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®EHOMEH TOYKHA IOMYTHEHHUSA B PACTBOPAX HEMOHHBIX
OKCHUIOTUJIMPOBAHHBIX IOBEPXHOCTHO-AKTUBHbBIX BEHIECTB
N BOJOPACTBOPUMBIX ITOJIMMEPOB (OB30P)
I1. BIUSIHUE HEOPTAHUYECKHX COJIEM HA TOUYKY IOMYTHEHMUSI

B pabome onucarno enusHue HeopeaHuueckux coeli Ha MeMnepamypy mouku ROMYMHEHUs OKCUIMUIU-
POBAHHBIX NOBEPXHOCHHO-AKINUBHBIX 8EUIeCME U 8000PACTNEOPUMbBIX ROAUMepOs. [Ipounmiocmpuposatvi
PA3IUYHBLE NOOX00bL K UYYEHUIO CUCeM Heopearudeckas cofib — [IAB — 6oda u cés136 npupoowvl conu ¢
ee evicanusarowel cnocoornocmvio. Ilpusedenvl meopuu, 00vACHAIOWUE GIUAHUE CONECU HA MOYKY NO-
MYymMHEeHUs.
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PHENOMEN OF CLOUD POINT IN OXYETHYLATED NONIONIC
SURFACTANTS AND WATER-SOLUBLE POLYMERS SOLUTIONS (REVIEW)
I1. INORGANIC SALTS INFLUENCE ON CLOUD POINT

The paper describes effect of inorganic salts on oxyethylated surfactants and water-soluble polymers
cloud point temperature. Illustrate different approaches to study of inorganic salt - surfactant - water sys-
tems and connection salt nature with salting-out ability. Results of theory explaining inorganic salts effect
on cloud point.
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Denomen mouxu NOMYMHEHUA...

B meproit wactm o630pa [1] moapobHO ommcaH
(eHOMEH TOYKM IOMYTHEHHUS! B BOIHBIX PacTBOpax
okcryTIIIHpoBaHHEIX [TAB (OD2-ITAB) m Bomopac-
TBOPUMBIX MOJMMEPOB Ha IpuUMepe IOJIUATHU-
JICHTJIMKONIEE W TPUOJOKCOMOIUMEPOB  OKCHJIOB
STWJIEHAa W TPONWIEHA Pa3IUYHON MOJIEKyJIsIpHON
Maccel. OTHUM U3 BaXKHBIX ACTEKTOB MPAKTHUYECKO-
ro MPUMEHEHUsS! YKa3aHHOTO (PeHOMEHa B MpPaKTHKe
MULEJIISIPHON SKCTpaKIUK SBISAETCS YCTAHOBJIEHUE
BIIUSHUSI HEOPTaHMUYECKHUX COJIEW Ha TemIepaTypy
MOMYTHEHHS.

Hcnonp3oBanue BbIcamuBaTens SABISAETCS pac-
MPOCTPAHEHHBIM TIPUEMOM TIPU OCYIIECTBICHUU
SKCTpPaKLUK ¢ OKCUATHIHpoBaHHBIMU [TAB, nmero-
UMM BBICOKYIO TEMIIEpaTypy HOMyTHeHus [2—4],
MOJIMATUIECHIIMKOISAME [5—7] n nonnbiMu ITAB [8—
10]. TIpu 3TOM pOJIb BBICATUBATEIS CBOIUTCS K
CHIDKCHHIO TEMIIEpaTypbl NOMYTHEHHS BIUIOTH 1O
KOMHaTHOM.

IlonsiTHe «BbICATUBAHME» H «BCATUBAHHE)

[lepBble KONMMYECTBEHHBIE SKCHEPUMEHTAIBHbBIE
JJaHHBIE 110 BBICATMBAHUIO ra30B-HEAJIEKTPOIUTOB M3
BOJHBIX PACTBOPOB AIEKTPOJIMUTOB IoiydeHsl V.M.
CeuenoBbiM B 1875 1. [11], a cucTtemMaTH4ecKue uc-
CJIEIOBAHMS BIUSHHUS COJEH HA JIBOMHBIE KHIKOCT-
HBIe cucTeMbl ipoBesicHbl M.A. KabnykoBeiM [12] 1
J.I1. Konoranoseim [13] B Hauane XX B. OCHOBO-
roJiararoiei paboToil 1Mo BhICAIMBAHUIO OHOJIOTH-
YECKUX MaKpOMOJIEKYJ CIEAYyeT CYUTaTh paboThl D.
Todmeiicrepa [14].

