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The study of carbon nanomaterials by IR-Fourier spectroscopy,
obtained by the action of an ultrasonic field on graphite

In this work, the absorption lines corresponding to nanomaterials (nanotubes, nanofibers, graphene), astwll
as vibrational spectra in the studied samples of graphene structures obtained by processing an ultrasenic field,
on an aromatic hydrocarbon and pure graphite, are studied by IR-Fourier spectroscopy. With ‘an, incredse inl
time in the studied spectra of ultrasonic treatment on pure graphite, absorption bands are@bservediin the fre-
quency range of v=2967,7 em’l, 2926,1 cm™, 2853 ecm’!, 1449 cm™!, related to stretching and deformation vi-
brations of the bond C-H of saturated aromatic hydrocarbons. The spectra of carbonyl (carbon).€ompounds of
the C-C bond are also noted in the regions of the absorption bands: 1449,9 cm™'+1652,6.cm™". This means that
in the IR spectra, with an increase in the time of sonication, the carbon formdtionsjof asymmetric stretching
vibrations of C-C bonds increase. In these frequency ranges, the absorption bands cortesponding to adsorbed
benzene are not observed. With an increase in the processing time of the samplesthe absorption band of OH
hydroxyl groups is not observed. In the samples under study, numerous,aromatic carbon-carbon bonds are ob-
served, due to the collective groups of vibrations of carbon nanoraterialSi(graphene structures, nanofibers,
single-layer and multilayer carbon nanotubes, etc.).

Keywords: carbon nanosystems, polyaromatic con@lenséd | systemis, aromatic hydrocarbon, carbonate-
carboxylate compounds, absorption lines, by IR-Fourier'spectrescopy, stretching and deformation vibrations,
ultrasonic treatment.

Introduction

Carbon nanomaterials (fullerene, nanotubgs, graphene) are topical materials in modern materials sci-
ence. The introduction of small additiyjes oficarbon nanoparticles with a developed and active surface makes
it possible to provide new properties ofmaterials such as sorption capacity with respect to heavy metals [1].

Multilayer (technical) graphene,is of great interest for studying its properties and applications in mod-
ern materials science. Such gfaphite nanoplanes are obtained as a result of its oxidation and subsequent de-
struction by ultrasound by the Hammer method [2].

Due to the factthat this méthod (Hammer method) is due to the release of toxic reaction products, the
method of combined, action of ultrasound and surfactant has received wide practical application. The ad-
vantage of the methodtis that the substances used are non-toxic, but the power and duration of ultrasonic in-
teraction arefincreased [17:.

Thefauthorsyef [3] studied intense bands in the region of 1700-1450 cm ', which correspond to stretch-
ing vibratiods of the carbon plane of graphene. In the region of 1450-1000 cm ' the most intense vibrations
correspond topdéformation vibrations of the graphene plane and deformation vibrations of terminal C—H
bonds [3]. The most intense band (about 900 cm ') corresponds to the out-of-plane vibrations of C—H bonds
[3]. It should be noted that the ratio of the intensities of carbon plane stretching vibrations C—H bonds out-of-
plane vibrations can be used to estimate the size of graphene fragments [3, 4].

The spectra of the initial graphite powder and graphene are well described by the authors of [1]. Two
absorption maxima were obtained by IR spectroscopy at 1273 and 2373 cm', which we attributed to the C—
O-C and C-0, bonds in accordance with the data of [5]. The formation of these bonds is due to the oxidation
of graphite and the formation of broken carbon-carbon bonds, which increases the reactivity of the resulting
graphene. Graphene which does not have OH groups on the surface is hydrophobic, which makes it difficult
to introduce it into binders [1].
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Experimental

In this work, samples obtained by ultrasonic treatment of pure graphite and aromatic carbon (benzene)
were studied by the IR-Fourier spectroscopy. The absorption lines corresponding to carbon nanosystems
(nanotubes, graphene structures, etc.) and carbonate-carboxylate compounds and polyaromatic condensed
systems in the studied samples have been studied and analyzed. With an increase in the time of sonication,
numerous single carbon—carbon bonds are formed due to the collective modes of carbon nanostructures, in-
cluding carbon nanotubes [5, 6].

