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KAWMBIFBIMABIABIK, KOFPBI

HALYK

CHARITY FOUNDATION

YD «XAJBIK

B 2016 romy ans pa3BUTUS W YAyYIIEHHS KadeCTBa >KU3HU Ka3axCTaHLEB ObLI
CO3JaH YacTHbIM bnarorBoputenbHblid GoHa «Xaiblk». 3a rojbl CBOSH IesITeIbHOCTH
Ha peaju3aluio OJaroTBOPUTENILHBIX NMPOEKTOB B 00JacTAX oOpa3oBaHMS M HAyKH,
COLMAJILHOM 3aIlUTHI, KYJABTYPBI, 31paBooXpaHeHus u cnopra, Ponp Boyaenua Oosee
45 MunnuapaoB TEHre.

Oco6oe BanManue biarorBoputenbHbIH GoHT «XabIK» ynenseT 00pa3oBaTeIbHbIM
IporpaMmam, C4MTas 3TO HaIlpaBJIE€HUE OJHUM M3 KIIIOYEBBIX B CBOEH IEATENBHOCTH.
Oxa3biBasi MOAJIEPKKY OTEUECTBEHHOMY 00pa3oBaHuto, GOHI BHOCHT CBOI OCHIIbHBIN
BKJIaJI B Pa3BUTHE KauecTBEHHOTo oOpa3oBanus B Kazaxcrane. Tem camMbiM ciocoOCTBY S
pOCTy uncIa JItoneH, ClIoCOOHBIX MEHSTh XKU3Hb B CTPaHe K JIy4IlleMy —Ipo(ecCHOHAIOB
B pa3iMyHbIX cdepax, MOTCHUUAIBHBIX JIMACPOB M «BEJIUKUX YMOB». OmHOH u3
3HAUUMBIX HMHUIMATHB (oHJa «Xanblk» B oOpa3oBaresibHOW cdepe cTaim MpoeKT
Ozgeris powered by Halyk Fund — mepBblii B cTpane OuzHec-uHKYOaTop ISl yUaluxcs
9-11 xmaccoB, KOTOpBI MOMOTraeT pa3BUBAaTh HEOOXOOUMBIE B COBPEMEHHOM MUpE
MpeANPUHUMATENILCKUE HaBBIKK. Tak, Ha coOmelCTBHE MajoMy OHM3HECY IMIKOJbHHUKOB
06110 BeIIeneHo Oosee 200 rpanToB. [y moaiep KKy TaJaHTIIMBBIX 1 MOTHBHPOBAaHHBIX
nereit @OoHT HEOAHOKPATHO BBIACISUT TPaHThI HAa 00yueHue B MexXTyHapOJHOH IIKOoJIe
«Mupac» u B Astana IT University, a Taxke MOMOI Ka3aXCTaHCKUM LIKOJbHHKAM
npuHATH yyactue B npectxHoM KoHKypce «USTEM Robotics» B CILIA. ABropckue
pabotel B pamkax npoekra «Tamimrep», koropomy DoHI OKa3an HOAICPHKKY, JICIIIU B
OCHOBY Y4€OHOH MPOrpaMMbl, Y4€OHHKOB U Y4€OHO-METOANYECKUX KHHUT 10 MIPEAMETY
«OCHOBBI TIpeANpUHUMATENLCTBA U Ou3Heca», mpenogaBaemoro B 10-11 kmaccax
Ka3aXCTAaHCKMX ILIKOJ U KOJUIEIKEH.

[TomuMo mnomoIIM MIKOJIBHMKAM, ydallMMcs KoJulepked M cryaeHTaM DoHp
CUMTAET BAXXHBIM BHECTH CBOW BKJIAJ B IMOBBILICHHE KBAIM(HUKAIWU IIE€AaroroB,
COBEpIIEHCTBOBAHNE HMX 3HAHWH U HABBIKOB, IOCKOJIBKY HMEHHO OHHU SIBJISIOTCS
MIPOBOAHMKAMH 3HAaHUM OyoyIIMX MOKOJEHHH KazaxcTaHueB. [Ipu mognepxke Donna
«XanplK» B IOKHOH cTonuie ObUI OpPraHW30BaH €XKEroJHbI TOPOACKOW KOHKYpC
nenaroroB «Almaty Digital Ustaz.

BaxHOll MHHMLMATUBOW CTall pealn3yeMblii MPOEKT MO OOYYEeHHIO OCHOBAM
(uHAHCOBOM TPaMOTHOCTH Tpernoaasareield n3 BochkMH obnactedl Kazaxcrana, urto
JIOJDKHO OKa3aTh CYIIECTBEHHOE BIIMSIHUE Ha BOCIIUTaHWE (PMHAHCOBOW ITPAMOTHOCTH H
MpEeINPUHUMATEIBCKOTO MBIIIIJIEHHS Y HOBOTO TIOKOJIEHUSI TPaXAaH CTPaHBI.

HeoOxonumyro nmomors @oHx «Xaiblk» OKa3blBaeT U TeM, KTO 0COOCHHO OCTPO
B Hell Hyxnaercs. B paMkax counanabHON 3allUThl HACEJIEHHUsS aKTHUBHO NPOBOAUTCS



paboTa 1o TOAJEPKKE NIETeH, OCTABIIMXCS 03 pOIUTENCH, JeTell W B3POCIBIX U3
COLMAJIbHO YA3BUMBIX CJIOE€B HACEJICHHUS, JIFOJEN C OTPAaHUYEHHBIMHA BO3MOKHOCTSIMHU, a
TaKKe 00€CIICUCHUIO HYK/IAIOIIMXCSI COLUATBHBIM KHIIbEM, CTPOUTEILCTBY COIIMATBLHO
BaXHBIX OOBEKTOB, TAKUX KaK JCTCKHE CaJbl, JCTCKHE TUIOIIAIAKU U (PU3KYIBTYpPHO-
03JI0POBUTENIbHBIE KOMIJIEKCHI.

