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LANGMUIR-BLODGETT FILMS BASED
ON SUPERHYDROPHOBIC SOOT

Abstract. In this paper it was produced Langmuir-Blodgett films based on superhydrophobic soot by Nima CD
installation (England). Chloroform was used because it has a low boiling point and is not miscible in water.
Consequently, the dispersion can be dropped onto the surface of the water in the Langmuir-Schaefer trough. The
superhydrophobic soot was obtained at the Institute of Combustion Problems (Almaty, Kazakhstan) by combustion
propan-butan mixture by applying an electric filed. To establish complete information about the structure of the soot
obtained, studies were conducted by Raman spectroscopy and a transmission electron microscope (TEM). An
analysis of the results of Raman spectra shows that two modifications of carbon are present in the obtained samples -
amorphous carbon 1350 cm-1 (D - amorphous) and 1590 cm-1, a graphitized carbon phase. As a result, it was found
that the produced Langmuir-Blodgett films have a nanostructure, since soot has a nanoscale (20-60 nm), which is
confirmed by electron microscopic and Raman studies.

Key words: film, superhydrophobic soot, surface.

Introduction. A Langmuir-Blodgett (LB) film is a nanostructured system formed when Langmuir
films - or Langmuir monolayers (LM) - are transferred from the liquid-gas interface to solid supports
during the vertical passage of the support through the monolayers. LB films can contain one or more
monolayers of an organic material, deposited from the surface of a liquid onto a solid by immersing the
solid substrate into the liquid. A monolayer is adsorbed homogeneously with each immersion or emersion
step, thus films with very accurate thickness can be formed. This thickness is accurate because the
thickness of each monolayer is known and can therefore be added to find the total thickness of a
Langmuir-Blodgett film. The gorgeous feature of Langmuir-Blodgett films is the internal control of the
internal layer structure down to the molecular level and the exact control over the obtaining film thickness.
Sophisticated LB troughs let us to treat several materials with different functionalities and offer the
opportunity to setup the layer architecture according to the requirements of the desired molecularly
engineered organic thin film setup [1].

In work [2-5] transparent superhydrophobic films with TiO2 photocatalysts, cobalt nanoparticle
Langmuir-Schaefer films on ethylene glycol subphase, some methodologies based on technique to build
thin films of graphene oxides, Quantum Dots and silver nanowires were studied. Surface roughness and
morphology of the films are changed with rising concentration of TiO2, which was attributed the size
difference of the starting materials. The wetting angle ofthe resulting film which contain 2 wt % TiO2 was
higher than 140° even after UV illumination with the intensity of 1.7 mW/cm2 for 800 h. The film with
2 wt % TiO2 maintained higher wetting angles than the film with 0 wt % TiO2 after 1800-h out door
exposure. The obtained films in this work are the first ones that satisfy the demands of transparency,
superhydrophobicity and long lifetime contemporaneously [2]. The possibility of modification of surface
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wettability is particularly eligible in implantology. This effect is reached by coating a given material with
thin films containing nanoparticles of different chemical properties [6]. This work reports on the
fabrication, optimization and characterization of ultrathin films containing submicrometer particles (sSMPs)
of the hydrophilic and water stable UiO-66-COOH(Zr) metal organic framework (MOF). It was
established that the presence of MOF particles significantly enhances the surface roughness and allows
ultrathin, hydrophobic coverage to be obtained. It has been shown that the crystallinity and the porosity of
the MOF remains almost unaltered in MOF/ODP films [7].

Langmuir-Schaefer deposition is a scalable process for forming a percolating film based on graphene
platelets which can be applied for electronic gas sensing [8-10] and LB films can find application in many
area [11].

In the presented work it was created LB films based on superhydrophobic soot obtained by
combustion propan-butan mixture. For the first time kind of soot having superhydrophobic properties was
synthesized at the Institute of Combustion Problems (Almaty, Kazakhstan), which was obtained by
applying an electric filed [12].