According to [1], during ultrasonic interaction with graphite and the preparation of graphene
nanoplanes, two absorption maxima appear at 1273 and 2373 cm™'. As mentioned above, such absorption
peaks signify the formation of symmetrical C—O—C and C—O2 bonds [7]. These values allow us to conclude
that the formation of bonds reflects the oxidation of graphite at broken C—C bonds. The presence of —OH
groups chemically bonded on the surface confirms the value of the spectrum at 3414 cm™' [1].

Results and Discussion

Carbonate-carboxylate compounds and polyaromatic condensed systems in the Studied ‘graphene-
containing structures obtained by processing an ultrasonic field on an aromatic hydsocatbon“(berizene) and
pure graphite have been studied and interpreted by IR-Fourier spectroscopy.

In the IR spectrum of the original sample there are absorption bands of OH hydroxyl groups in the re-
gion of absorption bands v=3440.6 cm-1 (Figure 1).
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Figure 1. IR-Fourier spectrum of the original sample

In gHe range,v=2000—4000 cm' there are intense absorption bands, v=1075.7 and 602.7 cm™. These
ranges contain absorption bands related to the stretching and bending vibrations of silicon, aluminum, and
iron oxide greups. According to the literature data [8], graphite contains ash containing oxides of silicon,
aluminium, and iron with a content of 5-20%.

Since the absorption bands of metals in the IR spectra are in the range v=700 - 50 cm™, the marked ab-
sorption bands belong to oxides of silicon, aluminium, and iron.

Figure 2 shows the IR spectrum of a sample treated for 10 minutes. This spectrum contains very weak
absorption bands at 1039 and 1008 cm’ of silicon, aluminium, and iron oxides; this is due to the washing out
of ash impurities from graphite during sonication. There are no signs of benzene adsorption, since there are
no absorption bands in the range v=3100 - 3000 cm™, as well as at v=1600 and 685 cm™.
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Figure 2.IR-Fourier spectrum of a sample treated for [Ouminutes

Stretching vibrations of the C-C bond are present in the ranges of@absefption bands v=1100 - 900 cm™.

Figure 3 illustrates the IR spectrum of a sample treated fer 20 minutes. The spectrum shows stretching
vibrations of the C-C bond in the range v=1100 - 900 cm™, as wiell as'stretching and deformation vibrations
of the C-H group in the region of absorption bands v=1449s@m-' 2967, 2926, 2853. Benzene adsorption is
not observed.
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Figure 3. IR-Fourier spectrum of a sample treated for 20 minutes

In the IR spectrum of the sample treated with ultrasound for 120 minutes, there are new absorption
bands v=2967.7, 2926.1, 2853, 1449 cm, related to the stretching and deformation vibrations of the C-H
bond of saturated aromatic hydrocarbons (Figure 4).
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Figure 4. IR-Fourier spectrum of a sample sonicatedfor 120sminutes

There are also stretching vibrations of the C-C bond in the, region of the absorption bands 1449.9 -
1652.6 cm™.

In the region of absorption of bonds (metal — oxigefl) Me—Qy(700 - 50 cm™), one band is observed at
602.7 cm™, with an increase in the time of ultrasonic treatmentyof benzene and graphite. No absorption bands
corresponding to adsorbed benzene (in the rangehef absomption bands v=3440.6-2967.7 cm™, 1547.7 cm’’
and 602.7 cm™) were found. As a result of studies casriedfout on an IR-Fourier spectrometer, a decrease in
the ash content of graphite with the time of somnication was established. It is noted that an increase in carbon
formations of stretching vibrations of C-C bonds.