TepMmuH «BbICATTMBAaHUE» UMEET HECKOJBKO B3a-
MMOCBSI3aHHBIX OTPEACICHHI:

® BBIJICJICHNE BEIIECTBA U3 pacTBOpa IyTEM BBe-
JEHUsI B PacTBOp JPYroro, Kak MpaBWJIO, XOPOLIO
pacTBOPUMOIO B JAaHHOM pPAaCTBOPUTENE BEIIECTBA

[15];

® CeTMMEHTANUS THAPOPIIFHBIX KOJUTOUIOB MPH
CO3/IaHMU B PAaCTBOPE 3HAYUTEIBHBIX KOHIIEHTpaui
3NEKTPOJINTA,

® yBEIMUEHHE OHKCTPAarUpyeMOCTH paclpeaens-
IOIIUXCA BEMIECTB B ABYX(a3HBIX 3KCTPAKITMOHHBIX
CUCTEMAaX >KUJIKOCTb — JKUIKOCTh IPU BBEICHUU B
onHy u3 (pa3 OOIBIINX KOIWYECTB HEIKCTPArUpyIO-
LIErocs 3MEKTPOJIUTA,;

® YMEHBILICHUE PACTBOPUMOCTH B BOJE TIa30B,
KUAKUX WM TBEPABIX HEIJIEKTPOIMTOB MOJ JeH-
CTBHMEM PACTBOPEHHBIX B HEl 37eKTpoauToB [16].

[Ton «BcammBaHUEM» OHUMAIOT OOPATHBINA MPO-
LIECC, TO €CTh YBEIMYEHHE PacCTBOPUMOCTU HEINIEK-
TpPOJMWTa MOJA JAEUCTBUEM BBEJIEHHOIO B PacTBOP
anextponuTa [15].

IIpuMeHUTENBPHO K CHCTEMaM BbICAJIMBATENb —
ITAB — Boza moa TepMHUHOM «BEICAIIMBaHUE» OymeM
MIOHUMAaTh CHW)XXEHHUE TEMIIEpaTypbl MNOMYTHEHUS
pactBopoB IIAB B mpucyTrcTBuM COMM B HOJUTEp-
MHUYECKHX YCJIOBHUSIX WM YMEHBIIEHUS PacTBOPHU-
moctu IIAB B pacTBOpe BJIEKTpOIHTAa B U30TEPMU-
YECKHUX YCIOBUAX. TepMHH «BCalMBaHUE» B IOJIU-
TEPMHUUYECKUX YCIOBUSX MOXET OBITh MHTEPIPETH-
pOBaH Kak yBEJIMYEHUE TEMIIEpaTypbl HOMYTHEHUS
pactBopa ITAB moj aeiicTBueM coin, a B ©30TEPMHU-
YECKUX YCIIOBHUSX, B CBSI3U C HEOTpaHHMUEHHOW pac-
TBOpUMOCThIO 60nbpmmHCTBa OD-I1IAB B BOjE, naH-
HBIM TEPMHUH HE IPUMEHHM.

MeToabl u3y4eHUs] pACTBOPMMOCTH B CHCTEMax
BbIicanBaren — [IAB — Boga

PactBoprMOCTE B  TICEBAOTPEXKOMITOHEHTHBIX
cucTemax, obpaszoBaHHbIX monumepom (OD-IIAB),
BBICAJINBATENIEM U BOJON MOXKHO M3y4yaTh KakK B U30-
TEPMHUUYECKHUX, TaK U B TOJIMTEPMUYECKUX YCIOBHSX.

