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The work is devoted to qualitative analysis of poly(styrene)acrylates, the definition of the
content of styrene in them. The methods of IR, NMR spectroscopy and gas chromatography-mass
spectrometry were used for analysis. It was shown that the integrated use of modern spectral
methods allows unambiguous to lead identification of the components in the copolymer and to
use of spectral data for quantitative determinations.
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Introduction

The modern polymer science of ma-
terials is one of the actively developing
branches of organic synthesis. The getting
of new materials on the basis of new syn-
thesized polymers and copolymers with
desired valuable properties is one of the

most interesting and promising tasks in
the chemical industry.

At present the modern manufactur-
ers of polymeric materials in order to
save money and time try to use the al-
ready known polymer compositions and
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to establish their own production to meet
the needs of consumers. In this regard
there are tasks often related to identifica-
tion, determination of the composition
of branded polymer materials. Currently
there is the significant number of different
chemical and physico-chemical methods
of analysis of polymers, but the specifics
of this matter is that they are time-con-
suming and often have difficulty in solv-
ing even routine tasks.

For example, there is the well-known
method for quantitative analysis of
monomer composition of poly(styrene)
acrylates which is based on the saponifi-
cation of the ester groups of the acrylate
units of the copolymer in the presence of
alkali [1, 2]. However, some researchers
have noted that the saponification is sub-
jected to only a part of the ester groups
[3] and in addition in this method there
are restrictions from the point of view of
solubility of the analyzed polymers, the
formation of precipitations in the process
of titration and, as a consequence, the low
reliability of the results.

Discussion of results

To solve the set tasks we used meth-
ods of NMR, IR spectroscopy and gas
chromatography-mass spectrometry. For
substances was recorded 'H NMR spec-
tra (NMR spectrometer Bruker AVANCE
IT 400 MHz, solvent (CD,),CO), infrared
spectra (IR Fourier spectrometer Bruker
Alpha prefix FTIR, ZnSe) and carried out
the mass spectrometric analysis of the
products of thermal destruction of sam-
ples (gas chromatograph GC-2010 Plus,
the console thermal degradation of Optic,
“Shimadzu Corporation’, Japan).

Analysis of the absorption bands in
the IR spectra of samples SOLO 1-3 and
comparison of spectra of polymers and
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In this regard in our work we have fo-
cused on the use of spectral methods of
analysis. We have examined three sam-
ples of polymers, it was known previously
that they are derived from poly(styrene)
acrylates (SOLO 1, 2, 3). The tasks on
confirmation of the nature of the poly-
mer and its identification were proposed
by analysis of the IR spectra of the sam-
ples by help the database of the spectra
of polymers and organic intermediates
using the software OPUS (firm Bruker)
and OMNIC (firm ThermoFisher). More
accurate qualitative analysis was to be
conducted using the mass-spectrometric
investigation of products of thermal de-
struction of polymers SOLO 1-3 with
identification of components on the basis
of the data library of mass spectra NIST
(The NIST Mass Spectral Search Program
for the NIST/EPA/NIH Mass Spectral Li-
brary Version 2.0). Also it was necessary
to determine the styrene content, which
was supposed to research according to
'"H-NMR and IR spectra of solutions of
samples.

organic intermediates with the database
of spectral data with using of the soft-
ware OPUS (Bruker) and OMNIC (firm
ThermoFisher) showed that the polymers
SOLO 2 and SOLO 3 are copolymers of
styrene and esters of methacrylic acid -
methyl, butyl, octyl. It was discovered the
coincidence of the spectra of polystyrene-
methylmethacrylate, -butylmethacrylate,
-octylmethacrylate (Fig. 1-4). While
SOLO 1 does not contain styrene units in
its composition - there are no absorption
bands characteristic of stretching vibra-
tions of aromatic C-H bonds in the IR-
spectrum (Fig. 5, 6).



Data of '"H-NMR spectra also con-  of 6-8 m. d.) and samples of SOLO 2 and
firmed that the sample SOLO 1 is co- SOLO 3 contain styrene fragments and
polymer of methacrylic acid esters which  the relative content of styrene in SOLO 2
does not contain styrene (there are no  is much less than in SOLO 3 (Fig. 7-9).
signals of aromatic protons in the region
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Fig. 1. Comparison of the IR spectrum of the sample SOLO 2 with data base OPUS
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Fig. 2. Comparison of the IR spectrum of the sample SOLO 2 with data base ThermoFisher
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It managed to determine clearly quali-  destruction of the samples of polymers.
tative composition by mass spectromet-  (tab. 1-3). For registration of mass spectra
ric analysis of the products of thermal was used the method of electron ioniza-
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Fig. 5. Comparison of the IR spectrum of the sample SOLO 1with data base OPUS
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Fig. 6. Comparison of the IR spectrum of the sample SOLO 1with data base ThermoFisher
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tion (EI), which in turn allowed the use
of a database of mass spectra for identifi-
cation of molecules of monomers. Thus,
it was found that the sample SOLO 1 is
copolymer of the two acrylates: methyl -
and n-butylmethacrylate (Fig. 10); sam-
ples SOLO 2 and SOLO 3 are ternary co-
polymers of styrene with various acrylates

