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Abstract. 3epkana U3 MeTaUIOB aKTHBHO HCIOJB3yIOTCS B MK-0omTHKe, B TOM YHCIIE B MOIIHBIX Jia3epax, BBHIY
BBICOKOTO KO3 dunmenTta orpaxeHus. TpaauOHHbIE METOIBI POTUPKHM ONTHYECKUX W3ACNIUI B JaHHOM cilydae
HE NPUMEHHMBI, BCISICTBUE 00pa30BaHUs LApalvH M3-3a HU3KOW TBEpHOCTH MeTaiuioB. OYHCTKA METAaNIOONTHKI
OT 3HAYUTENbHOM YacTH OPraHMYECKUX MPHMeceil 3aMETHO YBEIHMUYMBAET PECYPC PabOTHI 3epKail MOIIHBIX JIa3€pPOB.
VYnaneHue 3arpsa3HEHHMH Ha METa/UIOONTHKE Hamboiee 3S(PQEKTHBHO CMEChI0 HEBOIHBIX PACTBOPHTEINCH.
[Mpoanamm3upoBaHHBIE Ha OCHOBE 3aKOHOB TEPMOAMHAMHUKM METOJBI MOAOOpa pPacTBOPUTENCH M HPOBEICHHBIE
9KCIIEPHMEHTH TO3BOJIAIOT TPH3HATH I€7IeCO00pa3sHbIM HCHONB30BaHHE IIPH OYHCTKE 3€pKall KOMIO3HIUI
pacTBopuTeNeil Ha OCHOBE a3e0TpONMHBIX cMmeceld ¢ (peonom-114B2 ¢ mapamerpom pactBopumocti (9),
COOTBETCTBYIOIIMM HITH GJIU3KUM K TapaMeTpy pacTBOPUMOCTH (6) OCHOBHBIX (110 Macce) 3arps3HEHMi Ha 3epKaiie.

Abstract. Metal mirrors are widely used in IR optics, including high-power lasers, due to the high reflection
coefficient. Traditional methods of wiping optical devices are not applicable in this case, due to the formation of
scratches, caused by the low hardness of metals. Cleaning metal optics from a significant part of organic impurities
noticeably increases the service life of high-power laser mirrors. Removing dirt on metal optics is most effective
with a mixture of non-aqueous solvents. Methods for selecting solvents, analyzed on the basis of the laws of
thermodynamics and experiments carried out, make it possible to recognize that it is advisable to use solvent
compositions based on azeotropic mixtures with freon-114B2 with a solubility parameter (3) that corresponds to, or
is close to the solubility parameter (8) of the main (by mass) contaminations, when cleaning mirrors.

Tpa,Z[I/IL[I/IOHHBIe MCTOZbI MTPOTUPKU JIA3CPHBIX 3C€pKaJl HN3 MCTAJIOB HE IMPUMEHHUMBI, BCJICACTBUC
00pa30BaHUs HAPATNH U3-32 HU3KOH TBEPIOCTH MeTaIlIoB [1].

Traditional methods of wiping laser mirrors from metals are not applicable, due to the formation of scratches, caused by
the low hardness of metals [1].

KyJ’IOHOBCKOC HOH-MOHHOC€ MW HWOH-AUIIOJIBHOC BSaHMOHCﬁCTBHe UrpacTt TIJIaBHYIO pPOJIb B pacTBOpax
DJICKTPOJIUTOB. I[J'ISI OpPraHn4eCKux COCI[I/IHCHI/Iﬁ HOHHAsl Cujia B OOJIBIIMHCTBE CJIy4JyacB O4YCHb MaJia. I[J'[SI
pacTBOpPEHUs HOHHBIX COSAMHEHHH B pacTBope [2] n3amenenue sneprun ['u66ca (AG) mpu conpBaTalyu:

Coulomb ion-ion and ion-dipole interaction plays a main role in electrolyte solutions. For organic
compounds, the ionic strength in most cases is very small. To dissolve ionic compounds in solution [2], the
Gibbs energy change (AG) at solvation:



AG =E -E E E ~E,-E,-E,,1)

rae: E1 - TCIUIOTa HCIIApCHHA B 3aBUCUMOCTU OT C(l)OpMy.l'IPIpOBaHHOfI CTPYKTYpPBI COJIbBATAllTMOHHOTO
KOMIUIEKCa; CIICMYIOIINe TPH COCTABISIOIIAE HWHTEPIPETUPYIOTCS TO0 Mojend bokuurama [3] Ge3 yuéra
KBaJIpyHOJIBHOTO MOMEHTa, E» - »sHeprus mepexonma MoHa B pacTBOp (IpENIIoNaraercsi, 4To OHa HMEET
DJIEKTPOCTATUYECKYIO IIPUPOAY, PaaWyC COJBBATAllHOHHOTO HOHA pPaBeH CYMME KPHCTAITIOXUMHUYECKOIO
paguyca HOHa W JAMaMeTpa MOJEKYJbl BOJABI, YYTE€Hbl M3MEHEHMS [UAJIEKTPUYECKOW MPOHULAEMOCTU
pactBopuTenst BOMM3M noHa); Es - sHeprus BomopomHoi#t cBs3u; Eg - TemmoTa ruaparanne WHEPTHOTO rasa,
HanboJiee OJIM3KOTO C TOYKHU 3PE€HUS DJIEKTPOHHOTO CTPOCHUS AJIS1 JAHHOI'O MOHA.

where: E; is the heat of evaporation depending on the articulated structure of the solvation complex; the next
three components are interpreted according to the Buckingham model [3], without taking into account the
quadrupole moment; E; is the energy of transition of the ion into the solution (it is assumed that it has an
electrostatic nature, the radius of the solvation ion is equal to the sum of the crystal chemical radius of the ion
and the diameter of the water molecule; the changes in the dielectric constant of the solvent near the ion are
taken into account); Es is the hydrogen bond energy; Eo is the heat of hydration of the inert gas, which is closest
in terms of the electronic structure for this ion.