B xommnky no0peix gen @onnma «Xaiablk» MOXKHO JOOAaBUTh OKa3aHUE ITOMOIIH
JICTCKOMY CIIOPTY, Ky/ia OTHOCHTCS TIOJICPKKA B PA3BUTHU JIETCKOTO PyTOOJIA M Kapare
B Hamel crpaHe. JKU3HEHHO BaKHYIO TIOMOIIL biaroTBopuTeNbHBIN QOHI «XaIbIKy»
OKa3all HalllUM COOTeUECTBEHHUKAM BO BpeMsi HeaasHell nangemuu COVID-19. Torga,
B pasrap TsDKenod 0ophObl ¢ KopoHaBUpyCcHOH nHpeknuerd Donx Beiaenui cBbime 11
MUJTMAPJIOB TEHT'e Ha MPHOOpPETeHHE HEOOXOAMMOI0 MEIUIIMHCKOTO O0O0pYIOBaHUS
U JIOPOTOCTOSIIUX MEAMIMHCKUX IPEraparoB, aBTOMOOWIICH CKOPOM MeEIMIIMHCKON
TIOMOIUIH U CPENICTB 3aLIUThI, aAPECHYIO MAaTEPUAIbHYIO IOMOLIb COLIMAIBHO YSI3BUMBIM
CJIOSIM HACEJICHUS U JICHE)KHBIC BBITUIATHI MEIUIIUHCKUM PaOOTHUKAM.

B 2023 romy Hapsamy c IOpYyrMMH TPOCKTaMH, HALCICHHBIMM Ha IMOBBIIICHUE
0JIaroCOCTOSIHUSL Ka3aXCTaHCKUX TpaxkaaH DOHJ penimi yneinuTb 0C000€ BHUMAaHHUE
HayKe, MOCKOJIbKY OHa SBJISICTCS YacThlO0 OOIIECTBEHHOW KYJIBTYPhI, & YPOBCHb €€
pa3BUTHS ONPEIETAET YPOBEHb Pa3BUTHUS TOCY1apCTBA.

[onnepxkka @oHAOM BbIMycKa >XKypHajaoB HamuonanbHOM AkageMuu Hayk
PecriyOnuku KazaxcraH, KOTOpbIe BXOAST B MeEXIyHapoiHble (OHABI Scopus u
Wos ¥ B KOTOPBIX NYOJNUKYHOTCS CTaTbd OTEUECTBEHHBIX YYCHBIX, JIOKTOPAHTOB W
MaruCTPaHTOB, a TaK)Ke HAYYHBIX COTPYJAHHUKOB BBICHIMX YYEOHBIX 3aBEJCHHUN W
HAy4HO-UCCIIEA0BATENIbLCKUX MHCTUTYTOB HALLIEN CTPAHBI SIBJISETCS HE MEHEE 3HAYUMBIM
BKu1ajjoM DOH/Ia B pa3BUTHE Ka3aXCTAaHCKOTO OOIIIeCTBA.

C yBakeHnuem,
baarorsopurebHbiil @®oHA «XaJBIK»



Bac pepaxrop:

JK¥PBIHOB Mypat JKypbIHYJIbI, XUMHS FEUIBIMAAPEIHBIH TOKTOPHI, ipodeccop, KP ¥FA akanemuri,
Kazakcran PecryOnmukacel ¥ ITTBIK FBUTBIM akaieMUsACHIHBIH npe3uaeHTi, AK «J[.B. CokonbCckuii aTbIHIAFbI
OTBIH, KaTaJIN3 JKOHE HJIEKTPOXUMHUSI HHCTUTYTHIHBIHY Oac qupektopsl (Anmarsl, Kasakcran) H = 4

Penaxkmus ankacwl:

9JIEKEHOB Cepra3sl MbIin:kacapyJibl (6ac pefakTOpabIH OPEIHOACAPET), XUMHS FHIIBIMIAPEIHBIH
JIOKTOpHL, mpodeccop, KP ¥FA akagemuri, «PuToxumusy XaablKapaiblK FEUTBIMA-OHAIPICTIK XOIIUHT1HIH
nmupekrtopsl (Kaparannel, Kazakcran) H = 11

ATABEKOB Baamumup EnoxoBmu (0ac pemakTopIblH OpbIHOACAPhI), XUMHS FHUIBIMIAPBIHBIH
JIOKTOpEL, ipodeccop, benapycs ¥FA akamemuri, XKana matepuangap XuMHACH! HHCTUTYTBIHBIH KYPMETTI
nupexrops! (MuHck, benapycs) H =13

CTPHAJ MupocaaB, npodeccop, Uexus FBUIBIM aKaJeMUSCHIHBIH JKCIICPUMEHTTIK OOTaHMKA
WHCTUTYTHIHBIH 3epTXaHa MeHrepymrici (Onomoyn, Yexus) H = 66

BYPKITBAEB Myxam6eTKaJu, XuMust FbUIBIMAAPBIHBIH JOKTOPSL, podeccop, KP ¥YFA axanemuri,
an-®apadu arernars! Kaz¥Y Y-abiH Gipinmi npopextops! (Amvarst, Kasakcran) H = 11

XOXMAHH J[xymut, Ceren ynuBepcureTiHiH DapmaneBTrka ¢(akyasreTiHiH DapMakorHO3Us
kaderpachiHblH MeHrepyuiici, YKapaTbuiblcTaHy FHUIBIMIAPBIHBIH TISHAPAIBIK OPTAJIBIFBIHBIH JAUPEKTOPBI
(Ceren, Benrpus) H =38

