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(Infrared Synchrotron Radiation for Investigating Interphase of
Polymer Composites and Phase Separation of Multiphase
Polymer Systems: Feasibility Study)
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Abstract

Synchrotron infrared microspectroscopy (SIRMS) is a spectroscopy technique employing
synchrotron infrared radiation as an external source for infrared microspectroscopy. The
combination of these two techniques results in the significant improvement of resolution of the
infrared microspectroscopy down to 3-5 pm. In this report, the application of synchrotron infrared
microspectroscopy to study multiphase polymer systems, polymer composites, and coated metal
surface was reviewed, The multiphase polymer system included polymer blend of isotactic
polypropylene - nylon 6 blend, and solid-state blends of PET-PS and PET-PMMA. The other
muliiphase system was biological system of cel"I, skin, and hair. They were multiphase system
containing bio-polymers such as lipids and proteins. The study of immobilized enzymes in poly
(methyl methacrylate) by SIRMS was also mentioned. For the polymer composites, the use of
SIRMS to study the composite of LCP fiber reinforced polypropylene was reviewed. Lastly, the

metal surface {reated with chromate conversion coatings was also reviewed,
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Synchrotron radiation covers a large part of the electromagnetic spectrum from the

microwave range out to the hard X-ray and Y-ray region. ......ccccccevevvcnnrenncnvnionnnes 2
HHUA LA TL ULRARLDZITIBIANAT ammmaﬁmﬁuﬁmﬂmau .......................... 4
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Micro-IR spectra of the polymer blend between propylene-ethylene copolymer and
polyethylene with different aperture sizes: (a) 100 Um x 100 lUm, (b) 3 flm x 3 |lm,
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SEM 1@ IR band ratio maps (1640/1375 cm™") Y04W BB HTUTENI19W0E TN
fruas lanu-6: (a) simple binary blend 148 (b} binary blend compatibilized with
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Axonometric plots of IR band ratios of an area 30 lm x 30 Llm of (a) Non-
compatibilized -blend 118 (b) Compatibilized - blend MWATUVULALATHAILANS
Wunsmanmdufiaduing vod 1640/1375 em’ 1A 33302938 em™ AR, 18
Optical micrographs of blends of PET/PS (a) and PET/PMMA (b) with arbitrarily
chosen area grid of points imposed on the top of cach surface. The IR spectrum for the
crosshaired point in each sample is shown at the left of each photograph, along with
the apertiure S1Z€ 1N IMICTONS. ovoivierrerereree s ee e stestes s aesbaresssneranesresssranssssesseessarsersares 20
Area contour maps for 50/50 blends of PET/PS (a) and PET/PMMA (b). The areas
illustrated are the same as those shown in the grids in Fig. 2.6. The polymers chosen

for these maps are PS (a) and PET (). oot vesssrenns 20



sUom

gant
.
=b.
28]
o0

7t 2.9

51 2.10

Ji 2.11
31 2.12

g1 2.13

31U 2.14
519 2.15

a5 N (se)

N

Polarized Optical Micrograph of an iPP-LCP fiber composite at 127°C obtained during
dynamic crystallization at 10°C/min. F = LCP fiber, S = developing spherulitic iPP,
TC = developing transcrytalting iPP. ..o 22
Mosaic of optical microscope images recorded from an iPP-LCP model composite
where the fiber has been sheared at the isothermal crystallization temperature of
140°C, and pseudeo-3D plot of spectta along the line indicated, with and aperture of
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(a) Polarized optical microphotograph of a region of an isothermally crystallized film
sample, showing peints where IR spectra were ‘recorded (numbered white boxes) and
the mapped region (blue box), (b) spectra recorded at positions 1, 2, and 3, and (c)

false color image of the marked region employing the 1296/1304 em’ intensity

Apoptosis: the programmed death of a cell.......cov 24
Infrared spectra of individual cells before and after the induction of apoptosis, Spectra
have been recorded using a dual aperture of 10 wm x 10 pum in size, positioned at the
position of the nucleus (128 scans, 8 cm’’ resolution). Note the dramatic differences
from 28003000 ¢t 10 1000=1300 G ccveiicvervvrrrrsressssssessssssssisisesseresersesssssssssresses 26
Optical and chemical image of a necrotic single cell. (a) optical image, (b) chemical
image of the C=0 band at 1740 cm'l, (c) chemical image of the nucleus (Amide I
band). The spectra have been recorded with a 3 pm x 3 um aperture, 128 scans and 8
em' resolution. The concentration scales from black (zero) to white (maximum).......27
Hair composition and STUCUIE ........ccceiiiiio i e s 28
Infrared spectra, recorded with an aperture of 6 pum x 6 pm, 64 scans, of different
regions of a Caucasian hair section (6 mm in thickness), in the 10004000 em’
frequency range (a). The Amide I and If region have been enlarged in (b), showing the
presence of an additional band at 1575 em’ inside the medulla, and the different line