B nonuTepMuyeckuX yCIOBHSX HM3ydEHHE IIPO-
BOAAT TEMH K€ METOJIaMH, YTO OMHCAHBI B MEPBOU

qacTu 0030pa [1] mnst pukcupoBaHuUs TemIepaTyphl
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TOYKH TOMyTHeHHs. [Ipy 3TOM At M3ydeHus pas-
HOBECHH C y4acTHEM TBEpAbIX (a3 HCIIOIb3yeTcs
TOJIBKO BHU3YyaJIbHO-MIOIUTEpMHUYECKUit MeTon [17],
Ha KOTOPBHIM HAKJIAJBIBACTCS [[Ba CYIIECTBEHHBIX
OTpaHUYCHHS — OH HE TPHUMEHHUM JUIS CHIIBHOOKpPA-
IICHHBIX, HEMPO3PAa4YHBIX CMeceil M HE MO3BOJISET
YCTaHOBUTH COCTaBbI COCYILIECTBYIOIINX (a3.

CyIIeCTBEHHO IIUpPE MEPEYCHb N30TCPMHUYCCKUX
METOJIOB, KOTOPBIC MOXXHO Pa3/ICiuTh HA AHAIUTH-
YecKue, MoJyaHAIUTHIecKue, hpusnueckue u rpado-
aHAJIUTHYECKHE.

AHanuTH4ecKni METOA 3aKJIO4YacTCsa B XUMHNUYC-
CKOM aHaJIU3e COCTaBa KaK/I0i U3 paBHOBECHBIX (ha3
nociie ux pasaencuus. Hampumep, B pabGore [18]
OIMCAHO HCCIIEOBAaHWE PACTBOPUMOCTH B CHCTEME
MgSO, — II3I" — Boga npu 25°C. CoxeprkaHue BbI-
calBaTeNsl OIpeNessId  aTOMHO-a0COpOIIMOHHON
cnekrpockonueil, II91" u Bogy mo pa3HOCTH mocie
BeicymmBanus (a3 mpu 70°C. ns vHexoropeix [1AB,
COZIepXKallUX B CBOCH CTPYKType XpOMOGpOpHBIE
TPYIIIBI, MOXKET MCIIOJB30BATHCS CIIEKTPO(HOTOMET-
puyeckuit Meroa. Hampumep, OKCHATHIMpPOBAaHHBIE
TKHIQEHOBI MOTYT OBITH OIpEeNieHbl CIEKTPO-
q)OTOMeTpI/I‘IeCKI/I M0 MakKCUMyMy IOI'IOUICHUA, OT-
BevaroleMy apomatudeckoi cucreme [19, 20]. B
ciryuae [TAB, He nMmerommx XpoMo(OpPHBIX TPYIHIT
BO3MOYKHO COYETaHHE XMMHUYECKOTO aHaJn3a U pe-
¢dpaktomerpuu [21]. Tlpu 3TOM mNOKa3zaTenb IMpe-
JIOMJICHUS )KUAKOH (ha3bl MOKET OBITH ONMCAH ypaB-

HCHHEM

nZ’ =1.3325+Aw,_, +Bw,,,,,

coiv
rne A 1 B — KOHCTaHThI, OlpeJielisieMble U3 rpa-
JTYUPOBOYHBIX TPAPUKOB; Weon, U Wiz4p — COJICPIKAHUE
BoicanuBatens u [IAB (mac.%).
Omnpenensisi IKCTIEPUMEHTAIBHO COJIEPKAHUE BbI-

caliMBaTeiid MW IIOKa3aTejib IPCIOMIICHHUA MOXHO

paccuutath coaepxkanue IIAB B paBHOBECHBIX
KUIKHAX (azax.

MeTo M30TEpMUYECKOTO THUTPOBAHHS SIBISAETCS
MIPUMEPOM TTOTyaHATUTHIECKUX METOZOB U OCHOBaH
Ha TUTPOBAHUHM CMECH JBYX KOMIIOHEHTOB PacTBO-
POM TPEThEro KOMIIOHEHTA 10 TOMOTEHU3AINHA CME-
CU WM 00pa3oBaHUs pacciavBaHus. MeToj M03BO-
JIIET OBICTPO ¥ TOYHO OIPEIEIUTh IPAHUIy 00JIacTH
pacciamBaHus, HO HE MO3BOJSET UCCIEIOBATH PaB-
HOBECHsI C yyacTreM TBepAbIX ¢a3. Eciu moctpouts
rpadUYECKyr0 3aBUCHMOCTh COJICPIKAaHUS OJTHOTO U3
TUTPYEMBIX KOMIIOHCHTOB OT COACPIKAHUA TUTPAHTA
Ha OMHOJAJILHOW KPHUBOW, TO OMNPEACIUB KOHIICH-
TPaIHi0 OJHOTO W3 KOMIIOHEHTOB B XUAKOW (hase,
MO>XKHO HAWTH COJEpKaHUE OCTABIINXCS KOMIIOHEH-
TOB M TOCTPOUTH HOJBI B 00JACTH pPaCCIaWBAHUS
[17, 22, 23].