POCC Camup, PhD nokropbl, Muccucunu yHUBEPCUTETIHIH OCIMIIK OHIMICPIH FRUIBIMU 3€PTTEY
YITTBIK opTanbirbl, Dapmanust Mektebinin npodeccopst (Oxcdopa, AKII) H =35

XYTOPIHCKWAW Burtammii, pmiocopus mokrops (PhD, dapmariesr), PequHT yHHBEpCHTETIiHIH
npodeccops! (Peaunr, Aurmms) H = 40

TEJTAEB Barnar Bypxan6aiiyiabl, TexHHKa FbUIBIMIAPBIHBIH JOKTOpBI, mpodeccop, KP ¥YFA
xoppecrnionaent-mymreci, Kasakcran PecrmyOmukacer Wupgyctpust skoHe MH(PAKYPBUIBIMABIK —J1aMy
MuHHCTpIITI (AnMarsel, Kazakcran) H = 13

DAPYK Acana Jlap, Xamaap ans-Mamxuaa [LsiFsic MeauIMHa KOJISDKIHIH Tpodeccopbl, Xamaap
yrusepcuretiig LIbreic mequimna akymsreri (Kapaun, [Toxictan) H = 21

DA3BIJIOB Cepik IpaxmeTyJibl, XUMHS FEUTBIMAAPBIHBIH TOKTOPEI, ipodeccop, KP ¥FA akagemuri,
OpraHuKaablK CUHTE3 JKOHE KOMIP XUMUSIChI HHCTUTYTBI AUPEKTOPBIHBIH FBUIBIMH JKYMBICTApP XKOHIH/ET
opsrabacaps! (Kaparannpl, Kazakcran) H =6

KOPOBEKOBA Illapuna Kopo0eKKbI3bl, XHMHS FBUIBIMIAPBIHBIH JOKTOPHL, Tpodeccop,
Keipreiscran ¥FA akagemuri, KP YFA Xumust xoHe XUMUSUIBIK TexHoJorus uHCTUTYTHI (Bimikex,
Keiprescran) H =4

XAJIMKOB [I)xypadaii XaJuKoBHY, XUMHS FEUTBIMAAPBIHBIH JOKTOPHI, Tpodeccop, Toxkikcran FA
axanemuri, B.M. Huxkutun areinnarsr Xumust uHCTUTYTHI ([ymante, Toxikeran) H = 6

DAP3AJIMEB Barng Memknioribl, XUMUS FEUIBIMIAPBIHBIH JOKTOPEL, TIpodeccop, ¥FA akagemuri
(baky, O3ipbaitkan) H =13

T'APEJIMK Xempa, ¢unocodust mokropsl (PhD, xumus), XanblkapaiablK Taza jKoHE KOJIaHOAJbI
XMMUSI OJIaFbIHBIH XHMMHUSI KOHE KOpIiaraH opTa OemiminiH npe3uaeHTi (Jlonaon, Aurmms) H = 15
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I'naBHbII perakTop:

KYPUHOB Mypar JKypunoBHY, JOKTOp XMMHUYECKHX HayK, npodeccop, axagemuk HAH PK,
npe3naeHT HanmonaneHO# akagemun Hayk Pecrryomikn Kazaxcran, reHepanbabiid aupektop AO « MHCTHTYT
TOIUIMBA, KaTanu3a U anekTpoxumun uM. /1.B. Cokonbckoro» (Anmarsel, Kazaxcran) H =4

Penaxkmuonnasi KoJuierus:

AJIEKEHOB Cepra3sl MpIHKacapoBU4 (3aMeCTHTENb IJIABHOTO PEAAKTOPA), TOKTOP XUMHYECKHX
HayK, mpodeccop, akaneMuk HAH PK, mupexrop MexayHapomHOT0O HayYHO-TIPON3BOACTBEHHOTO XOIIWHTA
«Duroxumusa» (Kaparanaa, Kazaxcran) H=11

ATABEKOB B gagumup EHokoBHY (3amMecTHTENb INIABHOTO pPENAKTOpPA), JOKTOP XUMHYECKHX
HayK, poeccop, akagemuk HAH Bbenapycu, mouetHslit tupextop MHCTUTYTa XUMHN HOBBIX MaTepHAaIoOB
(Munck, benapycs) H= 13

CTPHA/I Mupocaas, npodeccop, 3aBeayroiinii labopatopueii HHCTUTYTa DKCICPUMEHTAIBHON
6orannkn Yermickoit akanemun Hayk (Omomoyn, Yexwst) H = 66

BYPKUTBAEB MyxameTkaiaun, TOKTOp XMMHUYECKHX Hayk, mpodeccop, akagemuk HAH PK,
[epssrit mpopektop KasHY nmenn anp-dapadu (Anmarsl, Kazaxcran) H= 11

XOXMAHH [xyaut, 3aBenyrommii kadenpoit dapmakorano3nn dapManeBTHUECKOTO (haKynbTeTa
YauBepcureta Cerena, TUPEKTOp MEKAUCIMIUIMHAPHOTO IIEHTpa ecTecTBeHHBIX Hayk (Ceren, Benrpus)
H=38

POCC Camup, noxrop PhD, mpodeccop Ilkomsr ®Papmanuy HaIMOHAILHOTO IIEHTPA HAyIHBIX
HCCIIeJOBAaHUH PACTUTENBHBIX MPOAYKTOB YHUBepcuTeTa Muccucunu (Oxcdopa, CLHIA) H =35

XYTOPSHCKHUM Burannii, noxrop dunocopun (Ph.D, papmauerr), npodeccop Yuupepcurera
Penunra (Pepuar, Aurms) H = 40

