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KomM6uHMpoBaHMe aTOMHO-CU/IOBOM U CKaHUpYKOLWeEn G6AMKHENONIbHOW ONTUYECKOM MUKPOCKO-
nMn ¢ KoH}OKaNbHOM paMaHOBCKOW CMEeKTpPOoCKonuen obecrnevymBaeT BO3MOXXHOCTb MNpoBedeHUs
HepaspyLIaloWero KOHTPo/s ¢GU3MKO-XMMUYECKUX CBOWCTB FeTeporeHHbiX MaTepuasioB C BbICOKUM

paspelueHuem.

Combination of Atomic Force Microscopy, Scanning Near-field Microscopy and confocal Raman
imaging enables nondestructive, physical and chemical characterization of heterogeneous

materials at high resolution.

OJIMMePbl UI'PAIOT BasKHYIO POJIb B COBPeMEHHOM
MaTepHaioBeleHUH. biarogaps MKUPOKOMY JKa-
Ma30Hy MeXaHUYeCKUX U XUMUYeCKHX CBOKCTB

OHHM IPUMEHSIOTCS B CaMBbIX pPa3HBIX obracTax

Y aKTHBHO HCIIO/NB3yIOTCS IPU pPa3paboTke HOBBIX

MaTepHasoB, K KOTOPBIM MPebsBISIOTCS Bee bomee

>kecTkHe TpeboBaHUS. [ momobHBIX pa3paboTok

HepenKo HeobxomrMa HHPopMaLHs 0 MOpGOIOrUH

U XUMHUYECKOM COCTaBe TeTePOreHHbIX IT0IMMepPHBIX

MaTepHaJIoB Ha CyOMHUKPOHHOM YpoBHe. PacCMOTPUM

HCIIOTIb30BaHHe COUeTaHHSI aTOMHO-CHJIOBOM MHUKPO-

ckonuu (ACM), cKaHUPYIOIeH 6IMKHEeNOoTbHOM

oInTH4ecKor MUKpocKkornuu (CBOM) 1 KoHQOKaIbHOU
paMaHOBCKoOH crieKTpockonuu (KPC) oyst ucciemoBa-

HH S COCTaBa TPEXKOMITIOHEHTHOM CMeCH II0JIMMepPOB.

ACM B IIOJIyKOHTaKTHOM pe>XHMMe HCII0J1b30Ba-
nack a5 cbopa HAHHBIX O TOIMOTPAdHUU U JIOKAIb-

HBIX MeXaHHUYeCKHX CBoKcTBaX, CBOM - i1 moiny-

YeHH s ONTHYECKOro M306paskeHHUs C paspelie-

HHeM HaMHOIO HHXe JUPPaKIMOHHOTO IIpefesa,

a KPC - gy onipefie/ieHH s MOJIEKYJISIPHOTO COCTaBa

obpasma. CodyeTaHHe 3TUX MeTOHOB OTKPBIBAET

HOBBIE BO3MOKHOCTH JJ/Is pa3paboTKHU U HCCIeI0Ba-

HUSI COBPeMEHHBIX [I0JINMEPHBIX MaTepHaloB, obe-

CIledymnBasi JeTaabHble CBefleHUs 006 ux PU3UUeCcKUX U

XUMHUYEeCKHX CBOMCTBAX Ha CYOMHUKPOHHOM YPOBHe.

Pa3pmeneHue ¢pa3 B TOHKOH IIJIEHKe CMeCH, BKJIIO-
YaBIIeH B PaBHOM Mpomopuuu noauctupon (I10),
OyTamreH-CTUPONBHBIE KayuyK (BCK) 1 3THITeKCH-
nakpuiat (3TA), Hcce10BaIoCh C IIOMOIIbIO Tprbopa
WITec alpha 300 RAS, B KOTOPBIH HHTEI PHPOBAHBI
BCe TPH IIepPeUuMC/IeHHBIX BBIIIe MeTOJA H3MepeHU .
Obpasel IJIeHKH, HAHECeHHBIH Ha CTeKJI0 METOLOM
LeHTPUPYTHUPOBAHUS, OCTABAJICA B XOZle U3MepeHHU
B OZTHOM TO3UIIMH, YTO [1aJI0 BO3MOXKHOCTH COIIOCTa-
BUTb APYT C IPYrOM pe3yabTaThl H3MePeHUH pas-
JTUYHBIMH MeTofaMH. [IporpaMMHoe obecrieyeHue
WITec Control 1103B0o/IH/IO BBIIIOTHUTH KOMITJIEKCHYIO
OLIeHKY II0JIyUYeHHBIX JaHHBIX U CTeHepHUPOBATh IIPO-
duIK XapaKTepUCTHUK.

