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Abstract. We present microscopy investigations on the morphology of crystals of poly-
2-vinylpyridine-polyethyleneoxid diblock copolymers (P.VP — PEO) in thin films with
thicknesses below and above the thickness of a single lamella. For crystallization temperatures
above 45°C, nucleation is highly unlikely. Thus, the resulting morphologies represent
essentially single crystals, allowing us to relate morphology to the kinetics of crystal growth.
In several examples we demonstrate the influence of thermal history and film thickness on
molecular orientation and pattern formation during crystal growth. We discuss the analogies
and differences between crystallization of small molecules and polymers.

Conclusions. The here presented examples of morphologies of lamellar polymer
crystals strongly suggest that the concept of DLA is the most appropriate way of describing
how these crystals have been formed. As this concept can be applied to most crystallising
materials, we conclude that polymer crystallization can be treated in such a unified way. It is
not necessary to invoke special approaches to explain the various morphologies of polymer
crystals.

Although we did not discuss the problem of nucleation in any depth, it is clear that, for
the here studied system, it is extremely difficult to initiate crystallisation. Taking advantage of
this difficulty allowed us to separate the nucleation step from the subsequent growth process
and thus to analyse exclusively the growth kinetics of independent single crystals.

It is quite intriguing to observe that even the simple square-shaped crystals without any
empty sites within their envelope seem to result from dendritic growth. There, the positions
and the orientations of the square-shaped spirals decorating such “filled” crystals are indicating
the growth pattern of the underlying first lamella. The orientation of the spirals is fully parallel
to the orientation of the initial lamella. Moreover, these spirals are not distributed fully
randomly on the surface. They are located along the supposed junction lines of the side-
branches of the underlying dentrictic structure. Looking only at the square-shape envelope of
such crystals, one may erroneously assume that they grew by attaching polymers to the sides.
However, our results indicate that growth is dictated by the tips along the diagonals. One may
distinguish several stages during the growth of such crystals. The crystals grow first along these
diagonals. As a consequence of the diffusion limited transport process, side branches form in
the direction orthogonal to the diagonals. Successive formation of more and more side



branches, also of higher generations leads to the formation of the square shape envelope. At a
length-scale much larger than the width of a single side-branch this envelope can be
approximated quite well by straight lines.

Experiments with films of different thickness show that the quasi-twodimensional
growth morphologies are qualitatively the same, independent if more or less molecules than
necessary for the formation of a single lamella are available. The major difference of thicker
films arises from the possibility to add polymers in between side branches by taking them from
the “reservoir” on top of the lamella. This allows to close the gaps between side-branches.

Our experiments indicate that this growth mode also favours the formation of spirals at
the junctions between side-branches. One may speculate that the formation of such spirals,
leading to stacked lamellae, is the major mode for growing the polymer crystals in three
dimensions, even for single crystals. The slow growth rates together with the possibility to
form simple planar morphologies make polymer crystals ideal model systems for fundamental
studies of crystal growth. Thus, combining these model experiments with theoretical concepts,
including computer simulations, provides a highly promising approach for improving our
understanding of polymer crystallisation and may also shed some light on central questions of
crystal growth in general.

Pe3tome. IlpencraBeHH ca MHKDPOCKOIICKM HW3CJICIBaHMS Ha MOPQOJIOrHsra Ha
KPHUCTAIM OT IOJIM-2-BHHUIIIAPHINH-TTOJUETHICH OKCcu au0ok ceronumepu (P2VP - PEO)
B ThbHKHM (punmu ¢ nebenvHa mMoj W HaJ JnebenuHaTa Ha e€HA jamelna. 3a TeMIepaTypu Ha
kpuctanuzanus Hag 45 °C 3apoaniioodpa3yBaHeTo € MHOTO MaJIKo BepoaTHO. ClieJoBaTeHo,
MOJTy4eHUTE MOP(OJIOTHH TPEICTABISBAT M0 CHIIECTBO MOHOKPUCTAIIM, KOETO TI03BOJISIBA J1a
ce CBbpke MOPGOJIOTHITa ¢ KHHETUKATa Ha pacTeXa Ha KpUCTaluTe. B HAKOJIKO mpuMmepa ce
MOKa3Ba BIMSHUETO HA TEPMHUYHATA UCTOPHUS U AcOeMHATa HAa (UIMa BbPXY MOJIEKYJHATA
OpHEHTAI U (POPMHUPAHETO HA MEPHOAUYHH CTPYKTYPH (MOJIEIH) IO BpeMe Ha KPUCTATHUS
pactexx. OOChAeHH ca MPUITHKUTE U PA3IUKUTE MEXAY KPUCTATN3alMATa HA MAIKU MOJIEKYTH
Y Ha MOJIUMEPH.

Bakaouenusi. [IpejcraBeHnTe B HACTOAIIMSA TPYJ HPUMEPH 3a MOP(OJIOrHsTa Ha
JaMeJIapHU TIOJIMMEPHHM KPHMCTAld KaTerOpuYHO Mpejrojarar, e KOoHienmusara 3a DLA
(diffusion limited aggregation, nu¢y3HoHHO OrpaHMYEHO arperupane) € Hal-TOAXO AT
HAYWH 32 OMKUCAaHHE Ha KPUCTAI0-00pa3yBaHETo.

B’preKI/I 4C BBIPOCHT CBC 3apoz[Hmoo6pa3yBaHeTo HC CC O6CT>)KI[8. B ,Z[’[)J'I60‘H/IH8., 3a
H3cjieiBaHaTa TyK CUCTEMA € U3KJIIIOUUTCIIHO TPYAHO Ia C€ MHUIUHUPA KpUCTAJIU3alnsl. Tazn
TPYAHOCT JaBa MPEUMYHICCTBO Oa C€ OTACIU CTbIIKATa Ha 3apozLI/Imoo6pa3yBaHe oT
mociacaBamusd Mmpouec Ha pacTekK W MO TO3W HAYWH Oa CC aHaliu3hpa CaMO KMHCETHKAaTa Ha
PpacTCK Ha HC3aBUCUMH MOHOKPHUCTAJIHA.

Jlocta mHTpHUTYBAIIO € 1a ce 0TOeNekH, Ye JOPH OOMKHOBEHUTE KBAJAPATHH KPUCTAIH
0e3 mpa3HUHHU B OOBHMBKAaTa UM HM3TJIEXK/Ia ca Pe3yaTaT OT JCHAPUTEH pacTek. B To3u cimyuaid,
MO3UIMATA W OPHEHTAlMsATAa Ha COHpAIUTEe C KBagpaTtHa Qopma, yKpacsBalld TaKUBa
,»3AITBIIHEHU " KPUCTaJIM, TOKa3BaT MOJEJa Ha pacTeX Ha MOoJJieKallara IbpBa Jamena.
OpueHTanusATa Ha CIHUPAIUTE € HA'BJIHO YCHOpPEIHA Ha OpUEHTAIUsATa Ha MbpBOHAYAJIHATA
namena. OcCBeH TOBa TE3W CHUPAIM HE Ca pas3NpeleleHd HambJIHO IPOU3BOJIHO Ha
MOBBPXHOCTTA. Te ca pa3noyioKeHU MO NPeroaraéMUTe JMHUM Ha CBbp3BaHE Ha



CTpaHMYHHUTE KJIOHOBE Ha MOAJIEKaIlaTa AeHIPUTHA CTPYKTYypa. Paszrnexaaiiku camo mimka ¢
KBaJpaTHa (hopMa Ha TaKMBa KPHUCTAIM, MOXE IOIPEIIHO Ja ce IMpPEeaIoyioKu, 4e Te ca
HapacHaJli, KaTo ce IPUKPENBa IOJIMMEPEH MaTepHal o cTpaHuTe UM. Pesynrature nokassar,
4ye pacTeXbT Ce AUKTYyBa OT BbPXOBETE Ha JuaroHanure. Moxe aa ce pa3rpaHuyaTr HAKOJIKO
erarna 0 BpeMe Ha pacTeka Ha TakuBa Kpucranu. Kpucramure pactaT mbpBO IO TE3U
nuaroHand. Karo cienactBue oT  AM(Y3MOHHO OrpaHWYEHHUs TPAHCHOPTEH IPOLEC,
CTPaHMYHHUTE KIOHM ce€ o0pa3yBaT B II0COKa, OpTOrOHaJHA Ha JUaroHaJuTe.
[TocnenoBarenHOTO 0Opa3yBaHEe Ha BCE MOBEYE CTPAHHUYHHU KJIOHH, CHIIO U OT MO-BUCOKH
MOKOJICHUs, BOAM A0 0Opa3yBaHETO Ha IUIMK C KBajapaTtHa ¢gopma. B Mamab Ha nbpKuHa,
MHOTO MO-TOJIIM OT IIMPHHATA HA €AWHWUYEH CTPAaHWYECH KJIOH, TO3U IUIMK MOXe Ja Objae
npUOIMKEH J0CTa J0Ope C MpaBH JIMHUU.

EKCHCpI/IMCHTI/ITC C (bI/IJ'IMI/I C pasjiniuHa I[e6e.]'II/IHa IIOKa3BaT, 4€ KBAa3sHJIBYMCPHUTC
MOp(i)OJ'IOl"I/II/I Ha pacTeXKa ca Ka4YE€CTBCHO €IHAKBU, HC3aBHUCHMO JaJIi Ca HAJIWMYHU IMOBEYC UIIN
IMO-MaJIKO MOJICKYJIN OT HCO6XOI[I/IMOTO 3a 06pa3yBaHeTo Ha €1Ha JJaM¢eia. OcHoBHaTa pasjiiKa
IIpu HO'I[66€J'II/ITC (1)I/IJ'IMI/I IMpou3TU4da OT BB3MOKHOCTTA [da CC ,Z[06aB$IT MOJIMMEPU MCEKAY
CTPAaHUYHUTC KJIIOHH, KaTO CC B3CMAT OT ,,pesepBoapa“ OTTropc€ Ha JlaMeiiarta. Tosa no3BoisBa
Aa C€ 3alI'bJIHAT IPASHUHUTE MCKAY CTPAHUYIHUTC PA3KIIOHCHU .

Hammre excriepyumMeHTH MOKa3Bat, Y€ TO3M PEXKUM Ha PAcTeX ChIO OJaronpusTcTBa
0o0pa3yBaHETO Ha CIIUpPAIM B MECTaTa Ha CpellaHe Ha CTPaHMYHHUTE KIOHOBE. Moxe na ce
IIPEAIOI0KH, Y€ 00pa3yBaHETO Ha TaKMBAa CHUPAIM, BOACIIM JO MOJIPEACHH JaMeH, €
OCHOBHMAT HAYMH 3a PAcTekKa HA IOJMMEPHUTE KPUCTAIM B TPU H3MEPEHMS, IOPH 3a
MOHOKpHcTanu. baBHUTE TeMIoOBe Ha pacTex, 3aeJHO C BH3MOXKHOCTTA 3a 0oOpa3yBaHEe Ha
MIPOCTH PABHUHHU MOP(OIIOTHH, TIPABAT MOJIUMEPHUTE KPUCTAIN HICATHU MOACTHH CUCTEMHU
3a (pyHOAMEHTAJHU M3CIE[BaHMs Ha pacTeka Ha Kpuctanute. KomMOMHUpaHeTo Ha Te3u
MOZCJIHA €KCIIEPUMEHTH C TEOPETUYHU KOHLUEINHU, BKIIFOYUTEIIHO KOMITIOTBPHU CUMYJIALUH,
IpeJocTaBs MHOrooOeImaBanl IOAXO0J 3a MoJoOpsBaHEe Ha HameTo pa3dupaHe 3a
KpUCTaIU3alMATa Ha MOJUMEPU U MOXKE CBIIO TaKa Ja XBbPJIU CBETIMHA BbPXY OCHOBHUTE
BBIIPOCH 34 PACTEKA HA KPUCTAIIUTE KATO LATI0.

3. Botiz 1., Grozev N., Schlaad H., Reiter G. — The influence of protic non-solvents
present in the environment on structure formation of poly(y-benzyl-L-glutamate) in
organic solvents, Soft Matter, 2008, 4(5), pp. 993 — 1002
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Abstract. We present an experimental study of structure formation in a polypeptide
hetero-arm star block copolymer solution, obtained by swelling thin films in chloroform
solvent vapor to variable poly(y-benzyl-L-glutamate) (PBLGIu) concentrations (cp). Direct
observation by optical microscopy allowed us to follow in real time nucleation and growth of
ordered three-dimensional structures of ellipsoidal shape. At low cp, growth stopped when c;
decreased below the solubility limit (Ccriticar) but additional structures were formed when ¢, was
rapidly increased to a higher value. Although water is not a solvent for this polymer, we
demonstrate that water, even in trace amounts, is nonetheless considerably affecting solubility
and consequently the process of structure formation. We have varied systematically the amount
of water present in the environment. Ceriticai Changed from about 0.53 (dry, i.e. desiccated
surrounding vapour phase) via Ceritical & 0.16-0.25 for 30-50% humidity of the vapour phase to



ccritical = 0.03 for a vapour phase at 100% humidity. We attribute this change in solubility to
complexation of water molecules with PBLGlu a-helix, which increases the interfacial tension
between the polymer and the solvent. We have tested our hypothesis by replacing water with
other non-solvents for the polymer. Only protic non-solvents changed the solubility of PBLGIu
in chloroform.

Conclusion. Optical microscopy allows us to directly observe in real time nucleation
and growth of ordered polypeptide structures in thin solution films. The variation of the
nucleation density (number of nuclei per area) with concentration could be determined by
combining optical and atomic force microscopy.

Interestingly, the nucleation density was sensitively affected by the humidity of the
surrounding gas-phase. For example, while in dry air up to about 50% of polymer could be
homogeneously dissolved in chloroform, only about 20-30% of polymer could be dissolved
without formation of ordered structures. The influence of humidity may be expressed in terms
of the critical concentration (solubility limit Ceriticar) below which no structures were formed.
Increasing the humidity of the surrounding gas-phase led to a decrease of the value of the Ceritical.

Independent of humidity, at concentrations slightly above Ceritical, ONly few isolated
objects could be nucleated, which then could only grow as long as the concentration of the
surrounding solution stayed above ceritical, in accordance with theoretical predictions.

All the structures possessed an identical, anisotropic, ellipsoidal shape, which we relate
to growth processing at different rates in the various directions. In addition, the surface of these
structures exhibited straight parallel stripes of a width similar to the molecular dimension along
normal to main chain axis. Based on these results, we tentatively interpret anisotropic structure
formation as the result of differently strong specific directional interactions acting along the
various axes of the molecules. Intermolecular hydrogen bonds may act normal to long axis of
PBLGIu a-helices, which probably explains the existence of parallel straight stripes spaced at
a molecular distance covering the whole surface of the grown objects.

The functional dependence of the number N of ordered objects per unit area on polymer
concentration (cp), in combination with theoretical considerations, allowed to determine a value
for the interfacial tension ¢ between the polymer and the solution.

The decrease in Ceriticat With humidity can so be linked to an increase in 6. We believe
that complexation between water and the PBLGIu chain, favored by hydrogen bonding
interactions, is responsible for the decrease the “‘solubility’’ of the polymer, leading to ordering
at even very low cp. Furthermore, we demonstrated that also other protic solvents can cause a
similar decrease in solubility. Consequently, the solubility of complex molecules like
polypeptides, which contain sites of different polarity, hydrophilicity or hydrophobicity, not
only depends on the quality of the solvent chosen but can also be varied by the presence of
small amounts of a non-solvent of the whole molecules, which nonetheless can interact locally
with specific sites on the molecule.

Pestome. IlpeacraBeHO € eKCIIEpUMEHTAIHO U3CIE€lIBaHE Ha 0O0pa3yBaHETO Ha
CTPYKTYpH B pa3TBOPH Ha Pa3KJIOHEH MOJUMENTUICH 3BE30BUIECH OJOK-CHIIOIUMEP — MOJIU
(y-6ensmn-L-rmyramar) (PBLGlu), monydyenu upe3 HaObOBaHE Ha THHKUTE (QUIMH B
xJopodopMeHH mapu 70 pazauyHu KoHneHtpanuu Ha PBLGIu (cp). B peanno Bpeme, upe3
ONTUYHA MUKPOCKOIIHS, ca MPOCIEIEHN KaKTO MPOLEChT Ha 3apoIMIIO00pa3yBaHETO, Taka U
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pacTexka Ha MOJPEeIeHU TPUM3MEPHU EITUICOBHIHU CTPYKTypu. Ilpu Hucka cp, pacTexbT
CIMpa KOraTo Cp HamaJlsiBa O] PaHUIIaTa Ha PA3TBOPUMOCT (Ceritical), HO KOTaTo Cp OBP30 ce
MOBUIIM /10 MO-BHCOKA CTOMHOCT, ce 00pa3yBaT NONMBIHUTEIHU CTPYKTYpH,. Bbhpeku ue
BOJIaTa HE € Pa3TBOPUTEIN 3a TO3U MOJUMEpP, B CTATUATA € MTOKA3aHO, Y€ JIOPU B MUHUMAIIHO
KOJMYECTBO, BOJAaTa OKa3Ba 3HAYUTEIHO BJIMSHHE BHPXY Pa3TBOPUMOCTTA U CJIEIOBATEIHO
BBPXY Iporeca Ha popMupane Ha CTpyKTypuTe. CHUCTEMaTHYHO € TPOMEHSHO KOJIMYEeCTBOTO
Boza. [Ipu ToBa Ceritical c€ IpoMeHs OT okouo 0,53 (3a 6e3BoaHU XJI0poopMEeHH TIapH), Mpe3
Ceritical = 0,16—0,25 3a 3050 % BJIaKHOCT Ha MAPHUTE AO Ceritical = 0,03 pu 100% Bi1ayKHOCT.
Ta3u mpomsiHa B pa3TBOPUMOCTTA € CIIC/ICTBUE OT B3aUMOCHCTBHETO HA BOJHHUTE MOJIEKYIIH C
a-cnupanara Ha PBLGlu, xoeto Boau 10 yBennueHne Ha MeX1y(PasHOTO HAPEKEHUE MEXKITY
nojMMepa M pa3TBOPHUTENsS. XHUIOTe3aTa € TECTBaHa, KaTo BOJaTa € 3aMeHEHa C ApYru
Hepa3TBOopuTeM 3a moiuMmepa. CaMO  MPOTOHHUTE  HEPA3TBOPUTEIH  TPOMEHST
pastBopumoctTa Ha PBLGIu B x110podopm.