SOLO 1
S0L0 1

(Fig. 12, 14). The registered spectra of all
monomers showed high percentage of
similarity to spectra contained in the da-
tabase (Fig. 11, 13, 15), which suggests the
reliability of the qualitative analysis of the
products of thermal destruction of sam-
ples SOLO 1-3.
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Fig. 7. The IH-NMR spectrum of the sample SOLO 1
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Fig. 8. The IH-NMR spectrum of the sample SOLO 2
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Table 1
Products of thermal destruction
of the sample SOLO 1

Thus, the general formula of copoly-
mers can be represented as follows:

# | Retention time Name . SoLot o
1 2,716 Methylmethacrilate _Pclz_l w_ |
2 5,452 n-Butylmethacrilate | . | 1y
3 12,481 Tetradecanoic acid coocts CO0CsHyn
4 13,189 Pentadecanoic acid SOLO 2
5 13,348 n-Hexadecanol-1 THS THS
6 13,753 Octadecen-6-oic acid %EZCHH?—C g
7 13,882 n-Hexadecanoic acid lﬂm ¥ (|I()()(I4II;,im (|‘,()()(Z:8||17-im
8 14,678 n-Nonadecanol-1
9 15,011 Oleic acid SOLO 3
CH, CH;
10 15,146 Stearic acid H H | |
C —CII C —C C —C
11 15,402 2-Octyl-dodecanol -1 | | | v e
12 23,979 Squalen CgHs COOCHy-n COOCHH'iTisbﬂl 3
able
Table 2 Products of thermal destruction
Products of thermal destruction of the sample SOLO 3
of the sample SOLO 2 # | Retention time Name
# | Retention time Name 1 4516 Styrene
1 4,275 Styrene 2 5,462 n-Butylmethacrylate
2 4,854 ?-Butylmethacr ylate 3 8,055 Iso-Octylmethacrylate
3 8,044 i-Octylmethacrylate 4 10,354 D-Allose
4 13,346 n-Hexadecanol-1 5 12.343 4-Phenylbuten-1
5 13,869 n-Hexadecanoic acid 6 13,346 n-Hexadecanol-1
6 14,677 n-Nonadecanol-1 7 13,865 n-Hexadecanoic acid
7 23,957 Squalen 8 14,676 n-Nonadecanol-1
9 23,954 Squalen
E R 8 28 ABHBLEIZ 8 8
P i U o
. Y
I S E S

Fig. 9. The IH-NMR spectrum of the sample SOLO 3
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Since it has been found that the poly-
mers SOLO 2 and SOLO 3 are ternary
copolymers and the signals of protons in
1H-NMR spectra of the aliphatic part is
much overlap, then to calculate the con-
tent of styrene in the IH-NMR spectra
failed.

Previously the method for quantita-
tive determination of styrene in the IR
spectra of solutions of styrene-containing
of polymers was described [3]. The analy-
sis is based on the integration of charac-
teristic absorption bands in the region
694 cm™ and the final calculation of the
mass fraction of styrene in the sample.

39,392,779

5452

2,716

F=1T53 882

——14.678

At

SERETA

10.0

Sorry, we were not able to reproduce the
conditions of the methodology due to the
lack of liquid cell of the required thickness
and insufficient solubility in solvents used
in the procedure (tetrahydrofuran and
acetone). Therefore, to determine the per-
centage content of styrene in the analyzed
solutions the solutions of polystyrene in
toluene with predetermined concentra-
tion were prepared and the diagram of
dependence of the integrated intensity
of bands in the range from 679 cm™ to
708 cm™ from the mass fraction of the
polymer was build.
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Fig. 10. Chromatogram of the products of thermal destruction of the sample SOLO 1
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Fig. 11. The comparison of registered and “library” of mass spectra of methylmethacrylate
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Experimental part
(description of the quantitative analysis by IR spectroscopy)

To construct the calibration curve ml of toluene — sample 0,0245 g, 0,0684 g
(Fig. 16) the solutions of polystyrenein 2.0  and 0,0922 g (scales VIBRA AF-R-220CE,
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Fig. 12. Chromatogram of the products of thermal destruction of the sample SOLO 2
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Fig. 15. The comparison of registered and “library” of mass spectra of iso-Octylmethacrylate

Shinko Denshi, Japan 2010) were previ-
ously prepared, respectively, their con-
centrations were 0,01225 g/ml, 0,0342 g/
ml, 0,0461 g/ml. The solutions of analyzed
samples SOLO 2 (0,0681 g, concentra-
tion 0,03405 g/ml) and SOLO 3 (0,0842 g,
concentration 0,0421 g/ml) were prepared
similarly. For all solutions IR spectra were
recorded in the range of 500-1000 cm™
and by integrating the absorption bands
in the range of 679 cm™ to 708 cm™' the
areas under the curve were determined:
S, = 5490, S, = 5,708, S, = 5,842. For the
investigated solutions values of the result-
ing areas were SSOL02= 5,458, SSOLO ,=5,613.