Tomorpadus obpasiua (a), monydeHHas C OMOIIBIO
ACM, moka3blBaeT TPeXypPOBHEBYIO CTPYKTYpy, a Ha
I0J1y4eHHOM OTHOBPEMEHHO C Hel $a30BoM H306paske-
HuH (b) 0OTUeTIHBO BUIHBI TOHKASI CeTUaTasi TEKCTYpa
HUKHETo YpoBHS, HeboblHe chepruecKre 06beKTh
B IIPOMEKYTOUHOM CJI0e 1 aMOPOHBIN XapaKTep Bellle-
CTBa BepxHero ypoBHs. CBOM-1306paskeHue (C) TOM ke
obmacTu obpasia JeMOHCTPHPYET, UTO Jaske CaMble
TOHKHeE YYaCTKH [IJIEHKHU HeIIpo3payHbl. PAMaHOBCKOe
otobpaskeHuUe (d), IOMyUYeHHOe Ha OCHOBE CIIEKTPOB
KOMOMHALIMOHHOIO paccesiHuUs (€), CBUIeTebCTBYeT,
YTO 3TH YUACTKHU COCTOST TONbKO U3 OTA, a OCHOBHBIE

WITec GmbH.
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CONTROL AND MEASUREMENT
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WccnedosaHue cmecu, ekatouaswell 8 pagHot nponopuuu MC, 6CK u 3TA, ¢ npumeHeHuem memodos ACM, C6OM u KPC. ACM
8 NOAYKOHMAKMHOM pexkume n0380AuUAd 00HO8peMeHHO oueHUMb monozpaguto 06pasya (a) u noayyums pasosoe u3obpaxe-
Hue (b). CEOM nokasaaa Henpo3pa4Hocmb naeHku (c). Cnekmpbl KOMBUHAUUOHHO20 paccesiHus (e) bbiAu nony4eHbl s Kaxdol
MOoYKU UCCAeDYeMOo20 yudcmKa, Ymo no3e0AUA0 nocmpoums usobpaxerue (d), Ha komopom NC coomeemcmeyem KpacHoOMY Lge-
my, 3TA - 3eneHomy, 5CK - puoremosomy, cmecb ITA u 6CK - cuHemy. Ha nocaedHem pucyHke (f) npedcmasneHo HanoxxeHue ¢a-
308020 U paMAaHOBCK020 U306pa>keHull

Correlative, high-resolution AFM - SNOM - confocal Raman imaging of a 1:1:1 mixture of PS, SBR and EHA. Using AFM in tapping
mode the sample’s topography (a) and its phase image (b) were measured simultaneously. With SNOM the transparency of the same area
was determined with the dark spots being opaque (c) Concurrently with the AFM and SNOM measurements the Raman spectra (e) were
recorded for each pixel of the area and displayed as a false color image (d): red = PS, green = EHA, blue = mixed spectrum of SBR and EHA,
violet: SBR. The overlay of the AFM phase and Raman images is shown in last figure (f)

XapaKTepUCTHKHU obpasia ompegesnset IIC, KOTOPBIi
obpasyet cucTemy chepruuecKux 06beKTOB. XOPOIIyIo
KOpPpeJISILIMIO JaHHBIX O TOIIOrpaduu, Gpa3oBom pase-
JIeHUH, OITUYEeCKUX XapaKTepUCTHUKAX K MOJIeKY/Isp-
HOM COCTaBe JeMOHCTPHPYeT HajloKeHHe $pa30BOro U
paMaHOBCKoOro u306paskeHuH (f).