Conclusions

As a result of the studies carried‘out by the method of IR spectroscopy, a decrease in the ash content of
graphite with the time of sonication, was established. It is shown that an increase in carbon formation of
stretching vibrations of carbofi-carbonbonds with an increase in the processing of the ultrasonic field.

Based on these data, 4t can be concluded that vibrations of single carbon-carbon bonds of carbon nano-
systems are observed i, the range8 of 1320-1652.2 cm™ [5, 6].

IR-Fourier studies show that the absorption bands in the ranges of 1652.2, 1574.7 and 1449.9 cm™ are
due to the absorption of, collective modes of carbon nanosystems (multilayer nanotubes, graphenes, fullere-
nes and nafiefibers). In/terms of their structure, carbon nanosystems can be considered three-dimensional
analogué€s of arématic compounds [4, 5]. Thus, IR spectroscopic studies confirm the formation of carbon
nanosystems in the'samples under study, which is in good agreement with literature data [5, 6, 9, 10].
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b.A. baittum6etoBa, K.C. Tomy6aes, FO.A. PsOukuH,
1.0. Myp3zanunos, b.A. XXayrukos, I'.C. Jlaup6exoBa

I'padgurke yabTPaabIOBICTBIK OPic 3cep eTKeH Ke3/le aabHaThIH
koMipTikTi HaHoMaTepuaaaapasl UK-®ypbe ciekTpockommiCiMeH 3eprrey

Kymeicta cnektpockonusinelH WK-®Dyppe omiciMeH THICTI HaHOMaTepHAIIAPABIHY) (HAHOTYTIKILIENED,
HaHOTAJIIBIK, TpadeH) KYThUTy ChI3BIKTaphl, COHBIMEH KaTap YJIbTPaIblObICTRIKOp1cTl xom nicTi keMipcyTek
nmeH Tasa rpaduTke eHIey KesiHAe anblHFaH TpadeH KypbUIBIMIAPBIHBIH R3ePTTEICTIH YITiIepiHaeri
TepOenMeni CIeKTpiepi 3epTTENreH. 3epTTENCTiH YAbTPabIOBIGTHIKREH ICY, CIICKTPIICpiHAe Ta3a rpaduTKe
YaKbITTBIH KOFapbUIaybIMEH KAHBIKKAH XOMI HiCTi KeMipcyTekTepfiin C-HW0aiinaHbICBIHBIH BAJICHTTIK KOHE
nehOpMAIUIBIK aYBITKYIAphIHA KaTaThie v=2967,7 cM’', 2926,1 @', 2853 cm’!, 1449 o' xumimixTep
aliMarelHIa CiHIpY JKoNaKTapsl Oaiikamazel. Compmaii-ak,, (14499, cM?+1652,6 cm’' cinipy omaxrapsi
aiimarpiHa C-C OailIaHBICHIHBIH KapOOHMIII (KOMIPTERTi) KOCHUILICTAPBIHBIH CIieKTpIepi kepinai. byn UK
CIIEKTpJIEpiHAE YABTPAABIOBICIICH yaKBIT >XKOFapblIaraH CaiblHRC-C OallmaHbICTapBIHBIH ACHMMETPHSIIBIK
BaJICHTTI TepOericTepiHiH KeMipTeri Ty3utiMaepijapTaasl nereHal 6inxipeni. OCkl KUK Auana3oHaapbIHIa
ajzicopOumsIanFalH OEH30JFa COMKeC KeNIeTiH CiHIpy oIaKTapbl OaiKanMaiabpl. YAriiepai oHAey YaKbITbIHBIH
yrratopiMeH OH TIuIpokCHI TONTaphIHBIH, CiHIpY JKOMAKTapsl OenrinenOeiini. 3epTreneriH yirinepae
KOMIPTEeKTi HaHOMaTepuanaapabH (rpadeH KYpbIIbIMAaphl, HAHOTAJIIBIKTAp, OIpPKaOATThI JKOHE KOIKA0aTThI
KOMIPTEKTi HAaHOTYTIKIIeNep KaHEe T.0.),TepOeNicTepiHiH YKBIMBIK TONTapbiHa OalIaHBICTHl KONITETeH XOII
MiCTi KOMipTeri-KoMipTeKTi OaillaHbICTapbI KOPCETINTeH.