Then the mass fraction of styrene in
the copolymer is as follows:

%S = —5.100 %,

c

comp.

where %S is the mass fraction of styrene,
% Scomp is concentration of SOLO 2 and

SOLO 3, g/ml; c_is the concentration of
styrene, g/ml;
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y=10,341x } 5,361 —o— Seriesl;
y = 10,34R%=6,3$39 ,0461;
R? = 0,9989 5,84

= Seriesl;
0,0342;
5,708

Seriesl;
0,01225;
5,49

Fig. 16. The following concentrations of
styrene in SOLO 2 and SOLO 3: c_
(SOLO 2) = 0,00938 g/ml; c,
(SOLO 3) = 0,02437 g/ml were obtained
using the calibration graph

Correspondingly:
%S(SOLO 2) =
— %1009 = 200938 0000 — 280,
Con 0.03405
%S(SOLO 3) =
— %2 1009 = 292437 10006 —58%,
Csolu3 0.0421




Beepenue

CoBpeMeHHOe TOMMEPHOE
puaoBefieHNe — OffHA U3 aKTUBHO pas-
BMBAIOIMXCST OTPAC/eil OpraHMIecKoro
cuHTe3a. [lomydeHne HOBBIX MaTepUaloB
Ha OCHOBE HOBBIX CMHTE3MPOBAHHBIX II0-
JIIMEPOB ¥ COIIOIMMEPOB C 3aJaHHBIMMU
LIEHHBIMII CBOVICTBAMM SIB/ISIETCS OIHOIA
U3 MHTEPECHBIX U IEePCIEKTUBHBIX 3a/jad
XMMUYECKOI OTPACIIN.

B HacTosiliee Bpems COBpeMeHHbIE
MIPOU3BOAUTEN IIONMMMEPHBIX MaTepua-
JIOB B LIe/IIX 9KOHOMUY CPEZICTB U BpeMe-
HI TIBITAIOTCA UCTIONb30BATb YoKe M3BeCT-
HbIe MOJIMMEPHBbIe COCTaBBl M HaNafNUTh
COOCTBEHHOE MX IIPOM3BOJICTBO, YHOB-
JIETBOPSIIOLIlEEe 3AMPOCaM IOTPeOuTeNeit.
B cBsA3M € 3TUM YaCTO BO3HUKAIOT 3a/a4M,
CBsI3aHHBIE C MIEeHTUUKALVEN, OTpere-
JIEHIEM COCTaBa OpEHMIOBBIX MONMMMEp-
HBIX MarepuasoB. B HacTosIinee Bpems
CYLIeCTBYeT 3Ha4YMTeJIbHOE KOIMYEeCTBO
PA3MYHBIX XMMUYECKUX U (PUIUKO-XM-
MUYECKUX METOIOB aHa/I/3a IIOJIIMEPOB,
HO crenuduka 3TOM MaTepuyu TaKOBa,
YTO OHU JOCTATOYHO TPYAOEMKH U YacTO
BO3HMKAIOT CJIOKHOCTY B PellIeHNN Jaxe
PYTUHHBIX 3ajjay.

Hanpumep, XOpoIIo u3BecTeH METOJ
KOJIMYECTBEHHOTO aHa/I3a MOHOMEpPHOTO
coCTaBa MOMUCTYPONAKPUIIATOB, KOTOPBIN
OCHOBaH Ha OMBUIEHMN CIOKHO3(UPHBIX
TPYIII aKPU/IATHBIX 3BEHbEB CONO/MIMepa B
npucyrcrsyn menoun [1, 2]. OpHako He-

Mmare-

KOTOpbIE JICCIeTOBATEIN OTMEYaIoT, YTO
OMBUIEHVIO TIOIBEPraeTcsA TOIbKO YacTb
CTIOKHO3UpPHBIX Tpynn [3], u, xpome

06cyxaeHue pe3ynbTaToB

Jna pelieHus NOCTaB/IeHHBIX 3a-
Jad JCIIONIb30Banuch Metonbl SAMP-,
VK-cnekTpockonum ¥ Ta3oBOM Xpoma-

In Russian

TOTO, y JAHHOTO METOfA CYLIIeCTBYIOT Orpa-
HIYEHVSI C TOYKY 3PEHVsI PACTBOPUMOCTH
aHAIMBMPYEeMbIX IIOJIIMEpPOB, 06pa3oBa-
HJSL OCAfIKOB B IIPOLieCCe TUTPOBAHUA U,
KaK C/Ie[CTBME, HM3KOI NOCTOBEPHOCTHU
Pe3y/IbTaToB.