shapes of the Amide T band envelope........cooiiciini e 30
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Chemical distribution of the lipid characteristic frequency at 2919 cm’ over a whole
Cancasian hair section. Apart from the high concentration in the medulla, lipids are
clearly seen to be higher concentration inside the cuticle, as compared to the cortex
region. Shoulders at 1576 and 1469 cm’” are also observable in spectra taken inside the
cuticle. The image results from the analysis of 25 x 20 spectra are recorded in 3 im
steps (aperture of 3 jimn x 3 pum, 4 cm” resolution, 32 $Cans). . ...ccovverviirevsiecnienen 3 1
{a) The Structure of Human Skin (b) ﬁ’ﬂymx%udaﬂmm eperdermis’, ......coovvveenn, 32
Infrared spectra of different regions of human skin, recorded with an aperture of 6

Jn x 6 [im, 8 em resolution and 128 accumulations: (a) inside the Stratum Corneum,
(b) inside the epidermis, (¢) inside the dermis.” .........coocveriimriicnrieee s 33
Infrared spectra of the skin section displayed in (a}, recorded every 3 um, with an
aperture of 3 pm x 3 \m, 256 scans, 4 em’ resolution. A frequency shift of the
symmetric stretch mode of CH, occurs when probing the skin section from the outer

to the inner region (indicated by the AITOW). ..ot e e 34
Values for the symmetric stretch mode of CH, (a) frequency and integrated intensity
and (b} full width at half maximum (FWHM) as a function of the probing distance.
The vertical dotted line represents the boundary between the SC and the epidermis,

as observed in the optical IMAZE. ... 34
Visible light image (left) of the Novozyme435 bead embedded in paraffin and cross-
sectioned at a 12-pum thickness. The yellow box indicates the area imaged by the IR
microscope. The right panel shows the enzyme distribution throughout the center
section of the Novozymed33 bead. ......cvvciirniinciniiic e 36
Chromate and cyano SIRMS maps of 581 mgm'2 (54 mg ft*) CCC on AA2024-T3
before (A) and after 30 min Ar ion etch. (B) Lighter region indicate higher

concentration of the SPECIES .....vivicrianiiiii e 37



ATR = Attenuated Total Reflectance
CALB = Candida Antarctica

FWHM = Full Width Half Maximum
HBT = High Energy Beam Transport
iPP = isotactic Polypropylene

LBT = Low Energy Beam Transport
LCP = Liquid Crystalline Polymer
Linac = Linear Accelerator

MCT = Mercury Cadmium Tellurium
PBS = Phosphate-Butfered Saline
PCD = Programmed Cell Death

PE = Polyethylene

PET =Poly (Ethylene Terephthlate)
PMMA = Poly (Methyl Methacrylate)
PS = Polystyrene

SC = Stratum Corneum

SIR = Synchrotron Infrared Radiation,

=

AeBu M

SIRMS = Synchrotron Infrared Microspectroscopy,

SN = Signal-to-Noise Ratio
SR = Synchrotron Radiation
Syn = Booster Synchrotron,
O-form = alpha - form

B-form = beta - form
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& = the optical efficiency
A = wavelength of the infrared radiation
((v) = the brightness
Af = resolution limit
A = the detector area
B = brightness
BW = bandwidth (%)
BW = bandwidth (%)
¢ = velocity of light
D = the detectivity of the detector
h = Plank’s constant
k = Boltzman’s constant
NA = numerical aperture of microscope system
P = the power
P, =the power emitted from black body per unit surface area
t = the measuring time interval
Av = the bandwidth
€ = the experiment’s throughput
0 = the horizontal collection angle
I = current (amperes)
A= waveléngth {um)

P = radius of the ring
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Electron energy

1.0 GeV

Circumference

8.3 m

Magnet lattice

Double bend achromat

Super periodicity 4
Long straight section " Tmx4
Betatron wave number 4.71/2.78
Momentum compaction 0.0241
Natural emittance 7270 m.rad
Natural chromaticity -7.96/-6,45
RF voltage 120 kV
RT frequency 118 MHz
Harmonic number 32
Energy spread 5.02x 10"

Energy loss per turn

31.8 keV/tum

Synchrotron oscillation frequency 13.5kHz
Critical energy of SR 798 eV
Bunch length 135 ps
Beam size 0.94/0.15 mm