CormocTtaBieHre HHQOpMALIMH O CTPYKTYpe, GU3U-
YeCKHMX U XMMHUYECKHX CBOUCTBAX II03BOJISIeT CAe-
JaTh BBIBOJ, YTO HUKHHH CJION 00pasma MIeHKHU

dbopmupyet 3TA, KOTOpbIHM NOKPHIT BCK, 0 ueM CBHU-
JeTelbCTBYeT CMeLIeHHe CIIeKTPaJbHbIX XapaKTepu-
CTUK 3THUX MaTepuasios, a cdephl U3 I1C BRICTYHAIOT
Y3 3TOM JBYXC/IOMHOM CTPYKTYPHI.

TakuM obpa3oM, KOMOMHHPOBAHUE B OLHOM IIPU-
6ope ACM, CEOM u KPC obecrieqriBaeT BO3MOXKHOCTb
OTHOCHTEJIBHO IIPOCTOr0 Hepa3pyLIaIoIlero UCcae10-
BaHUS QU3HKO-XMMHUYECKHX CBOKMCTB FeTepPOreHHbIX
MaTepHaJjIoB C BLICOKKMM paspelleHHeM. [ |
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olymers play an essential role in
Prnodem materials science. Due

to their widely varying mechan-
ical and chemical properties they are
used in almost every field of appli-
cation and remain a dynamic com-
ponent of the development of new
materials with demanding require-
ments. For many of these endeav-
ors, knowledge of the morphology
and chemical composition of hetero-
geneous polymeric materials on a
sub-micrometer scale is crucial. We
used a combination of Atomic Force
Microscopy (AFM), Scanning Near-
field Microscopy (SNOM) and con-
focal Raman imaging to study the
composition of a three-component
polymer blend.

While AFM operated in tapping
mode recorded topographic infor-
mation and local mechanical char-
acteristics, SNOM detected opti-
cal properties with resolution far
below the diffraction limit and
Raman imaging revealed the molec-
ular composition of the sample.
Coupling these methods, correlated
AFM - SNOM - confocal Raman
microscopy, opens new avenues for

LleHa 1300 py6.

the development and analysis of
advanced polymeric materials that
require a detailed understanding of
physical and chemical properties on
a sub-micrometer scale.

The phase separation of a thin
film blend of 1:1:1 polysterene (PS),
styrene-butadiene-rubber (SBR) and
ethyl-hexyl acrylate (EHA) was ana-
lyzed with a WITec alpha 300 RAS
microscope featuring all three anal-
ysis methods integrated within
one instrument. The sample, spin
coated onto glass, remained in place
throughout, allowing for images
to be correlated. The WITec Control
software enables a comprehensive
evaluation of the acquired data and
the generation of depth profiles.

The topography of the sample
measured with AFM reveals a three-
level structure (a) while the simul-
taneously recorded phase image
(b) shows a fine netlike texture at
the lowest topographic level, mate-
rial containing small spheres in
the intermediate layer and an
amorphous pattern in the upper-
most substance. The SNOM image
acquired from the same sample

AUCNEPCUOHHOE
AAEPHOE TOMNJINBO
Anekcees C.B., 3anues B.A., Tonctoyxos C.C.

HWA U NpUMeHeHns 41epHOro TOr/nBa.

KAK 3AKA3ATb HALWWN KHUT N?

section indicates that the thinnest
areas of the samples are opaque (c).
These areas contain EHA only, as
can be inferred from the Raman
image (d) that was generated from
the Raman spectra (e). The upper-
most features of the sample appear
to be PS, which is known to form
spheres. The perfect correlation
of topography, phase separation,
SNOM and molecular composition
is illustrated by the overlay of the
AFM phase and Raman images (f).

We correlated all structural,
physical and chemical data and in
our interpretation the EHA forms
the lowermost layer on the micro-
scope slide. It is covered by a layer
of SBR as indicated by the blended
(EHA-SBR) Raman spectrum. PS
spheres are submerged in and pro-
trude out of this double layer poly-
mer film.

The combination of AFM, SNOM
and confocal Raman imaging in a
single instrument enables easy-to-
use, nondestructive, physical and
chemical characterization of het-
erogeneous materials at very high
resolution. [
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