Kinm coe30ep: KeMipTeKTi HaHOXYHeNep, IOJMApOMAaTHKAIBIK KOHISHCATTHI OKyHenep, XOII HiCTi
KeMipcyTekTep, KapOoHaT-KapOOKEmIAT KOCHIIBICTApHI, CiHipy xeininepi, UK-Pypbe-criekTpockonus d/ici,
BaJICHTTIK-1e()OPMALISIBIK TePOEIIICTED, yIbTPaABIOBICTHIK OHJIEY.

B. A" Baittumb6eToBa, K.C. Tomy6aes, FO.A. PsOukuH,
J1:©. Myp3anunos, b.A. Xayrukos, I'.C. laupGexoBa

HN3ytienneyriepoaubix HaHoMaTepuaaoB MeToaoM UK-Pypbe cnekTpockonuu,
NMOJYHEeHHBIX IIPU BO3ACHCTBUM YJIbTPA3BYKOBOIO I0JIA HA rpadur

B pabote metogom UK-Dypbe CIEKTPOCKONHMU UCCIIEIOBAaHbI JINHUH TIOTJIONICHHS COOTBETCTBYIOLIMX HAHO-
MaTepHasioB (HAaHOTPYOOK, HAHOBOJIOKHA, rpadeH), a Takke KojebaTebHbIe CIIEKTPHI B HCCIEAYEMBIX 00pa3-
ax rpadeHOBBIX CTPYKTYP, MOJYYEHHBIX NMPH 00pabOTKe YIBTPa3BYKOBOTO IMOJS HAa apOMATHYECKUN yriie-
BOJIOPOJ ¥ YHCTHIH rpadut. C MOBBIIICHHEM BPEMEHH B HCCIIEAYEMBIX CIIEKTPaX yIbTPa3BYKOBOH 00paboTKu
Ha YHCTHIA rpadUT HAOMIOAAIOTCS TOJOCH MOTJIOMEHUs B 001acT yactot v=2967,7 CM'I, 2926,1 CM'], 2853
em!, 1449 om™!, orHocsIMECS K BaneHTHEIM M ed)OpPMAHOHHBIM KosebannsM cBsizn C—H HachIIEHHBIX
apOMaTHYECKUX YIJIEBOAOPOIOB. TakKe OTMEYAIOTCS CHEKTPhl KapOOHHWIBHBIX (YTJIEPOAHBIX) COSTUHEHUI
C—C cBs3u B 001acTax mojoc moriomenuu 14499 CM‘1+1652,6 em’. D10 o3Hayvaert, uto B UK crekrpax c
TMOBBILICHHEM BpeMeHH 00pabOTKH yIbTPa3ByKOM YBEIHYUBAIOTCS YrIEPOAHbIE 00pa30BaHMs acCHMETPHY-
HBIX BaJIeHTHBIX Kosebanuit C—C cBs3ell. B aTuxX quama3zoHax 4yacToT MOJIOC MOTJIOMICHHUS, COOTBETCTBYIOIUX
azicopbupoBaHHOMYOEH301Ty, He Habmogaercsa. C yBennueHneM BpeMeHH 00paboTKH 00pasIoB IOJIOCH MO-
TIIOMEeHNsT TUAPOKCWITBHBIX Tpynn OH He Hamewarotcs. B mccimemyeMbix oOpasax 00pa3yroTcsi MHOTOYHC-
JICHHBIE apOMATHUYECKHE YTIIEPOA-yIIIEPOIHBIC CBSI3H, OO0YCIOBICHHBIC KOJUICKTHBHBIMU TpYyIIaMu Koyeda-
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HMI1 yriIepoJHbIX HaHOMaTepHaoB (Irpa)eHOBBIX CTPYKTYPhI, HAHOBOJIOKHA, OJTHOCJIONHBIE U MHOTOCIIOHHbIE
yIIepoAHbIe HAHOTPYOKHU H Op.).

