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PUBLICATION [1]:
Emulsification in nearly Newtonian and non-Newtonian media of wormlike micelles
L. Lesov, S. Tcholakova
Colloids Surf. A 2025, 705, 135603, doi: 10.1016/j.colsurfa.2024.135603

ABSTRACT:

Emulsification experiments with four silicone oils, having viscosities ranging from 0.01 to
30 Pa.s, were conducted in two types of media: nearly Newtonian polyvinyl alcohol (PVA)
solutions and non-Newtonian mixtures induced by worm-like micelles in solutions of sodium
laureth sulfate and cocoamidopropyl betaine (BS) with NaCl. The increased viscosity of BS
solutions upon the addition of NaCl did not significantly affect the drop size in the formed
emulsions. In contrast, the increased viscosity of solutions with higher PVA concentrations
significantly reduced the drop sizes for all silicone oils. A theoretical expression predicting the
maximum drop size in both types of media (nearly Newtonian and non-Newtonian) was derived
and validated against experimental data. The expression accounts for shear-thinning behavior in
both the aqueous and oil phases. Interfacial stress dominates the breakage of less viscous oils,
while viscous stress inside the breaking drop plays a leading role for more viscous oils. The
formation of emulsions with similar sizes in non-Newtonian solutions of BS with different NaCl
concentrations was explained by their strongly shear-thinning behavior, which leads to nearly
similar viscosity at high shear rates, despite their zero-shear viscosities differing by more than two

orders of magnitude.

Theoretical model for drop size prediction
accounting for shear thinning of both continuous and dispersed phases
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NYBJIUKALIUSA [1]:
Emyarupane B pa3rBopu Ha (M0YTH) HIOTOHOBHY ¥ HEHIOTOHOBH (JIyHIH
U. Jlecos, C. Yonarkosa

Colloids Surf. A 2025, 705, 135603, doi: 10.1016/j.colsurfa.2024.135603

PE3IOME:

[TpoBegoxmMe eKCriepuMEHTH 33 eMyJITHpaHe Ha YeTHPU CUIIMKOHOBU Macja ¢ BUCKO3UTETH
ot 0.01 o 30 Pa.s B nBa Tuma cpenu: pa3rBopu Ha noiauBuHmi ankoxod (PVA) ¢ moenenue
OJM3KO /10 HIOTOHOBO; M HEHIOTOHOBHU Pa3TBOPH HA HUIIKOBHIHHU MHUIIEINH, ITOJyYE€HH OT CMECH
(BS) na natpues naypert cyngat u kokoamuponpomnui o6erant ¢ NaCl. [ToBUILIEHUSAT BUCKO3UTET
Ha pasrBopure Ha BS npu nobdassue Ha NaCl He oka3a ChIIECTBEHO BIMSHUE BBPXY pa3Mepa Ha
KaIlKuTe B 00pa3yBaHUTE eMYJICHH. 3a PAa3JIMKa OT TAX, YBEIUYCHUAT BUCKO3UTET HA PA3TBOPUTE
C TMO-BHCOKa KOHIIEHTpauusi Ha PVA 3HauMTenHO HaMaiau pa3MepuTe Ha KalKHUTE 33 BCUYKH
CHJIMKOHOBU Macina. V3Beroxme TeOopeTHYeH H3pa3, IMpelcKa3Balll MAaKCHUMAIHUSA pa3Mep Ha
KallKUTe B JIBaTa TUIA CpeAd (IOYTH HIOTOHOBH M HEHIOTOHOBH), KaTO MPOBEPUXME HEroBaTa
BAJIHMJHOCT CHPSMO €KCIIEPUMEHTAIHUTE JaHHU. TEOpeTHUHUAT U3pa3 OTUNTAa HAMAJICHUETO Ha
BUCKO3UTETa Npu nedopmanus npu cpsizBane (shear-thinning) kakro Ha BoJIHATa, Taka U Ha
MmaciieHata (aza. Mexaya3oBOTO HalpekeHHEe TOMUHHpA NMPH Pa3KbCBAHETO HA IO-MAalKo
BHCKO3HU Maclia, J0KaTO BUCKO3HOTO HANPEKEHUE BHTPE B pa3KbCBaIlaTa ce Karka Urpae Boaemia
pOJIsl IpU TO-BUCKO3HM Macia. OOpa3yBaHETO Ha €MYJICHU ChC CXOJHHU Pa3MEpH Ha KaIllKUTE B
HEHIOTOHOBHTE pa3TBOpU Ha BS Oeme 00siCHEHO ChC CHIIHOTO HaMalleHHUe Ha BUCKO3HMTETA MPH
HapacTBaHe Ha CKOpocTTa Ha nedopmanus. HamanenueTo Bojee 10 HOYTH €IHAKBB BUCKO3UTET
IIPU BUCOKH CKOPOCTH Ha Cpsi3BaHeE, 3a pasjMKa OT BUCKO3UTETUTE Ha Pa3TBOPHUTE MPU HYJIEBa
nedopmarus, KosTO MoKa3Ballle IoBe4e OT JBa MOPSAbKA Pa3IUKa.

Theoretical model for drop size prediction
accounting for shear thinning of both continuous and dispersed phases
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PUBLICATION [2]:
Role of particle size on the cohesive strength of non-sintered (green) ceramics
M. Hristova, 1. Lesov, L. Mihaylov, N. Denkov, S. Tcholakova

Colloids Surf. A 2023, 658, 130653, doi: 10.1016/j.colsurfa.2022.130653

ABSTRACT:

Preparation of particle-loaded foams, followed by drying, sintering and/or cross-linking
are widely explored routes for developing lightweight ceramics with high mechanical strength.
The non-sintered dry ceramic foams are less studied due to their intricate production and the
assumed poor mechanical strength of the obtained “green” materials. Here we produce lightweight
ceramics from foamed particle suspensions containing spherical silica particles with radii varied
between 4.5 nm and 7 pm. The wet foams are prepared in the presence of cationic surfactant and
were dried at ambient conditions to obtain porous materials with mass densities between 100 and
700 kg/m>. The materials containing smaller particles exhibited much higher strength (by up to
2000 times), approaching that of the sintered materials. A new theoretical expression for predicting
the mechanical strength of such materials is derived and is used to explain the measured strengths
of the produced materials through the van der Waals attraction between the particles in the final
dry materials.
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MYBJUKALIUS [2]:

Poast Ha pa3mepa Ha YacTHIUTE BbPXY KOXe€3MOHHATA CHJIA HA He-CHHTEPOBAHU (3€JIeHH)

KepaMHU4YHU MaTepuaaIn

M. Xpucmosa, U. Jlecos, JI. Muxaiinos, H. /lenkos, C. Yonaxosa

Colloids Surf. A 2023, 658, 130653, doi: 10.1016/j.colsurfa.2022.130653

PE3IOME:

HanpaBara Ha nieHH OT KOJIOWJHU YaCTHIIM, MTOCIIE/IBaHA OT CyIIEHE, CHHTEPOBaHE W/WIIN
OMpE)KBaHE Ha YAaCTHULIUTE, MPEACTABIABA IIUPOKO M3CIEBAH MOAXOM 3a pa3paboTBaHE Ha JIEKU
KEepaMUYHU MaTepHalld ¢ BUCOKA MEXaHUYHA AKOCT. M3CylIeHUTe U He-CUHTEPOBaHU KepaMUYHH
MIEHH ca MO0-C1a00 U3CIeIBaH| MOPAIH CIOKHUS UM IMPOU3BOACTBEH MPOIIEC U MperonaraeMara
HUCKAa MEXaHWYHA SKOCT Ha TMOMy4YeHUTE ,3eleHu’ marepuanu. Tyk Hue pa3paboTBaMe JieKH
KEepaMUYHU MaTepHaly OT Pa3NeHEHU CYCIIEH3UH, ChAbPKAIIM CEPUIHN YACTUIM OT CHIIUIHEB
JMOKCHUJI C paanyc, Bapupam Mexxay 4.5 nm u 7 pm. [IbpBoHaYaIHUTE MOKpPH TIEHU CE MOJATOTBAT
B MPUCHCTBUETO HA KATMOHHO MOBBPXHOCTHO-AKTUBHO BELIECTBO M CE€ M3CYIIABaT MpU CTailHU
YCIIOBHSI 3a MOJTyyaBaHe Ha KpaifHUTE MOPHO3HU MaTepuain ¢ IbTHOCT Mexay 100 u 700 kg/m?.
Marepuanure, CbABPKaIIM I10-MaJIKH YaCTHIIH, [TOKa3BaT 3HAUMTEIIHO M0-BUCOKa sKOCT (110 2000
I'BTH), MPUOTIDKABAIA CE JI0 Ta3W HA CHHTEPOBAaHH MaTepuayd. V3BeneHO € HOBO TEOPETUYHO
ypaBHEHHE 3a IMpeJCcKa3BaHe HAa MEXaHWYHATa SIKOCT Ha T€3W MaTepHalli, KOETO CE M3I03Ba 32
oOsICHEHHEe Ha H3MEpeHaTa SIKOCT Ha 0a3ara Ha BaH Jiep BaalicoBOTO NpHBIMYaHE MEXITY

HJaCTUIIUTE B KpaﬁHHTe CyXHW Marcpuraiu.