B cBsaA3K ¢ 9TMM B CcBOeil paboTe MbI
CHe/any yHOp Ha JCIOIb30OBaHME CIIEK-
Tpa/lbHBIX METOOB aHanu3a. Hamu mpo-
BefIeHO NCCIIeiOBaHMe TpeX oO0pasLoB
HO/IVIMEPOB, IIPEIBAPUTEIBHO ObIIO U3-
BECTHO, YTO OHMU SIBJISIOTCS IPOU3BOJ-
HBIMM noymcTyponakpuiaatos (SOLO 1,
2, 3). 3ajaun 0 MOATBEPXKJCHUIO IIPU-
POJBI IONMMMEpa U €r0 MIeHTU(DUKALIUIO
OBLIO IPEIOXKEHO IPOBECTH ITyTeM aHa-
mu3a VIK-crekTpoB 06pasioB ¢ IIOMO-
IIbI0 6a3bl JAHHBIX CIIEKTPOB IOIMMEPOB
U OpraHMYecKMX IIONIYIPOLYKTOB C VIC-
[I0/Ib30BaHMEM IIPOrPaMMHOr0O obecrie-
yernsa OPUS (¢pupma Bruker) 1 OMNIC
(¢pmpma ThermoFisher). Bonee TouHBI
Ka4eCTBEHHBII aHa/INU3 IIPEMIoIaragoch
IIPOBECTH C HOMOLIBIO MaCcC-CIeKTPOMe-
TPUYECKOTO HCCIEOBAaHMA IPOLYKTOB
TepMopiecTpykiuyu  nonumepos  SOLO
1-3 ¢ upeHTUdMKaIMell KOMIIOHEHTOB Ha
OCHOBaHMM [JAaHHBIX OMOMMOTEKM Macc-
criektpoB NIST (The NIST Mass Spectral
Search Program for the NIST/EPA/NIH
Mass Spectral Library Version 2.0). Taxoke
HeoOXOIMMO OBUIO OIpefeNUTh COmep-
XKaHHUe CTUPOJA, KOTOpoe Ipeiroara-
7I0Ch TIpoBecTH 10 faHHbIM SIMP- 'H- n
VIK-crieKTpoB pacTBOpPOB 00PasIiOB.

TO-Macc-ClleKTpoMeTpun. [l BelecTs
Obuti 3amucaHbl crektpsl SIMP- 'H-
(JIMP-criexktpomerp Bruker AVANCE
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IT, 400 MHz, pactsopurens (CD,),CO),
MK-cnexrpol (MK ®ypbe-criekTpomeTp
Bruker Alpha, mpucraBka HIIBO, ZnSe)
U IpOBeleH Macc-CIeKTpoMeTpuye-
CKUIT aHa/IN3 IPOJYKTOB TePMOJIECTPYK-
uuy 06pasuos (rasoBblit xpomarorpad
GC-2010 Plus, mpucraBka TepMOfieCTPYK-
nun Optic, «llInmansy Kopmopaiiniay,
Snonus).

Ananms H0J/I0C HOIJIOIEeHA
B VK-crektpax o6pasios SOLO 1-3 n
cpaBHeHIUe ¢ 6asaMI CIIEKTPaIbHbIX IaH-
HBIX CIIEKTPOB IIOJIMIMEPOB ¥ OpraHude-
CKUX TIOTYIPORYKTOB C MCIIOTb30OBAHU-
eM mporpammHoro obecnedenusi OPUS
(¢upma Bruker) m OMNIC (pupma
ThermoFisher) nmokasasn, 4to monumepst
SOLO 2 1 SOLO 3 gB/AI0TCA CONONMMe-
pamu ctupona u 9pupoB MeTaKpUIOBO
KUCTOTBL — METUIOBOTO, OyTM/IOBOrO,
OKTH/I0BOTO. BbIIo 0OHAapy>keHO cOBHa-
IeHNe CO CIeKTpaMy IIO/IVCTUPOTIMe-

h

TUIMEeTaKpuiaTa, -OyTuIMeTaKpuiara,
-okTmnMetakpuiaara (puc. 1-4). Torma
kak SOLO 1 He cofep>XIT B CBOEM COCTa-
Be CTUPOJIbHBIX 3BeHbeB — B VIK-criexkTpe
OTCYTCTBYIOT IO/IOCHI HOIJIOLIEHMS, Xa-
paKTepHbIe [/ BaJCHTHBIX KOIeOaHUil
apomarnyeckux C-H csseit (puc. 5, 6).