Damping time

18.9/17.0/8.1 ms




1.4 sursnsnalalasalall (Infrared Spectroscopy)” ™™

HBIUBUN I NI NARSURSAS IR electric dipole Na¥TinfITlu free charge
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anyansalumsduunnmmamavesesslsznen luuwiszuivvounsos
surlsusaluTasaTnyl (infrared microscope) 1snAIugu Idvinvasoullaues variable
aperture 8619 157910 AnueTogegalumsiuualuuulssuuvesdursusaluTasa Im)
ildgnfinuaninuiavesdoaila udazgndmuaIn diffraction limit  Tasdfitisyends
A E38 WML ALEEANILANA T 109 ATBIIALUTUNATOU FD resolution Timit

(Af) invziaaslugyuos Rayleigh criterion (1Ay Abbe) liaasaaaunish 1.1

Af = 0.61A ' (1.1)
NA

A = wavelength of the infrared radiation

NA = numerical aperture of microscope system

. 3 ]
Fmsuanuenadulugianaradunsisa (mid-infrared) AULAIAUARY 4000-400 cm”
(2.5-25 um) 81 NA 71U 1 Ataadn 1000 em” ANweiwse lumsdwunlunuissuiugaga
{6 pm ot s ud1vu1av0d field  aperture vBBUNINIA Ty Insa Tadlwidy 6 pm

anvasolunmssiunluuuiszuivszaoudned tieanndSuuvosaaidunsisai

t 1

¥
dosududedrsezieeinll dwalddSmnadyyiudodyaasunitaantagianin

¥
v W

fuiulumalfifudanumusolunisdiunluurszwvvesdursusalu Tasa Tadd

ATszam 10 pum

Upper focusing mirror

Beamsplitter

Automated
transiation
stage

[~ Upper operture

Sehwarzechild
dbjective

Infrared Source

Sehwarzschitd
condenser

Lower aperture

Detactor

Lower fotusing mirror

(a) (b}

gﬂﬁ 1.3 Schematic of Infrared Microscope (Nicolet Continuplm FT-IR microscope) (@™ and
Schematic of a conventional IR microscope operating in transmission mode and

employing Schwarzschild reflecting optics and confocal apertures (‘0)25 .
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UNA 2
Synchrotron Infrared Microspectroscopy (SIRMS) and Its Application to

Polymer Blends and Polymer Composites
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2.1 Characteristic of Synchrotron Infrared Radiation
211 Powers
dmsuasossurusamdalasimos Taosia I funaedudauautueila thermal
A ) o ¥ P 5 '
source, power Miaatlaoseanuimwisasdia ldnnaumsn 2.1° wazanuaiadives

thermal source s eI saNNITN 2.1 ﬁ"m emitted area x 270

2
P, (watts) = 2¢__ 0 2.1)
eMT ~]

P,, =the power emitted per unit surface area
27the’ = 3.7415 x 107 W/m’
no/k = 1/43879 x 10” mK

MsilSouioy power YBM IR UEALAIBUNT UTATUA TAYA (black body) ¥11A 10
mm x 1 mm g power YBUNIHU IATATOU TR NETIAALTEN I 1- 10,000 pm L ered 1y
31 2.1 power  voauasFuTnsaseuilanddovsenintuddunsusa (F1150 bending
magnet) 5 Tmannisd 2.2 Fafimiandu photons/see nazannandouldaglumizovos

Watts 18 198113 P 370 5.04 x 10" x A
P, (M) =438x10% xIx0xBW x (p/1)" 2.2)

I = current (amperes)
0 = the horizontal collection angle (rads)
BW = bandwidth (%)
A= wavelength (um)

P = radius of the storage ring (im)
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gﬂ'ﬁ 2.1 Total power of a synchrotron radiation source compared with a 10 mm x 1 mm thermal

5
source .