3akarouenue. ONTHYHATA MUKPOCKOIIHS IO3BOJISIBA IUPEKTHO HAOIIOJACHHUE B PEATHO
BpEME Ha 3apOAMIIOO0pa3yBaHETO M pacTeka Ha MOJAPENCHU MOJUMENTUIHU CTPYKTYpPH B
THHKHU (UIMH OT MOJMMEpPHH pa3TBopH. [IpomMsiHaTa Ha IUTBTHOCTTA HA 3aPOIUIIO00pa3yBaHe
(Opoii 3apoauIIM Ha €IMHUIA IUIOI) C IPOMSHA Ha KOHLIEHTPALUATA MOXE Jla Ce ONpEeaesn
Yype3 KOMOMHUPAHE Ha ONTUYHA U aTOMHO-CHJIOBA MUKPOCKOIIUSI.

WHTEepecHOTO €, Y€ TUIBTHOCTTA Ha 3apOoIUIIo00pa3yBaHe Ce BIIHSIC TYBCTBUTEITHO OT
BJI&YKHOCTTA Ha OKOJIHATa Tra3oBa ¢aza. BiusHHeTo Ha BIIAXKHOCTTA MOXE J1a CE M3pa3u upes
KpUTHUYHATA KOHIIEHTpalus (TpaHulla Ha pa3TBOPUMOCT, Ceritical), IIOJI KOSITO HE ce 0OpazyBar
CTPYKTYpH. YBeJIMYaBaHETO Ha BJIAYXKHOCTTA Ha OKOJIHATa ra3oBa (a3a BOJU 0 HaMallsiBaHEe Ha
CTOMHOCTTA Ha Ccritical-

HezaBucumo ot BJIAJKHOCTTA, IPpU KOHOCHTpALWH, MAJIKO HaJd KPUTUYHUTE, CC
oOpa3yBaT camMoO HSKOJKO H30JIMPaHH 3apOJUILIM, KOUTO CJIEA TOBa pacTar, IO0KaTo
KOHIOCHTpaluATa Ha OKOJIHUA Ppa3TBOp € HaJ KPpUTHUYHATA, B CBbOTBETCTBUC C TCOPETUIHOTO
npejcKa3aHue.

Beuuku cTpyKTypH HpuTeKaBaT €IHAKBa, aHU30TPOIHA, €IUIICOBUAHA (opMa, KOSATO
ce IBJDKM Ha PacTEeX C Pa3jIMYHU CKOPOCTH B pa3jIMYHUTE NOCOKH. B nombiHeHue, BpXy
MOBBPXHOCTTA HAa T€3M CTPYKTYpH HMMa MpaBH YCIOPEAHM HMBHUIM C LIMpPUHA, OJM3KAa Ha
MOJIEKYJTHHs pa3Mep IO NPOTEXEeHHe Ha HOpMallHaTa KbM IJlaBHaTa oc Ha Bepurata. Bu3
OCHOBA Ha T€3U pe3ysTaTH, (POPMUPAHETO HA aHU30TPOIHATA CTPYKTypa € pas3rieJaHo KaTo
pe3yJITaT OT IEHCTBUETO HA PA3JIMYHM 110 CUJIa B3aUMOJEHCTBHUSA, KOUTO CE OCBIIECTBABAT I10
pa3UYHUTE OCH Ha MoJIeKynuTe. Taka, eTHO BEpOsTHO OOSCHEHME 3a ChIIECTBYBAaHETO Ha
yCIIOpEIHUTE MTPABU UBHIIM, TOKPUBAIIIH 1Is71aTa TIOBBPXHOCT HA OOEKTHTE, € Bb3HUKBAHETO HA
MEXTyMOJIEKYJIHU BOJIOPOJIHH BPB3KH, JeMCTBAIM HOpMAJIHO KbM Jbirara oc Ha PBLGlu a-
CIIUPAJIUTE.

CroitHOCTTa Ha MeXk1y(Pa30BOTO HAMIPEKEHUE G MEXK Ty ITOJIMMepa M pa3TBOpa MOXeE Jia
ce ompenenu oT (hyHKIMOHAJIHATa 3aBUcUMOCT Ha N (Oposi Ha moapeAeHUTEe OOEKTH Ha
¢IMHUIIA TUTOII) OT KOHIIEHTPAIMsITa Ha moiuMepa (Cp). [TOHMKEHHETO Ha Ceritical C BIIAYXKHOCTTA
MoKe J1a ObJie CBbP3aHO C MOBHIaBaHe Ha 6. [Ipuema ce, 4ye KOMIIEeKCO0Opa3yBaHETO MEXKITY
Bojmata u Bepurara PBLGIlu, upe3 B3anMoaelCTBUS ¢ BOJOpPOJHA BPH3Ka, € OTTOBOPHO 32
HaMaJsiBaHETO Ha ,,pa3TBOPUMOCTTA’ Ha MOJUMEpa, KOETO BOJM JI0 MOJpPEXIaHe JOpU MpU



MHOTO HHCKa Cp. OCBEH TOBa € MMOKa3aHo, Ye U JAPYTd MPOTOHHU HE-pa3TBOPUTEIN MOTarT Ja
MPUYMHAT 0J00HO HaMaJsiBaHE Ha Pa3TBOPUMOCTTA.

4. Grozev N., Botiz 1., Reiter G. — Morphological instabilities of polymer crystals,
European Physical Journal E, 2008, 27, pp. 63 — 71
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Abstract. We present experimental observations at comparatively low supercooling of
morphology transitions from dendritic to faceted structures in polymer crystals growing in thin
films of a poly-2-vinylpyridineblock-polyethyleneoxid copolymer. Our results are compared
with theoretical concepts describing morphological instabilities of single crystals. Although
these concepts originally were not developed for polymers, they allow to describe and interpret
our experimental results quite well. In particular, the measured temperature dependence of the
width W and frequency of dendritic side branches and the radius of curvature p of the growth
tips of the crystals follow these concepts. We present preliminary evidence for the influence of
polymer attachment kinetics and reorganisation processes behind the growth front. Polymer
thin films provide valuable model systems for studying general concepts of crystallisation and
allow to distinguish at which point the connectivity of the crystallising units within chain-like
molecules starts to play a measurable role.

Conclusions. Our experiments show that polymer thin films provide interesting model
systems for studying crystallisation. Such films also allow to test the applicability of theoretical
concepts [13, 14, 16, 18, 19, 28, 31, 32] to crystallising polymer systems. Although these
concepts originally were not developed for polymers, they allow to describe and interpret our
experimental results quite well. This is somewhat surprising as the connectivity of segments
within a polymer chain is not taken into account (yet). In contrast to other crystallising systems,
polymer crystals are typically very thin compared to their lateral extension and can thus be
considered as quasi—two-dimensional systems. This probably explains why the two-
dimensional theoretical concepts mentioned above are well suited to describe the morphology
of polymer crystals, in particular in thin films.

The quasi-two-dimensional nature of polymer crystals becomes also visible in the
thickness dependence of the growth rate (at constant temperature). Even if molecules are
arriving at the growth front not only via transport within the plane of the crystal but also come
from above (diffusion in three- rather than two-dimensional space), the crystal is still growing
essentially only in two dimensions.

However, the thickness of such lamellar crystals is neither independent of temperature
nor constant in time.

Moreover, in particular at the very growth front the lamellar thickness may be smaller
than some distance behind this front. We believe that such changes in molecular order at the
growth front will be reflected in variations of the capillary length do. However, although our
results do indicate some potential influence of interface kinetics, i.e. the way polymers get
attached to the crystal surface, more detailed and more systematic measurements, e.g. of the
radius of the growth tip as a function of temperature and time for different film thicknesses,
are needed to quantify such influence.



Pestome. IlpencraBeHo € eKcnepuMEHTANHO H3cielBaHe Ha Mopdosorusra Ha
MPEeXoau OT JIEHAPUTHU KbM (paceTupaHu CTPYKTYpU B MOJMMEPHH KPUCTAIH, PACTALIU B
TPHKA QWIMH OT [OJIU-2-BUHWINUPUIUH-OIOK-TIONMETUIICHOKCH]T ChIIONIUMED  TIpU
CpPaBHHUTEIHO HHUCKO MpeoxjaxkaaHe. Pesynaratutre ca cpaBHEHH C TEOPETUYHH MOJENH,
onucBaIy MOPQPOJOTUYHH HECTAOUIHOCTH Ha MOHOKPHUCTANIU. BbIpeku ue mbpBOHAYATIHO
TE€3H KOHLEMIUU HEe ca pa3pabdOTeHU 3a MOJMMEpH, T€ IMO3BOJISIBAT Ja C€ ONMIIAT U
MHTEPIPETHPAT EKCIIEPUMEHTATHUTE pe3yaTatu jaocta nodpe. Ilo-crenuanHo, u3MepeHara
TEMIEpaTypHa 3aBUCUMOCT Ha upuHata W M yecToTaTa Ha CTPAaHUYHUTE Pa3KIOHEHUS Ha
JEH/IpUTa U paJinychT Ha KPUBUHA p HA BbPXOBETE Ha pacTeXka Ha KPUCTAINTE CIIEABAT TE3U
koHuenuuu. [TpencraBenu ca npeaBapyuTEIHM JOKA3aTENICTBA 3 BIMSHUETO HA KUHETUKATA Ha
3aKpenBaHe Ha IMOJIMMEPHUTE BEPHUTH U MIPOIIECUTE HA peopraHu3aius 3a1 GpoHTa Ha PacTex.
[TonmumepHHUTE THHKH (QUIMH OCUTYPSBAT IICHHU MOJICIIHU CUCTEMH 3a U3ydaBaHe Ha OOLIuTe
KOHULEMNIMH 332 KPUCTAIU3aUs U M103BOJISIBAT Ja CE PasTpaHU4M B KOM MOMEHT CBBbP3aHOCTTa
Ha KPUCTAJIU3HPAILUTE 3B€HA BbB BEPUKHUTE MOJIEKYJIN 3all04Ba J]a UTpae U3MepUMa posisl.

3akioueHus. HapaBeHHUTe €KCIIEPUMEHTH MOKA3BaT, Y€ MOJMMEPHUTE ThHKHU (priiMu
MPEACTABISIBAT MHTEPECHU MOJICITHU CHCTEMHM 3a M3CJIEJBaHE HAa KpUCTaau3anusTa. Takupa
(bUIMHU CBIO TaKa MO3BOJISIBAT JIa CE€ TECTBA MPUIOKMUMOCTTA Ha TEOPETUYHUTE KOHIICTIIIHH
[13, 14, 16, 18, 19, 28, 31, 32] kbM KpUCTAIM3UpAIIX MOJIMMEPHU CUCTEMU. Bbopeku ue
IbPBOHAYAIIHO TE3W KOHIICIIIMK HE ca pa3pabOTeHU 3a MOJUMEPH, T€ MO3BOJISIBAT Jia Ce
ONMUIIAT W HMHTEPHPETUpAT HAIIWTE EKCIepUMEHTANHU pe3yiTratu jaocta aodbpe. Toma e
TOHSKB/IE U3HEHABAIIO, Thi KaTO CBBP3aHOCTTA HAa CETMEHTUTE B PAMKHUTE Ha IMOJIMMEpPHA
Bepura He € B3eTa (BCe Ollle) MpeABHA. 3a pa3juka OT APYTH KPUCTATH3UPAIIN CUCTEMH,
MOJIMMEPHHUTE KPUCTAIM OOUMKHOBEHO Ca MHOT'O ThHKH B CPAaBHEHHE C JIATEPATHUTE Pa3Mepu U
[0 TO3W HAYMH MOTAT Jla C€ Pa3MIekKJaT KaTo KBa3H-IBYMEPHU CHUCTEMH. 10Ba BEPOSITHO
00sICHSIBA 3aI1[0 CIIOMEHATHUTE MO-TOPE IBYU3MEPHH TCOPSTHYHHU KOHIICTIITUY Ca TTOIXO/ISIIHN 32
OIMHMCBaHE HAa MOPQOJIOTHATA HA MOJTMMEPHUTE KPUCTAIH, TTO-CIICIUATHO B TBHKUTE (DHIIMHU.

KBasunBymepHara mpupoja Ha MOJUMEpPHUTE KpUCTAlUd CTaBa BUAMMAa U B
3aBUCUMOCTTa Ha CKOPOCTTa Ha pacTex oOT jaebenuHara Ha ¢uiMma (IpU MOCTOSHHA
Temneparypa). Jlopu ¥ MoJeKkyiauTe Ja MpHUCTUIraT Ha (PpOHTa Ha pacTeX HE caMo dYpe3
TPaHCHOPT B paBHUHATA Ha KPHUCTaa, HO U 1a UJBAT OTrope (Iudy3us B TpU-, a HE B IBYMEPHO
IIPOCTPAHCTBO), KPUCTATBT, MO CHIIECTBO PacTe caMo B JIBe u3MepeHus. JlebennHara Ha Te3u
JaMeJapHU KPUCTalld He € TIOCTOSIHHA BbB BPEMETO M 3aBHCH OT TeMIieparypara. Taka mpu
caMusl pacTekeH (pOHT, JebenrHaTa Ha JIaMEJIUTe MOXKE Jla € IOo-Majka OT KOJIKOTO
ne0enrHaTa Ha JJaMeJIMTe Ha U3BECTHO PAa3CTOSIHME 337 TO3H (PpOHT. Berpeku ue pesynrature
II0OKa3BaT HAKAKBO IIOTCHIIMAJIHO BJIIMAHNC Ha KHUHETHUKATa Ha (1)a3OBaTa rpanuia, T.C. HAUUHBT,
0 KOMTO MOJUMEPUTE C€ MPUKPENBAT KbM MOBBPXHOCTTA HA KpUCTala, MO-M0JAPOOHU U MO-
CHUCTEMAaTUYHU WM3MEpPBAHMs, HAMp. OT paJuyca Ha BbpXa Ha pacTexa Karo (QyHKUMS OT
TeMIlepaTypara M BpeMETO 3a pa3uyHu JebenuHu Ha (uiama, ca HEoOXOoIuMHU 3a
KOJINYECTBEHO OIPECIIsTHE Ha TAKOBA BIIMSHUE.

13. Anchev B.A., Tsekova D.S., Mircheva K.M., Grozev N.A. — Monolayer formed by
I-Asp-based gemini surfactants self-assembled in 1D nanostructures, RSC Advances,
2019, 9(57), pp. 3307133079

DOI: 10.1039/c9ra06390k



Abstract. Herein, studies on the surface activities of newly synthesized L-Asp-based
gemini surfactants, both nonionic and anionic, are presented. Conductometry, tensiometry, and
the Langmuir—Blodgett (LB) film technique were applied for this purpose. p—A isotherms were
obtained with a Langmuir trough and Wilhelmy balance. The structures of the monolayers
assembled at the air/water interface and those deposited as LB films were studied via Brewster
angle microscopy (BAM) and atomic force microscopy (AFM). The 2D films formed by the
anion-active compounds show a well-known pattern of a monolayer film, whereas the
nonionogenic amphiphiles have been found to be 1D structures with nano-widths and micro-
lengths that align with each other during the process of compression; this is the first study
where the organization of 1D fibrils in 2D films during compression is reported. The scanning
electron microscopy (SEM) study reveals that 1D nanostructure formation is an intrinsic
tendency of these molecules as not only nonionogenic surfactants, but also the anion active
representatives have been constructed in the solid state by fibrillary structures.

Conclusions. Herein, new representatives of gemini surfactants were synthesized,
whose molecules include L-Asp as a hydrophilic part and acyl residues of aliphatic acids as a
hydrophobic part. They belong to two structurally related series: four of the new compounds
contain two free carboxylic groups (compounds 2a-d) and the other four are their double
benzyl esters (compounds la—d). Studies of the surface activities of these compounds show
that the acetic acid derivatives (1a and 2a) do not possess surface activity. The other six are
surfactants, three of which are anion-active (2b, 2c and 2d) and the other three are nonionogenic
(1b, 1c, and 1d). Tensiometric and conductometric measurements for the sodium salts of the
anionic surfactants (2b, 2c and 2d) showed really lower cac/cmc values than those of the
conventional representatives with the same tail length (results are summarised in Table 2).

For example, comparison with the sodium salts of the parent fatty acids shows that the
compound 2b has a 36 times lower CAC than caproic acid (CsH11COONa), whereas the
compound 2c has a 37 times lower CAC than capric acid (CoH19COONa), and the compound
2d has a 276 times lower CAC than caproic® acid (C13H2;COONa); this means that the new
surfactants achieve higher surface activity at significantly lower concentrations.