JpyruMm criocoGoM oTipesieNeHns cocTaBa paBHO-
BECHBIX (pa3 sBIsIETCS METOX, OCHOBAaHHBIA HA Ipa-
Buwie pbiuara [24]. BbUMCINB OTHOIIECHHE Macc
BepxHeil u HmwkHEH ¢asbl (R) MOXKHO paccuMrTaTh
coJlep)KaHue KOMIIOHEHTOB B KaXKIOoW W3 a3 1o

YpaBHEHHUIO!

06
Wi 1IAB — Wi _ 1_ R WiSOOH,
R R

IJIe HHJIEKC | OTBeYaeT HoMepy KoMIoHeHTa (i =
1,2,3); I[1AB, 800H, 06 COOTBETCTBYIOT 0003HAYECHH-
sim (pa3 — oboramenHoi [IAB, BogHOM 1 001mIEMy
COJIEPyKaHUIO i-OT0 KOMITOHEHTA B CHCTEME COOTBET-
CTBEHHO.

Pacuer coctaBoB paBHOBECHBIX (pa3 BOZMOXKEH U

o ypaBHenusim Otmepa-bankpodra [25]:

o[100-w Y (100w
g 1IAB =a+ g Weodu !
1 2
W@adH 114B
3 _ 3
Ig soon | c+ d Ig II4B |
W2 1
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rze Wi,Wz,W3 OTBEYarOT MacCCOBOH J10JI€ BbICAIIH-
Bareis, IIAB 1 Bobl, COOTBETCTBEHHO; 4, b, ¢, d —
KO3 PUITUECHTHI TTPOITOPITHOHATHEHOCTH.

dusznyeckre METOAbI MO3BOJIAIOT IPOBECTH pac-
4eT (pa3oBBIX PaBHOBECHIl Ha OCHOBE Pa3TUUHBIX
TepMOAMHAMUYeCKuX Mozenei [19, 26].

Uccnenosanne cuctem c¢ [IAB nsorepmuueckum
METOAOM CEUEHHH SIBIACTCS OTINUUTESIBHON YepTO
[lepMckoii Hay4HOW MIKONBI (PU3UKO-XMMUYECKOTO
ananu3za [27]. Merox npemioxen P.B. Mepuinabim
u H.U. Hukypammno# [23] 1 ocHOBaH Ha mocTpoe-
HUM (YHKIMOHAIBHOW 3aBUCHMOCTH KakKOTro-TMOO
(hM3UYECKOro CBOWCTBA XHUIKOW (Dasbl (dalie BCero
MoKa3aTenis NPeloOMIICHHS) OT COAEp)KaHUsI KOMIIO-
HEHTOB B CMECSX, PACIOJIOKEHHBIX Ha ONpEAEIeH-
HBIX CEUCHMAX TPEYTroJbHUKA cocTaBa. Metoa mos-
BOJISIET YCTaHOBUTh TeMIIepaTypHoO-
KOHIIEHTPAL[MOHHbIE IPaHULbI (a30BbIX MEPEXOAO0B,
a TaKke rpaguyecku ONpeaeIuTh COCTaBbl COCYIIe-
CTBYIOIIUX (a3 U KPUTHIECKHUE TOUYKH Ha OWHOIAITH-
HbIX KpuBbIX. C cepenunbl 2000-X IT. ONMHCAaHHBIM
MeTo/IoM u3ydeHo Oonee 40 TOTMKOMITOHEHTHBIX
cucteM, coaepxammux [IAB, mpu pazmudHBIX TEM-
mepatypax [4, 10, 28-30].