2.1.2 Brightness (ANaM997)°
Luifousmassufimuuumassudauasdmsumaianedudsusaanlalasalad
(infrared spectroscopy) tHHILU thermal source fansfaziimawmunliulsalss@nsainves
1130939939 (detecton) Lag WTszandldyiFasnsmidvlesudumesilos T5fimes (Fourier
Transform Interferometers) 111160 ndoidafiiogAon113m31331 (brightness) 184
thermal source FairanoUTinudnya udoday oIy (Signal-to-Noise ratio, SN) Taufl

b
FYRNMIVNM (noise) a1NsofuIn Idvineumsae li:

100AY? D"

NCe) = O(v)AvetE

(2.3)

A = the detector area

D = the detectivity of the detector
(I)(V) = the brightness

Av = the bandwidth

€ = the experiment’s throughput

t = the measuring time interval

€ = the optical efficiency
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o

A3 UINT09M 52978 (detector) NANgAUTIUdYa MR FYYIBTUNIY (Signal-to-

a o

, , 44 Cow - % I,
Noise ratio, SN) 3¢ FIHILIANNT IV source (NNVY FINNUTINNV1UDI SIR source

be

a A4 ol @ s 3 a w ar ;
i 1000 Whidedousy thermat source FaiuUSadaa e dayaneTunu sxiuiy
1000 111 uREIAY ad 1 TsAnmlumal fidUSinadygadeday Tsunudi 1Rezitou
T dl (1)

nhignna13ideeinany luedes1u electron orbits vosdwasdu Insasou
Tumsdramainauaindisuiiudoms e source area nag emission angle
lab source area il“’clﬂﬁ’&ﬁﬂﬂ Aud \‘l‘ﬁ"lﬁftﬂﬂ diffraction limit 1/4A® full width half maximum

(FWHM) 403 1/0_ Taudi 0, Aodnumz$1m1znTo natural opening angle Siviaoiiiu isi@ou

Tav A uag p Smiefivadu faiid o &1 horizontal
3) 9
=3

angle #4412 119jn71 natural opening angle MANa 19919 aRR Heilil0 991 curvature ¥B

(radians) Fefinwvindy 1.660up)"

+ Ed
storage ring (DT YUIAVDI source ‘ﬁﬁl?‘iﬂj é’mﬂuwammﬂ geometry AFAIT horizontal size
e ¥ i . . 9 4 . . P
fmune lden pe,ffs Tnet eh A9 horizontal angle Y89 beamline 1M TU vertical size Naeandog

o

fusziinnududeunin urezIndidsesy pd,o

i~ nat

r g = P .
/8 o819 lsnauneldeuuagiui opening
angle U043 beamline (W11 natural opening angle ¥pauasBuInTaTeY tasaelAaunAgIun

oA = o ] ar 4 P t
wmmﬁ%iwm source  LAANIIVUIADULINDINIVIN diffraction FINU A1

( hotons/sec/rmnzfsr) YOI UaIFH TATRTON INNNIUHNIU ﬁﬁﬂﬂaﬂszmmﬁmumiﬁ 2.4°
P ]
B(A) = 3.8x10° x Ix BW /) (2.4)

A = wavelength (jm)
I = current {amperes)

BW = bandwidth (%)

U7 2.1 oy 2.2 Wuns @ idsnnsAruan Troerde auniifi 2.1 uag 2.2
WS uifioufuR1939970 beamline #a3AEiA WA 1.91 m 1ta% maximum collection angle 1HH
90 mrads (tﬂuWTﬁﬁmﬁl{ 94 beamlines U4IR 1ag Ul2IR @ National Synchrotron Light Source
(NSLS) ihwedn ansgowsnt) 91ngi# 2.2 wdin 1841 SIR source Tnmmadiadifidnh
thermal source MaBANIGBUNIUIA Az ITIAIWEIINGUYS 9 V2] power Tigand
UsznoufuilSinaesdaanusuniufianas Safie’l441 SIR source 11 source i1 thermal

source davanzedndalumsiFaumadinlyInsanwn lnsa1ntl (microspectroscopy)
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10"y Tinfrared Brightness|
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10"  Synchrotron Radiiation

10::! Eq. 2 Practical limits
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” 2000K Biack Body

101!]
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gﬂﬁ 2.2 Synchrotron radiation brightness compa;ed to 2000K thermal source’.

2.1.3 Diffraction Limit~
Ellis liag anie™ 1@ANYT diffraction limit s)Souieusznitnedursusamilaasun 14
910 aperture YUIA 100 pm x 100 pm 48 Y119 15 um x 15 pm (AFoursusalulnsanlalns
¥ t
A 1nTluDURUAY: conventional IR microspectroscopy) pazdursusamiansui idon aperture
va3pm x 3 pm (4Fulasesoudursusalulnsanlalasalail: synchrotron infrared
microspectroscopy) 1l 1t s InsAsouBUNI U5A 910 MIRAGE Beamline 53 uuffnu1AoNe
= 3 1 s et = o -
fvodnauszrineInsnauenaun Ianadues (Propylene-Ethylene Copolymer) 10z WofLo
as a o A et asa o o a1 = '
18U (Polyethylene) Iavfitunsndfie Tnsinu-tonan Ianedwos uaziidunaudu 9 194 tle
HaY TITAULAT
sudsusaalansuf1dan aperture ¥11A 100 pm x 100 pm matinounsusa lulas
¥ ] ]
alatluuuaadn uaeedagli 23 @) aSvuifsudududsusamdaaiuilann Taold
aperture YHIA 3 um x 3 pm 9307 2.3 (b) azein IdhBudsusAmlAnTUIN aperture YA 3
tmx 3 um ﬁﬂ%’mmﬁmumﬂwiﬂﬁ'@apmwmu (signal-to-noise ratio) “ﬁﬁ"lﬂ’i"lgﬂ‘ﬁ 2.3 (a) uazh