An increase in the length of the aliphatic fragment led to a 10 times lower CAC for 2c
than that for 2b and a 50 times lower CAC for the compound 2d as compared to that for 2c (see
data in Table 1).

Investigations on the formation of monolayers at the water/air interface show that the
derivatives of decanoic and myristic acids in both anion-active and nonionogenic forms arrange
into quasi-monomolecular films, providing typical surface pressure—apparent molecular area
(p—A) isotherms. The compounds containing hexanoyl residues (1b and 2b) do not provide
such an isotherm. The isotherms of the compounds in which the polar part is not charged and
includes benzyl ester groups (1c and 1d) significantly differ from those of the compounds with
charged carboxylate groups (2c and 2d). Moreover, two governing factors can be pointed: the
area occupied by the head group at the air/water interface and the type of interactions with the
subphase. The presence of two benzyl groups leads to a marked difference in the molecular
area (MMA). All the isotherms are reproducible. The arrangements of the structure
morphology during the compression of the monolayer were examined by BAM.

1 MupuctnHoBsa KucenmHa (myristic acid)



To the authors* best knowledge, this is the first time where the formation of fibres with
nano- and microdimension ordering in a Langmuir monolayer has been observed by
microscopic techniques (BAM and AFM).

Obviously, the molecules of the newly synthesized substances tend to self-organize into
1D supramolecular complexes. The fibers formed secondarily interact with each other under
compression to form a dense 2D layer. The physical interactions responsible for formation and
existing of this type monolayer is a matter to be explored. Since the isotherms of these
compounds are reproducible and the isotherm-defined MMA values are constant (although they
do not correspond to the actual size of a single molecule), we can conclude that the dimensions
of the 1D aggregates under the same conditions are the same and have a construct behaviour,
i.e. these aggregates can be deemed as polymeric molecules based on the physical bonds
between monomers.

The pattern of fiber formation and their arrangement in a 2D film have been observed
only for the compounds 1c and 1d, which belong to nonionogenic surfactants. Their molecules
are double benzyl esters of the compounds 2c and 2d. On the other hand, the compounds 2c
and 2d contain free carboxylic groups and represent anion-active gemini surfactants. The
observation of the monolayers formed by 2c and 2d using BAM and AFM did not reveal a
filamentous nature. Scanning electron microscopy images of the solid samples show that all
six amphiphilic compounds 1b-1d and 2b—2d have a filamentous structure.

Herein, some questions arise: how far the molecules with free carboxyl groups align in
a 2D layer by forming thinner fibrils that are indistinguishable by techniques such as BAM and
AFM, e.g. sodium salt of 2d forms filaments with a diameter of 20-30 nm (SEM Fig. 10B). To
what extent the adhesion among the filamentous constructions can happen during compression,
simple accumulation or for another reason to form a laminar structure by merging the
boundaries between the individual threads? How stable is this type of monolayer (built by
nano-filaments)? These and other questions require new studies on the observed phenomenon.

Pe3srome. B Hacrosmara pabora ca npeacTaBeH! U3CieABaHMs BbPXY OBbPXHOCTHATA
aKTMBHOCT ~ HAa  HOBOCHMHTe3upaHu  L-Asp  Oasupanu  Onu3HayHu  (TEMHUHH)
MOBBbPXHOCTHOAKTUBHU BEILIECTBA, KAKTO HEMOHHU, Taka U aHHOHHHU. 3a LIeJITa ca U3MO0I3BaHU
KOHJYKTOMETPUYHH, TEH3UOMETPUYHH (METOJ] Ha Buiaxenmu u Bucslla Karka) U3MepBaHus,
KaKkTO W M3MEpBaHUs BBB Be3Ha Ha Langmuir u B JombiHeHHe ca m3TeryisiHu Langmuir —
Blodgett (LB) ¢unmu. CtpykTypHTe Ha MOHOCIIOEBETE, HAHECEHU Ha TPaHHIATa Bb3IyX /BOjIa,
ca M3CIe/IBaHK upe3 MUKpockomust 1o bproctbpos vrui (BAM), a crpoexst Ha LB dunmure
— Ype3 aToOMHO-cuiioBa MuKpockonus (AFM). 2D ¢unmute, o6pa3yBaHu NpH HaHAcsSHE Ha
aHMOHHO-aKTMBHUTE CHEJUHEHUS Ca MOHOMOJEKYIHM, Jokaro HeilloHoreHHute IIAB
o0pasyBat 1mo-ckopo 1D cTpyKTypH ¢ mIMpHUHA HAKOJIKO HAaHOMETpPAa M ABJDKHHA OT HAKOJIKO
MHUKPOMETpa, KOUTO Cce MOAPEeXIaT €Ha CIpsAMO Apyra Mo BpeMe Ha KoMIpecHs Ha Gpuima;
TOBa € IMbPBOTO MPOYYBAHE, IIPU KOETO ce ChoOIIaBa 3a opranuzauusita Ha 1D ¢ubpunu B 2D
¢uiMu 1o Bpeme Ha koMmpecusi. M3cnenBaHeTo ¢bhC CKaHUpalla eJIeKTPOHHA MUKPOCKOIHUS
(SEM) pa3kpuBa, ue oOpa3dyBaHeTo Ha |D HaHOCTpYKTYypH € TMpPHUCHIIO 3a Te3U
HOBOCHHTE3UpPAHU MOJIEKYJH, IPU TOBA HE CaMO 3a HEHOHOTE€HHUTE NOBbPXHOCTHOAKTUBHU
BELIECTBA, HO U 32 AHHOHHO-aKTUBHUTE MPEJICTABUTEIH.

3akarouenusi. V3cneaBaHu ca HOBU TNPECTaBUTENNM HAa MOBBPXHOCTHOAKTUBHU
BelIecTBa OT OJIM3HAUEH THUI, YAUTO MOJIEKYIM BKIOYBaT L-Asp karo xuapoduiHa 4act u
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aIMITHA OCTAThIIM Ha amu(aTHU KUCETMHH KaTo XuapodoOHa yact. Te mpuHaIexar KbM 1B
CTPYKTYPHO CBBP3aHH CEPHH: YETHPH OT HOBUTE CBHEJAWHEHHS ChIbPXKAT JBE CBOOOIHU
KapOOKCWIIHU Tpynu (chenuHeHus 2a — d), a OCTaHaIMTE YETUPH Ca TEXHUTE JIBOMHU
Oen3uioBu ectepu (cbeauHenus la — d). M3cnenBanusTa Ha TOBLPXHOCTHUTE aKTHBHOCTH Ha
TE3U CheIMHEHHS IIOKA3BaT, Y€ MPOU3BOIHUTE Ha OlleTHATa KucennHa (1a u 2a) He mpuTeKaBaT
MOBBPXHOCTHA aKTUBHOCT. OCTaHAIUTE MIECT Ca MOBBPXHOCTHOAKTHBHU BEUIECTBA, TPU OT
KOUTO ca aHWOH-akTUBHU (2b, 2¢ u 2d), a ocrananute Tpu ca HedonoreHnu (1b, 1c u 1d).
TeH3nomMeTpuuHUTE U KOHIYKTOMETPHUYHU M3MEpPBAaHU Ha HATPUEBUTE COJM HA aHHOHHHTE
I[TAB (2b, 2c u 2d) moka3BaT HaWCTHHA IO-HUCKH CTOWHOCTM Ha cac/cmc OT Te3W Ha
KOHBEHIIMOHAJHUTE IPEJICTABUTENIN ChC ChIAaTa JABDKMHA Ha Omamkara (pesyliTaTure ca
000011eH B TabuIa 2).

Hanpumep, cpaBHeHHETO C HATpUEBUTE COJIM HAa M3XOJHUTE MACTHU KHCEIUHU
MoKa3Ba, 4e cheauHeHueto 2b uma 36 mbTH mo-uucka CAC oT KampoHOBaTa KHCEIHHA
(CsH1:COONa), nokato cheauHenunero 2¢ uMa 37 mbru mo-uucka CAC oT kampuHOBaTa
kucenuHa (CoH19COONa) u creaunenue 2d uma 276 mptu no-Hucbk CAC OT MUPUCTHHOBATA
kucenuna (C13H27COONa); ToBa 03HauyaBa, Ye HOBHTE MOBHPXHOCTHOAKTHBHU BEIICCTBA
MOCTUTAT MO-BUCOKA MOBHPXHOCTHA AKTUBHOCT MPHU 3HAYUTETHO MO-HUCKH KOHLIEHTPALIUH.

YBenuyaBaHETO Ha ABJDKMHATA HA anuaTHUS OCTaThK aoBeae 10 10 mbTH mo-HUCKa
CAC 3a 2c ot Ta3u 3a 2b u 50 meTi nmo-uucka CAC 3a crequHenneTo 2d B cpaBHEHHE C Ta3u
3a 2¢ (BWK gaHHUTE B Tabnmma 1).

UzcnenBanusita BbpXy 00pa3yBaHETO Ha MOHOCIOEBE Ha TpaHMIIATAa BOJA/BB3IYX
MOKa3BaT, 4Ye¢ MPOW3BOJHHUTE HA JICKaHOBaTa M MHUPHCTHHOBATa KHUCEIWHU KAKTO B aHMWOH-
aKTMBHA, Taka U B HEHlOHOTeHHa (QopMa ce MOAPek,AAT B KBA3MMOHOMOJEKYITHU (PHiIMHu,
MOKa3BaKN TUIMMYHU H30TEPMU Ha MOBBPXHOCTHO HAJIATAHE - MOJIEKyJTHA Tuioml (m-A).
CheMHEeHUSTa, ChIbPXKAIIM XEKCAaHOWJIOBU ocTarbli (1b m 2b), He moka3Bar moa00HH
nzotepmu. M30TepMuTe Ha CheTMHEHUATA, B KOUTO MOJISIpHATA YacT He € 3apeieHa U BKIII0YBa
OensmnoBu ectepuu rpynu (1¢ u 1d), 3HAYUTETHO ce pa3nuvaBaT OT T€3H Ha ChEAWHCHUATA
che 3apeqeHn kapookcunaTau rpynu (2¢ u 2d). OcBeH ToBa MOTAT Jia ¢e T0CoYaT JBa BIUSAIIN
¢dakTopa: miomrTa, 3aeTa OT Tpylara Ha TJaBaTa Ha TpaHWIATa BB3AYyX/BOJa, M BUABT Ha
B3aMMOJICHCTBUS ¢ mojdazara. Hanumanero Ha 1Be OCH3WIOBU T'PYIH BOIHM JO 3HAYUTEITHA
pasnuka B MosekynHata tuion; (MMA). Bcecuukn wu30TepMH  ca  BB3IPOU3BOIUMH.
Pasnonoxennero Ha MopoyoTHITa Ha CTPYKTypara Mo BpeMe Ha CBHBAHETO HA MOHOCIIOS
Oemre n3ciienBaHo ot BAM.

JIOKOTKOTO € M3BECTHO Ha aBTOPHUTE, TOBA € MBPBUAT MBT, KOTaTO 00pa3yBaHETO Ha
BIIaKHA C HAHO- M MUKpOpa3MepHa nojapeada B JlaHrMoupoB MOHOCION € HabI0jaBaHO upe3
MUKpOCKOomUYHU TexHUKU (BAM u AFM).

O4eBUIHO MOJIEKYJIMTE Ha HOBOCHHTE3MpAaHUTE BEUIeCTBa Ca CKIOHHM Ja ce
camoopranmsupatr B 1D cympamonekynuu komriuiekcu. OOpa3yBaHWTE BiIaKHA BTOPUYHO
B3aMMOJICIICTBAT TOMEXAY CH IpH KOoMIpecus, 3a JAa oOpasyBaT IuIbTeH 2D croil.
Ou3nyeckuTe B3aUMOJICHCTBUS, OTTOBOPHH 32 00pa3yBaHETO M ChUIECTBYBAHETO HA TO3U TUI
MOHOCJIOH, € BBIIpOC, KOUTO TpsiOBa na ObAe moApoOHO mpoyyeH. Thil KaTo M30TEPMHUTE Ha
TE€3U ChEIUHEHUS Ca BB3MPOU3BOJUMH U OMpeAeIeHUTE 0T n3orepmata MMA cToitHOCTH ca
MOCTOSIHHU (BBIIPEKH Y€ HE ChOTBETCTBAT Ha JIEHCTBUTEIHUS pa3Mep Ha eIMHUYHA MOJIEKYIIa),
MOKEM Jla 3aKJII0UMM, Y€ pa3mepute Ha 1D arperatute mpu ChUIUTE YCIOBUS Ca €AHAKBU U
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HMAT KOHCTPYKTUBHO IIOBCACHHUC, T.C. TC3W arpe€ratu Morar aa C€ CYHUTAT 3a IMOJIMMCEPHU
MOJIEKYJIM Bb3 OCHOBA Ha (1)I/ISI/I‘IGCKI/IT€ BPB3KH MCKIY MOHOMEPH.

MogensT Ha oOpa3yBaHe Ha BIaKHA W TAXHOTO paslojiokeHHe BBB 2D ¢uiM ca
HaOIoAaBaHu caMo 3a cheauHeHusATa lc m 1d, KOMTO HpUHAATIEKAT KbM HEHOHOTCHHU
MOBBbPXHOCTHOAKTUBHU BeEIIECTBA. T€3M MOJIEKYylIHM ca JBOMHM OCH3WJIOBH €CTEpH Ha
ceequaenusita 2¢ U 2d. Ot gpyra crpaHa, cbeauHeHusita 2¢ U 2d ChabpKaT CBOOOAHU
KapOOKCHJIHM TPYNH U TPEICTaBIsABAT AHWOH-aKTUBHU T'€MHUHHU TOBBPXHOCTHOAKTHBHU
BemecTBa. HaOmoieHneTo Ha MOHOCIIOeBeTe, oOpa3zyBanu oT 2¢ u 2d, usznomsamu BAM u
AFM, He pa3kpuBaT HUIIKOBHJHA npupona. M3o0paxeHus OT CKaHMpallaTa €JIeKTPOHHa
MHUKPOCKONHS Ha TBBpPAUTE NpoOu, obaye MoKa3BaT, 4ye BCUYKHUTE MLIiecT aMpuuiIHu
ceenuHeHus 1b — 1d u 2b — 2d umat HUIIKOBUAHA CTPYKTYpA.

14. Anchev B., Grozev N.A., Mircheva K.M., Tsekova D.S. — On the synthesis, surface
activity and supramolecular structures of pseudo double-chained L-Asp based
amphiphiles, Journal of Chemical Technology and Metallurgy, 2020, 55(1), pp. 11

Abstract. Eight new final compounds derivatives of L-Asp are synthesized. They
contain L-Asp linked by an amide bond both to n-hexyl chain on its C-side and an acyl chain
linked to the N-side. Four different acylic residues are condensed to the N side. The newly
synthesized compounds belong to two series of structures, as four of them contain L-Asp-b-
benzyl ester, while the other four — a typical L-Asp-b-carboxylic group. The structures of the
surfactants are categorized as pseudo-double alkyl chained amphiphiles, because one of the
tails has a constant length of only six carbon atoms. Some of the newly synthesized surfactants
are studied as monolayers on the air/water interface. The properties of the rest of them are
determined by tensiometric and conductometric methods. Nano- and micro- sized
supramolecular complexes of the compounds studied are observed in monolayers using
Brewster Angle Microscopy (BAM) and Scanning Electron Microscopy (SEM) for samples
after solvent evaporation.

Conclusions. Eight new final compounds, derivatives of the alpha amino acid L-Asp,
are synthesized. They all contain two alkyl tails. Six of these compounds possess a surface
activity. They are called in this communication ,,pseudodouble-chained surfactants since one
of the alkyl tails has a length of only six carbon atoms, while the rest contain five, nine or
thirteen alkyl carbons and one carbonyl carbon. Three compounds belong to a nonionic series
of structures, while another three have anionic structures. They all tend to self-organize in
supramolecular arrangements of nano- and microdimensions, but the anionic surfactants form
significantly better shaped structures. Two of the non-ionic surfactants (compounds 3 and 4)
give stable monolayers (2D structures) of similar characteristics and collapsing pressure values
(about 18 mNm™). The third nonionic surfactant has a higher solubility in water and its n-A
isotherm does not show a collapsing point. All anionic analogs do not form monolayers because
of their significantly higher solubility in water.

The presence of supramolecular complexes, bigger than micelles, provides to define the
determined critical concentrations as critical aggregate concentrations (CAC). The CAC of the
anionic surfactants is in the concentration range typical of many surfactants. The phenomena
observed are still not well studied, but they are in the focus of different research teams. The
appearance of filamentous micro-dimensional objects in the Langmuir monolayer is not so far
reported.
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The application of the newly synthesized compounds as surfactants and building units
in nano- and micro-structural chemistry is a topic of future investigation of the compounds
described here as well as of their analogues.