Compressive Strength: Experiment vs. Theory Theoretical Expression
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PUBLICATION [3]:
Flow reactor for preparation of lipid nanoparticles via temperature variations
1. Lesov, D. Glushkova, D. Cholakova, M. T. Georgiev, S. Tcholakova, S. K. Smoukov, N. Denkov

J. Ind. Eng. Chem. 2022, 112, 37 — 45, doi: 10.1016/j.jiec.2022.03.043

ABSTRACT:

Lipid nanoemulsions and nanosuspensions are used as flavor carriers and bubble stabilizers
in soft drinks and foods, as well as delivery vehicles for lipophilic drugs in pharmaceutics.
Common techniques for their formation are the high-pressure and ultrasonic homogenizers. These
techniques dissipate most of the input energy, which results in excessive heating and generation
of free radicals that might modify sensitive ingredients. Low energy methods are also used in some
applications, but they have specific limitations restricting their universal use. In the current study,
we propose an alternative approach — a flow reactor with a variable temperature, which utilizes the
lipids’ polymorphic transitions to induce spontaneous fragmentation of the lipid microparticles
into nanoparticles. The reactor allows us to obtain emulsions or suspensions with particle
diameters tunable between 20 and 800 nm when appropriate surfactants, temperature profiles, and
flow rates are applied. The fragmentation is comparable to that in a high-pressure homogenizer at
ca. 500 bars or higher, without creating emulsion overheating or cavitation typical for the
conventional methods. The flow reactor can be scaled up to industrial applications using simple
scaling rules.
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MYBJIUKALIUS [3]:

IIporoyeHn peakTop 3a MOJIMYYABAHETO HA JIMIIMIHA HAHOYACTHIIN Ype3

TeMIePATYPHHU Bapualuu
U. Jlecos, /1. I'nywrxosa, /]. Yonaxosa, M.T. I'eopeues, C. Honakosa, C. Cmykos, H. [{enkos
J. Ind. Eng. Chem. 2022, 112, 37 — 45, doi: 10.1016/j.jiec.2022.03.043

PE3IOME:

JlununHyuTe HAHOEMYJICMM U HAHOCYCIIEH3UH C€ M3II0JI3BAaT KaTO HOCUTENHN Ha apoMaTH U
[TukepuHroBM CTAaOMIM3aTOPH HA MEXypueTa B 0E3aJIKOXOJTHHM HAMHWTKU M XPaHU, KaKTO M KaTo
CUCTEeMH 3a JOCTaBKa Ha JUNO(UIHU JeKapcTBa BbB (DapMaleBTUUHH NpUIOKEHHS. YecTo
M3MOJ3BaHU TEXHUKHU 32 TAXHOTO IMOJTy4YaBaHE ca XOMOTEHHU3AIUATA IO BUCOKO HaJSTaHE WU
ype3 yaTpa3ByK. Te3u TEXHUKU AUCUIUPAT MO-ToJsiMaTa 4acT OT BIOKEHATa EHEPIHsi, KOETO BOAU
710 IPEKOMEPHO HATrpsBaHE M TeHEpHUpaHE Ha CBOOOJHH PaUKaIH, KOUTO MOTAT Jia IPOMEHSIT I10-
YYBCTBUTEIHUTE ChCTAaBKU. B HSAKOM MPUIIOKEHUS C€ U3MON3BAT HUCKOCHEPTUMHU METOIU, HO TE
UMaT crnenuuUHA OTpaHMYEHUS, KOUTO BB3IMPEMSITCTBAT yHHUBEpcalmHaTa WM ymnorpeba. B
HACTOSIIIIOTO M3CIIE/IBaHE MpeiaraMme ajiTepHaTUBEH HUCKOCHEPTUEH MOAX0/] — IPOTOUYEH PEAKTOP
C TMPOMEHIIMBA TeMIleparypa, KOWTO H3IMOJI3Ba MOIUMOPPHUTE MPEXOAW Ha JIUMUIUTE 34
WHIYLMpaHe HAa CIOHTaHHA (pparMeHTalnvs Ha JTUNUIHATE MUKPOUYACTHIIM 10 HAHOYACTHIIM.
PeakTopbT HU MO3BOJISBA J1a MOTy4YyaBaMe €MYJICMM WM CYCIIEH3UHU C JUaMEThp Ha YacTHUIIUTE,
KONTO MOxe Aa ce KoHTpoiupa mexay 20 um 800 nm, koraro ce mnpujarar MNOAXOISIIN
MOBbPXHOCTHO-aKTUBHH BEIIECTBA, TeMIeEpaTrypHu mnpoduau u nedutu. dparMeHTanusta €
CHIIOCTABUMA C Ta3u MPHU XOMOTCHH3ATOP 0] BUCOKO HaysATaHe rmpu okoio 500 6apa i moseye,
0e3 1a ce cb3laBa MperpsiBaHe Ha eMYJICHATA WJIM KaBUTAIUsS, THITMYHU 32 KOHBCHIIMOHATHHUTE
Metoau. [IpoToyHUAT peakTop Moxe Ja Ob/ie MamadupaH A0 UHAYCTPUATTHU MPUIOKECHUS Ype3

IIPOCTHU IIpaBUJIA 33 CKAJIUPAHE.
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PUBLICATION [4]:

Food grade nanoemulsions preparation by rotor-stator homogenization
D. Gazolu-Rusanova, 1. Lesov, S. Tcholakova, N. Denkov, B. Ahtchi

Food Hydrocolloids 2020, 102, 105579, doi: 10.1016/j.foodhyd.2019.105579

ABSTRACT:

High-pressure homogenizers, typically used for producing nanoemulsions at the industrial
scale, are energy and maintenance intensive, and limited to produce only dilute, low viscosity
nanoemulsions. We propose an alternative approach to produce dilute to concentrated food-grade
nanoemulsions with droplet size ranging between 100 and 500 nm using rotor-stator
homogenization. Gum Arabic (GA) or modified starch (MS) was used as both viscosity modifier
and emulsion stabilizer. GA and MS have relatively low surface activity compared to the common
low-molecular-mass surfactants used typically for nanoemulsion preparation. The main
differences between GA and MS are the lower viscosity of the GA solutions, compared to MS
solutions, and the faster adsorption of MS, as compared to GA. The obtained results show that
stable nanoemulsions are formed by rotor-stator homogenization when the rapidly adsorbing MS
is used as emulsifier. Much larger drops are formed during emulsification with GA, which is due
to significant drop-drop coalescence in the respective emulsions. The experimental results for the
nanoemulsions prepared with MS are well-described by the theoretical expression for
emulsification in turbulent viscous regime, after proper account for the effects of temperature and

drop-drop interactions in the sheared emulsions.

Mean volume diameter, d, nm

Nanoemulsion preparation: Description of the results
Rotor-stator vs HPH from rotor-stator homogenizer
1000 £1000 - .
r TGO-36 in water emulsions < [ TGO-36 in water emulsions
- stabilized by Modified starch ;5' r stabilized by Modified starch
800 - S 800 -
= E L
[ 8 )
E o
600 g =3
i High pressure homogenizer o
L =]
L ©
400 &
r =]
I Rotor-stator homogenizer @ r
i o !
200 - ! ! 2200...kl....l.'..l...‘l....
1 2 3 500 600 700 800 900 1000

Number of passes Predicted drop diameter, nm



Mean volume diameter, d, nm

MNYBJIUKALUS [4]
XpaHUTEJTHH HAHOEMYJICHH TOJY4€eHH Ype3 POTOP-CTATOP XOMOTeHH3AIUsl
/. I'asony-Pycanosa, U. Jlecos, C. Yonaroea, H. /lenxos, b. Axmuu
Food Hydrocolloids 2020, 102, 105579, doi: 10.1016/j.foodhyd.2019.105579

PE3IOME:

XOMOTeHHM3aTOPUTE IO BHCOKO HAIATaHe, KOUTO OOMKHOBEHO C€ H3IOJ3BaT 3a
IIPOM3BOJICTBO HAa HAaHOEMYJICHM B HMHJIYCTpPHUAJCH Maiad, M3UCKBAT 3HAYMTEIHU CHEPTUIHHU
pecypcu W ChHILECTBEHA MOAIbP)KKA, KaTro ymorpebara MM 4YecTO Ce€ CBEeXIa CaMo JI0
MIPOU3BOJICTBOTO Ha pa3pelieHH, HUICKOBUCKO3HU HaHoeMyJcud. Tyk mpeanarame aaTepHaTUBEH
MOJIXO/1 32 MPOM3BOACTBO Ha Pa3peIeHU U KOHIICHTPUPAHHU XPAHUTEIIHU HAaHOEMYJICHH C pa3Mep
Ha Kankure B auanasoHa ot 100 1o 500 nm upe3 poTop-crarop xoMorenusauus. M3non3saxme
ryma apabuka (GA) u moaudummpano mumecre (MS) xaTo peonornyHu MoAu(UKATOpu Ha
BHCKO3UTETa U cTabUIn3aTopu Ha emysicusaTa. GA u MS uMar cpaBHUTEIHO HUCKA TOBBPXHOCTHA
aKTUBHOCT B CpaBHEHHE ¢ OOMYAIHO W3IMOJI3BAHUTE HUCKOMOJIEKYJIHH MOBBPXHOCTHO-aKTHBHH
BEILIECTBA IIPU IOArOTOBKAaTa Ha HaHoeMyscuH. OcHoBHHUTE paznuku Mexay GA u MS ca
cieqHuTe: pa3tBopure Ha GA MMar MO-HUCHK BUCKO3UTET B CpaBHEHME ¢ Te3u Ha MS, a MS ce
ajcopOupa mo-0bpp30 Ha Mexayda3zoBaTa MOBBPXHOCT. [lomydeHHWTe pe3yiTaTd MOKa3BaT, de
CTa0MJIHM HAHOEMYJICHU ce (QopMHpaT IMpHU POTOP-CTATOP XOMOTEHHU3aIMs, Koraro Obp30-
ancopoupamoro MS ce usnonssa kato emynrarop. [Ipu emynrupanero ¢ GA ce HabmogaBar
MHOTO TIO-TOJIEMH KalKH, KOETO C€ IbJDKM Ha 3HAYMTENHA KOAIECHEHIMS I0 BpeMe Ha
XOMOTeHH3aIuATa. EKcriepuMeHTamTHUTe pe3yiaTaTH 3a HaHOEMYJICMM MpUroTBeHH ¢ MS, ce
OIKCBAT A0OpE OT TEOPETHUHUTE U3Pa3U 3a EMYJITUpaHe B TypOyJIECHTEH BUCKO3EH PEKUM, CIIEH

KaTO CC OTUYCTAT BJIUAHUATA HA TEMIICpaTypaTa U BBaHMOHeﬁCTBHHTa MCKY KaIIKUTC IO BPEMC Ha

XOMOIreHu3anus.
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PUBLICATION |[5]:

Bottom-up synthesis of polymeric micro- and nanoparticles with regular anisotropic shapes

I Lesov, Z. Valkova, E. Vassileva, G. S. Georgiev, K. Ruseva, M. Simeonov, S. Tcholakova, N. D.
Denkov, S. K. Smoukov

Macromolecules 2018, 51, 7456 — 7462, doi: 10.1021/acs.macromol.8b00529

ABSTRACT:

Shape-anisotropic polymeric micro- and nanoparticles are of significant interest for the
development of novel composite materials, lock-and-key assemblies, and drug carriers. Currently,
syntheses require external confinement in microfluidic devices or lithographic techniques
associated with significant infrastructure and low productivity, so new methods are necessary to
scale-up such production efficiently. Here we report bottom-up polymerization of regular shape-
anisotropic particles (polygonal platelets with different numbers of edges, with and without
protruding asperities, and fibrilar particles with controllable aspect ratios), with size control over
4 orders of magnitude (~50 nm-1 mm). Polymerization also enables the study of much smaller
shapes than could previously be studied in water suspensions, and we study the fundamental limits
of the self-shaping transition process driving these transformations for monomer oil droplets of
stearyl methacrylate (SMA) monomer oil. We show the method is compatible with a variety of
polymerizing monomers and functional modifications of the particles (e.g., composites with
magnetic nanoparticles, oil-soluble additives, etc.). We also describe postsynthetic surface
modifications that lead to hierarchical superstructures. The synthesis procedure has great potential
in efficient nanomanufacturing as it can achieve scalable production of the above shapes in a wide
range of sizes, with minimum infrastructure and process requirements and little maintenance of

the equipment.
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MYBJUKAIUS [5]

IToxxon 3a cMHTE3 HA MOJIMMEPHHU MUKPO M HAHOYACTHIM C PABUJIHA aHU30TponHa ¢gopMma

U. Jlecos, K. Bvakosa, E. Bacunesa, I'.C. 'eopeues, K. Pyceea, M. Cumeonos, C. Honakosa,

H.J[. Jlenxos, C.K. Cmykos

Macromolecules 2018, 51, 7456 — 7462, doi: 10.1021/acs.macromol.8b00529

PE3IOME:

[TonuMmepHUTE MHUKPO- W HAHOYACTHIM C aHU30TpOnHa ¢opMa ca BaXHH 3a
pa3paboTBaHETO HA HOBM KOMITO3UTHU MaTe€pHajH, CUCTEMU C MEXaHU3BM ,,KIIOU-KITI0YalIKa™ 1
HOCHUTENHN Ha JieKkapcTBa. [ToHacToseM, CHHTe3a Ha TaKMBA YaCTUIM pa3uuTa Ha aedopmanus Ha
TEUHU KalmKd OT CTEHUTE HAa MUKPO(IYHUIHHU YCTPOWCTBA WIIM KOMOHMHALUS OT JIUTOrpadCKu
TEXHUKH, KOUTO Ca aCOLMUPAHU C U3rPAXIAHETO Ha CKbla HHQPACTPYKTypa U HHUCKA
MPOU3BOIUTEITHOCT. 3aTOBAa ca HEOOXOAMMHU HOBH METOIM 32 €(DEeKTUBHO CKaJIMpaHE Ha TaKoBa
Npou3BOJACTBO. B Hacrosmara paGora IoKJIaBamMe METOJ 3a NMOJIMMEpH3alMs Ha YacTHIH C
perysipHd aHM30TPONHU (popMu (TMOJMTOHATHU TPU3MHU C paszauueH Opod pbOoBe, c/6e3
MOBBPXHOCTHA T'PANaBOCT, KAKTO M (UOPHIAPHU YACTUIM C KOHTPOJIMPYEMH CHOTHOILEHHUS Ha
pa3mepure), ¢ KOHTPOJ Ha pa3Mepa B paMmkute Ha 4 nopsabka (~50 nm-1 mm). [Tomumepusarmsata
CBIIO Taka IMO3BOJISIBA U3CIEIBAHETO Ha MHOTO IO-MAJIKH YaCTHUIM, OTKOJIKOTO Oelle Bb3MOXKHO
JIOCeTa BbB BOJIHU CYCIIEH3UHM, KOETO IIO3BOJISIBA W3CIIE[BAHE HA TI'PAaHULUTE 33 CIOHTAHHU
nedopMaIy Ipy OXJIaKJaHe Ha MAcJICHH MOHOMEPHHM KaITYMIM OT cTeapui Metakpuiaar (SMA).
IlokazBame, uye METOABT € CBHBMECTMM C PA3JIMYHU MOJUMEPU3MPAIIM CE€ MOHOMEPH U
(GyHKIMOHATHN MOAX(DUKAIIMY HA YACTUIMTE (HAIpUMeEp KOMITO3UTH C MAarHUTHU HAaHOYACTHUIIH,
Pa3TBOPUMHM B Maclio JOOAaBKH U Jip.). OnucBaMe U MOCT-CUHTE3HU MOBbPXHOCTHU MOIU(HKALINY,
KOWUTO BOJAT 70 00pa3yBaHETO Ha HepapXu4Hu cynepcTpykrypu. Ilpomenypara mo cunTe3 numa
MOTEHIIMAN 32 MaabupyeMo MPOU3BOJCTBO HA ropecrioMeHaTuTe (JOPMH B HIMPOK JAUANA30H OT
pasMepH, Ipu MUHUMAJIHU U3MCKBAHUS KbM HH(PACTPYKTYpa U HUCKU U3UCKBAHMS 32 MOJIPBKKA

Ha 000pYJBaHETO.
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PUBLICATION [6]:
From Pickering foams to porous carbonate materials: Crack-free structuring in drying
ceramics
M. Hristova, 1. Lesov, S. Tcholakova, V. Goletto, N. Denkov
Colloids Surf. A 2018, 552, 142 — 152, doi: 10.1016/j.colsurfa.2018.05.025

ABSTRACT:

Particle-stabilized foams have attracted considerable research interest, due to their long
term stability (months to years) and the possibility to use them as precursors for production of
porous materials with hierarchical porosity. In our previous study [Lesov et al., J. Colloid Interface
Sci. 504 (2017) 48—57] we clarified the role of the rheological properties of the foamed suspensions
and the type of foam film stabilization in the production of porous silica materials with low mass
density and excellent insulating properties. In the current study we extend our approach to prepare
lightweight carbonate ceramics with controlled density, shrinkage and good mechanical properties.
To prepare the wet foam precursors, we tested a series of eight anionic surfactants which were
previously reported to provide sufficient hydrophobization of CaCO; particles and long-term
stability of the liquid foams. From those surfactants, the medium-chain fatty acids led to crack-
free porous materials with superior mechanical strength, compared to the conventional surfactants.
We study the reasons for the formation of cracks in drying Pickering foams and, on this basis,
propose optimal conditions for obtaining dry porous carbonate materials with required porosity.
Mechanistic explanations are proposed for the main observed effects.