4 o o 3 ar 4 =] W o
RUAAUAT 9 vz FuNAAUFABUIIBININMT 1T aperture NTVUIAANINN FABMETUWIZYDY

]
e D1

o : P )
Ay doublet 8 #1tiMLe 720 uag 730 em” Fatlumanin CH, rocking mode %93 HANUBIND

=y =)

a ¥ A R T . 4 . . . ¥
uUoNaU me“lwmumamzxﬂu single peak UBYAMININTNANT (relative peak intensity) WoY
nhaftnnglugdi 23 @ dwmfududsuseanlaainluzfi 23 © duanasfuildnn

<3 Vi o« =) o o Ay @
aperture ¥U1A 15 pm x 15 pm 21 laanvazvesmilnasuesmloutinmansun Tdain

aperture Y419 100 pm x 100 pm ﬁal,mﬂﬂugﬂﬁ 23()



granuansalunistwunlunuaszuiy (spatial resolution) gndifia laguuiaves
5
o ar 1 o o o =1
aperture HAHHAIRIUANAVRIAIMAUTIIN TR eRAmwsaEuARInA A I YD
¥ i ]
guaveInedtenauarInTEed1veswe A an Tudude81e egre lsAamiefagi

1 ] dy P = & H
anudn lafennuuapAIaMaI R 5 Nag A5 01H3 diffraction limit vosuuuanaule

19609 900 150 120 116?100 1080 4000 00 SO0 B0 AOD 7D 7000
wavenumber {cm!)
§1Jﬁ 2.3 Micro-IR spectra of the polymer blend between propylene-ethylene copolymer and

polyethylene with different aperture sizes: (a) 100 pm x 100 pm, (b) 3 pm x 3 pm, and
(c) 15 umx 15 pmzz.

A9 2.2 WA diffraction limit 7 16910N 13 IIBTIAYARUA1E 7 vouATos
aursusa luInsa Iny ‘tjﬁ}’e) Nic-Plan microscope ‘ﬁgﬂtm uﬁ;ﬂu single aperture L& dual aperture
f optical system 13§31 aberration WL diffraction limit ﬁm‘uﬂﬁ. W 720 em” ‘Uéﬂ single aperture Y
AUNIAY 14.6 pm ARIUA U IV IR aperture Gum x 3 pm) TAASUYDI system 1 AAA
ugUf 2.3 (¢) sv11@ aperture 711470 15 pm x 15 pm wfidnwazdoriuanlaaduiiiden
M54 aperture YHIA 100 pm m x 100 pm (gﬂa‘?‘i 2.3 (a)) Foums 14 aperture NEIUWIAENNN
Tauawigihinnh diffraction limit yeathunduavua Tideudezi vl nvesdyya
VAU (noise)  LRNAN Safnaraldifanisdafionvesnududuimivesuuud Faas

Funaffudiomvnau Taadszuinndosndt 800 cm’



@ N W ¥ L Voo
aunanmsudafidesns 1 1danlanfuniiganin vinaves aperture AITNIAY
. . v o o ' [Ty A o . '
diffraction limit vowyuanauly Moy d1eulefiazsty mapping Wy loen Ty (eyano group)
A -1 R T ar ] o oy
12235 cm YUIAUDY single aperture aszalIzanm s pm x 5 pm ummsfhmgmmaua

(carbony! group) Y31@ aperture AI391E11 6 pm x 6 pm dwmTvadanfuvesnodiuedlud

]
= [

. P &

fingerprint YMIAYEY aperture TIMNIZAUAD 6 pm x 6 pm FuTuvinafgyi i ldanuamse
Tn159uun T ITE U (spatial resolution) NALAZYLABIAY 3 energy thronghput M@z
YSuadyanuno Ty suny (singnal-to-noise ratio) AMNIZAY