Cnoco0bl onpeneieHusi BbICATUBAIOLIEH
CMOCOOHOCTH 3JIeKTPOJUTOB

UzmeHeHne TemrepaTypbl IOMYTHEHUSI BOJIHBIX
pactBopoB EO-IIAB u momumMepoB B NMPHCYTCTBHH
HEOPraHMYECKHX COJICH M3ydanoch MHOTMIMU aBTO-
pamu. llpemnokeHo HECKOIBKO TIOAXOAOB JUIA
OIIEHKHM BBHICAJTUBAIOIIEH CIOCOOHOCTH COJNEH WIH
OTACNBHBIX MOHOB, KOTOPbIE MOXKHO Pa3/eNuTh Ha
nBe OOJbIIME TPYMIIBI — MOJUTEPMHUYECKHE U H30-
TEPMHUYECKUE.

B nepBoM mpuOIMKEHUHN BBICATMBAIOLIYIO CIIO-

COOHOCTL B MNOJIMTCPMUICCKUX YCIIOBUAX MOKHO

OLCHUTH IO 3aBUCHUMOCTH TEMIICPATYPbI IIOMYTHC-

uus (Ty) pactBopa ITAB ¢ ¢puKkcHpOBaHHOMN KOHIIEH-
Tparueit OT KOHIIEHTPAINH JIEKTPOIUTA (MOJIIPHON
win MojsuteHOM) [31]. Ilpu 3TOM XapaKTepHUCTHKOM
BBICAJIMBAIONICH CITOCOOHOCTH MOXKET SIBIATHCS Kak
BEIMYMHA CHIDKCHUS TEMIEepaTypbl TMOMYTHEHHS
(AT) npu PuUKCHPOBAaHHON KOHIEHTPAIIUH BJIEKTPO-
JTa;
AT =T - Ty,

rae Tn — TemmepaTypa TOMYTHEHHUS pacTBOpa
[TAB 6e3 BbicanmuBarens, Tak 1 MHHUMAaJbHasi KOH-
LEHTpanusl 3JIEKTPOINTA, BBI3BIBAIOIIAS paccianBa-
Hue (Cmin) pu pukcupoBaHHOW Temmeparype. [Ipu
5ToM 3Hak AT OMpeaAcIACT, ABIACTCA SBJICKTPOJIUT
BoicaymBareneM (AT > 0) wim BcanmuBatenem (AT <
0), a Cmin MOXKET XapaKTepru30BaTh TOIHKO BEITUYH-
Hy BCAJIMBAIONIETO WK BhIcamuBaroniero 3¢dexra.
Uewm Oombmie abcomoTHoe 3HaueHHe AT WiIu MEHb-
mie Cin, TEM CHIIbHEE BBICAIMBAIONIAS WM BCAJIU-
Balolias CroCOOHOCTh 3JieKkTponuTa. [Ipu sToM xa-
PaKTepU30BaTh BHICATIMBAIONIYIO CIIOCOOHOCTh MOX-
HO ¥ BeNMWYMHOW Tn: 4eM OHAa MEHbIIe Npu QUKCH-
POBaHHOW KOHIICHTPAIMU DJICKTPOJUTA, TEM BBIIIE
BBICAJIMBAIONIAs] CIIOCOOHOCTB.

Bropoii moaxos OCHOBaH Ha MPEATOJIOKEHHH,
YTO 3aBUCHUMOCTL TEMIICPATYPhI IMOMYTHCHHA HIIN
AT ot mossipHO# KoHIeHTpalu BbicaauBaTess (C)
sIBJIsIeTCS JIMHEWHoi#t [32]:

T.=T.+bC,
AT =bC, npuuem AT =T', — Ty

[Tpu 3TOM BBICATTMBAFOIIYIO CIIOCOOHOCTh OICHU-
BalOT TI0 BeNWunMHEe Kod(dunueHra b, HaimeHHOTO
METOZOM HaUMEHBIINX KBaJPaTOB:

b >.AC
2.¢
ITpu b < 0 conp oOsasaeT BHICATMBAIOIINM JICH-

ctBueM, ripu b > 0 — BcanmBarommm.
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IIpennoxkeH mojaxoa CpaBHEHUs! BbICaJWBaroIEH

CIIOCOOHOCTH, WCXOId W3 MOIUGUIINPOBAHHOTO
ypasuenust Ceuenona [33]:
T
lg T—’g =-kC,

rae C — MoJsIpHast KOHIISHTPAIUS SIEKTPOJIHTA;

K — k03 huIenHT, SIBIISIONINICS XapaKTEPUCTHKOM
BBICAJTMBAIOIIEH CITOCOOHOCTH.