Experimental part. The Nima software uses Microsoft Sans Serif fonts, as our software is
compatible with all versions of Windows from 95 to XP you may need to load the specific MS Sans Serif
font onto your PC. Copies are on the Nima CD. When the required number of layers have been deposited,
the dipper will stop. Data can be viewed also in the (pressure & area) -time and dipper - area axes, selected
from the Graph Menu.

A typical LB film deposition instrument (Nima CD) shown in figure 1

b - photo

Figure 1- A typical LB film deposition instrument (Nima CD)

A typical multi-layer deposition (conventional dipper) was obtained by following stages which are
shown in the scheme below.
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Typical values are: Dipper Speed: 20 mm/min; Target pressure: 25 mN/m; Top End: 5 mm; Bottom
End: 20 mm; Number of Layers: 10.

Then, spread the monolayer and select 'Pressure Control' from the Barrier menu of Installation of
Nima CD. The film will be compressed to its target pressure. If pressure control is unstable, reduce the
'Feedback Gain' value. A value of 1.0 is good for almost all conditions.

After, select 'Program Dip' from the “Dipper menu”. The dipper will be run down and up under the
selected conditions.

Results and discussions. Thus, to produce thin films of superhydrophobic soot, 10 mg ofthe powder
was dissolved in 10 mL of chloroform. Chloroform must be used because it has a low boiling point and is
not miscible in water. Consequently, the dispersion can be dropped onto the surface of the water in the
Langmuir-Schaefer trough.

The chloroform quickly evaporates and the hydrophobic soot is left sitting at on the water. This
floating layer is reducing the surface tension of the water, as measured by the pressure sensor at the
surface.

As more dispersion is deposited, the surface tension atthe surfaces decrease while the surface
pressure due to the material increases.

When the surface is sufficiently covered, the floating 'islands' of hydrophobic soot can be compressed
into a continuous film.

The barriers are moved to reduce the area occupied by the soot and force the islands to come together.

As it is compressed, the surface pressure increases - which leads to the pressure-area graph in the
attached file.

When completely compressed, the film can be deposited by lowering the substrate attached to the
vacuum pump.

The software is used to bring the substrate into contact with the surface and the film will be deposited,
as it shown in figure 2.

Figure 2 - Creation film on the water surface
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When the film is nearly fully compressed (like the attached data), it may rearrange on the surface.
This can be controlled by using less dispersion or compressing to lower surface pressures, figure 3.

It is known that, the air/water interface possesses excess free energy originating from the difference in
environment among the surface molecules and those in the bulk. This interfacial free energy is
approachable by measurements of the surface tension. The surface tension of water is about 72 mN/m at
20°C which is an exclusively high valuation in comparison with other liquids and accordingly makes
water a perfect sub phase for monolayer studies.

The overall way to transportation an amphiphile to the surface is to dissolve it in a volatile non-polar
solvent and then using a micro syringe to deposit onto the surface. The solution spreads rapidly to cover
the available area. As far as the solvent evaporates, a monolayer is formed. When the available area for the
monolayer is large the distance between adjacent molecules is enormous and their interactions are weak.
The monolayer can then be regarded as a two-dimensional gas. Under these conditions, the monolayer has
less impact to the water surface tension. If the available surface area of the monolayer is reduced by a
barrier system, the molecules start to exert a repulsive force on each other.

Figure 3 - Hydrophobic soot film

Surface pressure curve recorded during the LB monolayer assembly from computer. The most
important indicator of the monolayer properties of an amphiphilic material is obtained by measuring the
surface pressure as a function of the area of water surface available to each molecule. Thus, final surface
pressure reached 50 mN/m.

The soot applied for creating LB films was investigated by transmission electron microscope (TEM)
and Raman spectroscopy, figure 4. The obtained spectra are shown in figure 4, b.

a b

Figure 4 - Results of investigation methods of soot samples: a - TEM images; b - Raman spectra

As it can be seen from TEM images, the superhydrophobic soot has nanospherical chain structure, in
the form of pearls with varying degrees of branching, which have a diameter in the range of from 20 up to
60 nm.