Mogens [2] XOpomIo coriiacyeT pacdETHBIE NaHHBIE C JKCIIEPHMEHTANBHBIMH IS BOJHBIX PAacTBOPOB
HEKOTOPBIX HOHOB. TpyaHOCTH CBsi3aHa ¢ mHTeprperanneil (AG) B HEBOIHBIX pacTBOpHUTENsX. HeoOX0auMebl
yué€T accolManvyd HOHOB Ha OCHOBE MMIIOJIBHOrO MOMeHTa (p) W audjektpudeckoi mocrosiHHo# (D). (D)
TIOKa3bIBACT. U3MCHCHUEC CHUJIBI QJICKTPUYICCKOT'O NOJIA MEXKAY INNIACTUHAMH KOHACHCATOpA, KOrjga UuX IepeHOCAT
13 BaKyyMma B PacTBOPHUTEIb, CIOCOOHOCTh PACTBOPHUTENS pa3eisaTh JICKTPUUYECKUE 3apsiibl U OPUEHTUPOBATH
€ro AUWIOJIM, OMNMCAHHE COJIbBAaTallUh «COCTaBHBLIX)» OpraHn4eCKux HNOHOB; OIpPCACIICHNE MOHHBIX paI[I/IyCOB;
MecTa JIOKaJH3alliK 3apsija U crnocob y4yéra HenauHeiHoro s¢dekra. ITosromy momens [2] nenecoobpasHo
HCIOJIB30BaTh IMPU OYUCTKE 3C€pKaJl, HAa KOTOPLIX npeo6na,ua}om1/1M 3arpsA3HEHUEM SABJIAIOTCA PAaCTBOPUMBIC
HEOPraHu4eCKue COJU. B HCMOJIIPHBIX MOJICKYJIaX PACTBOPUTEIA HMHAYHUPYCTCA NOJSApU3alusa CMEICHUA,
OpUEHTHPOBAaHHAs B OJHOM HaNpaBleHUM (TOJIApH3alMs OpHUEHTHUpOBaHMA). [loaToMy KpuTepuem IeyeHus
paCTBOpHTeHeﬁ Ha DOJISIPHBIC W HCIIOJIAPHBIC ABJISACTCA HAJIUIUC WM OTCYTCTBUC Y HUX MOJICKYJ NOCTOSAHHOTO
(n). Onnaxo 3uagenus (D) u (p) npu 5ToM yacto u3mensiiores He napamiensio (TABJL 1 [4]).

Model [2] well agrees calculated data with experiment for aqueous solutions of some ions. The difficulty is
related with the interpretation (AG) in non-aqueous solvents. Associations of ions based on the dipole moment
(1) and the dielectric constant (D) must be taken into account. (D) shows: the change in the electric field
strength between the plates of a capacitor, when they are transferred from vacuum to solvent; the ability of a
solvent to separate electric charges and orient its dipoles; description of the solvation of "composite" organic
ions; determination of ionic radii; places of charge localization and the way to account for the nonlinear effect.
Therefore, the model [2] is advisable to use when cleaning mirrors on which soluble inorganic salts are the
predominant contaminations. In non-polar solvent molecules, bias polarization, oriented in one direction
(orientation polarization), is induced. Therefore, the criterion for dividing solvents into polar and non-polar is
the presence or absence of a constant (i) in their molecules. However, the values of (D) and (p) in this case
often do not change in parallel (TABLE 1 [4]).

TABJI. 1 - OtHocuTesnbHbie 3Ha4YeHust 1 u nocrosuubie p, (Kirem) mpu 20 °C

TABLE 1 - Relative values of D and constant p, (Cem) at 20 ° C

interaction ion-dipole — —dispersion interaction ~ —repulsive energy

PacTtBopuTens i pe10-30 PactBopurens O pelo
Solvent D Solvent D

N-metmnopmamug 182,4 12,88 ameroHuTpMI 36,0 11,48
N-methylformamide acetonitrile
hopmamu 109,5 11,24 wmeraHoOI 32,7 5,67
formamide methanol
BOJIA 78,3 6,07  Ttpmammpg rexcamermindocdopuoii kuciaorsr 29,6 18,48
H.0 hexamethylphosphoric triamide
MpoNHIeHKapOOHAT 64,4 16,7  TerpamMeTHIMOYEBHHA 23,5 11,58
propylene carbonate tetramethylurea
JTIUMETHICYTE()OKCH]T 46,7 13,0 1,2-nuxmopatan 10,4 6,20
dimethyl sulfoxide 1,2-dichloroethane

Tak xkak NOJIAPHOCTb PACTBOPUTEIISI HE OMNHUCBIBACTCA € IMMOMONLIBIO OJHOI'O (1)I/ISI/I‘I€CKOFO HN3MEPCHUA
napamerpa (D, p u T.1.), €€ onpenensOT IMIMPUYECKH HA OCHOBE MpaBwia ['amMMeTa - mpencTaBieHHE O
nuHenHoi 3aBucumoctu (AG) [3].