Pesrome. CuHTe3upaHu ca OoceM HOBU CbheOUHEHMs, Npous3BoaHu Ha L-Asp. Te
chabpxaT L-Asp, cBbp3aH ¢ aMUIHA BPB3Ka: C N-XeKCUJIHA Bepura ot C-cTpaHaTa U C allijioBa
Bepura, cBbp3ana ¢ N-ctpanara. UeTupu pa3inuHu allijIOBU OCTaThKa ca KOHACH3UPAHU KbM
N-crpanata. HoBocuHTe3MpaHUTE ChEIMHEHMS MPUHAJICKAT KbM JIBE€ CEPUU CTPYKTYpH:
YETHPH OT TAX ChAbpKAT L-ASp-B-OeH3UIIOB ecTep, TOKATO OCTAHATUTE YETUPH - THITHYHA L-
Asp-B-kapOokcuiiHa rpyna. Te3u BemecTBa Morar a ObJaT KaTeropu3upaHd KaTo ICEBJIO-
JIBOMHO alKWIHO BeprxHU [IAB, Thil KaTO camMo €1Ha OT OMAIIKUTE UMa ITOCTOSIHHA JIbJKMHA
OT 1mecT BbIVIEpoAHM aroma. CBoiicTBaTa Ha HSAKOM OT HOBOCHHTE3WPAHHUTE
MOBHPXHOCTHOAKTUBHH BEIIECTBA Ca M3YYCHHM 4Ype3 MOHOCJIOWHATa TEXHWKa Ha (a3oBaTa
rpaHuIa Bb3ayXx/Bojaa. CBOMCTBaTa HA OCTAHAIUTE Ca OMPEACIICHU Ype3 TEH3MOMETPUYHU U
KOHIYKTOMETPUYHHU MeToau. V3cneaBaHuTe CheIMHEHUsI 00pa3yBaT HAaHO- 1 MUKPOpPa3MEepHU
HAJMOJIEKYJIHA KOMILUIEKCH, KOMTO ca HaOIl0JlaBaHU B pPEATIHO BpEeME B MOHOCIOEBETE C
[IOMOIIITa Ha MEKPOCKOITHUS 1101 BprocThpoB b (BAM), KakTo U ChC CKaHHUpaIla eIEKTPOHHA
mukpockonus (SEM) 3a mpoOu, mony4deHu ciie u3napsBaHe Ha pa3TBOPUTEIIS.

3akmoyenusi. CHHTE3UpaHU Cca OCEM HOBHU CHEIUHEHHUs, MPOM3BOJHM Ha aida
amuHokucenuHaTa L-Asp. Bcuuku te cbpabpkar ase ankuinoBu onamku. Illect ot te3u
CBhEIMHEHUSI TPHUTEKABAT IMOBBPXHOCTHA AKTUBHOCT. B Tasm pabora Te ca HapedyeHH
»»[ICEBI0IBOMTHO-BEPUKHO NMTOBBPXHOCTHO aKTUBHHU BEIIECTBA , Thi1 KATO €IMH OT aJIKHJIOBUTE
ONAaIlK{ MMa JBJDKAHA CaMO IIECT BBIVIEPOJAHM aTOMa, JOKAaTO OCTAHAIUTE ChABPIKAT IIET,
J€BET WJIM TPUHAJECET aJKWUJIOBH BbIJIEpOAa M €AUH KapOoHWIEeH Bbriiepod. Tpu ot
ChEIMHEHUATA Ca HEMOHHU, IOKAaTO ApyruTe Tpu ca anioHHU [TAB. Benuku Te ca ckiloHHM J1a
Ce CaMOOPraHU3UpPaT B HAJMOJIEKYJIHH NOAPEION Ha HAHO- U MUKPOpPa3MepH, HO aHUOHHUTE
ITAB o0pa3yBar 3HauUTETHO MO-100pe oopMeHH CTPYKTypH. J[Be oT HeilonoreHuute [TAB
(cbenunenuss 3 u 4) paBar crTa0MiIHUM MoOHOcHoeBe (2D CTpyKTypu) CbC CXOJIHHU
XapaKTEPUCTUKH M CTOMHOCTH Ha HajsAraHe MpU KONalc Ha MoHocnos (okomo 18 mNm™).
Tperoto HelionHO [TAB nMa no-sBucoka pa3TBOpUMOCT BBB BOJIa M HETOBaTa m-A N30TEPMaA HE
MoKa3Ba KoJjarc. BcMukyn aHMOHHM aHallo3u He 00pa3yBaT MOHOCJIOEBE MOPaau 3HAYUTETHO
[10-BUCOKAaTa CU Pa3TBOPUMOCT BbB BOJA.

Hannunero Ha HaAMONEKYJTHM KOMIUIEKCH JaBa BB3MOXHOCT Ja C€ OMNPENesarT
OIPEe/ICTICHUTE KPUTUYHU KOHIIEHTPALIMH KaTO KPUTHYHH KoHIIeHTparmu Ha arperanus (CAC).
CAC Ha aHIlOHHHTE MOBBPXHOCTHOAKTHBHM BEIIECTBA € B JMala30Ha HAa KOHILEHTpALMUTE,
TUIMWYEH 32 MHOTO MOBBbPXHOCTHOAKTHBHU BellecTBa. HabitoiaBanure siBJeHUs BCe OLIE HE
ca 10o0pe mpoyuyeHH, HO ca BbB (poKyca Ha pazIu4HM H3ciiefoBareicku ekunu. [losiBata Ha
HUIIKOBUIHUA 00E€KTH ¢ MUKpOpa3MepH B JIaHTMHIOPOBHM MOHOCJIOEBE HE Ca YECTO CPELIaHH.
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Hayuynu my0Gnukanuu - u3BbH XaOMIUTALIMOHHUS TPY
(I'pyma ot nokazarenu I')

2. Anastasova S., Milanova M., Kashchieva E., Funakubo H., Kamo T., Grozev
N., Stefanov P., Todorovsky D. — Morphology of sol-gel produced composite films for
optical oxygen sensors, Applied Surface Science, 2008, 6, pp. 1545 — 1558

doi:10.1016/j.apsusc.2007.07.090

Abstract. The results reported concern the characterization of thin layer SiO2-based
matrices with an oxygen sensing component Ru(ll)-tris(4,7-diphenyl-1,10-phenanthroline)
immobilized, when a sol-gel process along with dip- and spin-coating deposition methods are
used.

SEM, TEM and AFM study, assisted by X-ray energy dispersive microanalysis reveals
the influence of the precursors used, sol treatment and the coating conditions on the films
morphology and Ru distribution in the matrices. Uniform and smooth surface is produced from
tetraethoxysilane (TEOS). The presence of ormosils (methyltriethoxysilane, MtEOS and
octyltriethoxysilane, OtEOS) significantly increases the surface roughness exhibited as dots on
the SEM image. Their surface concentration and size depend on the number of immersions and
withdrawal speed at the dip coating. Spin deposition leads to rather different morphology of
the films, based on TEOS/OtEQOS. Following commonly used sol preparation procedure (with
1.25-2.5 g Ru-complex/dm? sol) microcrystallization of the complex occurs with formation of
randomly distributed crystals 100-400 nm in size. The ultrasound treatment of the sol by means
of ultrasound disintegrator leads to homogeneous distribution of the complex without
observable crystallization and significant improvement of the film sensing properties (increase
of Stern—Volmer constant and better linearity of the Stern—\VVolmer plots both in gaseous and
aqueous media).

Conclusion. Juxtaposing the data obtained by different techniques some conclusions
on the factors influencing the morphology of the studied films could be outlined.

Smooth films with uniform, glass-like surface are produced both by dip- and spin-
coating techniques using TEOS as a precursor. The use of ormosil-type of precursors leads to
“‘structuring’’ of the films surface which strongly depends on the length of the hydrocarbon
chain. Regions with chain-like sharp ‘‘hills’> and ‘‘valleys’’ are result of pure OtEOS
application. Hollows with a diameter of 35-65 nm are observed on the surface of the
TEOS/OtEOS-based films with a depth double the one of pure TEOS-based films.

The effect of the films thickness on the size and surface concentration of the defects is
not simple. It seems that not just the thickness but the particular deposition parameters are
responsible for the films roughness.

The presence of the photosensitive dye increases the matrix roughness itself even of the
otherwise smooth surface of the TEOS-produced films. Along with the matrix defects
microcrystallization of the Ru(ll) complex occurs and randomly distributed in the matrix
crystals of 0.1-0.4 um in size are formed with Ru(ll) content about five times higher than in
the rest of the film. The crystallization is decreased but not avoided with the twofold decrease
of the dye concentration in the matrix.
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Films produced from sonicated sol reveal significantly improved photoluminescence
response to oxygen due to elimination of the microcrystallization which leads to homogeneous
distribution of the dye.

Aoctpakr. [IpencraBeHurte ca pe3yiaTaTUTE OT XapaKTEPU3UPAHETO HAa THHKOCIOWHU
Mmatpuiy, 6asupanu Ha SiO2, ceappkanm umoomnusupan Ru (II) -tpuc (4,7-nudenunn-1,10-
(eHaHTPONIMH), KOWTO € HM3MOJ3BaH KaTO CEH30p 3a KHUCIOPOA. AKTUBHHUAT KOMIIOHEHT €
MMOOWIM3MPAH B MaTPULIATa Ype3 MU3MOI3BAHETO HA 30J1-TeJ TEXHHKA, U3MOJI3BAHUTE METOIN
3a HaHacsHE ca upe3 notarnsHe (dip-) ¥ BbpTeHe Ha MO I0KKaTa (spin-coating).

W3cnenBaHo € BAMSHUETO Ha U3MOJI3BAHUTE MTPEKYPCOPH, HAYUHBT HA MPUTOTOBIICHUE
Ha 30J1a, KAaKTO ¥ HAUMHBT Ha HAHACSHE HA MOKPUTHETO BHPXY Mopdoioruara Ha puiamMuTe u
paznpezaeneHuero Ha Ru B MarpunuTe. 3a 1enTa ca U3MoJI3BaHu CleAHUTE TeXHUKU: SEM,
TEM u AFM, EHepruiiHO-IuCIEpCUOHEH PEHTTEHOB MHUKpoaHaiu3. [Ipu u3non3BaHeTro Ha
terpaerokcucuwian (TEOS) ce monydaBa eaHoOpoaHa U IIagka MOBBPXHOCT. Hamuumero Ha
Metuntpuetokcucunad, MtEOS u okruntpuerokcucuiad, OtEOS 3HauuTenHo yBenudaBa
rpanaBoCTTa Ha MOBBPXHOCTTA, BU3yalu3upaHa karo Touku B SEM muxporpaguute. bpost
UM Ha TIOBBPXHOCTTA U pa3MepbT UM 3aBUCST OT OpOs Ha MOTAISIHUATA, KAKTO U OT CKOPOCTTa
Ha W3TETJISIHE MPU HAHACSHETO 4pe3 moTarsiHe. M3moms3BaneTo Ha spin-coating 3a HaHACSHE
BOAM JI0 JAOCTa pasnuuHa Mopdonorus Ha ¢unmure, Oasmpanm Ha TEOS / OtEOS.
[Tpuiaranero Ha 4YecTo M3IOJI3BaHATA MPOIeIypa 3a MpurotTesae Ha 301 (¢ 1,25-2,5 g Ru-
xomtekc / dm?3 30) BoH 10 MUKpOKpPHCTaNM3aIKs Ha KOMILIEKca — 00pa3yBar ce KpUCTaIN
¢ pazmep 100400 nm, KOUTO ca CIy4aifHO pa3npeIesieH! M0 MOBbPXHOCTTA. Y ITPa3BYKOBOTO
TpeTHpaHE Ha 30Jla BOJU O XOMOIE€HHO Da3IpelelieHHe Ha KOMIuIeKca 0e3 3alenexnma
KpUCTaIM3alllsd W 3HAYUTENHO MONOOpsiBAHE Ha CEH30pHUTE CBOWcTBaTa Ha (uiIMa
(yBenmuaBane Ha koHcTaHtata Ha llepu-donmMep u mo-gobpa ITuHEHHOCT B rpaduKUTe HA
Hlepu-donmep KakTo B ra3000pa3Ha, Taka U BbB BOJIHA CPEJA).

3akiouenue. ChIOCTABIHETO HAa JAHHWUTE, MOJYYEHU 4YpE3 Pa3IMUYHU TEXHUKH,
MO3BOJISIBA J1a C€ HAMPABAT 3aKIFOUYEHUSI OTHOCHO (DaKTOPHTE, BIUSCIIN BbPXY MOpdoiorusta
Ha W3CIIEIBAHUTE (PUIIMH.

[maakuTe GuiIMH ¢ eTHOPOIHA, TTO00HA Ha CTHKIIO TIOBBPXHOCT CE€ ITOJIydaBatr MpU
usnonsBaneto Ha TEOS kato mpeamectBeHuK kakTo upe3 dip-, Taka u upe3 Spin-coating.
W3non3BaneTo Ha MpeKypcopyd OT THUMA Ha OPMO3UJI BOIU 1O ,,CTPYKTypupaHe Ha
MOBBPXHOCTTAa Ha (UIMHTE, KOETO CHUJIHO 3aBUCH OT IBJDKMHATA Ha BBIVIEBOJOPOJHATA
Bepura. Ynotpebara Ha yuct OtEOS Boam 10 mosiBaTa Ha PerMOHH C pPeAyBaIld Ce OCTPU
»XbIMoBe"“ u , gonauHu . [Topu ¢ auamersp 35—-65 nm ce HabIIOgaBAT HA MOBBPXHOCTTA HA
¢bunmure, 6azupanu Ha TEOS / OtEOS, ¢ npn6ounna, ABa IbTU MO-TOJISMA OT IBIOOYMHATA
Ha TIOpUTE BB (PUIMUTE, HAlIpaBEeHH MpH U3Moa3BaHeTo Ha uuct TEOS.

3aBHCHMOCTTa Ha pa3Mepa W TOBBPXHOCTHATa KOHIICHTpAlMs Ha JCPEKTUTE OT
nebenrHaTa Ha QUIMHUTE HE € pocTa. M3rnexa, 4ye He caMo nedennHaTa, HO 1 KOHKPETHUTE
napaMeTpH Ha OTJaraHe ca OTTOBOPHHM 3a TparaBocTTa Ha puimmure.

Hanuunero Ha ¢pOTOUYBCTBUTEIHOTO Oarpuiio yBeslndaBa rparnaBocTTa Ha MaTpUIaTa
JI0pH U Ha riagkata nobpxHOcT Ha TEOS ¢unmure. 3aenHo ¢ mosBara Ha JeeKTH Ha
MaTpullaTa, HaCThIIBA M MHKpOKpHUcTaiu3auus Ha komiuiekca Ru (II) — B martpunata ce
obpazyBar kpucramun c¢ pasmepu 0,1-0,4 um, xouto ca ciay4aHO pas3NpeaeseHd I0
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noBspxHOcTTa. Chabpkanuero Ha Ru (II) € okomo meT mbTH MO-BUCOKO, OTKOJKOTO B
octaHanara yact oT ¢puiama. Korato KoHLIleHTpanusTa Ha 6arpmiioTo B MaTpuiaTa ce moHUXH
JBOMHO, KpUCTaIN3alUsATa HaMaJIsBa.

dunmute, mpousBeneHN 0T 00padoTeH C yATpa3ByK 301, MPOSBIBAT 3HAYUTEIHO I10-
no6pa (OTONyMHHECHCHIIUS TPH peakiuss ¢ kucinopon. I[lpuumnHara e enuMuHHpaHe Ha
MUKPOKPHUCTAIM3ANHUATA, KOETO BOJH JI0 TO-XOMOTEHHO pa3Ipe/iesieHre Ha 0arpuiioTo.

5. Karakashev, S.1., Grozev, N., Diez, I., Ras, R.H.A., Tsekov, R. — Rheology of silver
nanocluster solutions under confinement, Colloids and Surfaces A: Physicochemical
and Engineering Aspects, 2011, 384 (1-3), pp. 570-573

doi:10.1016/j.colsurfa.2011.05.015

Abstract. Drainage of solutions of silver (Ag) nano-clusters, pressed between the two
apexes of a double-concaved drop situated in a capillary holder, was studied. The size of
clusters was below 2 nm. The aqueous nanosuspension of Ag nano-clusters was stabilized by
poly(methacrylic acid) (PMAA). The two tips of the double-concaved drop were pressed by a
capillary pressure thus forming a foam nanofilm, the drainage kinetics of which was monitored
by interferometry. For comparison, the drainage of foam films containing PMAA aqueous
solutions with and without AgNO3 was monitored as well. It was found that steric repulsion
occurred between the two film surfaces due to the polymeric chains of PMAA. In addition, we
observed also a significant change of this steric repulsion in nano-cluster suspensions, which
is explained by changes of the polymer network in the film, affecting the entire drainage and
stability of the suspension.

Conclusions. The rheology and equilibrium of thin liquid layer of nanosuspension of
quantum Ag nano-clusters were studied by means of interferometry. The sizes of the Ag nano-
clusters were in the range of 1-2 nm and they were stabilized by poly(methacrylic acid)
(PMAA). The theoretical analysis showed significant steric repulsion between the film surfaces
in both cases of blank (PMAA) and nano-suspension (Ag nano-clusters, AQNO3 and PMAA)
samples.

The presence of Ag clusters reduces the decay length of the steric repulsion, which is
related also with a decrease of the value of the bulk viscosity. This effect stabilizes essentially
the suspension equilibrium in a confined state such as nano-films.