Analysis of the Raman spectra shows that in the samples obtained there are two peaks 1350 cm-l
(D - amorphous) and 1590 cm-1 (G - graphite), corresponding to the phase of amorphous carbon (figure 4, b).
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Conclusion. In this article, the LB film preparation technique was discussed. Langmuir-Blodgett
technique was used to assemble monolayers of superhydrophobic soot. Films were deposited using the
vertical (LB) deposition methods onto glass substrates. However, soot films do not completely cover the
water surface, probably due to the dissolution of into the aqueous subphase. As a result, it was found that
the obtained Langmuir-Blodgett films has a nanostructure, since soot has a nanoscale from 20 to 60 nm,
which is confirmed by electron microscopic and Raman studies.

MepyepT Haxunnkbi3bl 12 AnaH JanToH3

WMHCTUTYT Npob6nem ropeHus, Jinmatel, KasaxcTaH;
2KasHY umeHn anb-Papabu, Anvatbl, KazaxcTaH;
3YHuBepcuTeT Caccekc, BennkobputaHums

MAEHKW NEHTMIOP-BTIOAXXETT HA OCHOBE CYNEPTUAPO®OBHOW CYTKN

AHHoTauns. O6nacTb MccnefoBaHWA HaHOPa3MepHbIX 3((eKTOB MOKa3biBaeT, YTO ruapodobHbIe CBOWCTBA
MOBEPXHOCTE OCHOBAHbl Ha MpPaBUILHON CTPYKTYpe 4YacTWl, BbICTYNOB WM BEPLWMH CYOMUKPOHHOIO 1
HaHOMEeTPOBOr0 pasMepa, PacrosfioKeHHbIX Ha MOBEPXHOCTY YMOPSAOYEHHbIM 06pa3oM. MMOBEPXHOCTM, MMetoLime
rmapodobHble CBOWCTBA, MOrYT ObiTb MOAYYEHbl XMMWYECKUM WA METOAOM BblpalLMBaHWUA HaHOPa3MepHbIX
maTepvanoB. Takol ahekT cyllecTBYeT B LMKOIW npupoge. APKAM NPUMEPOM SBAAETCS MOBEPXHOCTb NNCTbEB
noToca, YCesHHas MHOFOYMC/IEHHbIMU MUKPOCKOMUYECKUMMW BLICTYMamu, MPUAIOLUMKN MOBEPXHOCTU JINCTLEB
NCKNOYNTENbHbIE CyneprnapodobHbie CBOICTRA.

3TN nccnefoBaHUS MOKAasbiBAOT, YTO CaXa, CUHTe3Wpyemas MpyU CXUraHWM YrneBOoAOPOLHOro TOMAUBa B
onpejeneHHbIX YCNoBMsX, 06nafaeT cynepruapoo6bHbIM CBOMCTBOM M MOXET ObiTb MCNO/Mb30BaHa B KauyecTse
HanoNHUTENs NPU CO34aHNMN TUAPOPOOHBIX NOKPbITUIA.

CyneprugpotobHasa caxa nony4vyeHa Mpu CXKUraHUM nponaH-6yTaHOBOW CMECWU MPU HAaNOXEHWUU 3NeKTpu-
YecKoro nonsi B flabopatopun CUHTE3a YraepofHbIX HaHOMaTepuanoB B NiameHU VHCTUTYTa npo6iem ropeHus
(Anmatbl, KasaxcTaH).

[nsa ycTaHOBNMEHWs NOMHOW MH(OPMaLMM O CTPYKType MNOAy4yaemMoil CaXu MpoBefeHbl UCCnefoBaHNs
NpOCBeYMBaIOLLNM 3M1IEKTPOHHLIM MUKPOCKONOoM (M3M), METOAO0M CMEKTPOCKONUU KOMOUHALMOHHOIO paccesHus.