Since the polarity of the solvent is not described using a single physical parameter measurement (D, u, etc.),
it is determined empirically based on the Hammett rule - the concept of linear dependence (AG) [3].



Br16op pacTBopuTeNeli ¢ MeNblo yaadeHusl 3arpsa3HeHUH ¢ ONTHYECKON MOBEPXHOCTH 3€PKaN MpeiaraeTcs
[IPOBOJIUTH Ha OCHOBE «IIapaMeTpa pacTBOPUMOCTH» [5] B mapaMeTpuueckoil TEOPHH PETYISAPHBIX PACTBOPOB,
pa3paboTaHHOII Ha OCHOBE KOHIICTIIINI CTATHCTUYECKON MEXaHWKH M TPEACTaBICHHH O CTPOTO PETYJIAPHOM
pacTBOpEC B BHUIC peméTanoﬁ MOICINU, HpeI[HO)KeHHOﬁ FyFFeHFeﬁMOM, U aHaJIoTuu ¢ HpI/IGHI/I)KeHI/IeM
(myneBoro mopsinka) bparra-Buibsmca, ucnons3yeMblx B Teopud (ha30BBIX NpeBpalleHHi cruiaBoB. [lpu
OGC}’)K)ICHI/II/I TCPMOANHAMHNYCCKUX XaAPAKTCPUCTHUK PACTBOPOB UCIIOJIB30BaJIM MPEACTABICHUC 00 nacajibHOM
pacTBOpC, B KOTOPOM MOJICKYJIBI BCE€X KOMIIOHCHTOB HMCHOT OAWHAKOBBIC pasMEpbl U (l)OpMLI, u
BSaHMOI(eﬁCTBPIe MEXKAY HUMHU OAMHAKOBO. N3meHeHnue TCPMOJUHAMHNYCCKUX XAPAKTECPUCTUK paCTBOpPA IIPU €TO
00pa30BaHUM U3 YUCTHIX KOMIIOHEHTOB BBIPAXKACTCSI C MOMOIIBIO QyHKInH cMemmenus (X*) [6]:

The choice of solvents to remove contaminants from the optical surface of mirrors is proposed to be carried
out on the basis of the “solubility parameter” [5] in the parametric theory of regular solutions, based on the
concepts of statistical mechanics and the idea of a exactly regular solution in the form of a lattice model
proposed by Guggenheim, and analogy with the Bragg-Williams approximation (zero order) used in the theory
of phase transformations of alloys. When discussing the thermodynamic characteristics of solutions, we used the
idea of an ideal solution, in which the molecules of all components have the same size and shape, and the
interaction between them is the same. The change in the thermodynamic characteristics of the solution when it is
formed from pure components is expressed using the mixing function (X) [6]:

X" = Xsolution o Z X Xicompone“t' 2)
i

Toma HNACAJIbHBIM HaA3bIBACTCA PaCTBOP, I KOTOPOT'O CIIpaBEAJIMBEI CIICAYIOINC BI)Ipa)KeHI/IH:
Then a solution is called ideal, for Whi'ah the following expressions are valid:
AG" =RT (% Inx +X,1InX, ); 3

AS™ =—R(x Inx +X%,In%,); 4
AHM =0, AV" =0, 5)

rae. X - MOJbHas O0JA, R - rasoBas IIOCTOAHHAsA, T - TCMIICpATypa, ASM - UAacajibHass SHTPpONUA CMCHICHUA,
AVM - u3meHenne MOBHOTO 06BEMa rpH cMeneHnn; AGM - cBoGoIHAs SHEPTHS CMEIIEHNS.

where: x is the mole fraction; R is the gas constant; T is the temperature; ASM is the ideal entropy of mixing,
AVM is the change in the molar volume during mixing; AGM is a free energy mixing.

HpI/I CMCIICHUHN (ASM) BCCrAaa BO3pACTACT, HC 3aBUCHUT OT THUIIA U COYCTAHUA KOMIIOHCHTOB W BXOAHWT B
BBIPQKCHUC M3MCHCHUS (AGM). [TosToMy 1pH OOCYKAEHHH pEaJbHBIX PACTBOPOB MOKHO YYUTHIBATH TOJILKO
pa3Hully U3MCHCHUS (byHKIleI, CBA3aHHBIX TOJIBKO CO CMEHICHHUEM, MO CPaBHCHHUIO C UACAJIBHBIM PACTBOPOM.
Jlyis BBIpaXKCHUS HEUACATBHOCTH PACTBOPA HCIIOIB30BAIU KOI(PDHUIMEHT aKTUBHOCTH (Y) U H3OBITOYHYIO
TepMoauHaMuueckyto Qpynkumro (XE):

When mixing (ASM) always increases, does not depend on the type and combination of components and is
included in the expression of change (AGM). Therefore, when discussing about real solutions, one can take into
account only the difference in changes in the functions, associated only with mixing, as compared with the ideal
solution. To express the nonideality of the solution, the activity coefficient (y) and the excess thermodynamic
function (XF) were used:

XE =AXM —AX M 6)

ideal solution *
Torz(a YpaBHCHUC I Z[BYXKOMHOHGHTHOﬁ CMECH MOKHO 3aIucaTh:
Then the equation for a two-componep/lt mixture can be written:
AG" =RT (xIny,+%,Iny,); 7

AS™ =—R(xIny,+%,Iny,). 4

HpI/I HN3y4YCHUU XUMHYCCKOH npupoabl HEUACAJIBHOCTH pacTBOpa OCHOBHOM 3az[aqef/'1 SABJIACTCA
TeopeTHdecKas/>KCIIepUMEHTanbHas ONEHKa, CBOAMMas K HaxoxiaeHumro B3aumocBasH (y) u (AGE) co
CBOMCTBAaMH KOMIIOHECHTOB pacTtBOpa H OIlpcaciidromas 3aBUCUMOCTb BCJIWYUH B YPAaBHCHUAX (7-8) oT
TeMIECPaTyphbl U JIaBJICHUS .

