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Introduction

As it follows from the title, this work is devoted to some issues of the theory of
interfacial phenomena. Namely, some properties of surfactant films deposited at
the surface of liquid are considered.

The studies of Rayleigh, Langmuir, and a number of other authors [1]
demonstrated that such films present the specific peculiar state of the substance.
Interfacial films are formed when organic substances are put to the surface of
water, which are the molecules having a long hydrocarbon chain and also active
groups (COOH in acids, and OH in alcohols). Due to attraction between water and
active groups, the latter find themselves in the liquid. Contrary, hydrocarbon
chaines linked to active groups tend not to dissolve, and are standing upright
above the surface. By these means, surfactant molecules for a monomolecular
film at the surface of water, and all the molecules have the same orientation,
forming a sort of palisade consisting of long molecules with their one end
submerged in water.



The substance in two-dimensional state, i.e. in monomolecular film, as well as in
three-dimensional state, can find itself in various phases. The state of the most
diluted films is the same as gaseous state of usual substances. For more dense
films, three states are typically distinguished: solid condensed state, liquid
condensed state, and stratched (expanded film). One can observe phase
transitions between these states of the films, when the properties of films

undergo abrupt changes. The expanded state of the film should be probably
considered as a liquid state.

The condensed state of the film having the highest density are of major interest.

This is a staring part of Introduction translated above:

BBEJIEHHUE

Kak fBCTBYeT M3 HasBaHMA, HACTOAWAA pPabOTa NOCBIWIEHA HEKOTOPHIM
BOMPOCAM TEOPHH TNOBEPXHOCTHHX fBneHni. Hmenso, B paboTe paccMatTpr-—
BAIOTCA HEKOTOpPbie CBOACTBA NJEHOK MNOBEPXHOCTHO-AKTHBHHEIX BElECTB,
HAHOCHMBIX HA TOBEPXHOCTb HAKOCTH.

Pa6orauu Psnes, Jlasrmiopa u psaa apyrux astopos [1] Omao ycra-
HOBJIEHO, YTO TAaKHe TJEHKH NPeaCTaBAAIT cBoeo6pasHOe ABYXMEPHOE CO-
crosuue BeutectTsa. [lopepxHocTHnie naeHku 06pasyioOTCs NMPH HAHECEHWH Ha
NOBEPXHOCTh BOAW OPraHHYeCKHX BeleCTB, COCTOALMX H3 MOJMEKYN C JIHH-
HOH YrAeBOAOPOAHOA UEMbiO ¥ OGAANAOWMX aKTHBHMMM rpynnamu (rpynna
COOH y xucaor v OH y cnupros). Baaronaps AefiCTBHIO CHJA MPHTAXKEHHA
MEXIy BOJOH W AKTHBHWIMM TIDYNnNaMd noCIefHHe TMNOrpyXaloTCR B BOAY.
HanpoTHe, COelNHeHHHIE C AKTHBHHIMH TPYNMAaMK YTAeBOAOPOAHBIE Lenu He
OOHAPYXHBAWT CKAOHHOCTH K PACTBOPEHHIO M PACNONAralOTCA HAA MNOBEpX-
HOCTBIO CTOR. Takum 06pasoM, MOJMEKY bl NOBEPXHOCTHO-AKTHBHOTO BEWIECTBA
o6pasyioT HA TIOBEPXHOCTH BOAL MOHOMOJEKY/ISPHYI0 TJEHKY, B KOTOpPO#
BCE MOJEKYMbl OnpeleNeHHbM 06pPasoM OPHEHTHPOBAHB, MPEACTaBAAA KaK Obi
4aCTOKON AJIMHHBEIX MOJCKYN, NOrPYXeHHHX B BOAY ONHMM KOHLOM,

BelwecTso B ABYXMEPHOM COCTOSIHHHM, T. €. B MOHOMOJEKY/AADHOR nAaeHKe,.
KaK M B COCTOSHHM TPEXMEDHOM, MOMET HAXOJAMTBCH B PAasAHYHHX ¢asax.
HanGonee paspexeHHule NAEHKH HAXOMATCH B COCTOAHWM, COOTBETCTBYIOLLEM
rasoBOMY COCTOAHHMIO O6BuHOro BeurecTea. [1pH 60ablueR MAOTHOCTH TIIEHKH
pasiny4aloT OGLIYHO TPH COCTOSIHMA — TBEPHOE KOHAEHCHPOBAHHOE, MKKAKOE
Kounencuposannoe u pacrsnyroe (expanded film). Mexny sTumm cocrosi-
HHAMH TJIEHKH MOXHO Ha6a10aaTh ABAeHHA PA3OBLIX NEPEXOL0B, NPH KOTOPHIX
CBOACTBA NJEHKH H3MCHAIOTCA CKA4YKOM. PacTAHyTOE COCTOAHHE MJACHKH Cre-
AYeT, NOBHIMMOMY, CHYMTATb CBOEOGPA3HHM JKHAKHM COCTOSIHHMEM.

HauGonpinit WHTepeC npeACTaBARIOT KOHAEHCHPOBAHHHE COCTOAHHA
MAEHKH, OTBEYaUlHe HaubOAbIEA ee NNOTHOCTH.