PesynbTatbl MM3M nokasanu, 4to cynepruapoobHas caxa MMeeT HaHOCKHEPUYECKYIO LenHY CTPYKTYpY B
(hopMe XKeMuyra C pa3Hol CTeneHb Pa3BeTBAEHUSA, AUaMeTp KOTOPOI HaxoauTcs B Anana3oHe oT 20 ao 60 Hwm.

AHanu3 pesynbTaToB CMeKTPOB KOMOUHALMOHHOIO paccesiHUs CBeTa MOKa3bIBAET, YTO B MOYUYEHHbIX 06pasLiax
NPUCYTCTBYIOT [Be Moaupukauun yraepoga - amopgHbii yrnepog 1350 cm-l (D - amopdHbin) 1 1590cm-1
(G - rpacdmTM3npoBaHHan yrnepogHas ¢asa).

B paHHoOl paboTe OblIM M3rOTOBMEHbI NAeHKU JleHrmiopa-bnomkeTT Ha ocHoBe cyneprmapodo6HOA caxu Ha
yctaHoBKe Nima CD (AHraus). [ns nonyyeHust TOHKMX NaeHok 10 Mr cynepruapodo6HOi caxm pacTBOpsSAU B
10 mn xnopodgopma. XnopohopM cneayeT UCNONb30BaThb, MOCKObKY OH MMEET HU3KYIO TeMnepaTypy KUNeHus v He
CMeLUMBaeTcs ¢ BOJoi. CrnefoBaTenbHO, AWUCMEPCUS MOXET ObiTb COpOLLEHA Ha MOBEPXHOCTb BOAblI B KOPbITE
NeHrmiopa-LUedepa.

XnopogopM 6bICTPO UchapseTcs, a rmapodobHas caxa ocTaeTcs Ha Bofde. DTOT MaBatoLMil CO yMeHbLIaeT
NMOBEPXHOCTHOE HaTSHKEHME BOAbl, M3MepseMoe AaTUMKOM [aB/eHUs Ha NOBEPXHOCTHU.

Mo Mepe ocaxaeHWs OOMbLIEro KOAMYeCcTBa [AMCMEPCUMU MOBEPXHOCTHOE HATFXKEHMe Ha MOBEPXHOCTAX
YMeHbLUIaeTCsl, a MOBEPXHOCTHOE JjaBNeHWe 13-3a MaTepuana yBemumBaeTcs.

Korga noBepxXHOCTb [OCTaTOYHO MOKPbITA, MNaBalolime «OCTPOBKU» TUAPOPOOHON caxu MOryT ObiTb
CMPeccoBaHbl B HEMPEPbIBHYHO M/IEHKY.

Bapbepbl MepemeLLaroTcs, YTOObl YMEHbLUUTL MIOWAaAb, 3aHATYH0 CaXeid, U 3aCTaBUTb OCTPOBA 06bEANHUTLCA.
Mo mepe cXaTusi faBneHWe Ha MOBEPXHOCTb YBE/IMUMBAETCA, UTO MPMBOAUT K rpaduky 06n1acTu AaBneHus B
npuKpenjeHHoM dpaiine. Nocne MONHOrO CXaTus MJEHKa MOXET ObiTb HaHeceHa NyTeM OMyCKaHWS MOAOXKM,
NPUKPENEHHOM K BaKyyMHOMY Hacocy. neHka OyfeT cxata A0 LeneBoro AaeneHus. ECAM KOHTPONb [aBeHus
HecTabuneH, YMEHbLUNTE 3HaYeHNe «Y cuneHne obpaTHoOM CBA3W». 3HadyeHne 1,0 XOpoLlo Af NOYTK BCEX YC/OBUIA.