Hannpre crnextpos AMP, 'H Tamoke
mopTBepunu, 4ro obpasery SOLO 1
ABIIACTCA COINONMMEPOM 3(UpPOB MeTa-
KPWIOBOJ KUC/IOTBI, HE COAEpKallM
cTypona (OTCYTCTBYIOT CUTHAJIBl apOMa-
TUYECKUX TPOTOHOB B 0071acTy 6-8 M.JI.),
a o6pasusr SOLO 2 1 SOLO 3 conepxar
CTUPO/bHBIE (PPAarMeHThl, IIpUYeM OTHO-
cuTenbHOE cofepyxanue ctupona B SOLO
2 3HauMTenbHO MeHblle, yeM B SOLO 3
(puc. 7-9).

OpHO3HAYHO OIpeeINTh KaueCTBEeH-
HBIIl COCTaB YHANOCh ITyTeM Macc-CIIeK-
TPOMETPUYECKOTO aHalu3a IpPOLYKTOB
TePMOZIECTPYKIMI 0OPasIiOB OMMMEpPOB

08 1.0 1.2

ATR Urits
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ponc '
Mv«m"«ﬂf\zww"-ﬂpt-/’\ww \th JY ‘;’\4
o

Copyright 1991 Bruker Analylische Messteghnik GmbH
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Compound Name................
Sample Preparation.............
Comment .......cccoovvvvrreennnnn.
Manufacturer.........ccoveeeeeees

STYROLITH S 500 W

CAST FILM ON KSR - 5

STYRENE - ACRYLIC DISPERSION
HALLI POL CHEMIE

Puc. 1. CpaBuenue VIK criektpa o6pasia SOLO 2 ¢ ganubiMu 6a3st OPUS



§S0L0_2

Composite for Match 3

3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600
Wavenumbers (cm-1)

Styrene/butyl methacrylate (50%) copolymer

jﬂ/\'\L

Poly(alpha-methylstyrene)

Poly(isobutyl methacrylate)

Cumulative Composite% Folder Filename

Styrene/butyl methacrylate (50%) co... |51.51 4519 HR Specta Polymers and Plasticizers by c\my docume. 86

Poly(alpha-methylstyrene) 60.26 32.20 HR Specta Polymers and Plasticizers by c\my docume

Poly(isobutyl methacrylate’ 63.08 2261 HR Specta Polymers and Plasticizers by c:\my docume

Puc. 2. CpaBnenue VK criekrpa o6pasua SOLO 2 ¢ gannbiMu 6a3br ThermoFisher

1.4

Copyright 1991 Bruker Analytische Messte¢ hnik GmbH

ATR Units
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LV,
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T T T
4000 3500 3000 2500 2000 1500 1000 500
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\Wr_spectrumii-spec\TOS\2016\SOLO_3.0000 S0L0 3 13/08/2003

C:\Program Files\OPUS_65\WORKI00000052 Copyright 1991 Bruker Analytische Messtechrik GmbH.0

Manufacturer........cccoceeee. HALLI POL CHEMIE
Comment........cccoceuviueueaee. STYRENE - ACRYLIC DISPERSION
Sample Preparation ........... CAST FILM ON KSR- 5

Compound Name.............. STYROLITH S 500 W

Puc. 3. Cpasuenue VIK criektpa 06pasia SOLO 3 ¢ ganubiMu 6a3st OPUS
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(tabm. 1-3). [lnst permctpaumm macc-
CIIEKTPOB OBUT MCIIOTb30BaH METO /€K~
tpounoit nonmsauun (EI), uro, B cBOIO
odepenb, O3BOINIO JMCIONIb30BATh 0a3y
DaHHBIX MACC-CIIEKTPOB ISl WUJIEHTH-

¢dukanym Monmekyn MoOHOMepoB. Tak,
ObI710 yCTaHOB/IEHO, 4TO 06paser; SOLO
1 sAB/ISIETCS COMONMMMEPOM JIBYX aKpuia-
TOB: Memuzi- W H-Oymuamemakpunama
(puc. 10); o6pasisr SOLO 2 u SOLO 3

SOLO_3

Composite for Match 3

3800 3600 3400 3200 3000 2800 2600 2400

200 2000 1800 1600 1400 1200 1000 800 600

Wavenumbers (cm-1)

Polystyrene

N, W
Octanal J/\/\W
Poly(hexyl acrylate)

Match Title

Cumulative

Composite%  Folder

Filename Index

Poly(styrene:acrylate ester) 75.70 16.97
Polystyrene 58.15
Octanal 2562

| Hummel Polymer and Additives c\my docume... |195

HR Specta Polymers and Plasticizers by ... |c\my docume

HR Hummel Polymer and Additives

my docume

Poly(hexyl acrylate) 16.23

Sprouse Polymers by ATR c:\my docume.