AOcTpakT. U3cnenBaHo € M3THYAHETO Ha Pa3TBOPHU Ha cpeObpHU (Ag) HAHO-KITBbCTEPH,
MPUTUCHATU MEXAYy BbPXOBETE Ha JBOWHO BJUIbOHATAa KalkKa, pa3loJio’K€HA B KalWIApeH
IbpxKad upe3 uHreppepomerpus. PasmepsT Ha kirbcTeputTe € moj 2 nm. Boanara HaHO-
CycHeH3usi Ha Ag HaHO-KIIbCTEPH € CTAaOMIM3UpaHa OT MOJIM-(METaKpUIOBa KHCEIINHA)
(PMAA). [IBata BbpXxa Ha JBOWHO BJIIbOHATaTa KalKa ce€ MPUTHCKAT OT KaMHJISPHOTO
HaJIAraHe, KaTo MO TO3W HAauMH ce oOpaszyBa neHeH ¢uiaMm. KuHeTnkara Ha M3THYaHE ce
HabmoaaBa upe3 uHTepdepomerpus. 3a cpaBHEHHE ce HAOII0AaBa U M3TUYAHETO HA MEHHU
¢bunMu, cpabprKaIiy BogHU pa3TBopu Ha PMAA cbe u 6e3 AgNO3s. YCTaHOBEHO € HATMYHUETO
Ha CTEPUYHO OTOIBCKBAHE MEXIY JIBETE MOBBPXHOCTH Ha (MiIMa, KOETO C€ ABDKM Ha
HaJIMYMETO Ha mosmMepHUTe Bepurd Ha PMAA. B HaHO-KII'BCTEpHUTE CYCIEH3UM CE
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Ha0JIr0/1aBa 3HAYUTETHA TPOMSTHA HAa CTEPUYHOTO OTOTBCKBAHE, KOSITO CE 00SICHSIBA C TPOMEHH
B IIOJIMMEpHATa MpeXa BbB (PHIIMA, 3acsATallyd H3THYAHETO U CTAOWIIHOCTTA Ha CYCIICH3USTA.

3aKkJII04YeHu

1. PMAA Bepurute 3akaueHu 3a MOBBPXHOCTHTE Ha (UIMA Ch3aBaT 3HAYUTEIIHO CTCPUUIHO
oTOnbckBaHe W crabuwim3par ¢unma. ToBa e 00m[0-U3BeCTeH pe3ynTaT. BrusHuero Ha
cpeObpHUTE HAHO-KIIbCTEPH 00aue HE € TPUBUAIHO 32 MpPEeCKa3BaHe.

2. Hammumero Ha cpeOBbpPHHM HAHO-KJIIBCTEPH HaMallsiBa [IbJDKMHATA Ha 3aTUXBaHE Ha
CTEPHUYHOTO OTOIILCKBAHE, KOETO € CBBP3aHO M C HaMaJIBaHE HAa CTOMHOCTTAa HAa OOEMHUS
BUCKO3UTET. T0o3M e(eKT 3HAYUTETHO CTa0MIM3Mpa PABHOBECHETO HA CYCIICH3HTAa B
OTpaHUYEHU MPOCTPAHCTBA KATO HAHO-(DUIIMH.

6. Tsekov R., Grozev N.A., Delcheva I.V., Ivanov |.T., Balashev K., Karakashev S.I. —
Delta-comb potential in modeling three-phase contact line (TPCL) on periodically
patterned surfaces, Journal of Physical Chemistry B, 2012, 44, pp. 13248 — 13253

dx.doi.org/10.1021/jp307250c |

Abstract. This work is a study of wetting of small water droplets on smooth glass
surfaces with periodic patterns in the form of imprinted net with hydrophilic cells and
hydrophobic bars. Microcover slides consisted of soda lime glass were used.

The imprinted images of the net were with cell sizes in the range 40—200 pum, which
corresponds to a quite narrow scope of hydrophilic surface fractions f1(30-36%) due to the
relative increase in the size of the hydrophobic bars. The receding contact angles 8r of small
water droplets, positioned on the patterned surfaces, were measured. The experiment showed
significantly lower receding contact angles as compared to the theoretical expectations by the
Cassie formula, which accounts for the contribution to the contact angle of the surface fraction
of the imprinted hydrophobic/hydrophilic net. For this reason, we developed new theory
accounting for the periodicity of the surface and the contribution of the three-phase contact line
on the contact angle. This new theory considered delta-comb potential energy A(x,y) of the
surface, effective line tension «, and the lattice parameter a. The restriction of theory was
discussed as well. It was pointed out that the theory is not valid for very small and very large
lattice parameters.

Conclusions. The experiment conducted in the present work showed significant
discrepancy between classical Cassie theory and the experimental data. For this reason a new
theory accounting for the periodicity of the smooth surface and the effect originating from the
line tension is developed. The value of the effective line tension obtained is reasonable.

AOcTrpakT: HM3crmenBaHO € Kak MaJKd BOJHHM KalKd OMOKPAT TJIAJKH CTHKJIEHU
MOBBPXHOCTU C NEPUOAMYHU CTPYKTYpH, OOpa3yBaHM MpH OTIEYATBAHETO Ha Mpeka C
XUAPOPUIHN KJIETKM U XUApopoOHM paMmKu. 3a LenTa ca U3MOJI3BAaHU IOKPUBHU
MHUKPOCKOIICKH CTBHKJIA, ChCTOSIIU CE OT HATPUEBO CTHKJIO.

Pasmepure Ha kineTkure B oTmeuyaTaHara mMpexa ca B auanasoHa 40-200 pm, koeto
CHOTBETCTBA Ha JIOCTa TECEH 00XBaT Ha 4acTTa Ha xuapoduiHara nmoBbpxHocT fi (30-36 %)
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1opasil OTHOCHUTEJIIHOTO YBEJIMUYEHHE Ha pa3Mepa Ha xuapodoOHaTa pamka. M3mepenu ca
KOHTAKTHUTE BIVIM HAa OTCThIIBaHE OR Ha MaJKM BOJHM KalluUIM, Pa3MOJOKEHU BBPXY
NEPUOIMYHUTE TOBBPXHOCTH. EKCIIEpUMEHTHT NOKa3a 3HAUUTENHO [10-MaJIKU KOHTAKTHU BIJIH
Ha OTCTBIIBAaHE B CPABHEHUE C TEOPETUYHUTE IpecKa3BaHus oT popmynaTta Ha Cassie, KOSTO
OTYMTa IIPUHOCA Ha MOBBPXHOCTHATA ()paklys Ha oTiedyaTaHaTa xuapodoOHa / xuapoduiHa
Mpexa KbM KOHTAKTHUSA bI'bJI. [lopanu Ta3u npuunHa e pazpaboTeHa HOBa TEOpUs, OTUNTAILA
MEPUOIMYHOCTTa HAa TMOBBPXHOCTTA M NpPHUHOCA Ha Tpuda3sHaTa KOHTAKTHA JUHHUS KbM
KOHTaKTHUS bI'bJ. Ta3u Teopus oTYUTA NEPUOJUYHO U3MEHEHUE Ha MOTEHIMAIHATa EHEprus
A (X, y) Ha mOBBpXHOCTTA (1enTa QyHKIH ), e)EeKTUBHO JIMHEHHO HANIPEKECHUE K U TapaMeTbp
Ha penrerkaTta a. OOCHAECHU ca U OTpaHUYCHUSITA Ha TEOPUTA. Y CTAHOBEHO €, Y€ TeOpUsATa He
€ BaJIMJHA 32 MHOI'O MAJIKU M MHOT'O TOJIEMH [TapaMeTPH Ha pelIeTKara.

3akar04eHus
1. ITomryueHo e ekcriepuMEeHTaTHO HeChOTBETCTBUE C Kilacuyeckarta Teopust Ha Cassie.

2. o Ta3u mpuumHa € pa3paboTeHa HOBA TEOPHsI, OTUYUTAIA MEPHOAMYHOCTTA HA TJaJKaTa
MOBBPXHOCT U e(eKTa, MPOU3THYAIL OT JIMHEHHOTO Hanpexenne. CTOHHOCTTa Ha MOIyYEHOTO
e(EeKTHUBHO JIMHEITHO HANIPEIKEHHE € pa3yMHA.

7. Minkov 1., Mircheva K., Grozev N., Ivanova T., Panaiotov I. — Properties of mixed
monolayers of clinical lung surfactant, serum albumin and hydrophilic polymers,
Colloids and Surfaces B: Biointerfaces, 2013, 101, pp. 135 — 142

http://dx.doi.org/10.1016/j.colsurfb.2012.05.038

Abstract. It is now established that the surface activity of the clinically used lung
surfactant is reduced by serum proteins and can be restored by adding the hydrophilic polymers.
The mechanisms of lung surfactant inactivation by serum proteins and restoring effect by the
hydrophilic polymers remain not completely understood.

In this paper the state and rheological dilatational properties of surface films formed
from clinical lung surfactant Exosurf, Survanta, Curosurf and Alveofact in the presence of
serum albumin (BSA) and hydrophilic polymers polyvinylpyrrolidone (PVP), polyethylene
glycol (PEG) and Dextran were studied.

The obtained results suggest that the lung surfactant and BSA mixtures spread at air—
water interface form a DPPC/BSA mixed monolayers with lower content of DPPC. The
presence of hydrophilic polymers PVP, PEG and Dextran restore the DPPC content in the
surface film. The effectiveness of the DPPC spreading and formation of better compacted film
increases in order Exosurf, Survanta, Curosurf, Alveofact.

The obtained results are in accordance with the generally admitted ideas about the
mechanisms of serum protein inactivation and restoring effect of hydrophilic polymers based
on the previously studies of the lung surfactant adsorption rate.

Pe3rome. [IoHacTosmiemM € yCTaHOBEHO, Y€ NMOBBPXHOCTHATA aKTUBHOCT HA KJIMHUYHO
U3MO0I3BaHus 0enoapoOeH chp(akTaHT ce HaMalsiBa OT CEPYMHUTE MPOTEUHU U MOXKe Jia ObJie
BB3CTAaHOBCHA YPE3 2106aB$IHe Ha XI/IHpO(i)I/IJ'IHI/I IIOJIMMEPH. Mexaan3muTe Ha HMHaKTHBalus Ha
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OenoapoOHus ChpPaKTaHT OT CEPYMHU MPOTEUHU U BH3CTAHOBSIBAI €PEKT OT XUAPOPHITHUTE
MOJIUMEPH OCTABAT HE HAIIBITHO U3SCHEHH.

B crarusita ce uszcienBat ChCTOSHUETO U PEOJIOTHUHUTE AUIATAlMOHHU CBOMCTBA Ha
MOBBPXHOCTHU (WIMH, O00pa3yBaHH OT CJIEJHHTE KIMHUYHU OenoApoOHU ChphaKTaHTHU:
Exosurf, Survanta, Curosurf u Alveofact B mpucbctBuero Ha cepymen anOymun (BSA) u
XUIPOGMIHU ToTUMEpH oauBHHUIIHPOIuIoH (PVP), monmuernien ramukon (PEG) u Dextran.

[TomryuenuTe pe3ynaTaTH MOKa3Bat, ye MPH HAHACSIHETO Ha rPaHMIIaTa Bb3AyX-BOJa Ha
cMmec oT 6enmoapoonus chpdaktant u BSA, ce o6pazyBar DPPC/BSA cmecenn MoHOCIOEBE €
nmo-Hucko crabppkanue Ha DPPC. Hanumunero na xunpodwiau nomumepu PVP, PEG u Dextran
BB3CTaHOBsIBA ChAbpkaHuero Ha DPPC B moBbpxHocTHUs ¢(uiM. EdexkTtuBHOCTTA Ha
pastuuanero Ha DPPC u 00pa3yBaHeTo Ha 1mo- yIuTbTHEH (pruiM ce yBenudana B pefa: Exosurf,
Survanta, Curosurf, Alveofact.

[TonydeHuTe pe3yaTaTu ca B CbOTBETCTBUE C OOIIONPUETHTE HJICH 32 MEXaHU3MHUTE Ha
WHAKTHBALMS HA CEPYMEH POTEHH U BH3CTAHOBSBAI €()EKT Ha XUAPODUITHUTE TOTUMEPH Bb3
OCHOBAa Ha IPENUIIHUTE H3CIEIBAHUS Ha CKOPOCTTAa Ha ajacopOrus Ha OenoapoOHUs
cbpdaKTaHT.

8. Slavchov R.I., Novev J.K., Peshkova T.V., Grozev N.A. — Surface tension and
surface Ay-potential of concentrated Z+: Z- electrolyte solutions, Journal of Colloid
and Interface Science, 2013, 403, pp. 113 — 126

http://dx.doi.org/10.1016/j.jcis.2013.04.038

Abstract. Schmutzer’s model for the surface of aqueous electrolyte solutions is
generalized to Z, : Z_ salts. The thickness of the ion-free layer is calculated from the thickness
of the ,,hydrophobic gap* at the water surface (1.38 A) and the radii of the ionic hydration
shells. The overlap between the adsorption and the diffuse double layers is accounted for. The
proposed model predicts the dependence of the surface tension ¢ and the surface Ay -potential
on the electrolyte concentration ce in agreement with the available data, without adjustable
parameters. The Hofmeister effect on o for salts of the same valence type is explained with
their ion-specific activity coefficients. The negative value (toward air) of the Ay -potential of
most 1:1 electrolytes originates from the dipole moment of the water molecules at the surface.
The negative y-potential due to water dipoles is inversely proportional to the dielectric
permittivity e of the solution. Since & diminishes as ce increases, most 1:1 electrolyte solutions
exhibit a more negative y-potential than pure water (Ay < 0). The Hofmeister series of Ay of
1:1 salts (Axricl ® Axnact < Axke < Axxr) follows the corresponding series of € (eLic1 ® €nacl
< gxcl < €xg). The theory allows the estimation of the surface potential y, of pure water from
the experimental data for electrolyte solutions; the result, y, & —100 mV, confirms the value
currently accepted in the literature.

Pe3tome. MogensT Ha Schmutzer 3a MOBBPXHOCTTa Ha BOAHM pPa3TBOPU Ha
eJIEKTPOJIUTHHU € 000011eH 3a Z, © Z_ conu. [lebennnata Ha cios 6e3 HOHM € W3YHUCIeHa OT
neGenunaTa Ha ,xuapopoOHus npouen” Ha BoaHaTa noBbpxHocT (1,38 A) u paauycure nHa
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XHIpaTalioHHa OOBWBKAa Ha HoHWTE. [Ipm TOBa € OTYETCHO NPUIIOKPUBAHETO MEXKIY
ajcopOumsaTa u iudy3HUTE IBOMHHM clioeBe. [IpeokeHuAT MOIeN MpeicKa3Ba 3aBUCHMOCTTa
Ha TIOBBPXHOCTHOTO HAPEKECHUE G U MOBBPXHOCTHUS AY-IIOTCHIIMAI OT KOHIICHTpAIUATA Ha
CIIEKTPOJINTA Cel B CHIVIACHE C HAJMYHUTE JaHHU, Oe3 HamacBamu rnapaMeTpu. EQexTpT Ha
Hofmeister BbpXy G 3a COJIM OT CHIIHS BaJICHTEH THII € O0SICHEH C TEXHUTE HOH-CIeIM(pUIHH
KOC(UIIMEHTH Ha aKTHBHOCT. OTpUIaTeIHATa CTOMHOCT (KbM BB3JlyXa) Ha A)-IIOTCHIIMAIa Ha
nmoBeyeTo 1: 1 eNeKTPONUTH MPOU3X0XKIa OT JUIMOJHHMS MOMEHT Ha BOJHHUTE MOJICKYJIH Ha
noBbpXHOCTTa. OTPHUIATEIHUAT Y-TIOTCHIIUAN, IBJDKAI CC HAa BOJHUTE JUIOIH, ¢ 00paTHO
MPOIOPIIMOHANICH Ha JUENIEKTPUYHATA TPOHUIIAEMOCT € Ha pa3TBopa. Thil KaTo &€ HaMaisIBa C
YBEJIMYaBaHE Ha Cel, IOBCUCTO CICKTPOJIMTHU Pa3TBOpU 1: 1 MpOsABABAT MO-OTPHIIATEIICH -
noteHiuan ot uncrara Bojaa (Ay <0). Pexst ma Hofmeister 3a Ay 3a 1: 1 comu (AyLic1 ® AXNacl
< Axkc < Axxr) cneaBa cbOTBETHHS pefi3a € (€Licl ® Enacl < €kcl < Ekr). TeopusTa Mo3BoJIsIBa
OLICHKA Ha MOBBPXHOCTHHS MOTCHIIMAN ), HAa YKCTa BOJA OT CKCIICPUMEHTAIHUTE JaHHU 3a
CIIEKTPOJINTHU PAa3TBOPH; PE3YITaThT, Yo & —100 MV, moTrBbpKaaBa CTOHHOCTTA, MMpHETa
MOHACTOSIIEM B JINTEpATypara.

9. Panaiotov I., Ivanova Tz., Balashev K., Grozev N., Minkov 1., Mircheva K. —
Interfacial reorganization of molecular assemblies used as drug delivery systems,
Chemistry, 2015, 6, pp. 891 - 921

Abstract. The number of potential applications of nanosized molecular assemblies such
as vesicles, nanocapsules, biodegradable polyester matrix and more complex structures in drug
research and nanomedicine is rapidly increasing with the developed technologies to tune and
control their bulk and mainly surface properties. For a better understanding of nanoparticle
behavior at the membrane interfaces an in vitro study of the mechanisms of loss of mechanical
stability and their reorganization on various membrane systems seems indispensable. By using
the simplest convenient monolayer models the mechanisms of destabilization and
reorganization of various classical or modified nanosized molecular assemblies spread or
adsorbed on pure air/water interface or at the preformed model membrane were studied.