OueBuHO, YeM OOoJIbliie BeaHYUuHa K, TeM CHIIb-
HEE BBICAJIMBAIOLIEE ICUCTBUE COMU. JJaHHBIA METOL
sIBJIsIETCsT 00Jiee OOIIMM CiTydaeM BTOPOTO MOIXOa,
TaK Kak IMpeIojiaraet, 4yTo MOJIMTEePMa, MOCTPOCH-
Has B koopaunarax Tn = f(C), aensercs sxcrmoneH-
[IUaJILHOM, a HE TUHEIHOM.

H. Schott [34] npemnoxun OlEHUBATH BBICATIH-
BaIOIIYIO0 CIIOCOOHOCTh HMOHOB PACUETHBIM CIOCO-
O0oM. KoHIIEHTpalMio BhICAIUBATENS BHIPAKAIOT BE-
TrarHOH «moisipHo# cuitby W (C — MosipHast KOH-

IECHTpAalKA HOHA BBICATIUBATENIA, Z — €TO 3ap5{z[):
W=>'Cz

st pacyera BETMYMHBI CHU)KEHUS TEMITEPATyPhI
MMOMYTHEHHS MHAWBUIYaTbHBIM HOHOM (AT o) TIpH-
HUMaIoT, 9T0 ATnoz = 0, a o0mmias BeTuyrnHa CHUXeE-
HUS TEeMIIepaTypbl IOMYTHEHHS BBICAIMBATEIEM
€CTb BEJINYHMHA aJIATUBHAS:

AT(KatiAnm) = NATkat + MAT an,

[MpennoxxeH crmoco0 OIEHKH BBICATMBAIOIICH
CIIOCOOHOCTH WHIMBUIYaJIbHBIX MOHOB Ha OCHOBa-
HHUH TOJUTEPMBI, TOCTPOSHHOW B KOOPJMHATAX TEM-
neparypa nomyTtHeHus: (T,) kak (QyHKIUS MOJISIIb-
HOHM KOHIEHTpaluu noHOB BeicanuBarels (Cion) ipu
¢uxcupoBanHoit konunentpauuu IIAB [35]. Ilpm
3TOM XapaKTEPUCTUKOW BBICAIMBAIOIIEH CHOCOOHO-
ctu cayxar BenuauHbl AT (Ty) win Cmin, Onipesens-
eMble, KaK B MEePBOM criocode. OTIMIHTENLHON 0CO-
OCHHOCTBIO TIPEJIOKEHHOTO METOJIa SBIISIETCS aHa-

JIU3 BCEU TMOJMUTEPMBI, B TOM YHUCJIE U PABHOBECUHU C

ydacTueM TBepIblx ¢a3. B 3aBucumocTu oT mpupo-
Il COJIM CYIIECTBYIOT JiBa OOIIMX BHIA IOJIHUTEPM,
IIPEICTaBICHHBIX Ha pUCyHKe. B o0mem ciaydae Ha
[IOJIUTEPME MOXHO BBIICIMTH TPU Y4acTka — 00-
nacte BeicamuBanus (BC, BF), BcamuBanus (AB,
CD) u o0nacTh MOHOTEKTHYECKOTO pPaBHOBECHUS
(DE, FG). Ilpu sToM asi Kaka0i mapbl BbICAIHBa-
tens — [IAB cymecTByer omnpezeneHHas TeMiepa-
Typa, HUKE KOTOPOH COJIb HE BIMsIET Ha pacTBOpU-
Mocth [IAB. Drta TemmepaTypa COOTBETCTBYET
yudactky FG (cxema 1) wmu touke C (cxema 2). Cro-
c00O0B, MO3BOJISIIOIINX CPABHUBATH BHICATMBAIOIIYIO
CHOCOOHOCTh B M30TEPMUYECKUX YCIOBHSX CYIIe-
CTBEHHO MEHBIIIE, TaK KaK €AMHCTBEHHBIM M3MEHsE-
MBIM [IAPaMETPOM SBJISIETCS] KOHLICHTPALIUSL.