Knrouesvie cnosa: YriaepoaHbI€ HAHOCUCTEMBI, ITOJIUAPOMATUYCCKUE KOHACHCUPOBAHHBIE CUCTEMBI, apOMaTH-
YeCKHIA yriiesoaopon, Kap6OHaTHO-Kap6OKCI/IJ'[aTHI)I€ COCIUHCHUS, JIMHUW TIOITIOLICHHUS, MCTO/ I/IK—(Dpre
CIICKTPOCKOIINH, BaJ'IeHTHO-ﬂe(bOpMaHI/IOHHBIe KOJ'Ie6aHI/I${, YJIbTpa3ByKOBast 06pa60TKa.

References

1 Denisyuk, I.Yu., Logushkova, K.Yu, Fokina, M.I., & Uspenskaya, M.V. (2019). FT-IR-spektry mnogosloinogo grafena i ego
kompozitsii s poverkhnostno-aktivnym veshchestvom [FT-IR spectra of multilayer graphene and its composition with explosively
active radiation]. Optika i spektroskopiia — Optics and Spectroscopy, 2(126), 177-179 [in Russian].

2 Hirata, M., Gotou, T., Horiuchi, S., Fujiwara, M., & Ohba, M. (2004). Thin-Film Particles of Graphite Oxide 1: High Yield
Synthesis and Flexibility of the Particles. Carbon, 42, 2929-2937.

3 Stepanyan, S.G., Ivanov, A.Yu., Adamovich, L., & Karachevcev, V.A. Vliianie kislorodsoderzhashchikh grupp na
kolebatelnye spektry oksida grafena [Effect of Oxygen-Containing Groups on the Vibrational Spectrafof Graphene Oxide].
Nanosistemy, nanomaterialy, nanotekhnologii — Nanosystems, nanomaterials, nanotechnologies, 4(14),"513-526 [in Russian].

4 SiY., Samulski E.T. (2008). Synthesis of Water Soluble Graphene. Nano Letters, 6(8), 1679—1682.

5 Baitimbetova B.A., Yu. F.Ryabikin, & Oksana V. Zashkvara (2008). The study by spectroscopy methodlof carbon nanostruc-
ture in carbonized ferrochromic spinel. An International Journal for Rapid Communication, Spectroscopy Letters, London, 41, 9-14.

6 Ryabikin, Yu.A. (2015). Izuchenie uglerodnykh nanotrubok metodom IK-Furei\spektfoskopii, poluchennykh pri
kataliticheskom razlozhenii uglevodorodov [Study of carbon nanotubes by IR-Fourier spectroscopys, obtained by catalytic decompo-
sition of hydrocarbons]. Vestnik Kazakhskogo natsionalnogo tekhnicheskogo universitetd — Bulleten?KazNTU, 3, 456432 [in Rus-
sian].

7 Yongchao, Si, & Edward, T. (2008). Samulski Synthesis of Water Soluble Graphene:Nano Letters, 6(8), 1679—1682.

8 Betehtin, A.G. (2007). Kurs mineralogii [Course of mineralogy]. Moscew: RBU [in Russian].

9 Péter Szirmai, Gabor Fabian, & Balazs Doéra (2009). Density of states deduced from ESR measurements on low-dimensional
nanostructures; benchmarks to identify the ESR signals of graphene and SWCNT's. Phys. Status Solidi B, 246, 2558.

10 Cataldo, F. (2002). The impact of a fullerene-like concept imcarbon blackicience. Carbon, 40, 157-162.

132 BecTHuk KaparaHguHckoro yHnBepcuTeTa