TEJIBTAEB Barnar Bypxanoaiiyibl, JOKTOp TEXHHYECKHX HAYK, MPpodeccop, WiIeH-KOPPECIIOHICHT
HAH PK, MunucrepcrBo Unnycrpun u nnppactpykrypHoro pazsutus Pecriyonuku Kasaxcran (AnamMarsl,
Kazaxcran) H=13

DAPYK Acana [lap, mpodeccop komtemka Bocrounodt memummuel Xamaapna ans-Makuaa,
¢axynsrer Boctounoit Mmennumubl yausepeutera Xamuapna (Kapaun, [Takucran) H =21

DA3bIJIOB Cepuk /IpaxmeToBUY, TOKTOp XHMHUYECKHX Hayk, mpodeccop, akagemuk HAH PK,
3aMeCTHUTENb JUPEKTOpa Mo Hay4yHOH paboTe MHCTUTYTa opranuyeckoro cuuTesa u yrexumuu (Kaparanna,
Kazaxcran) H=6

KOPOBEKOBA Illapuna Kopo0exoBHa, TOKTOp XMMHUIECKUX HayK, Ipodeccop, akanemuk HAH
Keipreserana, MactutyT Xumun u xumudeckoit Texnonornd HAH KP (bumukek, Keipreizeran) H = 4

XAJIMKOB [Ixxypa6aii XaJaumkoBH4Y, JOKTOp XHMHYECKHX HayK, npodeccop, axkagemuk AH
Tamxukucrana, Uactutyt xumun umenu B.M. Hukntira AH PT (dyman6e, Tamkukucran) H = 6

DAP3A/IMEB Barug Memkua oribl, JOKTOp XMMHYECKHX Hayk, mpogeccop, akanemuk HAHA
(Baky, Azep6aiimxan) H=13

TI'APEJIMK Xempaa, noxrop ¢unocopuu (Ph.D, xummus), npesunent Otaena XUMUH U OKpYysKaromieit
cpenbl MexIyHapOIHOTO CO03a YnucTol 1 pukiaaHoi xumun (Jlonmon, Aurmmst) H =15

«H3Bectust HAH PK. Cepusi XMuMuu M TEXHOJIOTHii».
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Editor in chief:

ZHURINOYV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of NAS RK, general director of JSC “Institute of fuel, catalysis and electrochemistry named after
D.V. Sokolsky (Almaty, Kazakhstan) H = 4

Editorial board:

ADEKENOVY Sergazy Mynzhasarovich (deputy editor-in-chief) doctor of chemical sciences, professor,
academician of NAS RK, director of the international Scientific and production holding «Phytochemistry»
(Karaganda, Kazakhstan) H = 11

AGABEKOV Vladimir Enokovich (deputy editor-in-chief), doctor of chemistry, professor,
academician of NAS of Belarus, honorary director of the Institute of Chemistry of new materials (Minsk,
Belarus) H=13

STRNAD Miroslav, head of the laboratory of the institute of Experimental Botany of the Czech
academy of sciences, professor (Olomouc, Czech Republic) H = 66

BURKITBAYEV Mukhambetkali, doctor of chemistry, professor, academician of NAS RK, first
vice-rector of al-Farabi KazNU (Almaty, Kazakhstan) H =11

HOHMANN Judith, head of the department of pharmacognosy, faculty of Pharmacy, university of
Szeged, director of the interdisciplinary center for Life sciences (Szeged, ungary) H =38

ROSS Samir, Ph.D, professor, school of Pharmacy, national center for scientific research of Herbal
Products, University of Mississippi (Oxford, USA) H = 35

KHUTORYANSKY Vitaly, Ph.D, pharmacist, professor at the University of Reading (Reading,
England) H = 40

TELTAYEV Bagdat Burkhanbayuly, doctor of technical sciences, professor, corresponding
member of NAS RK, ministry of Industry and infrastructure development of the Republic of Kazakhstan
(Almaty, Kazakhstan) H= 13

PHARUK Asana Dar, professor at Hamdard al-Majid college of Oriental medicine. faculty of Oriental
medicine, Hamdard university (Karachi, Pakistan) H =21

FAZYLOYV Serik Drakhmetovich, doctor of chemistry, professor, academician of NAS RK, deputy
director for institute of Organic synthesis and coal chemistry (Karaganda, Kazakhstan) H =6

ZHOROBEKOVA Sharipa Zhorobekovna, doctor of chemistry, professor, academician of NAS of
Kyrgyzstan, Institute of Chemistry and chemical technology of NAS KR (Bishkek, Kyrgyzstan) H = 4

KHALIKOYV Jurabay Khalikovich, doctor of chemistry, professor, academician of the academy of
sciences of tajikistan, institute of Chemistry named after V.I. Nikitin AS RT (Tajikistan) H = 6

FARZALIEV Vagif Medzhid ogly, doctor of chemistry, professor, academician of NAS of Azerbaijan
(Azerbaijan) H= 13

GARELIK Hemda, PhD in chemistry, president of the department of Chemistry and Environment of
the International Union of Pure and Applied Chemistry (London, England) H = 15
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Abstract. This study presents the experimental results on dynamic contact angles
of pure surfactants on the sulfur surface. Dynamic contact angles were measured for
the aqueous solution of three different surfactants: cetyltrimethylammonium bromide
(CTAB), sodium dodecylbenzenesulfonate (SDBS), and Triton X-100 (TX-100) using
the sessile drop method. The interfacial tension and critical concentration of CTAB,
SDBS TX-100 at the water/air interface measured by the method of Vilgemi, using
surface tensiometer (DCAT-21, Date physics, Germany) at room temperature 25 °C

Based on the data, the adhesion work on the sulfur surface was calculated and its
adsorption mechanism was discussed. The results show that the surface tension and
contact angle are smaller for SDBS and TX-100, whereas their calculated adhesion
work values are higher compared to CTAB. This shows that the wetting ability of SDBS
and TX-100 solutions at the sulfur surface is better than that of CTAB. The adsorption
mechanism of the same three surfactants on the sulfur surface was also studied.