When studying the chemical nature of nonideality of solution, the main task is a theoretical / experimental
assessment, reducible to finding the relationship (y) and (AGE) with the properties of the components of the
solution and determining the dependence of the values in equations (7-8) on temperature and pressure:

E_
AG” = Ax #X,.9)
KO3(1)(1)I/IIII/I€HT (A) MOXKET MNPUHUMATH OTpI/IIlaTeJ'II)HLIG/HOJ'IO)KI/ITCJ‘ILHLI@ 3HA4YCHHA MW HE 3aBHCETh OT

TeMIepaTypbl. OTH CMECU MOJIEKYJI OHOTO POJAA CUUTAIOT «PETYISIPHBIMU PACTBOPAMM», YTO MOATBEPKAAETCS
BO MHOTHX 3KCIIepHMeHTax. Eciam MonspHbie 00BEMBI ABYX KOMIIOHEHTOB PA3JIMYalOTCs, TO IPU HPOBEICHHH



MPaKTHYECKUX pacuyéToB Buja ypaBHeHus (9) coxpansercs. Bbuio BBeleHO BbhIpakeHHe, B KOTOpoM (A)
NPEACTABISET COOO0M SHEPTHI0 OOMEHHOTO B3aMMOIEHCTBHS (©):

The coefficient (A) can take negative / positive values and is independent of temperature. These mixtures of
molecules of the same kind are considered as “regular solutions”, which is confirmed in many experiments. If
the molar volumes of the two components are different, then, when carrying out practical calculations, the form
of equation (9) is preserved. An expression was introduced in which (A) is the exchange interaction energy (®):

AGF = wx, o X, (@>0).10)

OZ(HaKO BBbIBO/JbI FyFFeHFeﬁMa HC OGLHCHHHI/I, C KaKMMHM CBOMCTBAMH KOMIIOHEHTOB pacTBOpa CBsA3aHa
BemmunHa (). CormacHo paGore [5] 00bEM BBIpakaeTcss C MOMOIIBIO CPEIHHUX MOJBHBIX IOJEH YHCTBIX
xomnoHenToB (AGE = 0), a npaxTuyecku — B aHanOrMuHOU (opMe ¢ HCIONBL30BAHUEM ypaBHeHMs BaH-zep-
Baanbca. Yien (Cij) omuckiBaeT B3anmMoieicTBIe map Monekyln (i-]); (C11) u (C12) ABISIFOTCS QYHKIMAME TOJNBKO
TeMrieparypsl. JIJist 9MCTOM KUIAKOCTH, COCTOSIIEH U3 OJHOTO KOMIOHEHTa, 310 (-E1= €11V1) mimn:

However, the findings of Guggenheim did not explain with what properties of the solution components the
quantity () is related. According to [5], the volume is expressed using the average mole fractions of pure
components (AGE = 0), and practically - in a similar form using the Van der Waals equation. The term (cj)
describes the interaction of pairs of molecules (i-j); (c11) and (c12) are functions of temperature only. For a pure
fluid consisting of one component, it is (AE; = c11V1) or:

_El

C,= 11)
1
BuyTtpennss sHeprus cmemmenus (AUM) mosker ObITH onpe/ieniena Kak:

The internal mixing energy (AUM) can be defined as:
M
AUM =U,, —(xU, +xU,).12)

Eciu BBeCTH 00BEMHYIO J1010 (@) 1 u3 ypasrenuit (11 u 12) onpenenuts nsmenenue (AUM) ¢ yuérom Toro,
uTO JUIA MaeanbHoro rasa (AUM = 0), momyunm:

If we introduce the volume fraction (@) and from the equations (11 and 12) determine the change (AUM)
taking into account the fact, that for an ideal gas (AUM = 0), we get:

AUM = (C11 +Cp —2C;, )(01% (X1V1 + szz)- 13)

B cootBercTBHU C MIpaBUJIOM CpPCAHECI0 IreOMETPHUICCKOTO (C12) HpI/I6J'II/I)K6HHO OIIpeACIAIN U3 YPABHCHHUA
AUCTICPCUOHHOI'O BSaHMOﬂeﬁCTBHﬂ .HOHI[OHa nopu ycJoBHUH, YTO paSHI/IHeﬁ B JHCPIrudX HOHHU3AIMHM MOXKXHO
npeHeOpeub. OTO (AaKTUUECKH COOTBETCTBYET NPHHLUIY beprio, HCHonb3yeMoMy B KadyecTBEe IIpaBHIIa
COUCTaHUs MapaMETPOB HOTCHHI/I&J’ILHOIZ OHCPIUun MOJ'IeKyJ'I:

In accordance with the geometric average rule, (ci2) was approximately determined from the London
dispersion interaction equation, providing, that the difference in ionization energies can be neglected. This
actually corresponds to the Berthelot principle, used as a rule for combining the parameters of the potential
energy of molecules:

2
C, = (C11 ® sz) .14)

IMoxacrasus Beipakenue (14) B Beipakenue (12), momyqnm:

Substituting expression (14) into expression (12), we get:

AUY = (51 —0, )2 212 (X1V1 + szz)’15)