Conclusions. Finally, the developed in a series of investigations simple model systems
represent an important first step to assess the behavior of various kinds of micro- and nanosized
molecular assemblies as drug carriers on interfacial networks in the living environment. They
have provided new information about the mechanisms of interfacial reorganization and drug
delivery of SUV, LNC, polyester matrix and LS carriers in the complex living systems.
Together with the analysis of the behavior of drug carriers in model systems closer to the in
vivo situation as well as with in vivo experiments, the developed simple models contribute to
better understanding of the behavior in vivo and to select the most efficient formulation of
DDS.

AﬁCTpaKT. BpOHT Ha TMOTCHUUATHUTC HNPHUIIOKCHHUA HAa HAHOPA3MCPHHU MOJICKYJIHH
CTPYKTYpPHU KAaTO BC3UKYJIN, HAHOKAIICYJIH, 6I/IOpa3FpaI[I/IMI/I IMMOJIMCCTCPHU MAaTpULM U T.H. B
HU3CJICABAHUATA Ha JICKAPCTBCHUTC q)OpMI/I N HaHOMCIHUIIMHAaTa 6’bp30 CC YyBCJIM4aBa C
Pa3BUTHCTO HA TCEXHOJIOTHU 3a HaCTPOf/'IKa U KOHTpPOJ Ha TCXHUTC 00eMHU M Haii-Beue
MOBBPXHOCTHHU cBolicTBa. In vitro MMPOYYBAHCTO HAa MCXAHHU3MHUTC Ha 3ary6a Ha MCXaHHYHa
CTaOUIIHOCT B peoprann3anyd Ha HAHO-HOCUTCIIMTE BbPXY pa3JIMIHU MCM6paHHI/ITC CHUCTCMH
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€ He3aMeHUMO 3a MOo-A00poTo pa3dupaHe Ha MOBEICHUETO Ha HAHOYACTUIIUTE Ha TPaHUYHATa
MeMOpaHHa MOBBPXHOCT. B cTaTtusTa ca pasriefaHd MEXaHW3MHTE Ha JecTaOuiau3anus u
peopranuzaiys Ha pa3iMyHU KJIACUYECKU WIM MOIU(ULIMPAHU HAaHOPAa3MEPHH MOJEKYITHU
CTPYKTYpH, HAHECEHU WJIM aICOPOMPAaHU BHPXY YHCTA IPaHUYHA MOBBPXHOCT BOJA / Bb3AYX
WM BbpXY NpeaBaputeaHo opopmeHaTa MojenHa memOpana. Pesynrarure ca noiaydeHu upes
U3MOJI3BaHe Ha Hal-IIPOCTHS YA00EH MOHOCIIOEH MOAXO/I.

3akimouenusn: [IpeacraBenu ca pe3yiatratuTe OT MOpPEAUIA U3CIIEIBAHUS HA MPOCTU
MOJICTTHU cUCTeMH. Pa3paboTeHUTE MOIEIH IPEICTABISIBAT BaXKHA ITbPBA CTHITKA 32 OLICHKA Ha
MOBEJICHUETO HA Pa3JIMYHU BHUJIOBE MUKPO- U HAaHOPA3MEpPHU CTPYKTYPU KAaTO HOCUTEIH Ha
JIEKAPCTBEHM BEILECTBA B JKMBUTE OPraHM3MH, XapaKTEpU3Hpalld C€ C HAIUYUETO Ha
MexnyhazoBu MEMOpPaHHU OBBPXHOCTH.

[TomydyenuTe pe3yinratd MpeaocTaBuXa HoBa HHGOpMAIMS 32 MEXaHU3MHUTE Ha
MexaydazoBata peopraHuzanusi U goctaBka Ha yekapcrBa Ha SUV, LNC, nonuectepHa
MaTtpuia u LS HOCHTENHN B CIIOKHUTE KUBU cucTeMH. Taka, pa3pabOTeHUTE MPOCTH MOJICIH,
ChUCTAHM C aHAIM3a HA MOBEJCHUETO HA JICKAPCTBEHUTE HOCUTEIIM B MOJICITHH CUCTEMH I10-
OJIM30 J0 CUTyalusTa ,,in Vivo“, KakKTO U C ,,in Vivo“ eKCIIEPUMEHTH, JIOMPUHACAT 3a TIO-
n00pOTO pazdupaHe Ha MPOIECUTE, KOUTO CE peau3nupar B PEaTHH YCIOBUS U 3a U300p Ha
Hal-eekTuBHaTa popmynaupoBka Ha DDS.

10. Karakashev S.I., Stockelhuber K.W., Tsekov R., Grozev N., Simeonova S.,
Raykundaliya N., Heinrich G. — Bubble rubbing on hydrophobic solid surfaces,
Colloids and Surfaces A: Physicochemical and Engineering Aspects, 2018, 555, pp. 638

https://doi.org/10.1016/j.colsurfa.2018.07.037

Abstract. This is an original study on the rubbing of ruptured bubbles on a hydrophobic
solid surfaces. A bubble protruding from a capillary tube attached to the objective of a
microscope was pressed gently against a hydrophobic solid surface by gradually increasing the
pressure inside of the capillary tube. At a certain special “gap” value the pressure inside of the
capillary tube caused the formation of a wetting film, which was observed interferometrically.

The film ruptured a short time after its formation, leading to the development of three-
phase contact line (TPCL) on the solid surface. The TPCL rubs on the surface as the latter
moves tangentially. At a certain critical speed of motion of the solid surface the bubble detaches
from the surface. The value of this critical speed depends on the pressure inside the bubble, the
level of the hydrophobicity and the visco-elastic modulus of the surface. We call for further
investigation of this interesting phenomenon.

Conclusions. The following conclusions can be drawn from this work:

1. The rubbing of a three-phase contact line (TPCL) on a solid surface is related to the
friction force, which generates lift pressure tending to detach a bubble from the solid surface.
The lift pressure increases upon increasing the speed of the solid surface until reaching a certain
specific value at which point the bubble detaches. This critical speed of detachment depends
on the pressure inside the bubble (load pressure) and the hydrophobicity of the solid substrate.
Usually it is expressed as the speed of detachment U versus the ratio P/Po, where P is the
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pressure inside of the bubble and Po is the pressure at which the wetting film initially forms at
zero velocity of the solid substrate. The speed at which the bubble detaches U increases with
the increase of the ratio P/Po, until reaching a certain critical ratio (P/Po)cr at which point the
dependence becomes very strong (steep slope), which means that small increases in the internal
pressure of the bubble correspond to large increases of the speed of the surface to detach the
bubble. The critical ratio (P/Po)cr depends on the level of hydrophobicity of the surface. More
hydrophobic solid glass surfaces correspond to smaller values of the critical ratio (P/Po)cr and
vice versa. The very existence of a critical ratio (P/Po)cr corresponds to the maximal lift pressure
at certain speed of motion of the solid surface. When P/Po>(P/Po)cr the bubble cannot be
detached from the solid surface. Yet, our experimental analysis shows that bubble detachment
at P/Po>(P/Po)cr is still possible but at significantly larger speeds of motion of the solid surface.
Detachment of bubbles from more hydrophobic surfaces is more difficult as compared to
bubbles attached to less hydrophobic surfaces.

2. A theoretical model of bubble detachment based on the theories of Blake-Haynes
[20] and Bretherton [21] assuming very small capillary numbers (Ca—0) was developed.
According to this model there exists a maximal lift pressure generated by the rubbing of the
TPCL with the solid surface. If the internal pressure of the bubble is larger than the maximal
lift pressure the bubble cannot be detached. The frequencies K and the length A values of
hopping of the water molecules on the TPCL were obtained as fitting parameters in our
theory based on the experimental data on the glass solid substrates.

More hydrophobic surfaces correlate with larger values of the hoping length A and vice
versa. AFM images on the solid substrates show large domains on the more hydrophobic
substrates and smaller domains on the less hydrophobic substrates. It is obvious that the water
molecules slide on these (hydrophobic) domains and are adsorbed on the (more hydrophilic)
areas between the domains.

3. For the case of rubber surfaces: no critical ratios (P/Po)cr exist. Most likely this is
due to local nano- or micro-deformations of the rubber.

AocTtpakT: ToBa € opuruHaJIHO U3CJEIBAHE BbPXY TPUEHETO HAa MEXYpUETa, 3aXBaHaTH
ype3 TpudasHaTa KOHTAKTHA JIMHUA 32 XUAPOPOOHU TBBPAM MOBBPXHOCTU. Mexypue,
MO/IaBaIll0 CE€ OT KamWIsIpKa, NMpUKperneHa KbM OOEKTHMBAa HAa MHUKPOCKON, BHUMATEIIHO Ce
NPUTUCKA KBM XHJIpodoOHA TBBpAAa IMOBBPXHOCT YpE3 IOCTENIEHHO YBEJIMYaBaHE Ha
HaJSITAaHETO BBTpPE B Kamwispkara. llpm pocturaHero Ha onpeneneHa CTOMHOCT Ha
"OPOLIETHOTO pa3CTOsSHUE", HAJATaHETO BBTPE B Kamuisipkara BOAM 10 O0Opa3yBaHETO Ha
OMOKDSIII (pHUIIM, KOHTO ce HaboaBa HHTEP(HEPOMETPUUHO.

Kpatrko Bpeme crnex oOpasyBaHeTto cu, (GUIMBT ce€ ,Kbca™, KOETO BOJIU 1O
Bb3HMKBaHETO Ha TpudaszHa KoHTakTHa JuHMs (TPCL) BbpXy TBBpIAaTa MNOBBPXHOCT.
TBBpAaTa noaIoKKaTa ce MpUBEXkKaa B TAHN€HIMAIHO ABMkeHue, npu koeto TPCL ce Tpue no
noBbpxHocTTa 1. [Ipu onpenenena KpUTHUHA CKOPOCT Ha IBUKEHHUE HA TBbPAaTa MOBbPXHOCT
MEXYpUeTo ce OTAeld OT MOBbpXxHOCTTa. CTOMHOCTTA Ha Ta3U KPUTHYHA CKOPOCT 3aBUCH OT
HaJISITAHETO BBTPE B MEXYPUETO, OT CTENEeHTa Ha XUAPO(HOOHOCT ¥ OT BUCKOEIACTUUHUS MO
Ha TIOBbPXHOCTTA.

3akawuenus. OT Ta3u pa60Ta Morar aa c€ HalpaBsAT CJICAHUTC 3aKIIFOYCHUA:
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1. Tpuenero na tpudazHa xkontaktHa jauHus (TPCL) BbpXy TBBpAA MOBBPXHOCT €
CBBP3aHO ChC CUJIATAa HA TPUEHE, KOSATO F'€HEPUPA MOJAEMHO HAJSITaHEe, CTPEMSIILIO CE Ja OTIAENH
MEXYpUETO OT TBHPAATA NOBBPXHOCT. [101eMHOTO HAJIATAaHETO CE MOBUILIABA TP YBEIMYaBaHE
Ha CKOPOCTTa Ha TBbP/aTa NOBBPXHOCT JI0 IOCTUTaHe Ha oTpeseieHa cennduina cTOHHOCT,
IIPU KOSITO MEXYPYETO ce OTAEIs. Ta3u KpUTUYHA CKOPOCT HA OTJAEJISIHE 3aBUCH OT HAJIATAHETO
BBTPE B MEXYypUueTo (HaJiAraHe Ha HaTOBapBaHE) U XUAPO(HOOHOCTTa Ha TBBPJATA MOJJIOKKA.
OOWKHOBEHO TS C€ M3passBa KaTo CKOpocTTa Ha otaensHe U cipsMo choTHOIIeHHETO P/Po,
KbJieTo P € HaysiraneTo BbTpe B MeXypuero, a Po € Hajsiranero, mpu KOETo II'bPBOHAYAIHO CE
o0pa3zyBa OMOKPSIIUAT (UM IpU HyJIeBa CKOPOCT Ha TBbpAATa mnoaioxka. Ckopocrra, mpu
KOATO MEXYPUYeTO €€ OTHEelsA OT TBbpJaTa IOBBPXHOCT, CE yBEIMYaBa C YBEJIMYaBaHE Ha
cpoTHOLIeHUEeTO P/Po, mokaro mocturHe onpeneneHo KputuuHo otHouieHue (P/Po)cr. OT TO3M
MOMEHT 3aBHCHUMOCTTA CTaBa MHOT'O IoJisIMa (CTPbMEH HAKJIOH), KOETO 03HA4aBa, Y€ MEXY4ETO
MOXE J1a C€ OTIEIM CaMO IIPU MHOIO TOJISIMO HAapaCTBaHE HAa CKOPOCTTA Ha JBUKEHUE Ha
IJJaCTUHKAaTa. ToBa Ha IPAKTUKA IIPaBH HErOBOTO OTKBCBAHE OT IMOBBPXHOCTTA IIOYTH
HeBB3MOXKHO. Kputrunorto cproTHOIIeHue (P/Po)cr 3aBrcH OT creneHra Ha XuapodoOHOCT Ha
NOBBPXHOCTTA. [10-MaKku CTOMHOCTH Ha KpUTHYHOTO choTHOLIeHue (P/Po)cr choTBETCTBAT Ha
MO-XuAPOPOOHUTE TBBPAM CTHKICHH MOBBPXHOCTU M 00paTtHO. CaMOTO ChIIECTBYBaHE Ha
KpuTH4HO choTHOIIEeHHE (P/Po)er CHOTBETCTBA HA MAaKCHMAIHOTO MMOJEMHO HAJSATaHe MpU
ompezieJieHa CKOPOCT Ha JBIKCHHWE Ha TBbpAara moBbpxHocT. Koraro P/Po> (P/Po)er,
MEXypyeTo HE MOXE Ja ce€ OTAeIM OT TBbpAara NOBBPXHOCT. M Bce mak, HamwmsT
eKCIIEPUMEHTAJICH aHAJIN3 TIOKa3Ba, ue OTAC/IAHETO Ha Mexypuera npu P/Po> (P/Po)cr Bee orie
€ BB3MOXKHO, HO MpPHU 3HAYUTEIHO I[O-TOJEMU CKOPOCTH Ha JABWKEHUE Ha TBbpAaTa
NMOBBbPXHOCT. OTAENSIHETO HAa MeXypueTa OT MO-XUApo(hoOHU MOBBPXHOCTH € MO-TPYAHO B
CpaBHEHHUE C MeXypueTara, IPUKPENEeHN KbM MO-XUAPOPIIHNA TOBBPXHOCTH.

2. Pa3zpaboTeH e TeopeTHdeH MOET Ha OT/eIsTHE Ha MeXypueTa, Oa3upaH Ha TEOPUUTE
Ha breiik-Xetinc [20] u bpereptsH [21] 1 npueman; MHOTO MaJIKu KanuisipHu yucia (Ca —
0). Cnopen TO3W MOJEN CBHIIECTBYBA MAaKCHMAJIHO IOJEMHO HaJisiraHe, T€HEPUpaHO OT
tpueHero Ha TPCL ¢ TBbpaaTa noBbpXHOCT. AKO BHTPEIIHOTO HaIsITraHe HAa MEXYPUETO € Mo-
rojsiMO OT MAaKCHUMAJHOTO TMOJEMHO HajsiraHe, MEXypuyeTo HE MOXE Ja C€ OTIEJH.
CroitHocTuTe Ha yectoTuTe K M 1bKMHATa A Ha MpeckayaHe Ha BogHuTe Mosiekynu Ha TPCL
ca IOJIy4eHHU KaTo HallacBallly apaMeTpy Ipu 00paboTBaHETO Ha EKCIIEPUMEHTATHUTE JaHHU
OT ONUTHUTE, IPOBEACHU CHC CTHKIIEHU TOJI0KKH.

[To-xuapodoOHUTE MOBBPXHOCTH KOPEIUpAT C MO-TOJIEMH CTOWHOCTH Ha JBbJIDKUHATA
Ha mpeckadaHe A u oOpatHo. AFM wu3o0paxeHHATa OT TBBPAUTE IMOJJIOKKH IMOKa3BaT
HaJIMYMETO Ha TOJIEMU IOMEIHH BbPXY NO-XUAPOPOOHUTE CYyOCTpaTH U HAa O-MAJIKH JOMEWHU
BBPXY MO-MaJIKO XUApoPoOHUTE cyOcTpaTtu. OUYeBUIHO €, Y€ BOJHUTE MOJIEKYJIN CE IUTh3raT
o te3u (xuapopoOHU) TOMEWHU U ce ajfcopOupar B (MO-XUAPOPUIHUTE) OOJACTH MEXKIY
JIOMEUHUTE.

3. 3a enmacTUYHU MOBBPXHOCTH: HE CHIIECTBYBAT KpUTHYHM choTHOUICHUS (P/Po)cr.
Haii-BeposiTHO TOBa ce IBbJIXKM Ha JIOKAJTHU HaHO- WJIM MUKpoJieopMalliy Ha exacToMepa.

11. Sankaran A., Karakashev S.1., Sett S., Grozev N., Yarin A.L. — On the nature of
the superspreaders, Advances in Colloid and Interface Science, 2019, 263, pp. 1 - 18
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Abstract. This is a review article on the basic and the latest achievements on
superspreading. The complete and fast spreading of droplets on many surfaces in the nature is
a special phenomenon discovered in 1960-ies Intensive studies on this phenomenon have been
conducted since that time, but the mechanism of superspreading remained in completely
unveiled till nowadays.

Here we scrutinized the basic literature on superspreading from the last 25 years and
also present results related to superspreaders acquired in the present work.