HNYBJIUKAIUA [6]:
Ot IIuKepUHIOBY NEHHU 10 NOPbO3HU KapOoHATHU MaTepuaau: CTpyKkTypupaHe (e3
AeekTH B CyHIANIN Ce KEPAMMYHU MaTEePHAIU

M. Xpucmosa, U. Jlecos, C. Honaxosa, B. I'onemo, H. /{enxos

Colloids Surf. A 2018, 552, 142 — 152, doi: 10.1016/j.colsurfa.2018.05.025

PE3IOME:

[lenute cTaOMIM3UpaHU C YaCTHIM MPEIU3BUKBAT 3HAUMTENICH HAyuYeH MHTEPEC MOpaIu
IBATOCPOYHATA CH CTAOMIIHOCT (Mecel, TOJMHHN) U Bb3MOXKHOCTTA J1a OBbJaT U3MOI3BAHU KAaTo
NPEKypcopu 3a MPOM3BOJICTBOTO Ha IMOPHO3HM MaTepualid C HepapxuyHa CTpyKTypa. B
npenuirHoTo Hame uscneasane [Lesov et al., J. Colloid Interface Sci. 504 (2017) 48-57]
M3ACHUXME POJIsiTa Ha PEOJIOTUYHUTE CBOMCTBA HA CYCHEH3UH, M3IIOJI3BAHM 32 MOJyYaBaHETO Ha
MeHU, W MeXaHu3Ma Ha crabunm3anus Ha neHHute ¢uwimu (oT [TAB wmm wactunm) 3a
MIPOU3BOICTBOTO HA MOPHO3HU CHIIMKATHU MaTEPHUAJIH C HUCKA IITBTHOCT U OTJIMYHU U30JIAIIUOHHI
cBoiicTBa. B HacTosmoro wu3cienBaHe pasmupsiBaME IOJXOJA CH, 3a Ja HOATOTBUM JIEKH
KapOOHAaTHU MaTepHUaId ¢ KOHTPOJIUpPYEeMa IUTbTHOCT, CUBAaHE 10 BPEME Ha CYIIEHETO U J00pH
MEXaHUYHU CBOMCTBA. 3a Ja MOATOTBUM ITbPBOHAUYAIHUTE IIEHHU, TECTBAXME CEpUsi OT OCEeM
annoHHu [IAB, 3a kouTo € CcHOOIIEHO B JUTEpaTypaTa, Y€ OCUTYpPSBAT BB3MOXKHOCT 32
xunapododmusupane Ha CaCOs 1 IBATOCPOYHA CTAOMIHOCT HA TEYHUTE MEHHU. Y CTAaHOBUXME, Ue
MAaCTHH KHCEJIMHU ChC CpelHA IbDKMHA Ha Bepurara BOJAT IO IMOJIyYaBAaHETO Ha MOPbO3HHU
MaTepuanu 6e3 1edeKkTu u ¢ mo-3ApaBa CTPYKTypa B CpaBHEHHE ChC CTaHJAPTHHUTE CyJI(aTHH U
cyndonatau ITAB. U3cnensanero mpemiara oOsICHEHUS 32 OCHOBHUTE €EKTH, KOUTO BOJAT JI0
MOJTyYaBaHETO Ha Je(EeKTH B MaTepUaIM U IIpe/ylara ONTUMAIHH YCIOBHUS 3a MTOJTyyaBaHe Ha CyXH

IOPHO3HU Kap60HaTHI/I IICHU C XKCJIaHa IINITBTHOCT.

SLES, crack formation




PUBLICATION [7]:
Detachment of rough colloids from liquid-liquid interfaces
M. Zanini, I. Lesov, E. Marini, C.-P. Hsu, C. Marschelke, A. Synytska, S. E. Anachkov, L. Isa

Langmuir 2018, 34, 4861 — 4873, doi: 10.1021/acs.langmuir.8b00327

ABSTRACT:

Particle surface roughness and chemistry play a pivotal role in the design of new particle-
based materials. Although the adsorption of rough particles has been studied in the literature,
desorption of such particles remains poorly understood. In this work, we specifically focus on the
detachment of rough and chemically modified raspberry-like microparticles from water/oil
interfaces using colloidal-probe atomic force microscopy. We observe different contact-line
dynamics occurring upon particle detachment (pinning vs sliding), depending on both the particle
roughness and surface modification. In general, surface roughness leads to a reduction of the
desorption force of hydrophobic particles into the oil and provides a multitude of pinning points
that can be accessed by applying different loads. Our results hence suggest future strategies for

stabilization and destabilization of Pickering emulsions and foams.
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NYBJIUKALMUS [7]:
OTKbCBaHe HA IPANaBU KOJOUIHH YACTUIM OT TEYHO-TEYHU MeKIY(Pa30BU IPAHUIH
M. 3anunu, Y. Jlecos, E. Mapunu, 4.-11. Cy, K. Mapwenke, A. Cunumcka, C. Anauxos, JI. Hca

Langmuir 2018, 34, 4861 — 4873, doi: 10.1021/acs.langmuir.8b00327

PE3IOME:

CBoiicTBaTa Ha TBBPAUTEC MOBBPXHOCTH, KAaTO TPAAaBOCT U XUMHUYCH CHCTaB, UTPAsT
KJIIOYOBa POl TPU JTU3aiiHA Ha HOBH MAaTepHaiM Ha OCHOBAaTa Ha 4YacTUIM. Bbmopeku dye
azncopOIMsATa Ha TparaBy YacTHIM € W3CJIEABaHA B JIMTEpATypaTa, TAXHATa JIeCOpOLHUsl OcTaBa
ciabo pa3zbpana. B tasm pabota ce ¢okycupame KOHKPETHO BHPXY OTKHCBAHETO HA T'paliaBU U
XUMHYCCKH MOJIU(PUIMPAHA MUKPOYACTUIU C ,,MAIMHOBHIHA" CTPYKTypa OT BOJHO/MACIICHU

rpaHUIIU, KaTO U3IOJI3BBAME aTOMHO-CHUJIOBA MUKPOCKOIIHA ChC 3aKaUCHA KOJIOUAHA npo6a.

HaOmronaBame pa3inkuTe B TMHAMUKATA HA KOHTAKTHATA JIMHUS 10 BPEME Ha OTKbCBAHETO
Ha YacTHIMTE (3aKayaHe CHPSIMO MPEXTb3BaHE), KOETO 3aBUCH KAKTO OT TIparaBOCTTa Ha
YaCTHUIMTE, Taka W OT TMOBBPXHOCTHAaTa MM Moaudukanus. Karto 1510, MOBHIICHHETO Ha
MOBBPXHOCTHATA TPalaBOCT BOJIM [0 HAMaJsBaHE Ha CWiIaTa Ha JecopOmmsi Ha XuapodoOHH
YaCTHUIM B MACJIOTO M OCUTYpPsIBA MHOYKECTBO TOUYKH Ha 3aKayaHe (pinning), KOUTO MOrar jia Obaar
aKTUBUPAHU MPHU pa3IMYHK HATOBapBaHMs (BOJCIIM JIO Pa3IMYHO MPOHUKBAHE HAa KOJIMIHATA
npoba or enHara B apyrara ¢asa). Hammre pesynraTu mnpeyiaraT HOBH CTpaTerud 3a