Keywords: sulfur surface, contact angle, wetting, surfactants, adsorption
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Aunnoramusi: by 3eprreyne kykipt OeTiHieri Ta3a OETTIK akTHBTI 3aTTapiblH
JTMHAMHUKAIIBIK JKaHaCy OypbIIITaphl OOMBIHINA TIKIPUOETIK HOTIKENEP KOPCETUITEH.
Yur Ttypai OTTIK aKTHBTI 3aTTapiblH CyJdaFbl EPITIHIICI YIIIH JHHAMHKAJIBIK
KaHacy OyphIIITapbl OJIIeH[: eTuiTpuMeTriaaMMonnii Opomuai (CTAB), narpwuii
noxaerunoenzoncyabponarsl (SDBS) xane Triton X-100 (TX-100) TaMIibl OTBIPFBIZY
onmicimen. CTAB, SDBS, TX-100 cy/aya unTtepdeiicinaeri dazaapanblk KepHEy MEH
KPUTHKAJIBIK KOHIIEHTpaIusuiapbl Busiremu aicimen, 6ettik Tensunomerpai (DCAT-21,
Date physics, ['epmanust) 25°C Genime TeMIiepaTypachii ia aiiagana OThIPhII OJIIICH/I.
AJIBIHFaH MAJIIMETTEp HEri3iHAe KYKIpT OCTIHAETI aare3us )KYMBIChI €CEITeII, OHbIH
a7ICOPOIUSUIBIK MeXaHn3Mi TalKbuTan 6. Hotmxkesnep SDBS xone TX-100 yurin 6eTTik
Keplly oHEe jkaHacy OYpBINIbI KIIIPEK, ajl OJapJblH €CENTENreH aare3usl yKYMBbIC
moHzepi CTAB-MeH canbicThipFania sxorapsl ekeHin kepceteni. byn SDBS xone TX-
100 epitinainepinin Kykipt Oetingeri cynany kabineri CTAB-re kaparanja »akchIpak
exeHiH kepceteni. Conmaii-ak KyKipT OeriHzeri yur Oipeii 0eTTiK aKTHBTI 3aTTapIblH
a/ICOPOLIMSUTBIK MEXaHU3MI 3€PTTEIIN.

Tyiiin ce3nep: Kyxipt Oeri, »aHacy OYpbIlIbl, CyiaHy, OCTTIK aKTHBTI 3arTap,
azcopOoIus

188



Volume 3, Number 456 (2023)

© C. Typrau6aii*, C.b. Aiinaposa®, K.b. MycatekoB', A.b Hcaesa’,
I.A. Aprumbaesn?, 2023

'AO "HayuHblif IIGHTp NPOTHBOMH(EKINOHHBIX Ipenaparos”, Anmarsl, Kazaxcran;

*KazaxCKuit HAIIMOHAIBHBIA YHUBEPCUTET NMeHH Anb-Dapabu, Anmatel, Kazakcran;
’Kazaxcrancko-bpuraHckuil TeXHUYECKUi yHUBEpCUTET. Anmatel, KasaxcraH.
E-mail: isa-asem@mail.ru

BJIMSIHUE NOHHBIX U HEMOHHBIX ITAB HA CMAYUBAHUE
HHOBEPXHOCTH CEPbI

Typranoaii CeiiT:kan — PhD, nayunslii corpyanuk, Kazaxcrancko-bpuranckuit Texunueckuit
Yuusepcuret. 050000 Anmarsl, Kazaxcran

E-mail: turganbay.s@gmail.com, https://orcid.org/0000-0001-9621-3534;

Aiinapoa Cayne BaiiisipoBHa — J0KTOp XMMHYECKHX Hayk, mpodeccop, Kasaxcrancko-bpuranckuit
Texunueckuit Yauepcuret. 050000 Anmarsl, Kazaxcran

E-mail: ainano9999@gmail.com, https://orcid.org/0000-0001-5115-5879;

K.B. Musabekov- joktop XxumMu4eckux Hayk, npodeccop, K3axckuii HallMOHaIbHBII YHUBEPCUTET MM,
anp-Dapabu. 050000 Almat, Kazakhstan

E-mail: musabekov40@mail.ru, https://orcid.org/0000-0003-1114-1901;

HcaeBa Acem Boaardexkpizsl — PhD, nayunslii corpyauuk, Kasaxcrancko-bpuranckuii Texuudecknit
Yuusepcuret. 050000 Anmatel, Kazaxcran

E-mail: isa-asem@mail.ru, https://orcid.org/0000-0001-6727-0257,;

Aprumbaes [Inac Aaniab0exyiabl - 10KkTopaHT, KazaxcraHcko-bpuraHckuil TEXHUUECKUH YHUBEPCUTET,
050000, Anmartsl, Kazaxcran

Email: argimbayevd@gmail.com, https://orcid.org/0009-0008-9756-3067.