Haubonee mpocTtbiM criocoOoM SIBISIETCS aHAIH3
OMHOIAIBHBIX KPHUBBIX, IIOCTPOEHHBIX B KOOpAMHA-
1ax Wnap = f(Cuucan), TIPH 3TOM HCIONB3YIOT MO-
JSUTBHYIO WM MOJISIPHYIO KOHLEHTDPALMIO BBICAIIU-
Batens [36, 37]. Ilpu GpuKCHpOBAaHHOM COEPKAHUH
ITAB BrIcanmBaromasi CriocOOHOCTh XapaKTepU3yeT-
Csl KOHLGHTpaLUed coiu, HeoOXoAuMOW asi obpa-
30BaHMs pacciamBaHus. OUeBHIHO, YeM OHa MEHb-
11e, TeM CHJIbHEE BHICATMBAIOIIAS CIIOCOOHOCTB.

BropeiM cniocoOoM  sIBIISIETCSL  MICTIONB30BaHUE
ypaBHeHusi CeueHOBa B KJIAaCCHUYECKOM Buje [37—
391:

Sx
lg § =-kC
,

rae C — MoOIsipHasi KOHIIEHTPAIIUS AJIEKTPOJINTA;
K — k03 dHuLMeHT, ABISIOMUICS XapaKTEPUCTUKON
BBICAJIMBAIOLICH CIIOCOOHOCTH; Sx — PACTBOPUMOCTD
ITAB B BOJe B NMPHCYTCTBMHM BBICAIMBATENS; S, —
pactBopumocTs I1AB B Boge.

Onnako ypaBHeHue CeueHOBa BBIIOIHSACTCS
JUIIb B y3KOM KOHIIEHTPAlMOHHOM HHTEpBaie, a

MOJIYy4YCHHOC 3HAUYCHHUC KOB(b(l)I/ILII/IeHTa BbICaJIMBa-
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HUA HEJIB3A HUCIIOJIb30BaTh IS XapaKTECPUCTUKH BEBI-

t°C

B

a1
o
T

40

CAJIMBAIOIIETO JIEHCTBUS HOHOB COJIH.

cxema 1

cxema 2

15 20 25
coib, Mac.%

Puc. Cxema nonuTepMUYeCKUX CEYCHUI, HCIIOIB3YEMBIX JUISl OLICHKHU BBICAJIMBAIOIIEH CIIOCOOHOCTH

Bansinue 3J1eKTPOJINTOB HA TOYKY NOMYTHEHHUS

CucremaTnyeckoe HM3y4eHHE BIMSHMS COJIed Ha
PacTBOPUMOCTD HEINIEKTPOJIUTOB MO3BOIWIO cdop-
MyJIUPOBaTh P 3aKOHOMEPHOCTEH, HA OCHOBE KO-
TOPBIX CTPOSATCSA Pa3IUYHBIE TEOPHH BBHICATIHBAHHS
[40]:

1) B OOJBUIMHCTBE CIIy4aeB AJIEKTPOJHTHI I10-
HIKAIOT paCTBOPUMOCTb HEIEKTPOIIUTOB B BOJIE.

2) Yem MeHbIIIe paguyC HMOHA MPU JaHHOM 3a-
psizne, TeM OOJBIINM BBICAIMBAIOIINM JEHCTBUEM OH
obiagaer. YBeln4eHue paguyca MOHA HPUBOIUT K
YMEHBILIEHUIO BHICAIMBAHUS U MEPEXOAY K BCAIMBa-
HHUIO.

3) [Topsimok nercTBUs CONei COXpaHseTCs JUIs
MHOTHX, HO HE JIJIsl BCEX 3JIEKTPOJIMTOB.

4) HaOnromaercst NpONOPUUOHATIBHOCTD MEKITY
HW3MeHeHneM Jorapudma koddduipeHTa aKTUBHO-
CTH HEDJIEKTPOJINTA M KOHIIEHTPAIMEH COJIM, BBIpa-
JKEHHOM B MOJISIX Ha JIUTP.