Mocne aToro Heob6xoAMmo Bbi6paTh «Dipper menux», 3aTeM MeH0 «Program Dip». KoBw 6yaeT onyckaTbcs U
NOLHUMATLCS MPU BbIGPAHHbLIX YCNOBUSX.

Takum 06pa3oM, 6binM  MOAYYeHbl MAEHKW JleHrmiopa-bnofxeTT Ha OCHOBe caxu, obnagatoLei
cyneprngpogobHbeiMu cBoOCTBaMWU. B pesynbTate 6bi10 0OHAPYXXEHO, UTO MOJYYeHHble MEHKN JleHrMiopa-
BnoapKeTT MMEKT HAHOCTPYKTYPY, KOTOpPble NMOATBEPXAAOTCS 31EKTPOHHO-MUKPOCKONUYECKMMU U paMaHOBCKUMU
nccnesoBaHUAMN.

KntoueBble cnoBa: NneHka, cyneprugpodobHas caxa, NoBepXHOCTb.
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DKaHy npo6nemanapbl MHCTUTYTbl, AnMaTbl, KasakcTaH;
29n-dapabu atbiHAarsl Kasak "nTTbiK yHMBepCUTETI, AnMaTbl, KasakcTaH;
3Caccekc YHUBepCUTET ¥Nbl6pUTaHNA

ACATNAPO®OBTHI KYWNE HEM131HAE
NEHITMIOP-BNOAXET UABBLLLUAJTAPBIH ANTY

AHHOTauua. HaHoenwemai adekTinepai 3eptrey canacbl 6eTTiH rmapodobThl Kacue'w” GenwekTepmiH
O7pbIC K¥pblbIMbIHA, 6GeTkeiire peTTenireH CYGMUKPOHAbI >K3HEe HaHOMETp enleMAepiHiH LWbiBAapblHA Hens-
[enreHiH kepcetedi. Mnapoho6Thl KacueTTepi 6ap GeTTepAi XUMUAAbIK XOMEH HEMECE HaHOenweMmAi MaTepuan-
napabl ecipy apicimeH anyra 6onagbl. M”MHaal acep Taburatta 6ap. XKapkblH Mbican peTiHAe, >KanblpakTapably,
GeTiHe epeklle acarmapodo6Thl KacueT GepeTLl, KenTereH MUKPOCKOMUSAbIK LbIFbIHKbI Chbi3bIKTApMEH epekKLuesie-
HEeTIH N0TOC XanblpakTapblHbIL, 6eTKi KabaTbIH anyra 6onagpl.

B™n 3epTTeynep KemipCyTeKTi OTbIHAApAbl >Xary apKblibl CUHTE3f4enreH KyieHuw, 6enrini 6ip xargainga
acarngpotobTbl KacueTke Me €eKeHAIriH >X3He rngpoo6Tbl XKabbiHAbl Xacay 6apbiCbiHAA TONTbIPTbIW PeTiHAE
naifanaHblaTbIHAbITbIH KEPCETTI.

MponaH-6yTaH KOCMAcklH Xary 6apbiCbiHAa anbiHraH acarunpodo6Thl KYVe anekTp epiciH 6epy apKbibl XaHy
npo6aemanapbl MHCTUTYThIHbIL XanblHAa KeMipCyTeKTi HaHOMaTepuangapibl CUHTe3Aey 3epTXaHacblHAa afblHAbI
(Anmartbl, KasakcTaH).

ANbIHTaH  KyiieHl, K¥pbibIMbl Typanbl TONbIK aknapaT any Ywin KYVle Ynrinepi xapblKTaHgblproill
3NeKTPOHAbI MUKpockon (PKIM) x3He KOMOMHALMANBIK LWaLlblpay CNeKTPOCKONUACHI apKbl/bl 3epTTENA.

YKOM HaTuxenepi kepceTkeHaeii, acarnapotho6Tbl KYVeHiH anameTpi 20-gaH 60 HM-re felHn AuanasoHaa
6onatbiH TYpAi gapexeaeri iHxXy TYpiHgeri HaHocepanblK Ti36eKTi K¥pbinbiMaapaaH Tupasbl.