Y g g 9 ) . 3 A a

fauflunsdiff energy throughput 11nWe1914 over-aperturing 18 1oaanisiia

‘!.r = é’ = 1 = o L) 1 1] n'
diffraction MAAAHUTIIA aperture 0619 LsAmuITsdanar ldnaremsiivanuainsoluy
mesmunswaziden uan1vdwarensiildidemsAnusn 1 auund (band distortion)
] A q = ar 4 o ' P \ ~ o J . g 9t
gruanwaa ilufveusuiulaena1U91015 14 step size ANND aperture size 3911013

. Py oA a o 4 4 a & YA o . . ..
mapping laswaziduafinutavudovutnsivazdontiu Indneny diffraction limit

mﬂ&ﬁ 2.1 Diffraction limits calculated for the infrared microscope (Nic-Plan microscope) at the

MIRAGE beamline for single and dual alperturing22

Wavenumber Wavelength Abbe limit
(em™) (mm) Single aperturing Dual aperturing

4000 2.5 22 1.9

3300 30 2.6 23

2938 34 29 2.6

2235 4.5 39 35

1750 5.7 4.9 4.4

1650 6.1 52 4.7

1600 6.3 5.4 4.8

1375 7.3 6.3 5.6

1000 10.0 8.6 7.8

800 12.5 10.8 9.7
730 13.7 11.8 10.6
720 13.9 12.0 10.8
i 650 154 133 11.9
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2.2 Characterization of Polymer Bilends and Composites by Synchrotron Infrared
Microspectroscopy
2.2.1 Polymer Blend: Isotactic Polypropylene-Nylon 6 Blend”
szuuwetmosanszn g loTounadnnod TnsWan Gsotactic polypropylene) as
lyaen-6 (ylon 6) SmiuszuuneBoTHANA T 1M (immiscible blend) uasn-6 Fail
Ysuaesndived lusWau ﬁsﬂs’mﬂumanauﬂawmuﬁaagj“luwaﬁimﬁﬁumw?n«ﬁ’
(polypropylene matrix) (‘iﬂ‘lfl 24 (a) mmmam interfacial energy VYOITTUVUAININ iile
Wisufounmaossy uuu’n"lﬂmnﬂaawaﬂiiﬁuamﬂmﬂmmuamﬂsm (Scanning Electron
Microscopy, SEM) uag Nmtmimmawam@uwsum"lﬂﬂsaTﬂﬂamummu (conventional
Fourier Transform Infrared Microscope) cﬁﬂ“]gf’ aperture 4119 20 pm x 20 pm ﬁfuﬁmaaé’uﬁmdw

o

A5 mapping A© 400 tm x 300 pm Asaaslugdi 2.4 denffoufeudnsrdausynin

. I

a ' 4 A o 1 - !
uﬂ%’f“ﬂﬂmwy,m”!m I (amide I group) WELHUY 1640 em” 11199970 carbonyl stretching

=p

vibration 1@ AR MU 1375 em” §1111199971 CH, deformation mode 1451/484 axonometric plot
Faaasluzdd 2.5 dafidsingTuztiiiuTouves Tuaeu-6 uruSoudiiluwed Tnsiduwm
o L4 = d':q. = Y c'\ d't <1 =] v .
SnveziuuSnanfainmudud ealSoufeutuniwe1n SEM uag axonometric plot 483
sTUUWORWDS HENsTIaIAEIT LA 14 PP-maleic anhydride graft copolymer 1lua1s g oiminn1m
113118 (compatibilizer) fateradlugyuf 2.4 () vin SEM ueraaldiud Tuaeu-6 fims

o ::!.d? H o ' - Yo ﬂg 1 =) Y a 9/ =
nITnOABTWIAEMISIRAATY I1Iwed Insiauias luadu-6 AduruReIiu Mldszuud

dl A:J ) o .5 [} =] ey ad%} A A

anuiluflodeIdu (homogeneous)  MnTUFINA I IABAIATAMIINBAIW 1HBWIITOI
axonometric plot Y945 UUSINA Aauaadlugilii 2.5 (b) avwndnilanSvufsuiussuui T

1 ::; o 9 a ={ o r -1 A é 3
Masammuanudiiuld anuduiiaduini ndumie 1640 em” Tanuaiuauoundu
=§ 9 ar ~ oy d’.’ = a é’ = =) as a* o‘z:;. o t
Fepoandosdumanszvuianuibude@eaduniniu mshanugeiaduinindwnia

4 : 4 4 4 v .
1640 em” Tanuminavewndu Wudshuaasldimiuiivuiavosluasu-6 annavegiail
Huddguariviiadn Mnuvauwannua o lun U ATNYUIRYDA aperture i 14 e
20 pm x 20 pm