Introduction is continued by discussion of the difference between 2D and 3D crystals,
as related to thermal fluctuations effect on the long-range order. This discussion is
based on the works of Peierls, 1936, and Landau, 1937 (both cited as [2]). This concept
was later reconsidered in 1971-1972 articles of Vadim L. Berezinskii (1935-1980), and

slightly later articles of D.J. Thouless and J.M. Kosterlitz, who were finally awarded
2016 Nobel prize in pjysics.



https://www.nobelprize.org/prizes/physics/2016/kosterlitz/lecture/

I Electron scattering in two-dimensional crystal

§ 1. Scattering intensity

Elastic scattering from the motionless atoms is first addressed in terms of Bragg
reflections. In addition, elastic and inelastic scattering from the liquid and horizontal
displacements of atoms induced by the capillary waves are considered.

§ 2. Averaging

The averaging of scattering intensity over all possible film configurations is presented
for the temperatures far exceeding Debye temperature of the crystal.

§ 3. Calculation of intensity

The intensity as a function of deviation from the centrum of Bragg reflection is
calculated.

$ 4. The effect of capillary waves

Vertical displacements induced by the capillary waves are considered in addition.

§ 5. Discussion of results and their applicability limits

Reflection width and its integral intensity are discussed in frames of involved
approximations. It is stated that the results are valid for scattering of electrons of not
too high energy.

§ 6. Scattering by polycrystal

Reflection shape is considered for the film consisting of single crystalline regions of
various orientations, for the case of beam cross-section being much larger than the
size of such regions. Corresponding experimental pattern is predicted.

I.  Waves suppression by surfactants

§ 7. Formulation of the problem

First, it is stated that 2D crystals, like their 3D analogues, demonstrate elasticity and
shear resistance. ‘Calming effect’ of surfactants on the capillary waves, as observed
experimentally in many studies [12], was previously explained either by irreversible
energu loss in monomolecular film [13], or by the changes of the movements of liquid
itself, due to high loss of energy for tension in the bulk [14].



This work demonstrates that the presence of surface-active film at the surface
of liquid induces the change of boundary conditiona at liquid-gas interface. This
results in the changes of liquid motion, with increase of vortices intensity in the
liquid layer near the interface, which leads to stronger energy dissipation.

As will be shown below, deposition of interfacial film affects the boundary
conditions crucially, and by this means affects all the character of viscous liquid
motion.

This is the formulation of the final part of research statement, translated above:

B Hacrosule#t pabote nokaswBaeTcsa, YTO HaAWYHe NOBEPXHOCTHO-aKTHBHOM
NAeHKH HA XMAKOCTH NMPHBOIUT K M3MEHEHHMI0 IPaHUYHBIX YCJOBHH Ha rpa-
HHlle pasnena XHAKOCTb —ra3. BciaeacTsue 3TOro uW3MeHAeTCa XapakTep
HOBH)XXEHHS] XMUIKOCTH M YBEJIWYHBAETCA MHTEHCHBHOCTH BHXpeH B MOrpaHuu-
HOM CJIO€ XXHMAKOCTM, YTO M BeleT K Gonblue#t NHCCHMALMH SHEPrHH.

Kak 6yner mokasaHO HHKe, HaHECEHHE NOBEPXHOCTHOM MNJAEHKH Kapaw-
HanbHBIM O6pasOM M3MEHfieT IPaHMYHHE YCJIOBMA M TeM CaMbiM M BeCb Xxa-
PaKTep NBHXEHHS BA3KON MKUIAKOCTH.

§ 8. Liquid motion

General equation for incompressible liquid describing strain tensor and liquid
horizontal and vertical velocities are obtained.

§ 9. Boundary conditions

Insoluble surfactant is considered (film deformation is not accompanied by the
changes of the number of moleciules). The force acting on the film is defined via
surface tension and film compressibility.

§ 10. Attenuation coefficient

The difference of boundary conditions in the absence and in presence of film is
considered for attenuation of the capillary, capillary-gravitational, and gravitational
waves. In the former case, film elasticity does not play any role. Suppression of waves
is less pronounced for higher wave length.

lll. Waves supression by soluble surfactants

§ 11. The case of soluble substance

This case is treated in terms of two coexisting solutions: highly concentrated
surfactant solution near the surface (film), and diluted solution in liquid bulk.
Equilibria between these solutions result in the transfer of molecules from the bulk to
the surface when the film is expanded, and from the film to solution bulk when the



film is compressed. The results differ from presented above in case of short enough
waves and low enough bulk surfactant concentrations.

IV On the motion of gas bubble in the liquid in presence of
surfactants

§ 12. Motion of bubble

The starting point is Hadamard'’s solution [15] for moving bubble. Final answer is as
follows: the bubble covered by surfactant moves like a solid sphere.

V Tension in monomolecular layers

§ 13. The flow through two-dimensional capillary

Experiments on determination of 2D films viscosity are considered. Two-dimensional
capillary refers to the narrow gap in the bar separating Langmuir bath, in which one
of the sections contains pure liquid, and another one contains liquid with the film.
Kirkwood'’s treatment [17] in terms of anomalously high viscosity of the film is
mentioned as less realistic. The alternative is energy dissipation in the liquid carried
away jointly with the film. The obtained Eqs are verified by comparison with
experiments of Joly [19].
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