Puc. 4. Cpasuenue VK crekrpa o6pasa SOLO 3 ¢ ganubsiMu 6asst ThermoFisher

<
@
3
2
:
=
3
a4
. MMWW — ]
3500 3000 2500 2000 1500 1000 500
Wavenumber cm-1
W speclumspeTOSOIBEOLO_1.0000  SOLO_t S—
C:\Program Files\OPUS_65\search\Hit138.0 Poly(butyl methacrylate)
Compound Name..........ccceeevverrerrerneuennee Poly(butyl methacrylate)
COMMENL ..o Retrieved from a Nicolet Library

Puc. 5. Cpasuenue VIK criekrpa o6pasia SOLO 1 ¢ ganubiMu 6a3st OPUS
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SIBJISIIOTCSL  TPOJHBIMY  COTIOTIIMEPaMMU
CTUMpPOZa C Ppa3NIUYHBIMM AKpUIaTaMu
(puc. 12, 14). 3apeructpupoBaHHbIE
CIIEKTPBI BCEX MOHOMEPOB ITOKa3a/Iy BbI-
COKWIT IIPOLIEHT HMOJOOMs CIIEKTpaM, CO-

sSoLo_1

Composite for Match 1

AN

mepxamyMcst B 6ase maHHbIX (puc. 11, 13,
15), 9TO TO3BOJSET TOBOPUTH O JOCTO-
BEPHOCTH IIPOBEJIEHHOTO Ka4yeCTBEHHOTO
aHa/jM3a NPOAYKTOB TEPMOAECTPYKLNK
o6pasios SOLO 1-3.

3800 3600 3400 3200 3000 2800 2600 2400

2200 2000 1800 1600 1400 1200 1000 800 600

‘Wavenumbers (cm-1)

Cumulative
96.39
63.44

Poly(n-butyl methacrylate)
ACRYLIC POLYMER #1

‘Composite%

Folder

HR Specta Polymers and Plasticizers by

Filename
c\my docume... |41

Palymer Additives and Plasticizers c:\my docume. 296

—399
—3n
—361

Puc. 7. AMP- 'H cuiextp o6pasia SOLO 1
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Puc. 9. AIMP 'H crexrp o6pasua SOLO 3

TIC
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i J 181 78
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T T
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min

Puc. 10. XpomarorpamMma IIpOoAyKTOB TepMofecTpyKumu obpasia SOLO 1



Takum o6pazoM, obmue ¢GoOpMybL
COTIONMIMEPOB MOYKHO IIPECTABUTH CIie-
AyIOLyM 06pasom:

SOLO 1
CHj CH3
%CZ_C%_{
coocn; cooq.no n
SOLO 2
CH3 CH;
%C CHHC —C C |
y | z
C00C4H., iso COOCH,-iso
SOLO 3
CH3 CH;
% % Hz I
Cc —C C —C
v | 1z
L.,H_., Cooc,Hg-n COOCgH,-iso
Tabnuua 1
ITpopyKThI TEpMOAeCTpyKIMM 00pasua
SOLO 1
Ne Bpen HasBanne
yOep>KaHusA
1 2,716 MeTtnnmMerakpuiaT
2 5,452 H-byTnmnamerakpunar
3 12,481 TeTpanexkanosas
KUCIOTa
4 13,189 IlenTagekanoBas
KUCIOTa
5 13,348 H-Iexcagexkanom-1
6 13,753 OxkTajeleH-6-oBast
KUCIOTA
7 13,882 H-TekcagmekaHoBas
KUCIOTA
8 14,678 H-Honamexanon-1
9 15,011 OrnenHoBas KMCIOTa
10 15,146 CreapyHoBas KICIOTA
11 15,402 2-OkTun-
nIojeKaHo-1
12 23,979 CkBajieH

ITockonbKy OBUIO OOHAPY>KEHO, UTO
nonmMmepsl SOLO 2 u SOLO 3 aBnsmor-
Cs1 TPOVIHBIMU COTIONIVIMEPAMIA Vi CUTHA/IBI
IpPOTOHOB B crekTpax SIMP- 'H anuda-
TUYECKOI JacTV 3HAUUTEIBHO IePeKphI-

Tabnmuia 2
ITpopyxTsl TepMoaecTpyKuum o6pasma

SOLO 2
Ne Bpew HasBanue
yAepKaHuA
1 4,275 Crupon
2 4,854 VI306yTHamMerakpuiat
3 8,044 V300KTH/IMETaKpUIaT
4 13,346 H-Iexcagexkanos-1
5 13,869 H-TekcagekaHoBas
KIC/TOTa
6 14,677 H-Honanmexanon-1
7 23,957 CkBajeH
Tabmuna 3
ITpopykThl TEpMOAecTpyKuMM 00pasua
SOLO 3
Ne Bpen HasBanne
yAepKaHMs
1 4,516 Crupon
2 5,462 H-byTunmerakpuiar
3 8,055 V300KTHIMeTaKpuUIaT
4 10,354 D-Annosa
5 12,343 4-Oennnbyren-1
6 13,346 H-Tekcagekanosn-1
7 13,865 H-IekcagekaHoBas
KICIOTa
8 14,676 H-Honapmekanon-1
9 23,954 CkBajieH

BAIOTCsI, TO PACCUUTATD COflep>KaHue CTHU-
pona o cekrpam SIMP- 'H He yganocs.