ﬁ‘ £} =y =y = =t N -
dounatingu Insaseudursusalulasalad (synchrotron infrared microscopy) U1

-2 = = 1 & & ] = = =5 . A
Ay usSoumausynessuunoduosnanszr e lo Teunadanod Inswauuas luasu-6 9
a3 rsiun s 1fiuld (Non-compatibilized blend, N-blend) waz 1dansa oyt
fu'la (Compatibilized blend, C-blend) 9218 axonometric plot ﬁmﬁﬂﬂugﬂ‘ﬁ 2.5 (a) uaz (b)
amudey Taefili axonometric plot Y8aAUTUARTURME o1 A1 1640 cm™ (1640/1375)

1A 3330 om” (3330/2938) RATIA NG 3330 em” 1T URAYBY N-H stretching vibration %84



Tuaou-6 lumsnaasaly single field stop aperture YUIA 3 Um x 3 pm LAY step size iy 3
{m
91N axonometric plots 1151 2.5 szulddnudufindusing a dumia 1640
- o o« = { v i & Y 1 ] J ar
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2.2.2 Polymer Blends: Solid-State Blended Polymers31
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g‘]]"?l 2.6 Optical micrographs of blends of PET/PS (a) and PET/PMMA (b) with arbitrarily chosen
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arca grid of points imposed on the top of each surface. The IR spectrum for the
crosshaired point in each sample is shown at the left of each photograph, along with the
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g‘dﬁ 2.7 Area contour maps for 50/50 blends of PET/PS (a) and PET/PMMA (b). The areas

illustrated are the same as those shown in the grids in Fig. 2.6. The polymers chosen for

these maps are PS (a) and PET (b)“.
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2.2.3 Fiber-Reinforced Polymer Composites
2.2.3.1 Transcrystallinity in Isotactic Polypropylene-LCP Fiber Composites22
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gﬂﬁ 2.8 Polarized Optical Micrograph of an iPP-LCP fiber composite at 127°C obtained during
dynamic crystallization at 10°C/min. F =4.CP fiber, S = developing spherulitic iPP, TC =

developing transcrytalline ipp”

375 um

H F T ] T ]
1100 1000 900 800

T
1200
wavenumber (cm™)

gﬂﬁ 2.9 Mosaic of optical microscope images recorded from an iPP-LCP model composite where
the fiber has been sheared at the isothermal crystallization temperature of 140°C, and

pseudeo-3D plot of spectra along the line indicated, with and aperture of 6 um22
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2.2.3.2 Crystallinity Interphase in Sheared Isotactic Polypropylene-Vectra
(LCP) Fiber Modet Composites”
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gﬂ‘ﬁ 2.10 (a) Polarized optical microphotograph of a region of an isothermally crystallized film
sample, showing points where IR spectra were recorded (numbered white boxes) and
the mapped region (blue box}, (b) spectra recorded at positions 1, 2, and 3, and (c) false

color image of the marked region employing the 1296/1304 em” intensity ratio”.
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2.3 Investigation of Biological System Using Synchrotron Infrared Microspectroscopy
2.3.1 Individual Cells and Apoptosis’
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gﬂﬁ 2.11 Apoptosis; the programmed death of a cell™
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gﬂﬁ 2.12 Infrared spectra of individual cells before and after the induction of apoptosis. Spectra
have been recorded using a dual aperture of 10 um x 10 pm in size, positioned at the
position of the nucleus (128 scans, 8-cm'J resolution). Note the dramatic differences

L

from 28003000 ¢cm to 1000-1300 cm’”
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#IM5Y necrotic (dying) cell szuaaaliifudsnnudufiftuduve wndiguma
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31"?1 2.13 Optical and chemical image of a necrotic single cell. (a) optical image, (b) chemical
image of the C=0 band at 1740 em’, {¢) chemical image of the nucleus (Amide I band). !
The spectra have been recorded with a 3 pm x 3 um aperture, 128 scans and 8 em’