CTa6I/IJ'II/IBaI_[I/I$I n I[CCTa6I/IJ'II/13aI_[I/I$I Ha HI/IKepI/IHFOBI/I CMYJICUH U IICHU.
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PUBLICATION |[8]:
Role of Pickering stabilization and bulk gelation for the preparation and properties of solid
silica foams
L Lesov, S. Tcholakova, M. Kovadjieva, T. Saison, M. Lamblet, N. Denkov
J. Colloid Interface Sci. 2017, 504, 48 — 57, doi: 10.1016/j.j¢is.2017.05.036

ABSTRACT:

Foaming of particulate suspensions, followed by foam drying, is developed as an efficient
method for production of highly porous materials with various applications. A key factor for
success is the appropriate choice of surfactants which both modify the particle surface and stabilize
the foam. Here we compare the efficiency of this method for silica suspensions containing two
surfactants which lead to very different types of foam stabilization. Cationic TTAB leads to
particle-stabilized foams (Pickering stabilization) whereas zwitterionic CAPB — to surfactant-
stabilized foams. Thus we determined the general (common) features shared between the various
surfactant systems: (1) The foaminess is controlled exclusively by the suspension viscosity under
shearing conditions which mimic precisely the foaming process; (2) The foam stability to drainage
and coarsening is controlled exclusively by the suspension yield stress; (3) The surfactant
adsorption on the particle surface should occur in the time scale of seconds to minutes, thus
ensuring appropriate rheological properties of the foaming suspension. Similar kinetic effects
could be of high interest to other colloid systems and processes, e.g. for kinetic control of the
internal structure and properties of aerogels produced from sheared suspensions, and for control
of the transient rheological properties and non-Newtonian flow of particulate gels.
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IIYBJIUKALUA [8]:
Ponst Ha [IukepuHroBara cradbuiausanus 1 00eMHOTO re;ioo0pasyBaHe BbpPXy
MOJIy4aBAaHETO W CBOICTBATA HA TBbPAU CHINKATHU MEHN
U. Jlecos, C. Yonaxosa, M. Kosaoocuesa, T. Cacon, M. Jlambne, H. /lenkos
J. Colloid Interface Sci. 2017, 504, 48 — 57, doi: 10.1016/j.j¢is.2017.05.036

PE3IOME:

[TenooOpa3yBaHEeTO Ha CYyCIIEH3MH, MTOCIEIBAHO OT M3CYyIlIaBaHE Ha MAHATa, € e(PEeKTUBEH
METOJI 32 TPOMU3BOJICTBO HA JIEKU MaTepUaNIX C pazHOOOpa3Hu npuiiokeHus. Kimouos dakrop 3a
ycrexa e n300pa Ha IOIXOAA1IN TOBbPXHOCTHO-aKTHBHH BemiecTBa (IIAB), kouto enHOBpeMEeHHO
MOIUGHUIMPAT TOBBPXHOCTTA HA YaCTULUTE M CTAOWIM3UpaT MsHaTa. TyK cpaBHSBame
e(eKTUBHOCTTAa Ha TO3M METOJ] 32 CYCIIEH3UU HA CHJIMKATaHH YaCTHIM, ChIbpPXKAIIW J[Ba THUIA
[TAB, KOUTO BOJAAT 10 MHOTO Pa3IMYHA MEXaHU3MH Ha CTaOMiIu3alys Ha msHata. KaTHOHHOTO
TeTPaACHMITPUMETUIAMOHUEB OpOMHJI BOJIM JO CTa0MJIM3MpaHE Ha IIsIHaTa 4Ype3 YacTHLHU
(Pickering), nokaTo HBUTEPHOHHOTO KOKaMUAOIPONNI OETauH — 10 CTAOMIM3UpaHEe Ha TICHHUTE
¢wimu ot monekynute Ha [TAB. Tyk uzcienBaxme NpUIMKUATE U PA3ITUKUTE MEXKIY JIBaTa THIIA
crabunm3anus: (1) [lenooOpa3yBaHeTo ce KOHTPOIMPA OCHOBHO OT BHCKO3UTETA Ha CYCIICH3UATA
IpU TPU CKOPOCTTa Ha aedopMmaius, KOSTO MMaMme IMpH Ipoleca Ha neHooOpasyBane; (2)
CraOuiIHOCTTa Ha MSHATA CPEelly U3THYAaHE Ha BOJA U AUCIPONOPIMOHUPAHE Ha MeXypueTara ce
KOHTPOJIMpA OT MPAroBOTO HANPEKEHHE 3a MPOTUYAHE Ha CycIieH3usTa; (3) Ancopouusita Ha [TAB
BBPXY MOBBPXHOCTTA Ha YAaCTUIMTE TPsAOBa J1a MPOTHYA B PAMKHTE Ha HAKOJIKO CEKYyHIH JI0
MUHYTH, KATO OCUTYpsIBa MOJXOAAIIUTE PEOJIOTHYHU CBOMCTBA Ha cycrieH3usaTa. HabmronaBanute
KAHETHYHHU €(PEeKTH ca OT MPAaKTUYECKU MHTEPEC U 3a JPYrd KOJIOMIHHU TUCIIEPCHU U TPOIIECH,
HarpuMep 3a KWHETHYEH KOHTPOJI Ha BbTPEIIHATa CTPYKTypa M CBOMCTBATa Ha aeporesid WM 3a

0XapaKTCPpU3UpPaHC HAa HCHIOTOHOBOTO TCUCHUC Ha FCJI-O6p3.3yBaH_II/I CYCIICH3HHU.

10 — —— Mixed stabilization
L e—— B . ixe :
& [ #4 4 stabilization Wet foam WAfter drying
g 08 F RN P 2.0 & '
o =
s "
g 0.6 - \
QEJ C \
3 04 Pickering ‘ Pickering stabilization
> [ stabilization After drying
< 02f L IOL
C 1 At 4 414l L el L
102 101 100

Suspension viscosity, Pa.s



PUBLICATION [9]:

Efficient self-emulsification via cooling-heating cycles
S. Tcholakova, Z. Valkova, D. Cholakova, Z. Vinarov, I. Lesov, N. Denkov, S. K. Smoukov
Nature Com. 2017, 8, 15012, doi: 10.1038/ncomms15012

ABSTRACT:

In self-emulsification higher-energy micrometre and sub-micrometre oil droplets are
spontaneously produced from larger ones and only a few such methods are known. They usually
involve a one-time reduction in oil solubility in the continuous medium via changing temperature
or solvents or a phase inversion in which the preferred curvature of the interfacial surfactant layer
changes its sign. Here we harness narrow-range temperature cycling to cause repeated breakup of
droplets to higher-energy states. We describe three drop breakup mechanisms that lead the drops
to burst spontaneously into thousands of smaller droplets. One of these mechanisms includes the
remarkable phenomenon of lipid crystal dewetting from its own melt. The method works with
various oil-surfactant combinations and has several important advantages. It enables low surfactant
emulsion formulations with temperature-sensitive compounds, is scalable to industrial

emulsification and applicable to fabricating particulate drug carriers with desired size and shape.
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MYBJIUKAILAS [9]:

EdexTuBHO caMoeMyJ/IrupaHe Ype3 TeMIepaTypPHU HUKJIM HA OXJIA:KIaHe-HATPSIBaHe
C. Yonakosa, K. Bvakosa, /[. Yonaxosa, 3. Bunapos, U. Jlecos, H. /lenkos, C.K. Cmykog
Nature Com. 2017, 8, 15012, doi: 10.1038/ncomms15012

PE3IOME:

IIpu camoemynrupane ce oOpa3yBaT BHUCOKOCHEPTMHHU  MHUKPOMETPOBH U
CyOMHMKpPOMETPOBH MAacCJIEHU KaITYUL{ CIIOHTAHHO OT MO-TOJIEeMU TAaKMBA, KaTO ca U3BECTHH CaMO
HSKOJIKO TaKMBa MeTo/ia. Te 0OMKHOBEHO BKIIIOYBAT MTPOMSHA HAa Pa3TBOPUMOCTTA HA MACJIOTO B
HEIIPEKbCHATATA CpeJia Ype3 Bapualuy B TEMIIEPATYPATa WIKM ChIbPKAHUETO HA EMYJICUATA, IIPU
KOETO MpearoYnTaHaTa KpUBHHA Ha MOBBPXHOCTHO-aKTUBHOTO BetecTBo (IIAB) cmens 3naka cu.
Tyk u3nona3Bame TECHOOOXBATHO TEMIIEPATypHO LMKIIMpaHe, 3a Ja Mpeau3BUKaMe MHOTOKPATHO
paslpbcBaHEe Ha IO-TOJIEMHM KalKW Ha MO-Malku TakuBa. OmnucBamMe TpU MeEXaHH3Ma Ha
pasnpbCBaHe Ha KamkuTe. ENUH OT Te3u MEXaHH3MHU BKIIOYBA 3a0€TeKUTENHUS (EHOMEH Ha
"OTMOKpsiHE" Ha JMIKJCH KPUCTaJI OT coOCTBeHaTa My cromeHa (aza. MeronbT pabotu ¢
pa3nuyHu KoMOMHaAIMK oT Macna u [TAB, 1 nMa HAKONKO BakHM mpeaumcTBa. Toil mo3BossiBa
¢dopmynrpaHe Ha eMyJCHM C HHCKO ChabpkaHue Ha IIAB u ¢ TemmepaTypHO-4yBCTBUTEIHH
CbEJMHEHUS, KaTO JaBa BBb3MOXKHOCT Jla ObJe CKaJMpaH 10 MHIYCTPUATHO HHUBO, KAKTO U €