IJie apamMeTp pacTBOPUMOCTH (&) ompesesseTcs KakK:
where the solubility parameter () is defined as:

1
1 AEY )2
=i

Hcnonb3ys 3Ty TEOpHIO, OJTydaeM BBIPAXKEHHs AJIsl JPYTUX TEPMOJMHAMUYECKUX QYHKINHI, B
TIPENON0KEHHH, YTO PETYIISPHBIE PACTBOPBI XapaKTEPH3YHOTCS HYNeBOM sHTponueii cmemenus (ASE = 0), To
(AHE = AUE), Tax kak (AVE = 0) u (AGE = AUF). Pacuér xosdgunuenta axrusroctu (y) u (AGF) npakruuecku
orpannyen BeioopoM Benmunnbl (AEM). Torya B cOOTBETCTBHHM ¢ TapaMeTpUUECKOi TEOPHUE paCTBOPUMOCTH

(IITP) (y) onpenensercs: U3 CUCTEMBI ypaBHEHHIA:
Using this theory, we obtain expressions for other thermodynamic functions, assuming that regular solutions
are characterized by zero mixing entropy (ASE = 0), then (AHE = AUEF), because (AVE = 0) and (AGE = AUF).
The calculation of the activity coefficient (y) and (AGEF) is practically limited by the choice of value (AEM).




Then, in accordance with the parametric theory of solubility (PTS) (y) is determined from the system of
equations:

RTIn| & |=RTIny, =V,0? (6,-5,)
X
? 17)
& 2 2
RTIn| = |=RTIny, =V,p; (6,-6,)
X

IMapumanbHas MoJbHas cBoOoaHas sHeprus (AGM) s komnonenTa «1» paBHa:
The partial molar free energy (AGM) for component "1" is equal to:

AGM =RT Ina, =RT Inx, +V,¢? (6,6, )’ .18)

Teopusi peryisipHbIX pacTBOPOB MIO3BOJISIET ONPENEAUTh YCIOBUS ONTUMAIBHOIO CMEIIEHUS 2-X XUMHYECKU
HeB3aPIMOL[eI71CTByIOIlIPIX HCIIOJIAPHBIX H(HHKOCTeﬁ U3 YpaBHCHMS:

The theory of regular solutions allows determining the conditions for optimal mixing of 2 chemically non-
interacting non-polar liquids from the equation:

mixture __ 2
AF, = (%@ +%9,)(6,—6,) @@, +RT (x Inx, +x,Inx,), 19
. . mixture
r7e: X1, X2— MOJIBHBIC, a @1, ¢ 2— 00OBEMHBIC TOJM KOMIIOHCHTOB; AFV - cBOOOTHAS SHEPTHSI CMEIIICHHSL.

where: X1, X2 - mole, and ¢1, ¢ 2 - volume fractions of components; AF\,""X“‘re - free mixing energy.

mixture
MunumanbHoe 3Hauenue usmenenus (AR, ) TP CMENIEHHH B CHCTEME JIOCTHIAETCs IPU paBeHCTBE (6)

koMnoHeHToB. Ha mpaktuke (y > 1) (17) HaGmomaroTcst TOJNBKO IOJOXKHUTENBHBIE OTKIOHEHHS pacTBopa OT
upeaNbHOCTH. B3amMHas pacTBOPMMOCTE KOMIIOHEHTOB pPAacTBOPA OIPEAETAETCS IO PAa3HOCTH YACNBHBIX
IUIOTHOCTEH JHEPrHU KOTe3WH BCIICACTBUE CYIIECTBOBAHHS TOJBKO IUCHEPCHOHHBIX cuil (mpaBuio bBeprio),
MI03TOMY OTpaHI4YeHne s () ABIIETCS 00OCHOBAHHBIM.

The minimum value of the change ( AFR,™""®) when mixed in the system is achieved with equality (3) of the

components. In practice (y > 1) (17) only positive deviations of the solution from the ideality are observed. The
mutual solubility of the components of the solution is determined by the difference in the specific densities of
the cohesive energy due to the existence of only dispersive forces (the Berthelot rule), therefore the restriction
for (w) is reasonable.

IMoaxon x (8) siBisieTcsi B OCHOBE CBOEH «(pH3MYECKUM», HO BBEACHHE CIEeNU(PHUIECKUX KOMIOHEHTOB
B3aMMOJICHCTBHA TIPUAAET eMy COaJaHCHPOBAHHOE IOJIOXKEHHE, UCKITI0Yas ClTydyail, KOT[a COJbBATAIlUs UIPAeT
onpeaesanyo poib. [Ipu paccMOTpeHHH MEXMOJIEKYISIPHOTO B3aUMOJIEUCTBUS C MAKPOCKOITMYECKON TOYKU

N ).
o0najaeT 3HAYMTENILHON YHHBEPCAIBHOCTBIO U MPEBOCXOMUT (&), OJHAKO IS MPOCTHIX MOJIEKYJ MOXKHO
OXuIaTh uX B3auMocBssu (Pi = 8%)

The approach to () is basically “physical”, but the introduction of specific components of the interaction
gives it a balanced position, except the case, when solvation plays a decisive role. When considering

oU )
ov ).
From a thermodynamic point of view, P; has considerable versatility and exceeds (3), but for simple molecules

we can expect their interconnection (P; = &%)
TemmeparypHas 3aBucuMocTh (8) moutu HezamerHa. O6b4HO (8) onpenensitor pu 25°C, UCHONB3Ysl pa3Hbie

spennst (8) Gimska k BHyTpenHemy aasnenmio (P = ). C TepMoaMHAMHYECKOH TOYKH 3peHHs Pi

intermolecular interaction from a macroscopic point of view, (8) is close to internal pressure ( P, =