AHHoTanus. B nanHON paboTe MpencTaBiIeHbl SKCIEPUMEHTAIBHBIE PEe3ybTaThl
0 JUHAMHYECKAM KpaeBbIM YIJIaM CMadMBaHUS YHCTHIX TMOBEPXHOCTHO-aKTHBHBIX
BEIIECTB HA MOBEPXHOCTH cephl. JIMHaMUYeCcKue KpaeBble YIIIbl ObUTA U3MEPEHBI IS
BOJIHOTO pacTBOpa TPeX pa3MYHBIX TOBEPXHOCTHO-aKTHBHBIX BEIIECTB: OpoMuia
nermntpumermwiammonus (LITAB), momemwmn6enszoncynsponara nHatpus (JbC) u
tpuroHa X-100 (TX-100) meromom cuasueit karum. MexdasHoe HaTsDKEHHE |
kputnueckyto konuentpauuio LITAB, IBC TX-100 na rpanuiie Boga/Bo3ayX U3MEpSIIH
no merony Bunremu c momomnpio moBepxHocTHoro TeHzuomerpa (DCAT-21, Date
Physics, I'epmanust) npu komMmHaTHOH Temneparype 25 °C. Ha ocHOBaHHMHU MOJTYy4YEeHHBIX
JAHHBIX paccynTaHa padoTa aJre3uy Ha MOBEPXHOCTH CEPhl U 00CYKICH MEXaHU3M €e
ajicopOumu. Pe3ynbraThl MOKa3bIBalOT, YTO TIOBEPXHOCTHOE HATSDKEHHE M KOHTAKTHBIN
yron menbie 1y JAbC u TX-100, Torna kak nx pacueTHble 3HaYE€HHUs paOOTHI aATe3un
Beimie 1o cpaBHeHnio ¢ LITAB. DTo mokaspiBaeT, 4To cMadnBaroas CrOCOOHOCTh
pactBopoB JIbC un TX-100 na moBepxHoCTH cepsl mydtre, yeMm v LITAB. Mccnenosan
TaK)ke MEXaHM3M aJicopOnmn Tex ke Tpex [IAB Ha TOBEpXHOCTH CEpHI.

KuroueBble c10Ba: MOBEPXHOCTH CepPhl, KOHTAKTHBIN Yo, CMa4YlBaHuE,
MTOBEPXHOCTHO-aKTUBHBIC BEMIECTBA, aJICOPOIIHS

Introduction
Solutions of various surfactants are frequently used in the synthesis of sulfur
nanoparticles. Thus, it is important to study the properties of surfactants such as wetting,
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contact angle, and adsorption on the sulfur surface (Prabhu et al, 2009; Zhao et al.,
2010). The reason for this lies in the fact that a surfactant can significantly reduce the
surface tension of a solution and effectively wet the sulfur surface. This leads to the
formation of the sulfur nanoparticles and hydrophilization of the sulfur surface. As such,
the use of different surfactants plays a key role in improving the way sulfur nanoparticles
are obtained (Turganbay et al. 2013). Besides, surfactants play an important role in
many industrial processes including the synthesis of nanocomposites for lithium
batteries (Yanjun et al, 2016; Huang et al, 2015; Qu et al., 2015), fungicides in
agriculture (Vineeta Parihar et al., 2019), biomedical and food packaging fields (Duncan
et al., 2011), synthesis and modification of carbon nanostructures(Barkauskas et al.,
2007), synthesis of sulfur nanowires with carbon to form hybrid materials with useful
properties for gas sensor and catalytic applications (Santiago et al., 2006; Cooper et al.,
2004).

Although various sulfur nanoparticle products had been developed in the past and
even showed some promising results in biomedicine and agriculture, the mechanism of
a surfactant wetting on the sulfur surface remains poorly studied.

In recent years, the main research results have been as follows: (Chaudhuri et al.,
2006) studied dynamic advancing (6,) and receding (6,) contact angles as well as made
some measurements for the aqueous solution of three different surfactants (TX-100,
SDBS, and CTAB) using the Wilhelmy plate technique. He also showed that in the
presence of both ionic surfactants and nonionic surfactants a linear relationship with
different slope and intercept forms between the adhesion and surface tensions at an
air-water interface. Diez S et al., 2017) studied the surface chemical structure, surface
electrical properties, and surface wetting ability of sulfur via electrophoresis, infrared
spectroscopy, and further penetration experiments. Results revealed that the wetting
ability of a surfactant solution on the sulfur surface not only depended on the gas-liquid
surface tension of the solution but also on the solid-liquid interfacial tension between
the solution and sulfur surface. The interfacial tension between the solution and sulfur
surface was closely related to the hydrophobicity, electricity of the dust, and structural
properties of the surfactant. Beraetal., (2018) studied counteracting interfacial energetics
for the wetting of hydrophobic surfaces in the presence of surfactants and proposed an
improved Zisman method for quantifying the wetting behavior of surfactants at the solid
surface. This method allowed us to show that many highly common surfactants do not
alter the wetting ability of a solid. In other words, they produce the same contact angle
as a simple liquid with the same liquid-vapor surface tension. A surfactant increases the
interaction between water and surface of sulfur, reduces the surface tension of water and
interfacial tension between the surface of sulfur and water, and reduces the free energy
of the system, thereby improving the ability of sulfur crystals to transform into sulfur
nanoparticles. (Jean Berthier et al.,2013; Xu et al., 2007) found that there is a linear
relationship between y, . cos@ (adhesion tension) and surface tension of the aqueous
solution, y, ., for hydrophobic solids (Zhu et al., 2019; Zdziennicka et al., 2018; Wang,
et al., 2019). They also found that the slope of the straight line equals -1, which
implies a similar adsorption density at both solid-liquid and air-liquid interfaces
(Shaoxian et al., 2019).
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Three types of surfactants: CTAB, SDBS, and TX-100 were used in this work.
Parameters such as surface tension and the contact angle on the flat hydrophobic sulfur
surface were established for each compound. Their wetting ability along with adhesion
for a sulfur surface and mechanism of adsorption for wetting sulfur surface are discussed
further in the study.

Materials and basic methods. The surfactants CTAB and TX-100 were acquired
from Loba Chemie Pvt. Ltd., India, with 98 % and 99.5 % purity, respectively. SDBS was
taken from Sigma Aldrich, Germany (Technical grade, Cat no. 28995-7). All surfactants
were used as received without any further purification. Ultrapure water with a resistivity
of 18.2 MQ.cm (at 25°C) and pH 6.4—6.5 was used in the experiments (Sartorius,
Germany). The DCAT-11EC surface tensiometer (Data Physics, Germany) was used
for measuring the surface tension and dynamic contact angle at room temperature (28
+0.5 0C).