The literature in superspreading can be divided to the following groups: (i) works on
the properties of the trisiloxane surfactants; (ii) works on the mechanisms of superspreading;
(iii) MD simulations; (iv) works on the effect of the trisiloxane surfactants on thin liquid films.
There is a number of review articles published in the last decade related to mainly works from
groups (i) and (ii). The works on MD simulations (iii) and the effects on trisiloxane surfactants
on thin liquid films (iv) are still few despite they are important from the scientific view point.
We conducted our own study on the effect of the superspreaders on foam films in rectangular
frame and confirmed that the superspreaders cause powerful Marangoni effect within the foam
films. Such a strong Marangoni effect has been never observed with the ordinary surfactants.

We scrutinized and discussed the basic works from the groups (i)-(iv) on the
superspreading and added our own investigation on the distinguishable effects of
superspreaders and non-superspreaders on thin foam films. The work could be useful to both
beginners and specialists in the field of wetting/de-wetting and superspreading.

Conclusions. This work aims at elucidating the basic achievements on superspreading
as a unique phenomenon caused by several unique surfactants. The relation between the
molecular morphology and superspreading performance was confirmed by the data from the
literature, thus explaining the mechanism of superspreading on hydrophobic surfaces. Since
the works on thin liquid films with superspreaders are scarce, we have conducted, in addition,
our own investigation, to study the difference in the molecular performance between
superspreaders and non-superspreaders within the foam films.

The gravitational drainage and stability of vertical foamfilms of nonionic surfactants,
namely, the superspreader L-77 (Mw = 624 Da) and non-superspreader L-7607 (Mw = 998 Da)
with the same molecular structure, but larger hydrophilic head than that of the superspreader
and of Triton X-100 (Mw = 625 Da) at the concentrations C > CMC were studied. In particular,
the effect of relative humidity on the drainage and stability of such films was studied in detail.
The observed films of L-77, L-7607 and Triton X-100 did not reveal significant increases in
the lifetime at low concentrations of up to 50xCMC. At the concentrations C > 50xCMC, the
lifetime of the superspreader L-77 films increases dramatically, whereas those of the non-
superspreader L-7607 and of Triton X-100 remain practically the same.

The tensiometrical measurements of the adsorption layers of L-77, L-7607, and Triton
X-100 established that the superspreader L-77 is highly surface active and possesses the fastest
adsorption kinetics. The surfactant molecules from the bilayer aggregates of the superspreader
L-77 are much easier to be displaced as compared to the molecules in the spherical micelles of
the non-superspreader L-7607 and of Triton X-100. Even though the non-superspreader L-7607
is sufficiently surface active, it possesses a slower adsorption kinetics. For this reason, the foam
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films containing L-7607 are far from equilibrium and are not very stable. Triton X-100 adsorbs
very fast on the phase boundaries, but it is less surface active than L-77 and L-7607.

We also showed that the films last longer at higher surrounding humidity as compared
to the films in dry atmosphere. This effect is significantly pronounced in the case of the
superspreader L-77. In addition, the DLS analysis of the aqueous solutions of L-77, L-7607
and Triton X-100 at concentrations C much higher than their respective CMC revealed
aggregates as large as several hundred nanometers. These aggregates possess stability similar
to that of their micelles, since as far as these aggregates are a mesh of a network of micelles,
they should exhibit stability similar to that of micelles.

It is shown that the significant stabilization of vertical films of the superspreader L-77
is related to a powerful concentrational Marangoni effect associated with its very high surface
activity, very fast adsorption of its individual molecules, and an easily disintegrating
aggregates. Triton X-100 reveals a similar nature but is significantly less surface active. For
this reason it does not stabilize vertical films to the same extent as the superspreader L-77.

The novelty of the work is in the study of the free-standing films,without interaction
with a hydrophobic surface, where such factors as the surface energy, surface roughness,and
hydrophobic forces are also involved. The results obtained could be used to further explain the
spreading of superspreader molecules on surfaces.

Abctpakr: B cratusTa ce npaBu noapo6eH 0030p BbpXy HaydHaTa JIUTEpaTypa BbpXy
CBPBXOMOKPHUTENIUTE, KATO Ca H3MOJI3BAaHM COOCTBEHM EKCIEPUMEHTAJIHU pEe3ylTaTH 3a
MeXaHHM3Ma Ha JIeWCTBUE Ha CBPbXOMOKPUTEIN BbpPXY NNEHHU (QUIMH B IPABOBI'bIHA PAMKa.
JIuteparypara B o0yiacTTa Ha CyHeppa3THUYaHETO MOXKe Ja Oble pa3/ieleHa Ha CIEeJHHUTE
rpynu: (i) paboTH BBPXY CBOWCTBaTa HAa TPUCHIOKCAHOBUTE TOBBPXHOCTHO-AaKTHBHU
BelIecTBa; (i1) paboTH BbPXY MEXaHU3MUTE Ha Cylep-pa3Tuyane; (iii) MOJIEKYITHO-TUHAMUYHH
(MD) cumynanuuu; (iv) padoTu BbpXy eexkra Ha TPUCHIOKCAHOBUTE OBbPXHOCTHOAKTUBHU
BELIECTBAa BBPXY THHKM TeuyHU ¢Guiamu. Penuna o030pHM cTaThM, CBBpP3aHU IJIABHO C
n3cienBanus ot rpynu (1) u (i1) ca myOIuKyBaHH IMpe3 MOCIeAHOTO necetusneTue. Paborure,
nocsereHn Ha MD cumynanuu (iil) 1 epeKTUTe BbpPXY TPUCUIOKCAHOBUTE MOBBPXHOCTHO-
aKTUBHU BELIECTBA BbPXY ThHKU T€YHU (puimMu (1v) BCe OLIE ca MAJIKO, BBIIPEKH Y€ ca BaXKHU
OT Hay4Ha IJieJiHa TouKa. B Hamara pabota cMe mpoBeIu U3CIIeIBaHUS U BbPXY BIUSHUETO HA
Cylnep-pa3THYalUTe Ce BElleCTBa BbPXY MEHHU (PUIMH B IpaBOBI'bIHA pamMKa. [loTBBpaCcHO €,
4e cynep-pa3THYaIIUTe ce BEIIEeCTBa MPEAU3BUKBAT MOIIEH epeKT Ha MapaHroHU B IEHHUTE
¢mnmu. TakbeB cuieH MapaHronu edekT HUKora He € HaOloJaBaH MpU OOMKHOBEHHTE
MOBBbPXHOCTHOAKTHBHH BEILLIECTBA.

3aKJI0uYeHus:

1. HampaBen e moapoOeH 0030p Ha JUTeparypaTa 1O CPBBX-pa3THYaHE IIpe3
nocieaauTe S0 TOAMHM, KaTo cMe HaOJIeTHAIM TTaBHO Ha IMOCICTHUTE 25 TOJUHH, TTPEe3 KOUTO
€ TIOCTUTHAT Hall-ChIIECTBEH HAIIPEIbK B pa30MpaHeTO Ha MEXaHU3Ma Ha JIeHCTBHE Ha CBBPX-
OMOKPHUTEIUTE.

2. HpOBeJ'II/I cMe COOCTBEHO N3CJICABAaHC Ha IIOBCACHHUETO Ha IICHHU (I)I/IJ'IMI/I B
IIpaBOBI'bJIHA paAMKa, CTaGI/IJII/I3I/IpaHI/I C CIUH CBPBXOMOKPHUTCII U ABA HC-CBPBXOMOKPUTECIIA,
HO HaHOHO6$IBaHII/I CBbOTBETHO I10 CTPYKTYpPaA U MOJICKYJIHA MaCa CBPbXOMOKPHUTEJIA. HSMepHHI/I
CMC TCXHUTC H30TCPMU Ha IMOBBPXHOCTHOTO HANPCKEHUC H CME ONPCACIUIN TCXHUTEC
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aIcOpOLIMOHHM ITapaMeTpH C €IUH OT MOCIEIHUTE B JINTEpaTypara aJcoOpOLMOHHN MOJENH,
KaKTO U CM€ U3CJIe[BAJIM KMHETHKAaTa UM Ha aJcopOLMs Ha MOBBbPXHOCTTA BOAA/BB3AyX. 3a
IIOCJIETHOTO CM€E M3I0JI3BaIM TEOPETHUEH MOJIeNl Ha KMHETHKA Ha aJcopOLMsl U3 MULIEIapHU
pa3tBopu Ha IIAB, karo Taka cMe onpeAeaii XapaKTepUCTHUYHOTO BpeMe Ha pasmnaj Ha
munenute. Taka HUE ycTaHOBUXME, Y€ CBPBXOMOKPHUTENAT ce ajgcopOupa yarpa Ob3po Ha
IIOBBPXHOCTTa BOJAA/BB3JyX M JIOCTUIa MHOIO HHUCKH CTOMHOCTM Ha HOBBPXHOCTHOTO
Hanpexxenne — okoio 20 mN/m. Jpyrust [1AB, namomoOsBamy cTpyKTypaTa Ha CBPBX-
OMOKPHUTEIIS, HO C MHOTO [10-T0JIIMa MOJIEKYJIHA Maca, ChII0 JOCTUIA IOCOYEHUTE CTOMHOCTH
Ha TMOBBPXHOCTHOTO HANpEeXKEHHE, HO ce aacopOra MHOro 1Mo-0aBHO Ha MOBBPXHOCTTA
BOJIa/BB31yX, a TPETHs, MMaIl ChIaTa MOJEKYJIHAa Maca KaTO Ha CBPBXOMOKPUTENS ce
aacobupa ynrpa Obp30, HO JIOCTUIa MHOIO IO-BUCOKM CTOMHOCTH Ha IOBBPXHOCTHOTO
HanpexeHnue — okoso 32 mN/m.

3. B nmeHHuTe QUIMH CBPBXOMOKPHUTEIAT MPEAU3BUKBA MOIEH MapaHToHH e(eKT
Hanoo0sBaI ,,0ypsa* BbB ¢uiama, 3a paznuka ot apyrure n8a [IAB. [Ipu konuentpanuu 140
'bTH KPUTHYHATA WM KOHIIGHTpAllUg Ha arperamusi, CBbXOMOKPUTEIAT CTaOMIM3Upa
3HAYUTEIHO MM0-100pe NeHHU QUMK B cpaBHEeHUE c apyrure asa [1AB.

4. Hamnre n3cneaBaHus NOTBbPXKAaBAT, Y€ MOLIHUAT eekT Ha MapaHroHu criomara
3a MEXaHM3Ma Ha CBPBX-PAa3TUYAHETO HA KalKh OT BOJAHUTE pa3TBOPU HA CBPBX-
OMOKPUTEIINTE.

12. Grozev, N., Nedyalkova, M., Tzvetkov, G., Mircheva, K., Balashev, K. — Formation
of stable and horse headlike shape platinum nanoparticles at the air/water interface,
Proc. SPIE, 2019, 11332, International Conference on Quantum, Nonlinear, and
Nanophotonics 2019 (ICQNN 2019), pp. 1133205; doi: 10.1117/12.2552734

Abstract. Efficient preparation of dispersions of platinum nanoparticles was achieved
by reduction of chloroplatinate ions (PtClg?") by hexadecylaniline (HDA) as the reaction
occurred at the air/water interface where the insoluble monolayer of HDA was spread. The
obtaining of the platinum nanoparticles, formed spontaneously at the air—water interface by
HDA enables their facile transfer as multilayers onto suitable solid supports by means of the
Langmuir—Blodgett technique. Langmuir—Blodgett films were characterized by Atomic force
microscopy (AFM) imaging and X-ray photoemission spectroscopy (XPS).

Pe3rome. Omnrcano e noxy4aBaHeTo Ha TUIATHHEHU HAHOYACTHUIN Ha (pa3oBaTa rpaHUIA
BB3/IyX/Bofa mocpencTtBoM JlaHrmMiopoBa Be3Ha. Peakiusta ce CbCTOM B pPEOyKIUS Ha
xnopornnatunernu oun (PtClg?") ot monexynu xekcagenunanunus (HDA), opranusupanu B
MpPEIBAPUTEIIHO HAHECEH HEepa3TBOPUM MoOHOcioW. Taka moOdydyeHUTE IUIATHUHEHU
HAHOYACTHIIM JIECHO Morar Ja ObJaT mpeHeceHH OT (pa3oBara rpaHHIla BbPXY MOAXOASIIN
TBBPIU TO/JIOKKHU 101 (popmMaTa Ha MHOTOCIOWHH CTPYKTypH (HuiMu), uype3 TEXHUKATa Ha
Jlanrmiop-bromxker. B mocnencteue, punMute ca oxapakTepu3UpaHU Ype3 aTOMHO-CHJIOBA
mukpockonus (AFM) u pertreHoBa poroemucronHa criekrpockonus (XPS).
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15. Alexandrova L.A., Grigorov L.S., Grozev N.A., Karakashev S.I. — Investigation of
interfacial free energy of three-phase contact on a glass sphere in case of cationic-
anionic surfactant aqueous mixtures, Coatings, 2020, 10(6), pp. 573

Abstract: The wetting of adsorbed surfactants solids is important for various
technological applications in particular for the process of foam flotation. The present work
aims at calculating the surface tensions of the three phase interfaces at different surfactant
concentrations using the Girifalco and Good method. For this purpose, the surface tension and
contact angle vs. surfactant concentration of the test substances amines and sulfonates and their
mixture were measured for liquid—air interface.

Calculated surface tension of solid—air interface vs. concentration for C10 amine and
mixed systems are close to those for the liquid—air surface, but are slightly lower. In the case
of mixed systems, the graph has a specific structure similar to that of liquid-air surface
dependence. In contrast to the solid—air interface results, the solid—liquid surface tension values
are significantly lower. In case of the mixed surfactant systems, C10amine/C10 sulfonate, a
synergetic effect on the surface tension is observed. The specific behavior of the mixed systems
is interpreted with the emergence of aggregates consisting of the anionic and cationic
surfactants. It is shown that in the whole area of concentrations complete wetting does not
occur.

AOcTpakT: OMOKpPSIHETO Ha YacCTMYKHM C aJCOpOMpaHU BBPXY TSAX HNOBBPXHOCTHO-
axtuBHH BenlecTBa (ITAB) e BaykHO 32 pa3IMYHM TEXHOJIOTHYHH TPHIIOKEHUS, TTO-CIISIIHATHO
3a mpomeca Ha TeHHa dQuiotanusa. Hacrosmiara pabota mMa 3a men Ja c€ HM3YUCIH
MOBBPXHOCTHOTO HAINpEeKEHHE Ha TpHQaszHaTa TpaHUIA NPU PA3IMYHA KOHIEHTpAIMU Ha
[TAB, u3non3Baiiku Metoaa uHa Girifalco u Good. 3a Ta3u 1181 ca U3MEepeHU TOBBPXHOCTHOTO
HanpexeHue Ha (a3oBaTta rpaHuia pa3TBOP/BB3IyX, KAKTO U KOHTAKTHUSIT BI'bJl HA CTHKICHU
0aJOTUHH B pa3TBOPH C pa3IMYHH KOHIIEHTPAIMM Ha MOBBPXHOCTHOAKTHBHU aMUHHU U
cyndoHaru .

H3Boau:

1. V34ncineHOTO MOBBPXHOCTHO HAIMPEXKEHHE Ha TpaHMIaTa TBbpAa (asza/Bb3ayx
cipsMo KoHueHTpanusaTa 3a C10 aMMHHM M 3a CMECEHHM CHUCTEMM ca OJIM3KM /0 TE3U 3a
MOBBPXHOCTTA TEUHOCT/BB3/yX, HO Ca MAJIKO ITO-HUCKH.

2. B cnyyas Ha cMeceHU CUCTEMH, IpadukaTa MMa XapakTepeH XOi, Mojo0eH Ha
3aBHCHMOCTTA 33 IPaHUYHATA TMOBBPXHOCT TEYHOCT/BB3AYX. 3a pasiidka OT pe3yJTaTuTe 3a
rpaHunarTa TBbpAa (as3a/Bp3ayx, CTOWHOCTUTE Ha MEXIy(ha30BOTO HANpPEkKEHHE TBBpIA
¢azalTeyHoCT ca 3HAYUTETHO MO-HUCKHU. [IpM CMECEHH MOBHPXHOCTHOAKTHBHU CHCTEMH,
ClOamun / C10 cyndonat, ce HabmoJaBa CHHEPIUYeH €(EeKT BBbPXY MOBBPXHOCTHOTO
HanpexeHnue. CrienupuIHOTO MMOBEIeHNE HA CMECEHUTE CUCTEMH C€ MHTEPIIPETUPA C MOsIBaTa
Ha arperaty, ChCTOSIIM CE€ OT AHMOHHM M KAaTMOHHM NOBBPXHOCTHOAKTUBHU BEILECTBA.
[TokazaHo e, 4e B U3y4yaBaHUsl KOHIIEHTPAI[MOHEH HHTEPBAJ HE HACTHIIBA ITBJIHO OMOKPSIHE.