METOABl  pacuéra (AHZap), HampuMep, Kajopumerpuueckuii wmeron. Meron ['mnpaebpanma [6]

OKCIIEPUMEHTATIBHON OIeHKH (8) OCHOBAaH Ha TOCTOSIHCTBE OSHTPOIHH WCIAPEHUs, 3aBHCUMOCTEH ISt
BHYTPEHHETO JaBJICHUS, KPUTHIECKUX MapaMeTpOB, MIOBEPXHOCTHOTO HATKEHHA U T.J. K momysmmmpuaeckum
OTHOCHUTCSI METOJ, NPEANONAraloliiil, 4YTO XOpPOLIUM PpACTBOPHUTENIEM ANl  HEINEKTPOIUTHYECKOro
pacTBopsieMOro BewiecTBa (monumepa) OyAeT CoelMHEHHe, UMeromiee 3HadeHue (§), Onm3koe K mapamerpy
PacTBOPUMOCTH 3TOTO BeLIeCTBA. DTO OOOCHOBBIBACTCS TEM, UTO AJIsl OOECIEUCHHs PACTBOPEHUSI SHEPTHs
cmemenust ['mbOca B mporecce, MAyIIEM IIpU TOCTOSHHOM JaBieHUH P, nomkka OBITH OTpHUIATEILHOM
BEJIMYMHON, U 3TOrO0 MOXHO nocTHYb ymeHblieHuem (AHp). Ecmu (AHp) oTpuuarensHa/mosnoXUTeNbHA |



MeHbIe BennuuHbl (TASP) MOXeET mMpow3oiTH cMmemreHne. sl HEMOMSPHBIX KHAKOCTEH 3TO PaBHOCHIBHO
YMEHBIIEHNIO BeTHIUHBI (84 — OB)2.
The temperature dependence (8) is almost invisible. Usually (3) is determined at 25 °C, using different

calculation methods (AH;’HP), for example, the calorimetric method. The Hildebrand method [6] of the

experimental estimation () is based on the constancy of the entropy of evaporation, dependencies for internal
pressure, critical parameters, surface tension, etc. A semi-empirical method is one which assumes, that a good
solvent for a non-electrolytic solute (polymer) is a compound that has a value (3) close to the solubility
parameter of this substance. This is justified by the fact, that in order to ensure dissolution, the Gibbs mixing
energy in the process, operating at a constant pressure P, must be negative, and this can be achieved by
decreasing (AHp). If (AHy) is negative / positive and less than the value (TASp), mixing may occur. For non-
polar liquids, this is equivalent to decrease in (54 - 8g)°.

DTy TEOpHUI0 PacHpOCTPAHWIM Ha CHCTEMBI, COJIEpIKalllFie BEIIECTBA C MOJSIPHBIMHU U aCCOLIMHUPOBAHHBIMU
monekynamu. [pay3nun [5] u Topmon [7] pasaenwnu BenuuuHy (8) Ha JBE COCTABIAIONIME, OTHOCSIINECS K
aucnepcuonHomy (8d(X)) (HenonsipHast kommoHeHTa (8)) u aunonsHOMY (8p(T)) (moMsipHask kommoHeHTa (6))
B3aUMO/ICHCTBUIO, KQXK/IYIO U3 KOTOPBIX OIPEAEIAIOT OTIEIBHO!

This theory was extended to systems containing substances with polar and associated molecules. Prauznits
[5] and Gordon [7] divided the magnitude (8) into two components related to dispersion (84 (X)) (non-polar
component (8)) and dipole (8 (1)) (polar component (8)) interactions , each of which is determined separately:

52 = AEY

=55 +5,.20)

IIpay3nun onpezneisn 3TU NapaMeTpsl 1J1sl HEACCOLMUPOBAHHBIX MOJIAPHBIX PACTBOPUTENICH U UCIIOJIB30BAI
uXx I JABYXKOMIIOHCHTHOTO PpacTBOpaA, COCTOAMICTO M3 MOJIIPHBIX «l» u HCTIOJIAPHBIX «2» MOJICKY L. I[J'I)I
KoMnoHeHTa "'1" ynenpHas MII0THOCTh SHEPTHH KOTE3UH paBHA:

Prauznits determined these parameters for non-associated polar solvents and used them for a two-component
solution consisting of polar "1" and non-polar "2" molecules. For component“1”, the specific energy density of
the cohesion is equal to:

(AU )va our
(AU )va our

C, = Ad, +y1,,23)
rae Uit KoMrmoHeHTta "2": Ay = 8 W12 — yaAeJbHas IUIOTHOCTh SHEPTHHU, CBSI3aHHAS ¢ UHAYKIIHOHHBIMH CHIIAMHU
MEKITY O6OI/IMI/I KOMIIOHEHTAaMU U ABJIAOIIASACS MIOCTOSIHHOM BEJIUYUHOM.
where for component "2": A, = 8,; 12 is the specific energy density associated with induction forces between
the two components and is a constant value.