Basic theory. Wetting is the ability of liquids to form interfaces with solid surfaces.
A wetting process is actually a process in which a liquid and gas compete for the surface
of particles. It can be regarded as the disappearance of the solid—vapor interface and
formation of a solid—liquid interface (Yuan et al.,2013). A wetting process is related
to the surface tension of the system. When a drop of liquid falls on a horizontal solid
surface and reaches equilibrium (Figure 1), the relationship between the contact angle
and surface tension conforms to the following equation (Young’s equation) (Yuan et
al.,2013):

Ys6=VsL + V6 * cosb, (1)

where c is the solid—gas surface tension (mN/m), is the solid-liquid interfacial
tension (mN/m), is the liquid—vapor surface tension (mN/m), and 0 is the contact angle
at the solution interface (°).

(zas

Fig.1. The relationship between the contact angle and solid— liquid,
solid—gas, and liquid—gas surface tension.

Contact angle measurements. Contact angle measurements for aqueous solutions
of CTAB, SDBS, and Triton X-100 on sulfur plates were carried out via the sessile
drop method using the telescope-goniometer system at 25x in a thermostated measuring
chamber at 28 °C (Marmur et al.,2017). After settling a drop of the aqueous solution of
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the surfactant at a given concentration on a sulfur plate, the contact angle on both sides
of the drop was read immediately. The measurements were repeated several times by
settling other drops on the same plate. A new plate was further placed in the chamber and
the above procedure was repeated. For each solution, at least 30 independent drops were
used to determine the average values of the contact angles which were obtained with
good reproducibility. The standard deviation for each set of values was less than +1.1.

RESULTS AND DISCUSSION

Surface tension and molecular density at the air-water interface

The surface tension of all the surfactants with varying concentrations was measured
to determine the critical micelle concentration (CMC) and molecular density at the
air-water interface (Fig. 2.) The values of CMC and surface tension at the air-water
interface along with the literature values are given in Table 1. The minimum surface
tension values, yCMC, for CTAB, SDBS, and Triton X 100 are: 32.75, 33.75, and 31.5
mN m-1, respectively, and corresponding CMC values are: 0.93, 1.20 and 0.15 mM,
respectively.

0 _- T
_IH“‘I::""'O_‘
65 _\ L
£ ol \
EE | 1
g 2
2 50 3
}‘z:' 45
v ] cie
40
‘g ] cme \
25 "— »
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Surfactan concentration, mM

Fig.2. Surface tension of surfactants at different concentrations

Surface excess is a useful measure of adsorption effectiveness at the interface.
The adsorption effectiveness is an important factor in determining the properties of
surfactants such as wetting, contact angle, etc. Surface excess (I”/ mol m?) and surface
area (4_. / nm?) for each surfactant can be calculated using the following equations:

1 dy
=- x @)
nx2303RT dlogc
1
Amin S 3
Nax I max ( )
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where T is an absolute temperature, R is the gas constant (8.314 J K' mol), and N,
is Avogadro number (6.022x10* mol"). A4 . is a minimum surface area of a molecule
occupied at the surface in nm? The value of n is 1 for nonionic surfactants and 2 for
1:1 ionic surfactants. Normally, /" is considered as I if there is a linear dependence
between surface tension and log ¢, from which 4 . for surfactant molecule can be
obtained. The value d/dlog ¢ can be obtained from the slope of the plot of surface
tension () against log ¢ at a constant temperature of 28 °C The experimental values of
the surface excess and molecular area of the three surfactants can be found in Table 1
along with the literature values. The table demonstrates that final experimental values
correspond to those found in the literature.

Table 1. The comparison between experimental and literature values of CMC, surface tension at
CMC, surface excess, and molecular area for three different surfactant solutions

Surfactant CMC Exp./ Exp.I, /mol Exp.4 . Lit / Lit. I, Lit. 4, /
/mM mN m! m? 10° /nm?> mN m’ / mol m?210° nm?
CTAB 0.93 32.75 1.074 0.96 1.00¢ 1.80 0912
SDBS 1.20 33.75 2.305 0.69 1.15¢ 2.41° 0.69°
TX-100 0.15 31.50 2.423 0.68 0.12¢ 2.60° 0.61?

aRef. 23; P Ref. 2; °Ref. »

Effect of surfactant concentration on contact angle

The change in contact angle with varying surfactant concentrations on the sulfur
surface is shown in Fig. 3, a, b, ¢ for CTAB, SDBS, and TX-100, respectively. The
experimental contact angle of 115.7° was measured on the sulfur surface in the presence
of pure water, corresponding to the range of 108-116°reported in the literature. In the
presence of CTAB and SDBS, the contact angle was gradually decreasing until it finally
reached a value of 48.31° and 34.42°, respectively, at 1.0 mM surfactant concentration.
The line corresponding to TX-100 shows that the contact angle value was rapidly
dropping until 0.05 mM surfactant concentration was used. The contact angle value was
reduced from 33.25°at 0.1 mM to 11.23° at 1.0 mM. For all three surfactant solutions,
there was no significant change in contact angle at a concentration above 1.0 mM.

Contact angle (&)

T T T T T T T T T T
00 01 02 03 04 05 06 07 08 09 10 11

Surfactant concentration (mMA)

Fig. 3. Contact angles of CTAB, SDBS, and TX-100 solutions on the sulfur surface.
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The wetting of water and surfactants (CTAB, SDBS, and TX-100) on the sulfur
surface at the CMC concentration (a, b, ¢, d stand for water, CTAB, SDBS, and,
respectively) is demonstrated in Fig. 4. It also shows that among all four solutions at 0.1
mM concentration, the best wetting is observed in the presence of TX-100 as it has the
smallest contact angle. Thus, the wetting ability was improving in the following order:
Water<CTAB<SDBS<TX-100.