Panee 6pi1a omcaHa MeTOIMKA KOJIM-
YeCTBEHHOTO OIIpefie/ieHNs CTUpoa II0o
VIK-cnekTpamM pacTBOPOB CTUPONICOLEp-
JKaLMX MOMMMepoB [3]. AHanms OCHOBaH
Ha VHTETPMPOBAHUM XapaKTEePUCTUYHOMN
IIOJIOCHI TIOIVIOLeHMA B 00mactit 694 cm™' n
KOHEYHOM pacyeTe MAacCOBOI JIONN CTHU-
porna B obpasue. K coxanennio, HaMm He
YIanoch BOCIIPOM3BECTH YCIOBUA METO-
JVIKU IO IPMYMHE OTCYTCTBMA KUIKOCT-
HOM A4YeliKUM HeOoOXOMMMOI TOMUIVIHBL U
HEeJIOCTATOYHOI pPacTBOPMMOCTU B pac-
TBOPUTENAX, UCIOIb3yEMBIX B METOJVIKE
(terparuppodypan u aneton). Ilostomy
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IJIsL OIpefie/ieHMs IPOLIEHTHOTO COfep-  ILIeHTpauMuM U IOCTPOeH Tpaduk 3aBuU-
J)KaHMA CTUPOJA B aHA/IM3UPYEMBIX pac-  CUMOCTM MHTETPaJibHOM MHTEHCUBHO-
TBOpax OBUIM TIOATOTOBJIEHBI PAaCTBOPBI  CTU IOJIOCHI B juama3oHe oT 679 cM™ fio
HO/IMCTUPOIA B TOTyOJIe 3alaHHON KOH- 708 cM™ OT MaccoBoil JO/IU MONMUMepa.

Wens:
1 oolx10.000) Base Peak 41/10.000
075
L
025 100
= s @
& s 08 , 8 ‘
eI N T i . 2 ] . R I <
400 450 500 550 600 650 700 750 800 830 900 850 100.0
1:7100: Methyl methaciylle $8 2Propenoic acid, 2methyk, methyl ester $§ i 44 Diakon $5 Methyl Meltyl §4 Pegalan 3§
& ¢ (x10.000) Base Pealc 41/10.000
A Ei
j 07%q 0.
/H’/ ~
05
£ 0
= 100
s i B [ I g & &
B —~ - —_—————— - f T T L]
400 0 500 BN &0 0 700 750 800 850 900 %0 100.0
NECAS: 80.62-6 Mose gec: 100 CepmeiVe 183
W coesvmern Methyl methacpale §8 2-Propenoic acd, 2melhyk, methyl ester 8 Methaciyic acid ety este §8 Diskon §§ Methyl Mehyl '

Puc. 11. CpaBHeHNe 3aperncTpypOBaHHOTO U «OMO/IIIOTEIHOTO» MACC-CIIEKTPOB
Memunmemaxpunama

s - TIC
7,351,294 % ()

-4215
8044
O

(o]
A
R % ‘
=l -
2 i } ‘ 3
. J gy =l | b bl IJJ’N'\. L Ly I\
Pt RS NRUNY | G S ARG | TP R P DY, U060 WO W 9 G | N S .\, 0 O 17 I |
1.0 10.0 200 29.0

min

Puc. 12. XpomaTorpamma npofyKToB TepMofiecTpykuuu obpasia SOLO 2

Uene:
1 ﬂﬂ‘; 10.000) Base Peak: 10-“/1\ﬂg,ﬂﬂﬂ
0754
0.504 3
025 s
38 " 108
0,00kt 1] g ML I 8 Pl g
400 0 50.0 550 80.0 820 700 750 800 60 900 950 1000 1050
2:104: Syrene $4 B heny $§ Bulstren K.526-13 88 Ci henethyene $5 $8 Stpol (Geman) 48 Styrole 8 Syolene 83 Styropol SO $$Vingbenzene
4 1,006610:000) sse Pk 10410000
e /\G
0.754 |
050] ,5 N
0.254 L s ‘
2 & 3
oot ell) 7% S S YR 1 R T s 1] I\g
40.0 4.0 50.0 5.0 60.0 65.0 700 750 80.0 850 90.0 95.0 100.0 105.0
NECAS: 10-42-5  Monecsec 104 Copabeillt 2558
o coeaensss Siyrene §8 Benzene, ethenyk 8¢ Bulsten K 52519 98 s fyole 35 088