E
Otcrona (AGP ) MOKHO paccyuTaTh Kax:

From here (AG,'DE ) can be calculated as:

AGPE = (C11 +Cy — 20, )(Pl(”z ()(1\/1o + szzo) = [(% -4 )2 + 2'12 -2y, } 21%) (lelo + X2V20 ) 24)

IMpay3uurl B ypaBHeHUH (24) OIEHMIT BEIWYHHBI TOJMSAPHON T1 M HEMOISIPHOW A1 KOMMOHEHT (8), HCIOb3yst
oO1iee MOHATHE TOMOMOP(H3Ma MOJSIPHBIX MOJIEKYIN. 3aTeM, UCIOJb3ysl oTHouieHue PDiopu-XurruHca, eciu
HPUMEHUTh AMIIMPUYECKYIO 3aBUCHMOCTh Wiz = KT?2 (K = 0,4-0,45), paccuutbiBaerca (y) BelIecTB C
HEMOJIAPHBIMU MOJICKYJIAMU B IMMOJAPHOM PACTBOPUTEIIC U ONIPEACIIACTCS MIPAaBUJIBHOCTD BI:I60pa paCTBOpI/ITeJ'ISI:
Prauznits in equation (24) estimated the values of the polar 11 and nonpolar A1 components (8), using the
general concept of a homomorphism of polar molecules. Then, using the Flory-Higgins ratio, if we apply the
empirical dependence y12 = KT? (K = 0.4-0.45), we can calculate (y) for substances with non-polar molecules in

a polar solvent and determine the correctness of the choice of solvent:

(RTIN%,), o=V, [(A—4) +27 2y, |+RT [Inxi +1-V20J:

1 Vl




. 2 2
=V, [(8,),~(64), | +(8,), =2y, +RT In&o 11-2 |5
1 1

B ypaBuenusx (24, 25) u3 paccMOTpeHHst OBUTH HCKITIOYEHBI aCCOIMHPOBAHHbBIE XHUIAKOCTH C BOJOPOTHBIMH
CBSI3SIMH, THIIA CIIUPTOB M OPTaHMYECKHUX KHCJOT, CHEIH(PUUSCKHA XapakTep B3aMMOAEUCTBHS B KOTOPBIX
HENb3s1 BBIPA3UTh JIOCTATOYHO IIOJHO C TOMOLIpI0 Od M Op. M3 PTS cmemyer, 4ro pactBopeHme Oyner
MPOUCXOIUTE TIPH JIFOOBIX COOTHOIICHUSIX KOMIIOHEHTOB, €CIIM MOJISIpHast sHTansmus cMmemenust (AH) Gymer
6muska x «0» B ypaBHEHUH:

In equations (24, 25), associated liquids with hydrogen bonds, such as alcohols and organic acids, the
specific nature of the interaction in which cannot be expressed fully enough with the help of 34 and &, were
excluded from consideration. From PTS it follows, that the dissolution will occur at any ratios of the
components, if the molar enthalpy of mixing (AH) will be close to “0” in the equation:

2
AH = (51 _52) Vo0, = PN@,@,, 26)
rae: B - mapaMeTp COBMECTUMOCTH, yKa3LIBaIOH1Hﬁ Ha CpOACTBO CMCHIMBACMBIX KOMIIOHCHTOB.
where: B is the compatibility parameter, pointing to the affinity of the blending components.

HOCKOJ‘ILKy 3 CIEKTpa BCEBO3MOXKHBIX 3aI‘pH3HeHHI>II, MPpUCYTCTBYIOIIIUX Ha 3€pKaje, HaI/IGOJ'IbHIyIO
TPYAHOCTb NPHU OYUCTKE MNPCACTABIAOT IMOJUMEPU30BAHHLIC 3arpsA3HCHH, BKIOYANOIIME, KakK IpaBuiio,
OONBIIYI0 YacTh BCEX 3arpsA3HEHUHA, TO PACCMOTPCHHBIM BHINIC NPUMEP B3aUMOICHCTBUS PACTBOPHUTENS U
nojumepa € HCHOJIb30BaHUCM (6) HUMCCT MNPAKTHYCCKOC 3HAYCHUC. CYH.IGCTBGHHBIM NpeUMYyHICCTBOM IIpHU
BLI60pe paCTBOpPITeJIeﬁ JAJIA OYHUCTKU 3€pKajl ABJIACTCSA BO3MOXXHOCTL MNPCACKA3aHU CBOMCTB H OTACIBbHBIX
paCTBOpI/ITeJIeﬁ, " uX cMmeceit. Ha IMpaKTHUKE, B OINTHYCCKOH U MHKpOSJIeKTpOHHOﬁ OTpaciigX NPpOMBINUICHHOCTH
TOXKapOOIIaCHOCTh BBICOKONOJISIPHBIX OPraHUYCCKUX paCTBOpHTeJ‘Ieﬁ, HEAOCTAaTOYHAd HWHCPTHOCTH K BOAC U
MeTalulaM, pa3pylIaloniee BO3ACHCTBHE XJIOPCOAEpKAIIUX (PEOHOB HAa O30HHBIA CJIOH 3eMIIH, BBICOKAs
CTOUMOCTH U JIE(I)I/IHI/ITHOCTL q)peOHOB, SABJIANOTCA OCHOBHBIMU IPUYWHAMU TNIEPEX0Ja K KOMIIO3UIHUAM Ha OCHOBE
(TOp3aMEIIEeHHBIX YIIIEBOJOPOIOB. JTO OOYCIOBICHO MX BBICOKOW pPacTBOPSIONIECH crocoOHOCTHIO M Oojee
BBICOKOIl MHEPTHOCTHIO (IO CPaBHEHMIO C XJIOPCOAEpKalIMMHU) K Bojxe W Metaiam mpu 25 °C. Ilostomy
HauOOJNBIINN UHTEPEC MPEACTABISIIOT HEBOAHBIE KOMITO3UIMK Ha ocHOBE (hpeoHa-114B2. Onu 06pa3ytoT ¢ HUM
a3e0TpOIIbI C (3), COOTBETCTBYIOLIMM HIIH OJIM3KHM K (8) OCHOBHOTO (110 Macce) 3arpsi3HeHH i, IPUCYTCTBYIOIINX
Ha 3¢pKajie.

