,two dimensionalcorrelationprogramprovidesyou the detailedpeakinformation even

undercomplicatedpeakpattern

1300 1200 1100 1300 1200 1100
Alw [ A1)
A i 1400 LN L= L L 1400
1300F - 1300 "
1200+ 1 1200 |
1100 - 1100 -
[ 1000 vl 1000
1400 a1 1000 1400 cm=1 1000
Fig. 2 Synchronous correlation spectra Fig. 3 Asynchronous correlation spectra
Table 2 Estimated peak behavior Table 3 Estimated peak behavior
CGEN] AL Correlation Peak behavior
negative Increase or decrease in The speed of intensity change at
opposite direction Positive 1300 cmt is slower than the
) . speed at 1200 ctn
negative Increase or decrease in
opposite direction The peak intensity at 1110cm
- . Positive increased then, the intensity at
positive Increase in the same 1090cmtdecreased gradually.
direction
positive Decrease in same

direction




Jrasco”
N
Monitoring of oxidative degradation process for fat and oll
using heating single reflection ATR accessory with FT/IR

Introduction

MeasuringIR spectraundertemperatureontrolis an effectivemethodto studydenaturatiorof DNA and
protein,andenzymatickinetic reaction Oxidative degradatiomrmonitoringby IR measurementf unsaturated
fatty acidcontainedn fat andoil is oneof theremarkableexamplef thisapplication

Therearetwo differenttypesof unsaturatedatty acid suchasCis-type and Transtype, and Cis-type fatty
acidis containedmainly in naturaloil andTranstype,in hydrogenateail in food. It is well knownthat Cis-
typereactsto form peroxidelipids throughoxidative degradatiorby Radicalandisomerizedo Transtype as
shownin Fig. 1. In this report,the commercialvegetableoil sampleheatedup to 180°C was measuredy
usingheatingsingleATR accessoryith FTIR andoxidativedegradatiomprocessvasanalyzed

+LH
: (Lipid)
Active LA +0,
LR oxygen (Lipid LOOA LOOH
(Lipid(cisy————> radicaltis) — > (Lipid peroxyl (Lipid peroxide)
radical) LA
Trans isomerizatio T (Lipid radical)
LA
(Lipid A, LH
radicaltrans)) (Lipid(trans)

Fig. 1 Reaction mechanism of oxidation degradation of the Lipid

MeasurementMethod

Therearetwo differenttypesof unsaturatedatty acid suchasCis-type and Transtype, andCis-type fatty
acidhasspecificabsorptiorpeakat 3010cm! and Transtype,at966cn! .

It is possibleto evaluateoxidative degradatiorprocessof unsaturatedatty acidin oil by monitoring IR
peaksat 3010cm! and966 cmi!, sinceCis - Transtransformatiorwill beresultedn the degradatioprocess
Under similar to the actualcooking environmentthe samplewas heatedup to 180°C andtwo absorbance
peaksattributedto Cis and Transfatty acid were measuredy interval measuremenprogram,and oxidative
degradatiorprocessvas evaluatedy the changef two peakintensitieswith time. The samemeasurement
wasalsoimplementedindertheenvironmenpurgedby N, gas

<Measurement condition>

Main unit: FT/IR-6600with Heating Single reflectance ATR
Detector: DLATGS

Resolution:  4cnr!

Accumulation: 64 times

Temperature: 18C0°C

Apodizationfunction: Cosine

Measurement method: ATR (Crystal: Diamond

Sample compartment condition: Air environmental condition.pr N
purged condition

Fig. 2 ATR Heating Single . . I
Reflection ATR accessory *The high temperature type prism was used in this measurement.
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Resultsand Discussions

Fig. 3 showsspectraldataof time interval measuremerfor the oil sampleheatedup to 18C°C underair
environmentatondition It is seenthat peakat 3010 cm? attributedto Cis-typeis gettingsmallerwith time.
Ontheotherhand,peakat 966 cnt! attributedto Transtypeis gettinglargerwith time. In Fig. 4 the spectral
dataof the sameintervalmeasuremertiut underN, purgedconditionareshown,clearlyindicatingthatthere
is no changeof peakswith time. It canbe saidthat Cis-Transtransformationdid not occurr, proving that
oxidativedegradatiorof oil did nothappen

Fig. 5 and Fig. 6 illustratesthat the changesof peakareawith time at 3010 cnt! and at 966 cntt are
plotted respectivelyby usingthe interval analysisprogram It is evidentthat the peakareafor Cis-type at
3010cnt! is gettingsmallerwith time graduallyunderair environmentput the peakareafor Transtype at
966 cnr! is gettinglargerwith time for theinitial 30 minutesandthensaturatedyradually By comparingthe
changeof peakareafor Cistype andthat for Transtype with time underair environmentshownin Fig. 5
and Fig. 6, it is assumedthat after 30 minutes, the reactionto generatelipid peroxide becomesmore
dominantthanthe Cis-Transformatiorasin the reactionprocessshownin Fig.1 As seenabove,it is proved
thatthe FTIR measuremenmethodusing a heatingsinglereflection ATR is very effective to monitor and
evaluatethe reaction processaccompaniedby thermal changes|t is expectedthat this methodwill be
expandedo be appliedfor evaluationof thermodynamigeactionandfor measuremeninderthe condition
of Radicalcaptureagentadded