Puc. 13. CpaBHeHMe 3apeTrMCTPUPOBAHHOTO U «OUOIMOTEYHOTO» MACC-CIIEKTPOB CHIUPOTA
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3,840,905

é°

-~

O
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Puc. 14. XpomarorpaMma IpoiyKToB TepMofiecTpyKumu o6pasia SOLO 3

Uens:
(x10,000)

Base Peak: 55/ 10,000

1.00
0.75+
0.504

0.25+

43
et ’|

88 |‘

5

112
| |\ N 7
t

1
400 450 500 550 600 650

T T T
90.0 95.0 100.0

1:184: 2-Propenoic acid, 6 | ester $§ B-Methylheptyl acrylate # $3 6-Mett 33 6-h piop-2-enoate $$
J 100t 10.000) Base Peak: 55/ 10,000
- R T
j 0 /Y\/\/\)\
075 I
0.50+
- 4 &
0.25 143 ‘ o 12
000 I| : o Sif] s i |;l 7 i |!|57 S 1 ; 10 | %
40.0 450 50.0 §5.0 60.0 Eg.l} 70.0 75.0 80.0 850 90.0 95.0 100.0 105.0 110.0
NeCAS: 54774-91-3 Monex. gec: 184 Cepuimemle: 33883
Wnin coegurerts:  2-Propenoic acid, B il ester $§ B-Methyheptyl acrylate # §3 &-Methylheptyl 2- $$ 6-Methylheptyl piop-2-enoate §$

Puc. 15. CpaBHeHue 3aperncTpUpPOBAHHOTO U «OMOIIIOTEIHOTO» MACC-CIIEKTPOB
U300KMUNMEMAKPUNAA

JKcnepuMeHTanbHaa 4acTb (ONMCaHNe KOIMYECTBEHHOr0 aHanu3a

metogom UK-cnekTpockonum)

st mocTpoeHnst KamumOpOBOYHO-
ro rpaduka (puc. 16) mpemBapuTeIBHO
6bUIM  TIPUTOTOBJIEHBI  PACTBOPBI
nuctupona B 2,0 M/ TOlyona — HaBe-
cku 0,0245 1, 0,0684 r 1 0,0922 1 (Bech
VIBRA AF-R-220CE, Shinko Denshi,
Snonusa 2010), COOTBETCTBEHHO UX KOH-
neHTpanyy coctaBwm 0,01225 r/mi,
0,0342 r/mn, 0,0461 r/mMi. AHaIOTMYHO
6bUIM IPUTOTOBJIEHBI PACTBOPBI aHAINU-
3upyeMsbix obpasuos SOLO 2 (0,0681 r,
koHueHTpauus 0,03405 r/mn) u SOLO 3

I10-

(0,0842 1, xoHuentpanusa 0,0421 r/mi).
Ilist Bcex pacTBOPOB ObUIM 3alMCAHbI
VIK-cmexTpsl B suanasone 500-1000 cm ™,
M IyTeM MHTEIPUPOBaHUA IIOJNOCHI IO-
[JIOeHNA B Auamna3oHe oT 679 cMm™! go
708 cM™ ompefieneHbl IJIOLIAY IO KPU-
Boil: S, = 5,490, S, = 5,708, S, = 5,842.
Ina mccnenyeMbIX pacTBOPOB 3Haue-
HIA TONY4YEeHHBIX IUIOIAZlell COCTaBMIN
Seoi0,= 2458, S 5= 5,613.

Torpa maccoBas JoOns CTUPONA B CO-
IIO/I/IMEpE COCTABUT:
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~ )

¢ = t riesl;
%S - s . 100 %, y= lg,;:&it};lﬂ?sl - 5?0461;
C 2 = 0,9989 5,842
Belll-Ba
rge %S — MaccoBas jonA cTupona, % (e
seuea — KOHIeHTpanMsa SOLO 2 u o
SOLO 3, r/mi; “
C,~ KOHLEHTPalsl CTUPO/IA, T/MJT; //Zc pertes;
COOTBETCTBEHHO: 21
%S(SOLO 2) =
c 0.00938
=—L.100% = -100 % = 28 %, }
Cooto 0.03405 Puc. 16. Vicrions3yst Kanu6poBOYHBILi
rpauK, 6bUIN HOMTYYEHDI CIEAYIOLIe
%S(SOLO 3) = KoHIeHTpanuu ctupona B SOLO 2 n
c 0.02437 SOLO 3: C, (SOLO 2) = 0,00938 r/mi;
=—2.100% =—""—-100% =58 %, ¢ (SOLO 3) = 0,02437 r/mn
Coto 0.0421 :
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