All surfactants have distinct head and tail groups. This implies that adsorption
densities on the solid surface as well as the resulting contact angle of surfactants on the
sulfur surface would be different for each surfactant. In addition, the contact angle is
affected by the surface tension at the air-water interface (low surface tension leads to a
small contact angle).

Fig. 4. Wetting effect of drops of surfactant solutions on the sulfur surface at CMC

Effect of surfactant concentration on the work of adhesion

At an instant when surfactant touches sulfur, the surfactant—air interface and sulfur-
air interface become a sulfur-surfactant interface in a process known as adhesion. The
adhesion work is used to characterize the binding ability of a surfactant to sulfur and the
interaction force between the molecules of the two phases. The work of adhesion (W)
for the contact angle was calculated and plotted against the surfactant concentration in
Figure 4 using the following equation:

Wa = ysc — yst + y.6 = y6 x (1 + cos 0) 4)

where, y.. 7, _7,,cos0. For all examined surfactants, the sharp increasing of the
adhesion work with increasing of surfactant concentration in the surfactants low-
concentration range (Fig.5) is obtained. Here, as the contact angle decreases in the
presence of surfactants, the work of adhesion is increased reaching its maximal value.
After that, Wa suddenly decreases with increasing of surfactant concentration and
becomes almost constant at higher surfactant concentration. Nonetheless, the initial
contact angle on the sulfur surface in water and slightly concentrated surfactants exceeds
90°, meaning cos @ values are negative, so (1+cos ) term increases gradually, whereas
surface tension value steadily declines with decreasing contact angle. As a result, Wa
values become smaller at higher surfactants concentrations. Figure 4 shows that the
adhesion of CTAB and SDBS on sulfur is better than that of TX-100.
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Fig. 5. Adhesion work of surfactant solutions on the sulfur surface at different concentrations

The sulfur surface has a hydrophobic character (Walker et al.,1986).
Electrophoresis experiments revealed that the sulfur surface is negatively
charged (Turganbay et al.,2013). Sulfur collides with the surfactants due to Van
der Waals forces (Moldoveanu et al.,2022) so that the hydrophobic groups of the
surfactants are adsorbed onto the surface of the sulfur.

Adsorption of Surfactant Molecules on  Sulfur Surface
Schematic presentation of adsorption of the examined surfactants (CTAB,
SDBS and TX-100) on the sulfur surface is shown in Figure 6. Fig. 6 (a)
demonstrates that in the process of adsorption of cationic surfactant CTAB and
sulfur, a negative charge on the hydrophobic surface of sulfur attracts the
cationic hydrophilic groups of the surfactants. An outer hydrophilic
adsorption layer, therefore, forms on the surface of sulfur, and the surface
property changes from hydrophobic to hydrophilic. When the concentration of
the surfactant solution increases, the adsorption continues, until the sulfur
surface charge becomes positive. Now, the polar heads of the adsorbed
surface-active ions point towards the aqueous solution, which leads to higher
hydrophilicity of the sulfur surface and smaller contact angle (Turganbay et al.,
2012). Cationic surfactants’ ability to frequently form such adsorbed layers on
the surface of the sulfur makes them suitable wetting agents for it (Ansari et
al., 2013).
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Cationic surfactant CTAB adsorption Anionie surfactant SDBS adsorption Nonionic surfactant TX-100 adsorption
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Fig. 6. Adsorp:on of different surfactants: CTAB I(Ja), SDBS (b) and TX-100 (c) on fhe sulfur surface.

As shown in Fig. 5 (b), during the adsorption process of anionic surfactant SDBS and
sulfur, the hydrophobic surface of sulfur interacts strongly with the hydrophobic groups
of the surfactant. They, therefore, absorb the sulfur surface as the tail hydrophobic group
becomes directed towards the sulfur surface and the head anionic hydrophilic group -
towards the solution. As the hydrophilic group of the surfactant extends towards the
solution after adsorption, the hydrophilicity of sulfur is enhanced and the wetting ability
of the solution for sulfur is significantly improved.

Asshown in Fig.5 (c), the adsorption of nonionic surfactant TX 100 and sulfur neither
depends on the ion exchange nor the ion pair but rather on the hydrogen bonds and
intermolecular force. The hydrophilic group of nonionic surfactant is oriented towards
the water solution. This increases the hydrophilicity of the sulfur surface, simplifying its
wetting with water and dispersion in the aqueous phase.

Overall, it is clear that different adsorption modes are responsible for anionic and
nonionic surfactants being more effective at wetting sulfur as opposed to cationic
surfactants.

Conclusions.

The surface tension of CTAB, SDBS, and TX-100 was found to decrease with
increasing concentration. When the concentration is higher than CMC, the surface
tension tends to stabilize and the changing trend in the plot of contact angle against
concentration is similar to that for surface tension. The surface tension and contact
angle of TX-100 and SDBS were found to be smaller than those of CTAB. Their
work of adhesion, on the other hand, was actually higher than that of CTAB. This
indicates that TX-100 and SDBS solutions are better at wetting the sulfur surface
compared to CTAB. The wetting ability of the TX-100 and SDBS aqueous solutions
on the sulfur surface is stronger than that of CTAB because of the different adsorption
forms of the surfactant molecules on the surface of sulfur. The tail hydrophobic group
of the TX-100 and SDBS surfactant molecules tends to point towards the surface of
sulfur, whereas the head hydrophilic group is usually directed towards the solution.
Anionic and nonionic surfactant solutions can significantly improve the wetting
ability of the sulfur surface.
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