MPUIIOKKM 3a Cb3AaBaHC Ha CYCIICHAUPAHU! JICKAPCTBCHU HOCHUTCIIN C KCJIAHU pasMCp U (bopMa.
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PUBLICATION [10]:

Particle detachment from fluid interfaces: Theory: vs. experiments
S. E. Anachkov*, I. Lesov*, M. Zanini, P. A. Kralchevsky, N. D. Denkov, L. Isa
Soft Matter 2016, 12, 7632 — 7643, doi: 10.1039/c6sm01716a
*Both authors contributed equally
ABSTRACT:

Microparticle adsorption and self-assembly at fluid interfaces are strongly affected by the
particle three-phase contact angle . On the single-particle level, can be determined by several
techniques, including colloidal-probe AFM, the gel-trapping technique (GTT) and the freeze-
fracture shadow-casting (FreSCa) method. While GTT and FreSCa provide contact angle
distributions measured over many particles, colloidal-probe AFM measures the wettability of an
individual (specified) particle attached onto an AFM cantilever. In this paper, we extract for
smooth microparticles through the analysis of force-distance curves upon particle approach and
retraction from the fluid interface. From each retraction curve, we determine: (i) the maximal force,
Fmax; (ii) the detachment distance, Dmax; and (iii) the work for quasistatic detachment, W. To
relate Fmax, Dmax and W to we developed a detailed theoretical model based on the capillary
theory of flotation. The model was validated in three different ways. First, the contact angles,
evaluated from Fmax, Dmax and W, are all close in value and were used to calculate the entire
force-distance curves upon particle retraction without any adjustable parameters. Second, the
model was successfully applied to predict the experimental force-distance curve of a truncated
sphere, whose cut is positioned below the point of particle detachment from the interface. Third,
our theory was confirmed by the excellent agreement between the particle contact angles obtained
from the colloidal-probe AFM data and the ensemble-average contact angles measured by both
GTT and FreSCa. Additionally, we devised a very accurate closed-form expression for W
(representing the energy barrier for particle detachment), thus extending previous results in the

literature.
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NYBJIUKALUA [10]:
OTKbCBaHe HA YACTULM OT TeYHH Me:xKkaypa3oBu rpanunu: Teopusi cipsiMo eKciepuMeHTH
C. Anauxos™®, U. Jlecos*, I1. Kpanuescku, H. /lenxos, JI. Hca
Soft Matter 2016, 12, 7632 — 7643, doi: 10.1039/c6sm01716a
* ABTOpHTE UMAT PaBeH MPUHOC

PE3IOME:

AncopOnusiTa Ha MUKPOYACTUIM M TAXHATA CAaMOOPIaHM3ALMs HA TEYHM T'PAHUIM Ca
CHJTHO TIOBJIMSIHA OT KOHTAaKTHHS BI'bJI HAa yacTUlTe. Ha HUBO eMHUYHA YacTUIa TOH MOXe aa
ObJIe ompe/eNieH Ype3 HAKOJIKO TeXHUKH, BKIIOUUTEITHO aTOMHO-CHIoBa MUKpockomnus (AFM) ¢
KosoniHa mpoba; ren-ynassima TexHuka (GTT); m meroma Ha 3aMpassiBaHe, paslelsiHe H
KOHTpacTupane Ha yactuuute (freeze-fracture shadow-casting, FreSCa). lokato GTT u FreSCa
ocurypsiBaT MH(OpMAIMs 3a Pa3NpEIeICHUETO Ha KOHTAKTHUTE BIVIM HA MHOXECTBO YAaCTHIIH,
AFM wu3mepBa OMOKpPSIHETO Ha MHAMBHyallHAa (KOHKPETHO ONPEJENIEHA) YacTUla, PUKpENeHa
kbM AFM kantunusbp.B Taszu craTus onpenensMe KOHTAKTHHS BI'BJ 32 TJIAJKH MUKPOYACTUIN
Yype3 aHaJIU3 Ha CUJIOBUTE KPUBHU NIPU NpUOIMKaBaHEe U OTIPBIIBAHE HA YacTHUIlaTa OT (IyuaHaTa
noBbpxHOCT. OT BCsIKa KpUBa onpeaersMe: (1) MakcCUMaHaTa cujla Ipy OTKbCBaHE Ha YacTHIATa,
Frax; (i1) pa3cTosIHUETO Ha OTKBCBaHE, Dmax; ¥ (iil) paboTaTa mpu KBa3UCTAaTUYHO OTKbCBaHE, W.
3a 1a 06BBpKeM Fmax, Dmax ¥ W € KOHTaKTHUS BI'bJI, pa3pabOTUXME MTOAPOOECH TEOPETHUEH MOJIEI
Ha 0a3aTa Ha KanmwIspHaTa Teopus Ha QuoranusaTa. MoaensT Oelie BaIMAUPAH 10 TPH Pa3InIHU
HaunHa: KOHTaKTHUTE BIVIM, M3YUCICHU OT Fmax, Dmax 1 W, ca OJH3KM IO CTOMHOCT M Osxa
U3IIOJI3BAHU 32 M3YMCIISIBAHE Ha ITBJIHUTE CUJIOBO KPUBU NpU OTApPBIIBAHE Ha yacTuiara, 0e3
HUKAaKBM HamacBallk MapaMeTpu. MonenbsT Oelle YyCIEeIIHO NPHJIOKEH 3a IMpelCcKa3BaHe Ha
eKCIIepUMEHTaIHaTa CUJIOBO KpHBa Ha CKOCeHa cdepa, YMHTO pa3pe3 € MO3UIUOHUPAH TOA
TOYKaTa Ha OTKBbCBAaHE HA YacTHIaTa OT MexIyda3oBara MOBbPXHOCT. Teopusita HU Oere
MOTBBPJICHA ¥ OT OTJIMYHOTO CHOTBETCTBHE MEX/Ty KOHTAKTHHUTE BIJIM HA YACTULIUTE, MOJIyUYEHH
oT AFM naHHu, ¥ cpeAHOAPUTMETUYHUTE KOHTAKTHU bIIH, u3MepeHu upe3 GTT u FreSCa. Oceen
TOBa aHAIMTUYEH M3pa3 ¢ nojoOpeHa ToyHocT 3a W (TpencTaBiisiBal] eHepruiiHaTa Oapuepa 3a

OTKBCBAHC Ha ‘IaCTI/IHaTa), KaTO IO TO3W HAYUH PASHIUPUXMC CHIICCTBYBAIIUTC PE3YJITaTU B

JIuTeparypara.
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PUBLICATION [11]:

Control of drop shape transformations in cooled emulsions
D. Cholakova, N. Denkov, S. Tcholakova, I. Lesov, S. K. Smoukov
Adv. Colloid Interface Sci. 2016, 235, 90 — 107, doi: 10.1016/j.cis.2016.06.002

ABSTRACT:

The general mechanisms of structure and form generation are the keys to understanding
the fundamental processes of morphogenesis in living and non-living systems. In our recent study
(Denkov et al., Nature 528 (2015) 392) we showed that micrometer sized n-alkane drops, dispersed
in aqueous surfactant solutions, can break symmetry upon cooling and “self-shape” into a series
of geometric shapes with complex internal structure. This phenomenon is important in two
contexts, as it provides: (a) new, highly efficient bottom-up approach for producing particles with
complex shapes, and (b) remarkably simple system, from the viewpoint of its chemical
composition, which exhibits the basic processes of structure and shape transformations,
reminiscent of morphogenesis events in living organisms. In the current study, we show for the
first time that drops of other chemical substances, such as long-chain alcohols, triglycerides, alkyl
cyclohexanes, and linear alkenes, can also evolve spontaneously into similar non-spherical shapes.
We demonstrate that the main factors which control the drop “self-shaping”, are the surfactant type
and chain length, cooling rate, and initial drop size. The studied surfactants are classified into four
distinct groups, with respect to their effect on the ‘“self-shaping” phenomenon. Coherent
explanations of the main experimental trends are proposed. The obtained results open new
prospects for fundamental and applied research in several fields, as they demonstrate that: (1) very
simple chemical systems may show complex structure and shape shifts, similar to those observed
in living organisms; (2) the molecular self-assembly in frustrated confinement may result in
complex events, governed by the laws of elasto-capillarity and tensegrity; (3) the surfactant type
and cooling rate could be used to obtain micro-particles with desired shapes and aspect ratios; and