. . . . 37
resolution. The cencentration scales from black {(zero) to white (maximum)™ .
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2.3.2 Hair Composition and Structure’
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24
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gﬂﬁ 2.14 Hair composition and Structure ™.
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gﬂ‘ﬁ 2,15 Infrared spectra, recorded with an aperture of 6 um x 6 um, 64 scans, of different
regions of a Caucasian hair section (6 mm in thickness), in the 10004000 cm’
frequency range (a). The Amide I and II region have been enlarged in (b), showing the
presence of an additional band at 1575 cm inside the medulla, and the different line

shapes of the Amide I band envelope”.
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§1lﬁ 2.16 Chemical distribution of the lipid characteristic frequency at 2919 em’ over a whole
Caucasian hair section. Apart from the high concentration in the medulla, lipids are
clearly seen to be higher concentration inside the cuticle, as compared to the cortex
region. Shoulders at 1576 and 1469 cm” are alsolobservable in spectra taken inside the
cuticle. The image results from the analysis of 25 x 20 spectra are recorded in 3 m

steps (aperture of 3 m x 3 um, 4 cm’ resolutlou 32 scans) e

2.3.3 Human Skin Composition and Structure’
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gﬂﬁ 2.17 (a) The Structure of Human Skin (b) ﬁ’ﬂymwf?udawaa eperdennis“‘“
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gﬂ‘ﬁ 2.18 Infrared spectra of different regions of human skin, recorded with an aperture of 6 jim x

6 pm, 8 em™ resolution and 128 accumulations: (a) inside the Stratum Corneum, (b)

inside the epidermis, (¢} inside the dermis’
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gﬂﬁ 2.19 Infrared spectra of the skin section displayed in (a), recorded every 3 fm, with an
aperture of 3 pm x 3 pm, 256 scans, 4 cm’ resolution. A frequency shift of the
symmetric stretch mode of CH, occurs when probing the skin section from the outer to

the inner region (indicated by the arrow)n.
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gﬂﬁ 2.20 Values for the symmetric stretch mode of CH, {a) frequency and integrated intensity

0 12 24 36 48 6 T2 84 9
Depth (um)

and (b) full width at half maximum (FWHM) as a function of the probing distance. The
vertical dotted line represents the boundary between the SC and the epidermis, as

observed in the optical image”.
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2.4 Investigating Structure of Immobilized Enzymes Using Syncrotron Infrared
Microspectroscepy45
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2.5 Surface Characterization Using Synchrotron Infrared Microspectroscopy
46 1 ¥4 o = ) .
Vasquez DT AU lafnudnumemInfaounilaves chromate conversion coalings
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" a P2 . = .
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4 qw v 9w ¥ . =
AA2024-T3 F41Fmmn1edn agrospace Lﬂummg Usznoude alloying elements NYAINUAG
' . = d s & ar 1 ¥ Ao g
WU Cu, Mg, Mn, Si, and Fe 519 filunsiilsznoumariinzosudinglugd nssadrefidudon
uazMaua MSenI1 Intermetallic Compounds (IMC) 1% ALCu, ALCuMg, ALCuFe,

Al Cu,Fe, Al ,Si(FeMn),, AL, Cu,(MnFe),, Al,,Cu,Mn,
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gﬂﬁ 221 Visible light image (left) of the Novozyme435 bead embedded in paraffin and cross-
sectioned at a 12-pum thickness. The yellow box indicates the area imaged by the IR
microscope. The right panel shows the enzyme distribution throughout the center

section of the Novozyme435 bead”.
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Beamlines @M 5uUa51 lasaseusunssa {Synchrotron Infrared Radiation)

Facility Location Status
NSLS Long [sland, N.Y. v

ALS Berkeley, Calif, v
SURF-I1I Gaithersburg, Md. v
ALADDIN Stoughton, Wis. v

CLS Saskatoon, Canada Under construction
SRS Daresbury, England v
DIAMOND Oxford, England Under construction
LURE Orsay, France v

ESRI* CGirenoble, France Planned
SQLEIL Paris, France Planned
ANKE Karlsruhe, Germany v
BESSY-11 Berlin, Germany v
SINBAD (DA®PNE)  Trascati, Italy v
NSRRC Hsinchu, Taiwan v
MAX-LAR Lund, Sweden v

SLS Villigen, Switzerland Under construction
SPRING-8 Nishi-Harima, Japan v

UVSOR Okazaki, Japan v

NSRL Hefei, China v

BSRF Beijing, China Planned
NSRC Nakhon, Thailand Planned
BOOMERANG Melbourne, Australia Under construction
SESAME Middie East (Salt, Jordan?) Under discussion

v = operational

A http://aic.stanford.edu/jaic/articles/jaic42-03-002.html
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(ﬁll“l :http://users.ren.com/jkimball. ma.ultranet/BiologyPages/C/CellCycle.html)
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G, = growth and preparation of the chromosomes for replication;

» S =gsynthesis of DNA [see DNA Replication] and duplication of the centrosome;
¢ G, = preparation for

¢ M = mitosis.

+ doubling of its genome (DNA) in S phase (synthesis phase) of the cell cycle;

¢ halving of that genome during mitosis (M phase).
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