Since from the spectrum of all possible contaminants present on the mirror, the most difficult to clean are
polymerized contaminants, which usually include most of the all contaminants, the above example of the
interaction of solvent and polymer using (8) is of practical importance. A significant advantage in choosing
solvents for cleaning mirrors is the ability to predict the properties of both individual solvents and their
mixtures. In practice, in the optical and microelectronic industries, the fire risk of high polar organic solvents,
insufficient inertness to water and metals, the damaging effects of chlorine-containing freons on the ozone layer
of the Earth, the high cost and deficiency of freons, are the main reasons for the transition to compositions based
on fluorine-substituted hydrocarbons. This is due to their high dissolving ability and higher inertness (compared
to chlorine-containing) to water and metals at 25 °C. Therefore, non-aqueous compositions based on freon-
114B2 are of particular interest. They form with it azeotropes with (8) corresponding to or close to (8) of the
main (by mass) of the contaminents present on the mirror.

BbIBOJbI
CONCLUSIONS

1. Xotsa PTS ocHOBaHa Ha TpeCTAaBICHUHN O AMCIEPCHOHHBIX CHJIaX W mpaBmie beptio u pacnpocTpaHseTcs B
COOTBETCTBUM C OTUM Ha HCHOJIAPHBIC MOJICKYJIAPHBIC PAaCTBOPLI, IPOBECACHHBIMH 3KCICPUMCEHTAMU [8] OBLIO
MOATBCPIKACHO, YTO OHA NPUMCHUMA U JJId TBEPABIX TCJI U MOJAPHBIX )KHI[KOCTeﬁ (CXOZ[CTBO B 3HAYCHMUAX (6)
naét 0Oojiee OTPHUIATSIILHYIO [0 BEJIMYMHE OJHEPrui0 cmemieHus [100ca, 00eCleYMBAIOIIYyI0 B3aUMHOE
cMenienue BemecTB). C psiIoM YTOUYHEHHI W JOMOJHEHUM HCIIOB30BaHKE 0OJiee MPOCTOTO0 MaTEMAaTHIECKOTO
anmapara, yeM, HalpuMep, TEOPUH COJIbBATAIINH, KHIKOIO COCTOSIHUSI M pacTBOPOB U T.11. PTS vacto no3Bosisier
MONy4aTh JIydYIlee COTJIACOBAHHE C HDKCHEPUMEHTOM. MeTox oxHOro mapamerpa (0) NpUMEHHM Jaxke IpH
HaJIMYMH B KOMIIOHEHTEC CUJIbHBIX IMOJIAPHBIX B3aHMOHeﬁCTBHﬁ 1 BOJAOPOJHBIX CBSI3EH.

1. Although the PTS is based on the concept of dispersion forces and the Berthelot rule and extends
accordingly to non-polar molecular solutions, experiments carried out [8] satisfactorily confirmed, that it is also
applicable to solids and polar liquids (similarity in values (8) gives a more negative Gibbs mixing energy,
providing mutual mixing of substances). With a number of refinements and additions the use of a simpler
mathematical apparatus, than, for example, the theory of solvation, fluid state and solutions, etc. PTS in many



cases allows obtaining better agreement with the experimental data. The method of one parameter (8) is
applicable even in the presence of strong polar interactions and hydrogen bonds in the component.

2. TlpoaHamm3upoBaHHBIE HAa OCHOBE 3aKOHOB TEPMOAMHAMHKH METOABI BBIOOpa pacTBOpHTENEH u
MPOBCACHHBIC JKCIICPUMEHTHI IIOKas3ajiu, 4YTO YJaJICHUEC 3anSI3HeHPII71, 06ﬂaz[a}oumx Ppa3HbIMU (l)I/I3I/IKO-
XUMHYECKUMH CBOMCTBAMU U MPUCYTCTBYIOIIUX, KAaK IMPaBHUJIO0, COBMECTHO Ha NOBCPXHOCTHU MECTAJIJIOONITUKHU (C
y4€TOM €€ KOPPO3HMOHHBIX CBOWCTB), HanOosee 3¢ (heKTHBHO KOMIO3UIMAMH Ha OcHOBe ppeoHa-114B2.

2. Solvent selection methods analyzed based on the laws of thermodynamics and the experiments performed
showed that removing of contaminants with different physicochemical properties and located, as a rule, together
on the surface of metal optics (taking into account its corrosive properties), is most effective by freon-114B2
based compositions.

3. IlomyueHHBIE pe3yNbTaTHl IO OYMCTKE ONTHYECKOW IMOBEPXHOCTH OT 3HAYHTEIBHOM YacTH TpuMeceil
MTO3BOJISIOT YBEIHMUUTH pecypc paboThHI 3epKasl MOIIHBIX Ja3epoB. OHH MOTYT OBITh TaK K€ WCIOJIBb30BAHBI IS
OYHCTKH TOYHBIX ﬂeTaneﬁ 13 METAJUIOB, IPUMEHAEMBIX B IPYTUX obmacTax TIPOMBIIIIJICHHOCTH.

3. The results obtained on cleaning the optical surface from a considerable part of the contaminants make it
possible to increase the service life of high-power laser mirrors. They can also be used to clean precision metal
parts used in other industry areas.
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