(4) the systems studied serve as a powerful toolbox to investigate systematically these phenomena.
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MYBJIAKALMA [11]:

KonTpoa Ha opMaTa HA KANIKM B eMYJICHHU NPH TAXHOTO OXJIAKIAHE
/. Yonaxosa, H. /lenxos, C. Honakxosa, U. Jlecos, C. K. Cmyxos
Adv. Colloid Interface Sci. 2016, 235, 90 — 107, doi: 10.1016/.cis.2016.06.002

PE3IOME:

O6mmuTe ™MexaHu3Mu 3a oOpasyBaHe Ha CTpykrypa u ¢opma ca KIOYOBH 3a
Mop(oreHesara B *KUBU U HEXHUBU cUCTeMU. B Hameto cxopoiHo uscnensane (Denkov et al.,
Nature 528 (2015) 392) nokazaxme, 4Ye KalKd h-aJKaHU C MHUKPOMETPOBU pa3MepH,
JUCIIEPTUpaH BbB BOJHU pa3TBOpPU Ha MOBBPXHOCTHO-akTHBHU BemiectBa (IIAB), morat
Jla HapyllaT CUMETpHsTa MpU OXJaKJaHe U Ja ce ,,camoaedopmupat: B IOCIEIOBATETHOCT OT
reOMETPUYHU (OPMH CBhC CJOXKHA BBTPEIIHA CTPYKTypa. ToBa sBIEHHE € BaXHO B
KOHTEKCTa Ha: (a) Ch3IaBaHETO Ha HOB, BUCOKOC(HEKTHUBEH METOJ ,,0TAO0Jy-Harope™ 3a
MPOM3BOJACTBO HA YACTHIM CHhC CIOXKHH (opmu U (0) HAMHpPAHETO HA MPOCTa cUCTeMa (OT
rJIeHa TOYKA Ha HEMHMSI XMMHUYEH ChCTaB), KOSITO IEMOHCTPUPA OCHOBHH IPOIIECH 33 POMEHU
Ha CTPYKTypa u ¢hopma, HAIOMHSIIN CHOUTHS Ha MOP(OTEeHE3a B KUBH OPTaHU3MH.

B nHacrosmoTo u3cienBaHe Moka3BaMe 3a IbPBH IIBT, Y€ KANKU OT PA3IUYHU XUMUYHU
BEILECTBA, KATO ABJITOBEPUKHU AJIKOXOJIU, TPUTIHULEPUIU, ANKWILMKIOXEKCAHH W JIMHEHHU
QJIKeHHW, CBIOIO MOraT CIIOHTaHHO Ja ce pa3BusAT B Mon00HM Hechepuunu  ¢opmu.
JleMoHCTpHpamMe, Ye OCHOBHHTE (DakTOpu, KOUTO KOHTPOJHUPAT ,,caMOO(OPMIHETO™ Ha
kankurte, ca BuabT Ha [IAB u nbpmkuHata Ha HeroBara XuapooOHa Bepura, CKOpOCTTa Ha
OXJIKJAaHE W HAYaJHUAT pasMep Ha Kamkute. M3cnensanure [IAB ca xnacuduumpanu B
YeTHpPH OTIENHM Tpynu cropen edekra wuMm ,.camoodopmsHero”. Ilpemnoxenun ca
MOCJIEJOBATEIHU OOSICHEHUS] Ha OCHOBHUTE €KCIEpUMEHTAJIHU TeHAeHIuu. [loxyuenure
pe3ysTaTH OTBapsAT HOBH TEPCHEKTHBH 3a (YHIAMEHTATHH W TPHJIOKHU H3CICIBAHUS B
HSIKOJIKO O0JIaCTH, KaTo JIEeMOHCTpHUpaT, 4ye: (1) MHOro mpocT XMMHMYHU CHCTEMH MOrar Ja
MOKa3BaT CJIOXHU CTPYKTYpPHHU, TOJOOHW HaA Te3W, HAOII0/aBaHU B >KUBUTE OpraHu3Mu; (2)
CTIOHTaHHHUTE JedOopMaIlii B OTPAaHMYEHH IPOCTPAHCTBA BOIAT JO 1O CIIOXKHU CBHOWTHS,
YOpPaBIsBAHU OT 3aKOHUTE HA €JacCTOKAlWISIPHOCTTa M NPUHLMINUTE 3a ,,TeHcerputu; (3)
BuabT Ha [IAB u ckopocTra Ha oxyiaxkJaaHe MoraT Ja ce H3IMOoJ3BaT 3a IOJlydaBaHE Ha
MUKpPOYACTHIIA C JKeTaHW (OpMH W CHOTHONICHUS Ha pasMmeputre; W (4) HU3CICIBAHUTE
CUCTEMHU CITy’KaT KaTo MOJXOMSI METOJ] 32 CUCTEMAaTUYHO U3y4YaBaHE Ha TE€3U SIBJICHUS.
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PUBLICATION [12]:
Self-shaping of oil droplets via the formation of intermediate rotator phases upon cooling
N. Denkov, S. Tcholakova, I. Lesov, D. Cholakova, S. K. Smoukov
Nature 2015, 528,392 — 395, doi: 10.1038/nature16189

ABSTRACT:

Revealing the chemical and physical mechanisms underlying symmetry breaking and
shape transformations is key to understanding morphogenesis. If we are to synthesize artificial
structures with similar control and complexity to biological systems, we need energy- and
material-efficient bottom-up processes to create building blocks of various shapes that can further
assemble into hierarchical structures. Lithographic top-down processing allows a high level of
structural control in microparticle production but at the expense of limited productivity.
Conversely, bottom-up particle syntheses have higher material and energy efficiency, but are more
limited in the shapes achievable. Linear hydrocarbons are known to pass through a series of
metastable plastic rotator phases before freezing. Here we show that by using appropriate cooling
protocols, we can harness these phase transitions to control the deformation of liquid hydrocarbon
droplets and then freeze them into solid particles, permanently preserving their shape. Upon
cooling, the droplets spontaneously break their shape symmetry several times, morphing through
a series of complex regular shapes owing to the internal phase-transition processes. In this way we
produce particles including micrometre-sized octahedra, various polygonal platelets, O-shapes,
and fibres of submicrometre diameter, which can be selectively frozen into the corresponding solid
particles. This mechanism offers insights into achieving complex morphogenesis from a system

with a minimal number of molecular components.
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HNYBJIUKAIUA [12]:
CnonTannu negopManum B eMYJCHOHHU KAaNKH NP OXJIAKIaHe Ype3 o0pa3yBaHe HA
MEeKIUHHU POTATOPHHU (pa3u

H. Jlenxos, C. Yonaxosa, 1. Jlecos, /I. HYonaxosa, C. K. Cmykos
Nature 2015, 528,392 — 395, doi: 10.1038/nature16189

ABSTRACT:

PaskpuBaHeTo Ha XUMHUYECKATE U (U3NYECKUTE MEXaHU3MH, KOHWTO CTOAT 3al
HapyIIaBaHETO HAa CUMETPUTA U TpaHChOpManuUTe Ha (hopMmara, € KIFUOBO 33 pa3dUpaHeTo Ha
nporeca Mopdoreneza. 3a J1a MOXKEM Jia CHHTE3MpaMe W3KYCTBEHH CTPYKTYpH, MOJOOHU Ha
OMOJIOTUYHUTE TIO0 OTHOIIEHHWE Ha KOHTPOJI M CIIOXHOCT, C€ HYXIAaeM OT €Hepro- M
MatepuasiHo edekTuBHU mporecu "ormony-Harope" (top-down). Te3um meromm TpsiOBa ma
JaBaT Bb3MOXKHOCT 32 CUHTE3a Ha HayajgHU "CTPOUTEITHHU OJIOKOBE", KOUTO B IMOCJIEIICTBHE Ja CE
CaMOOPTaHU3UPAT B MO-BUCIIN CTPYKTYpu. JluTorpadckure TexHUKH "oTrope-Hagony" (top-
down) TmO3BONSBAT BHUCOKA CTENEH HAa KOHTPOJ BBPXY CTPYKTypara Ha MUKPOYACTHUIMTE, HO
TOBA € 3a CMETKa Ha OrpaHHuYeHaTa UM Mpou3BoauTeaHocT. Cunresurte "oTmomy-Harope" ca mo-
e(EeKTUBHU 110 OTHOIICHHE Ha MaTepUAIH U €HEPrus, HO ca MO-OTPAHUYCHH B TIOCTUTAHETO Ha
pasHooOpasuu popmu. M3BecTHO €, Ye JTMHEWHUTE BBITICBOAOPOAN NMPEMUHABAT IMPE3 CEpPHs OT
MeTacTaOWIIHM TJIaCTHYHH poTaTopHH (asu mpenu 3ampb3BaHe. Tyk Tmoka3zBame, ue
9ype3 MOIXOJSIIN OXJIXKIAIIN MPOIEeIypd MOXEM Jia M3IoJI3BamMe Te3n (ha3oBHM Mpexo.nu, 3a
JIa KOHTpoimpame aedopMmanusaTa Ha TEYHH KalKh BBIJICBOJOPOAM M Ja TH 3aMpa3uM B
TBBPJM YACTHIM, KAaTO 3ala3uM TpaiiHO TsaxHaTa (opma. IIpu oxnakgaHe KankuTe CIIOHTaHHO
HapymaBar cepuvHaTa CH CUMETpHs, NPEMUHABAWKH Ipe3 Cepusi OT CIOXKHU U PETYJSIPHU
dbopmu B pe3ydarar Ha BBTpemrHHTE (a3oBU mnpexoad. [lo TO3W HAYMH MPOU3BEKIAME
YaCTUIM, BKIFOUYUTEITHO MHUKPO MOJIMEAPH, PA3IUIHH TTOJIUTOHATHH pu3Mu, O-00pa3znu popmu
U U3IBIDKCHU HUIIKKA C JUAMETBhpP MOJ MHUKPOMETHp, KOMTO MOraT jaa ObJaT 3aMpa3eHH B
mporieca Ha KUHETHYHH TpaHcopmamuu. To3W MexaHW3bM Tpeajara HOBH HJIEH 32
MOCTUTAaHETO Ha CJIOXHAa MopdoreHesa B CHUCTEMH C MHHHMAJCH OpOi MOJEKYyJIHHU
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PUBLICATION [13]:

Efficient Emulsification of Viscous Qils at High Drop Volume Fraction
S. Tcholakova, I. Lesov, K. Golemanov, N. D. Denkov, S. Judat, R. Engel, Th. Danner
Langmuir 2011, 27, 14783-14796, dx.doi.org/10.1021/1a203474b

ABSTRACT:

It is shown experimentally in this study that the increase of drop volume fraction can be
used as an efficient tool for emulsification of viscous oils in turbulent flow. In a systematic series
of experiments, the effects of drop volume fraction and viscosity of the dispersed phase on the
mean (d32) and maximum (dyes) diameters of the drops, formed during emulsification, are
quantified. The volume fraction (®) of the dispersed oily phase is varied between 1% and 90%,
and oils with viscosity varying between 3 and 10 000 mPa-s are studied. All experiments are
performed at sufficiently high surfactant concentration to avoid possible drop-drop coalescence
during emulsification. The analysis of the experimental data shows that there is a threshold drop
volume fraction (®tr), at which a transition from the inertial turbulent regime into the viscous
turbulent regime of emulsification occurs, due to the increased overall viscosity of the emulsion.
At @ < OtR, d32 and dves depend weakly on @ and are well described by the known theoretical
expression for emulsification in the inertial turbulent regime (Davies, Chem. Eng. Sci. 19835, 40,
839), which accounts for the effects of oil viscosity and interfacial tension. At ® > ®@1g, both ds.
and the polydispersity of the formed emulsions decrease very significantly with the increase of @
(for the oils with np> 10 mPa-s). Thus, very efficient emulsification of the viscous oils is realized.
Very surprisingly, a third regime of emulsification is observed in the range of concentrated
emulsions with @ > 75%, where the mean drop size and emulsion polydispersity are found
experimentally to be very similar for all oils and surfactants studied-an experimental fact that does
not comply with any of the existing models of drop breakup during emulsification. Possible
mechanistic explanations of this result are discussed. The experimental data for semi-concentrated
and concentrated emulsions with @ > ®1r are described by a simple scaling expression, which
accounts for the effects of all main factors studied.
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MYBJUKAINA [13]:

EdexkTnBHO emyjrupane Ha BUCKO3HH MAcJ/Ia IPH BUCOKA 00€MHA YacT HA KANIKHUTE
C. Yonakosa, 1. Jlecos, K. I'onemanos, H. JI. /lenxos, C. FOoam, P. Eneen, T. [lanep
Langmuir 2011, 27, 14783-14796, dx.doi.org/10.1021/1a203474b

PE3IOME:

B TOBa n3cnenBaHe e MoOKa3aHO €KCIEPUMEHTANIHO, Y€ yBEMYaBAaHETO Ha 0OeMHATa yacT
Ha KalnKUTe MOXE Ja Ce M3MOJ3Ba KaTo e(eKTHBEH METOJ 3a eMyJIrMpaHe Ha BHCKO3HH Macia
B TypOyneHTeH moTOK. HM3cnmeaBanum ca edexkture Ha oOeMHaTa 4YacT Ha KamKUTEe |
BHCKO3WTETa Ha JaucnepcHata (asza Bbepxy cpeanus (ds2) m makcumanmaus (dves) AMaMeTwsp Ha
Karnkute, GopMHUpaHu 1o BpeMe Ha emyirupane. O6emuara yact (@) Ha nucnepcHara (MaciaeHa)
(daza e BapupaHa B quarnaszona ot 1% g0 90%, kaTo ca M3MOJI3BaHU Maciia ¢ BUCKO3UTET OT 3 10
10 000 mPa.s. Bcuuku excriepuMeHTH ca TpoBe/ieHH B u3nuiIbk Ha [1AB, 3a na ce muzberne u
MOTUCHE KOAJECIEHIIUATa Ha KalKUTe [0 BpeME€ Ha EMYJITMpaHeTo. AHaIU3bT
Ha EKCIIEPUMEHTAIIHUTE JaHHHW TOKa3Ba, Y€ CHIIECTByBa IPaHMYHA OOEMHA YaCT Ha KalKUTE
(O1r), TpU KOSATO HACTBIBA MPEXOJ OT HHEPUYEH TYpOYJIEHTEH pPEeXUM KbM BHCKO3EH
TypOyJIEHTEH PEeXXUM Ha eMyJIrHMpaHe, OopaJu HapacTBaHE HAa BUCKO3UTETa Ha eMysicusita. [lpu
® < Orr, d32 u dvos 3aBucAT cmabo or @ W MoraT Ja Ce ONMINAT C M3BECTHATA TEOPETUIHA
¢dopmyna 3a emyinrupaHe B MHEpUYeH TypOyjeHTeH pexxuM (Davies, Chem. Eng. Sci. 1985, 40,
839), kosTo oTuMTa €(EeKTUTEe Ha BHCKO3MTETAa HA MAaCIOTO M MEXIy(pa30BOTO HANpeKEHUE.
[Ipu @ > Orr, kakTO d32, TaKa W MOJHUIMCIIEPCHOCTTA HAa OOpa3yBaHHUTE €MYJICUW 3HAYUTEITHO
HamMaysBaT ¢ yBenudaBaHeTto Ha @ (3a macma ¢ mg > 10 mPa.s), mpu koero ce momoOpsiBa
edeKTUBHOCTTA Ha EMyITHpaHe Ha MaciaTta C BHCOK BHUCKO3uTeT. HeodakBaHo, TyK
HaOM0aBaMe HOB PEXHMM Ha eMyJrupaHe 3a KOHIEHTpupaHu emyicuun ¢ O >
75%, KbIETO CpEeOHUAT pa3Mep Ha KalKUTe U MOJUIUCIEPCHOCTTa Ha EMYJICHMHUTE ca
CXOIHM 3a BCHYKM wu3cieaBann wMacna u  [IAB - ekcnepumenTaneH ¢akT, KOHTO He
ChOTBETCTBA HA HUTO €AUH OT CHUIECTBYBAIIMTE MOJEIHU 32 Pa3KbCBAaHE HA KAIKUTE IO BpeMe
Ha emyirupane. OOchAeHH ca Bb3MOXKHHU OOSICHEHUS Ha TO3M pe3yiaTaT. ExcnepuMeHTamHuTe
JAaHHU 3a TOJYKOHIEHTPUPAHU U KOHILIEHTpupaHu emyicun ¢ @ > Orr ca omnucaHu upes

npocTta eMmnupuyHa (opmyna, KOSTO OTYMTa €(PEKTUTE OT BCHUYKU U3CIE/BaHU (aKTOPH.
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