0.2 - .
0.07 10;1"1 0.073 Peak position of 0.2
0.07 Peak position of A 30::: 0.07;C|s-typ \
——— B0min \ 0.15- A
| Peak positi Peak position
Abs | -, FeaK posiliopps Abs ;‘ of Trantype
m\pf Trantype /
0.06 \ 008/ o | O-LF / \@
15min
/ 7 - SDmln
0.055 0.05 I R L 0.0 Lo 0.05 \
3040 3020 3000 2980 1400 1200 Qoo 900 3040 3020 3000 2980 1400 1200 1000 900
Wavenumbefcm] Wavenumbefcm] Wavenumbefcm] Wavenumbefcm]
Fig. 3 Spectra under air environmental condition Fig. 4 Spectra under N purged condition
0.2
\

Environmental conditio

0.15 I
— N, purge condition

Area g 1
r 0.04 Environmentall gondition
0.05 0.0?; — N, purge condition
0 | | | L 0 | | |
0 20 40 60 0 20 40 60
Time [min] Time [min]

Fig. 5 Change of peak area foCis at 3010 cm! Fig. 6 Change of peak area for Trans at 966 ch
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Monitoring of reaction process using the fiber probe

Introduction

Thereactionmechanismanddynamicparameteof the chemicalcompoundsanbe analyzed
by monitoringthe reactionprocesausing FTIR. Monitoring of reactionprocesshasbeenwidely
usedfor theresearchn organicsynthesisenzymaticreactionandelectrochemistryaswell asthe
onsite measuremensuch as reactor,and there is a method of putting a fiber probein the
reactionsystemfor suchmeasuremen¥IR-10020Q0'300 seriesspectrometemountedwith the
Fiber connectiorunit hasa capabilityto control maximum®6 lines of fiber throughPC, enabling
to monitor multiple reactorsby one system Moreover,sinceVIR-200'300 allows the rapid scan
measurementf up to 25 msecinterval optionally, it is alsocapableto monitorin realtime basis
therelativelyrapid chemicalreactionsuchasenzymaticreaction Thetype of fiber probecanbe
selectedfrom the one for transmissionyeflection and ATR accordingto the purpose In this
report,the reactionprocessetweernoil appliedon the surfaceof ATR prism andsurfactantwas
measuredy the rapid scanmeasuremenisingATR probe

Experimental

Figure 1l showsthe configurationof the systemusedin this measuremenSinceATR method
can analyzethe interface betweenATR prism and solution, the measurementan be easily
implementedby simply putting tip of the ATR prism on the solutionwithout any adjustmenbf
optical pathlengthwhich is usually neededfor the transmissionmethod ATR fiber whose
materialis chalcogenidémadeby Remsperwith ZnSeprismwasused After applyingcooking
oil to the surfaceof ATR prism, ATR prism was put on the stirred surfactantn the vial andthe
reactionprocessvasmonitoredby rapid scan

<Measurement conditions>

Instrument: VIR-200

Accessory: Fiber connection unit

Fiber probe: ChalcogenidéMade byRemspeg
Measurement method: ATR (ZnSeprism)

Light source: High-intensity ceramic source
Beam splitter: KBr/Ge

Detector: Mid-band MCT

Resolution: 4 cmt

Interferometer drive systemRapid scan - e
Measurement interval: 80msec o

Max. measurement time: 80 sec /

Unit connectable
with fiber

Fig. 1 VIR -200+ Fiber connection unit
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Results andDiscussions
Fig. 2 showsthe changeof spectrawith time as3D spectraln this measuremeniATR prismwasput
on surfactantsolutionafter 25 secondgsrom the startof measuremenis a result,a decreasén intensity
of -CH peak (at 2925 cnt?) attributedto oil and an increasein intensity of -OH peak(at 1639 cnt?)
attributedto surfactantwere observedastime goesby. Also, Figure 3 showsa spectrum(for surfactant
and oil) after the reactionbetweenoil and surfactanton the surfaceof ATR prism and a spectrum(for
surfactantonly) measuredn ATR prism without oil. As shownin the results(pink area)in Figure3, it
wasfoundthatthe peakshapeof spectrunof surfactanionly wasbroaderascomparedwith the spectrum
of surfactant oil. Thisis consideredo be dueto the orderedstructureof surfactanforming micell by the
interactionof hydrophobicgroupsbetweersurfactantndoil, andthe disorderedstructureof surfactanin
casethatoil is notincluded
Fig. 4 showstime-dependenthangeof the -CH

peakand-OH peak It wasfoundthatthe intensity of od
-CH peakslowly decreasedraduallyafterincreased
rapidly when ATR prism touchedthe surfactant On 03
the other hand, the intensity of -OH peak rapidly Abs

increasedafter about 25 secondsfrom the start of 0.2 .
Surfactan# Oil

measurementand then slowly increased This

phenomenon indicates that the solubilization 0.1

(emulsification)and dispersionwas occurringin two Surfactant

stepson the surfaceof ATR prism andit canbe said 3%00 === 2600 1500 =
that the high speed reaction processwas traced Wavenufbeferr]

successfullyby the rapid scan It is alsoexpectedhat Fig. 3 Spectrum of surfactant after measurement
the moleculebehavioron the solid-liquid interfaceas and spectrum ofsurfactant only

well asthe monitoring of ordinary chemicalreaction

can be analyzedby using this system Accordingly,
thereis a possibility thatthis systemcanbe appliedto

the researctof liposomewhich attractsattentiondue Abs
to DDS aswell asthe basicstudy of surfactantand
emulsion
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Fig. 2 3D spectrum of reaction process

Conclusion

In this report,the two-stepsreactionwasmonitoredby usingthe fiber probeandrapidscan In addition,
it is expectedhatVIR-100seriescanbe utilized in a wide rangeof field suchasthe evaluationof lithium-
ion battery materialsthat can be measuredby the instrumentinstalled in the glove box, the remote
measuremerih reactorby multi-probesandthe measuremerin manufacturindine, makingfull useof the
featuressuchascompactize,robustnesandfree usageof samplecompartment