Kom6uHauuanbIK Lallibipay CMEKTPOCKOMMUSCH H3TUXKEeNepw Tangay anblHraH Ynrinepge KemipTekTiH ekl
Yarici - 1350 cm-1 (D - amopdhThl) x3He 1590 cM-1 (G - rpadmTTenreH KemipTeri ¢asachkl) 6ap eKeHAiriH*pceT.

X~mbicta Huma CD KoHppbiprbicbiHaa (AHrns) acarmgpodobTel "“iie HerisiHge JleHrmiop-bnogpxerTt
KabblKWwanapbl anbiHAbl. XX"Ka KabbiKwanapgbl any Ywid 10 ma xnopodopmga 10 mr acarngpotobTbl KEMipTeKTi
KYVle epiTingi. XnopodopMHbIii KaiiHay TemmepaTypachl TeMeH >K3He CyMeH apanacnalTbiHAbIKTaH KONAaHbIAbI.
CoHAblKTaH gucnepcusHbl JlaHrmiop-LUedep bigbicbiHAATbI CyAblL, 6eTiHe arbidyra 6onagp.

Xnopohopm Tes 6ynaHbin, ruapodo6Thl KYMVe cyga kanafbl. BN KanKbiManbl KaGaT Cy KbICbIMbIHBIL,
CEHCOPbIMEH e/LLEeHETIH CyAbIL, KEpHEYLL a3aiTafpl.

[Oucnepcns ken 6onraH caiibliH, GeTTepAeri KepHey asasfibl X3He MaTepuangpll, 3cepiHeH 6eTKl KbICbIM
Xorapblnangsi.

TabakLwaHblL, 6eTKL KabaTbl XeTKiNikTi TYPae xabbinraH kesae, ruapodo6Tbl KYVeHiL, Kankbin )Ypred <Awwp
6enwekTepi» Y3AiKci3 KabblKLlara Kbicblnagbl.

Kepeprinep KYWeHil, anbin oTbipraH ay/JaHblH asaiiTyra »aHe YLWKip 6enwekTepai 6ip-6ipiHe >akblHaaTyra
M3XOYp eTegi.

ChbIrbifiraH caiiblH 6eTiHAEri KbICbIM XXOrapblnaigbl, 6°n TipkenreH (aingarbl KbiCbiM aiMarbiHbIL, rpagurile
akenefi. ToNbIK CbIrbliraHHaH KeliH, KabblKLaHbl any MakcaTbliHAa BaKyyM/blK Hacocka GeKTnreH TabakluaHbl
TemeHre TYCipy apkbiibl KongaHyra 6onafbl. KabblKlia MakcaTTbl KbiCbIMra fAelH Kbicbinafbl. Erep KbiCbiMAbI
Hackapy T/pakcbI3 6onca, «Kepi H6alinaHbic ecimi» M3HLW a3aliTy KaxeT. 1.0 M3Hi 6apnbik xargalira TiMgi 60nbin
caHanagbl.

«Dipper MasipiH», ogaH KeiliH «Program Dip» M33ipiH Taygaubi3. Oxay TauganraH >kargainga temeHgengi
)K3He KeTepinegi.

Ocbinaiiwa KYVe Hen3wden acarngpoobThl KacueTi 6ap JleHrmiop-BnomkeTT KabbiKlwanapbl anbliHAbI.
HaTwxecwge anbiHraH JleHrmMoop-6nomkeTT KabblKlianapbiHbIL, HaHOK¥PbIIbIMAbI €KEHAIr  aHbIKTangbl, 6\
XKapbIKTaHAbIPrbILW 31eKTPOHAbIK XX3He pamMmaH CNEeKTPOCKOMNUACHI apKblbl pacTanibl.

TYWiH ce3pep: kabblKLia, acarnapotho6Tsl ~iie, Ger.
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