16.  Karakashev S.I., Grozev N.A., Batjargal K., Guven O., Ozdemir O., Boylu F.,
Celik M.S. — Correlations for easy calculation of the critical coalescence concentration
(CCC) of simple frothers, Coatings, 2020, 10(7), pp. 612

doi:10.3390/coatings10070612
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Abstract. Can the critical coalescence concentration (CCC) of the flotation frothers be
predictable? What is the relation between their molecular structure and their CCC values? A
literature survey found specific correlations between the hydrophilic-lipophilic balances (HLB)
and HLB/Mw (where Mw stands for the molecular mass) of homologue series of frothers and
their CCC values, but the results are invalid when the molecule’s functional groups change.
For this reason, 37 frothers with known values of CCC were analyzed. The CCC values of
seven frothers were determined, and the rest were taken from the literature. The frothers were
subdivided in homologue series with an increasing number of the carbon atoms with an account
for the type and the location of the functional group, thus deriving three types of correlations
INCCC =f (HLB) applicable for: (i) alcohols; (ii) propylene glycols alkyl ethers and propylene
glycols; (iii) ethylene glycols alkyl ethers. The average accuracy of these correlations between
CCC and HLB is 93%.

Conclusions. The approach of Szyszka et al. [31,44] and Kovalszuk [39], to obtain a
correlation between the CCC values, the HLB values of the frothers and their molecular mass.
To our knowledge, this is the first study to establish a relation between the CCC value and the
molecular structure of the frother. They applied their approach to particular cases of homologue
series of frothers and established that it is difficult to switch between frothers belonging to
different homologue series. Following a similar approach, we established empirical equations
on a number of homologue series of frothers.

The CCC values of many of them were taken from the literature [25-27,31,37,41] while
the CCC value of some particular frothers, which are of special interest in the mining industry
was measured in our laboratories. We conveniently established the dependence between
In(CCC) values and the HLB value of the frothers in the form of three empirical equations:

For the homologue series of alcohol frothers, the position of the hydroxyl group (OH)
on the main chain of the frother’s molecule and the branched alkyl groups attached to the main
chain of the was accounted for;

For the homologue series of Propoxy frothers, the number of the Propoxy (C3H60)
groups in the main chain of the molecule of the frother was taken into account;

For the homologue series of Ethoxy frothers, the number of the Ethoxy (C2H40) groups
in the main chain of the molecule of the frother was considered.

Therefore, the approach of Szyszka et al. [31,44] and Kovalszuk [39] was further
extended in the present study. We must confess that our approach, even though it is similar to
that of Szyszka et al. [31,44] and Kovalszuk [39] is still limited, because it contains 3 equations
of different particular homologue series, instead of one general equation that encompasses all
of the homologues series of the different frothers. Moreover, we recognize that such an
approach should be applied to a significantly larger amount of frothers (not only 37) with
various molecular geometries. Finally, with this work, we call upon the further development
of this approach in the literature by other authors.

AbcTpakrt: B tazu paboTa 3a mbpBH BT CE MPABU KOPENAIHs C TOYHOCT J10 7% MEXIy
cToitHOCTTa Ha XuapoduiHo-munopuiHus 6ananc (HLB) va 37 nenurens + MonekynHaTa UM
CTPYKTYypa M TSXHaTa KpUTHMYHA KOHIIEHTpaLus 3a KoayecueHuus Ha mexypuerara (CCC).
CCC croifHOCTUTE Ha celleM OT Te3U MEHUTENH ca U3MEPEHH OT Hac B MpeaxojaHa padoTa.
Kopenauus mexny HLB croiinoctTra Ha nenurenu u tsxHata CCC CTOMHOCT ca MpaBeHU B
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nmutepatypata ot Kovalszuk, Ho TouyHOCTTa Ha Ta3u Kopenauus e okono 40%. Szyszka et al.
MIPaBHU MPEIU3HA KOPJIAIKs, HO 32 MAJIKM XOMOJIOXKHH CEPHUU OT TIeHUTeNu. B Ta3u pabora ca
B3€TH IIPEIBUI MHOTO ICHUTEIIN — XOMOJIOYKHH CEPHH C pa3IMiHa MOJICKYJTHA CTPYKTYpa, KaTo
3a BCEKM XOMOJIOI € HampaBeHa OTJelHa Kopenamus. Pa3Oupa ce, BceoOmara 1en e aa ce
Ch3/1ajic YHUBEpCAIHA KOpesanusi, 00XBalaiia MeHUTEIN ¢ BCIKAKBa MOJICKYJIHA CTPYKTYpa,
HO HA TO3HW €Tall TOBa HE € MOCTUTHATO. He3aBUCHMMO OT TOBa Hamiata cepusl OT KOpelaluu
MOJKE JIa C€ CUeTE KaTo CThIIKA HAIMpel KbM Ta3H Iiedl.

3aKJII04YeHu:

1. TpI/II[eCGT U CEACM IICHUTCIA Ca pasACJICHU Ha XOMOJIOXKHH CEPHUU — AJIKOXOJIH C
HapacTBalla AbJDKKMHA Ha BEpUIraTa M IMPOMAHA HA IIO3ULHATA HA XHUAPOKCHIIaHA I'pylia,
IMOJIMIIPONUIICH W IMOJHUETHUIICH IJIMKOJM C pa3jiMdHa ABJDKWHA Ha IPOIIOKCH M CHOTBETHO
€TOKCH B€pUIaTa, IIPOMUIICH U €TUJICHIVIMKOJIN C pa3/IMdYHa ABJIDKWHA Ha BBIJTICBOJOpOAHATA
BCpUI'a U T.H.

2. N3unciiena e croitHOCTTa HAa XUApodmIHO-TUNO(GHIHUS O0alaHC 32 BCEKH €IUH OT
TAX U ca HallpaBEHU KOpPEJaINK 3a BCSIKAa XOMOJI0KHa cepusi cbe choTBeTHaTa CCC cTolHOCT,
KaTo ca B3€TH MPEJBUJ] CTPYKTYPHHUTE XapaKTEPUCTHKHU HA TEXHUTE MoJieKyH. [locTurnarure
KOpEJILMHU ca CbC CpeliHa rpeuika ot 7%.

17. Guven O., Batjargal K., Ozdemir O., Karakashev S.l., Grozev N.A., Boylu
F., Celik M.S. — Experimental procedure for the determination of the critical
coalescence concentration (Ccc) of simple frothers, Minerals, 2020, 10(7), pp. 1 - 12,
617; doi:10.3390/min10070617.

Abstract. In this study, the critical coalescence concentrations (CCC) of selected
commercial frother solutions, namely polypropylene glycols (PPG 200, 400, and 600), tri
propylene glycol (BTPG), triethylene glycol (BTEG), dipropylene glycol (BDPG), and as a
reference, methyl isobutyl carbinol (MIBC), were determined using a bubble column based on
light absorption. The results for all seven frothers showed that BTEG has the worst bubble
inhibiting performance, and PPG 600 has the best bubble inhibiting performance. While critical
coalescence concentration (CCC) was found as 3 ppm for PPG 600, it increased to 25 ppm for
BTEG. In the case of MIBC, which was the reference point, the CCC value was found as 10
ppm, which was consistent with the literature. The surface tension isotherms of the frothers
were determined and analyzed with one of the latest adsorption models.

The results indicated that the polypropylene glycol frothers showed more surface
activity compared to alcohol or other frothers investigated. This is due to the additional
reorganization of the PPG molecules on the air/water interface, thus boosting its surface
activity.

Conclusions. In this study, the critical coalescence concentrations (CCC) of
conventional (commercial) frothers (PPG 200, 400, and 600; BTPG; BTEG; BDPG; and MIBC
as a reference) was investigated in terms of bubble-coalescence measurements using a bubble
column based on light intensity. The results showed that the CCC value for PPG 600 was 3
ppm (5.00x10°® mol/L); however, BTEG had the highest CCC value at 20 ppm (9.7x10°° mol/L)
among the further frothers investigated in this study.
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These results indicated that the inhibition of bubble coalescence in the presence of
BTEG was the worst one, while PPG 600 exhibited the best performance. This is not surprising
because the equilibrium adsorption constant Ks of PPG 600 is significantly higher than that of
BTEG. Overall, the adsorption parameters of the frothers correlate well (excluding PPG 200)
with their CCC values. The larger the Ks value, the smaller the CCC value of the frother. The
surface tension of PPG 600 at 5x10"" mol/L drops with about 6 mN/m (from = 70 mN/m to =
64 mN/m), in contrast to conventional surfactants, with which such sudden drop cannot be
observed. This could be due to surface reorganization related to the 2D phase transition of the
adsorption layer. The latter can cause such a significant drop in the surface tension value. In
addition, PPG 600 is the only frother investigated in the present study whose molecules attract
each other ( > 0). The other frothers have 3 = 0.

Overall, our method had similar results to other methods for determining CCC values
as verified by MIBC results, and it can be considered to be an easy and quick method for
determining the value of CCC in the laboratory.

AOcTpakT: B TOBa mpoyuBaHe ca OMNpEAETICHH KPUTUYHUTE KOHIEHTPAIMU Ha
koanecuenuusa (CCC) Ha u3OpaHu THPTOBCKHU MEHHOOOPa3yBaTeI: MOIUIPONUICHIIUKOIN
(PPG 200, 400 u 600), tpunponmienriukon (BTPG), tpuerunenrnukon (BTEG),
munporwienriukon (BDPG) u karo crapmapt - wMetwinzoOytuikapounon (MIBC).
M3non3BaHuAT METO/ € U3MEpBaHe HAa HaMaJCHUETO Ha MHTCH3WTETa Ha IIpeMHUHAIaTa mnpe3
MIeHHA KOJIOHA CBETIMHA. Pe3ynTaTure 3a BCHUKHUTE CceleM MEeHOooOpa3yBaTelu moka3axa, ue
BTEG uma nHaii-cnabo nHxubupaiio aelcTBUe BbpXY KoalleCHEHIUsATa Ha MepXypueraTa, a
PPG 600 nma Hait-1o0poTo TakoBa. Y CTAHOBEHATAa KPUTHYHA KOHIICHTPAIUS Ha KOAJICCIICHITHS
(CCC) 3a PPG 600 e 3 ppm u 20 ppm 3a BTEG. B cnyuas na MIBC, koiiTo € u3non3BaH 3a
CPaBHUTEIHO BElIECTBO, ycTaHOBeHaTa ctoiiHocT Ha CCC e 10 ppm, KOeTo € B ChOTBETCTBUE
c JuTteparypHuTe AaHHU. ONUTHO ONpPENENEHM Ca M HM30TEPMHUTE HA IMOBBPXHOCTHOTO
Hampe)KeHue Ha TeHooOpasyBaTenutTe. [laHHUTE ca aHaIM3WpaHH C €IWH OT MOCJIEeIHUTE
a7ICOPOITMOHHH MO/IEIH.

PGSYJ'ITaTI/ITC IIOKa3Bart, 4yc HGH006paSYBaT€J'II/IT€ C MMOJIMIIPOMUIICHTJIMKOJI ITOKa3BaT I10-
rojsiMa IOBBPXHOCTHA AKTHBHOCT B CPABHCHUEC C H3CJIICABAHUA AJIKOXOJ WKW OPYTUTEC
HCHOO6paSYBaTeHI/I. ToBa ce AbIKM Ha TONBIHUTEIIHATA pcoprannu3anys Ha MOJICKYJINTE PPG
Ha rpaHunara BO,[[a/B’L3IIYX, KaToO 110 TO3U HAYHH CC 3aCHUJIBA ITIOBBbPXHOCTHATA UM dKTUBHOCT.

3akaouyeHus

1. Kputnunure konneHrpaiuuu Ha koainecueHuus (CCC) Ha KOHBEHLUHMOHAJIHUTE
(Teproecku) neHooodpazysatenu (PPG 200, 400 u 600; BTPG; BTEG; BDPG; u MIBC kato
pedepennus) Osixa W3CIEABAHW MO OTHOIIEHHWE HAa W3MEpPBAHUATA HAa KOAJECIEHIUS Ha
MeXypdeTa ¢ IIOMOIITa Ha TIEHHA KOJIOHA Bh3 OCHOBA HA HAMAJICHUETO HAa HHTEH3WBHOCTTA HA
cBeTinuHara. Taka, mNeHUTenWTe OsXa MNOAPEJeHM M0 CHuja Ha TAXHATa HHXuUOMpalia
CIOCOOHOCT BbPXY KOQJIECBILEHIIUSA HA MEXypUeTara.

2. bermie HanpaBeH TEOPETUYEH aHAJIU3 HAa MOBbPXHOCTHUTE CBOICTBA HA BCEKU €IUH
OT TE€3U MEHUTEIN 4YPEe3 U3MEPEHU M30TEPMHU HA NOBBPXHOCTHOTO HAIIPEKEHUE W €OUH OT
MOCJIETHUTE TEOPETUYHU aJCOPOLMOHHU MOJEIM B JmepaTrypara. beme HanmpaBeHa Bpb3Ka
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MEXy aJICOPOITMOHHUTE TTapaMeTpy Ha MIEHUTEIUTE U TEXHUTE KPUTUIHHU KOIHCHTPAIIMU Ha
KOAJIECLIEHIINA.

3. beme ycranoBeno, ye PPG 600 e Hali-CWiIeH TMEHUTEN, HO M Y€ TOM uMa
HECTaHJAPTHH CBOKCTBA HA MOBBPXHOCTTA BOAA/BB3MyX. IIpu koHnenTpamuu 1x107 mol/L u
5x107" mol/L ce HabmonaBa psA3bK HEECTECTBEH CAjl HA HOBBLPXHOCTHOTO HAaNpeskeHue ot 70
mN/m nmo 64 mN/m. TakbB cmag Ha TOBBPXHOCTHOTO HANpPEXKEHHE IPH JAPYTUTE
KoHBeHLMOHaNHU IIAB He HU e u3BecTeH.

4. Kato ussi0, HalIMAT METOJT JJaBa CXOAHH PE3YJITaTH C IPYTH METOAH 32 ONpeAeIsiHe
Ha CCC croiiHOCTH, TOTBBPJCHH OT pesyiatarute Ha MIBC, u Moe aa ce cuuTa 3a JIECEH U
O0bp3 MeTo 3a onpeneisine Ha ctoiHocTTa HAa CCC B 1a00OpaTOpHU YCIOBHSI.

18. Stambolova I., Dimitrov O., Shipochka M., Yordanov S., Blaskov V., Vassilev S.,
Jivov B., Simeonova Silviya, Balashev K., Grozev N., Lakov L. — Corrosion resistance
of sol-gel ZrO- coatings deposited on stainless steel, Journal of Physics: Conference
Series, 2020, 1492(1), 012025

Abstract. Corrosion-resistant ZrO, coatings were deposited on stainless steel plates
using organic (A) and inorganic (B) Zr precursors containing polyethylene glycol as structure
directing agent. The dipping-drying cycles were repeated five times; the coatings were then
treated at 500 °C. The samples were studied by atomic force microscopy (AFM), X-ray
diffraction (XRD), X-ray photoelectron spectroscopy (XPS) and by automated contact-angle
goniometry. The corrosion resistance of the ZrO» coatings were examined in NaCl and artificial
sea water. The XRD analyses revealed a crystallized monoclinic ZrO, phase. The AFM
observation proved that after the corrosion attack the surface had no signs of corrosion
(scratches or cracks). The A and B coatings had corrosion rates of 4x10= and 2x10* g/m? h,
respectively. The A coatings possessed a fine grained structure and a lower wettability (contact
angle of 107°) and a lower oxygen content than the B coatings, which determined their better
corrosion properties in both corrosive media.

Pe3ome. BepXy miacTUHKM OT HEpbKAaeMa CTOMaHa ca OTIIOXKEHHU (Upe3 TEXHUKA Ha
notamnsiHe — u3TerisHe, dip-coating) KOpo3uoHHO ycToWuuBHM ZrO2 MOKpUTHs. 3a LeiTa ca
U3MOM3BaHU opraHnyHu (A) u Heopranumunu (B) Zr mnpenmecTBeHMIH, ChABPKAIIN
MOJIMETUJICHIVINKOJI KaTO CTPYKTYPHO HacoyBamlo cpenctBo (marpuna). Lukimure Ha
MOTAIsTHe-CyIIeHe Ce MOBTAPSIT MET IbTH; clieBa 00padoTka Ha nokputusra npu 500 °C. Taka
IIPUTOTBEHUTE IPOOHU ca U3CcieBaHU Upe3 aTOMHO-cuiIoBa Mukpockomnusi (AFM), peHTrenoBa
mudpakuus (XRD), pertrenoBa ¢poto-enekTpoHHa cnektpockonus (XPS) u upe3 nameppane
Ha KOHTAKTHUS bI'bJI. Y CTOWYUBOCTTA Ha KOpo3ust Ha ZrO2-TIOKpUTHSI € U3CIIeIBaHa B PA3TBOPHU
Ha NaCl u u3kyctBeHa mopcka Boja. XRD ananusure paskpusart, ye ZrOz KpucTtaiuzupa B
MOHOKJIMHHA (popma. HU3cnenBanusra ¢ AFM nokasBar, 4e ciell KOpO3MOHHATA aTaka BbPXY
MOBBPXHOCTTA JIUIICBAT CIEAM OT KOPO3Ms (IPACKOTMHU WM MyKHAaTWHHU). CKOpOCTUTE Ha
KOpo3us Ha ToKpuTHaTa A u B ca cvotBetHO 4 X 10° 1 2 x 10* g / m? h. INokpuTtusra A
MpUTEKaBaT PUHO-3bPHECTA CTPYKTYpPa, O-HUCKA OMOKPSAEMOCT (KOHTaKTeH bI'ba OT 107 °) u
MO-HHUCKO ChJIBP’KaHUE Ha KUCIOpOa OT B mokputusita, Koero ompenens TEXHUTE Mo-100pu
KOpPO3MOHHO-YCTOMYHBH CBOMCTBA B JBETE€ KOPO3UBHH CPEU.
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