J1a onieHKHM BhICATIMBAIOIIEH CITIOCOOHOCTH HEOp-

TaHUYCCKUX MOHOB 4aCTO MCIIOJIB3YIOT JIMOTPOIIHBIC

pszbl, BriepBbie nonydeHHble O. [opmeiictepom npu
W3Y4YE€HUU BIUSHUS 3JIEKTPOJIUTOB HA BBICAIMBAHUE
0enKkoB U3 BOAHBIX pacTBOopoB [14, 41]. Psaaer ['od-
MelicTepa HCHOJB3YIOT Uil OOBSICHEHUS BhICAINBA-
HUS TTOJTUMEPOB, TTOBEPXHOCTHO-aKTUBHBIX BEIIECTB,
KOaryJIMpyIOIIero AeicTBUS HOHOB M UX BIMSHUA Ha
HaOyxaHue MoJuMepoB. MOHBI B THOTPOITHBIX psijiax
PAcCIIOJIOKEHBI 110 YMEHBIIEHUIO UX YHEPTUH THIpa-
TallMid ¥ COOTBETCTBEHHO IO YMEHBIICHHIO OKa3bl-
BaeMOro JeHCTBUS:

uist annoHoB. F =~ S042 >CI” >NO; >Br >

I >ClOs >SCN ;
171 kaTuoHoB: Mg?* > Ca?* > Ba?* > Li* > Na* >
NH;" > K* > Cs".

[Ipu sTOoM monoxenue noHa B psaax ['odmer-
CTepa MOXET BapbHpPOBAaTbCA B 3aBHCUMOCTH OT
TEeMIEPaTyphl, IPUPOIBI PACTBOPUTEIS U BHICATHBA-
eMoro KoMroHeHTa. [loaToMy mpu cpaBHEHUH BBI-
caJIuBaroIlell CLIOCOOHOCTH cOJIel [0 OTHOIIEHUIO K
OD3-11AB u II0I" HEoO6X0mMMO paccMaTpuBaTh CBSI3b

BBICAJTMBAIONIETO JCHCTBUSA MOHA, €r0 JCHCTBUS Ha
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CTPYKTYPY BOJIBI, & TAKIKE CTPYKTYPHPOBAHHE BOJIBI
BOKPYT' OKCHATHIIHEHOBBIX (hparmerToB [TAB [42].
IIpupona B3aumonericteusi IIAB — Bosia onrcana
B MepBOi yactu o630pa [1], cnemyer auib oTMe-
THTh, YTO B BOAHOM pactBope ITAB moaBepraercs
ruapoOoOHON TruApaTaluy, YTO COMPOBOMKIAACTCS
BOJIM3W  MMIIEIIIBI

YCUJIEHUEM CTPYKTYPBI

TIAB [43].

BOJBI

[Ipupona B3auMoOAECHCTBUS MOHBI BBICAINBATEIS
— Boxa ompenenera O.5. Camoitnoseim [43]. Cro-
COOHOCTh MOHA K THIpAaTallliy XapaKTepU3yeTcsl Mo-
BEPXHOCTHOM TUIOTHOCTBIO PACIIONIOKEHHUSI HOHOB
BOJIbI B MIEPBOM KOOPAUHALIMOHHOM clioe HMoHa (p’).
Ecmm p’ ans woHa MeHbIe, YeM IJIT YUCTOW BOIBI
(p"H20), TO MOH YCHJIMBACT TPAHCISAIIMOHHOE JABHXKE-
HUE (JacTOTy aKTHBHPOBAHHBIX CKAYKOB) MOIIEKYII
BOJBI M YaCTHYHO pa3pylIaeT CTPYKTYPY pacTBopa
(I', ClOs , SCN |, NH4*, K*,Cs*). ITogo6GHbIE HOHBI
HAa3BaHBI UOHAMU C OMPUYAmMenvHol 2udpamayuei
i decmpykmypupyrowumu  uonamu. COOTBET-
CTBEHHO, MOHHI C TOJOKHUTEIBHON THpaTAllUe UIn
CTPYKTYPHUPYIOIINE HUOHBI, JUIsl KOTOPBIX P’ > p Hzo,
3aTPyAHSIOT OOMEeH ONMKaHIIMX K HOHY MOJEKYI
BOJIBI M YCHIIMBAIOT CTPYKTYpY pactBopa. OTMeTHM,
YTO YeM MEHbIIIE Pauyc U OOJbIle 3aps)] HOHA, TEM
BBIIIIE CTETIEHB €r0 THAPATAIUH.

T.1. HudanutseBoii ¢ coaBTopamu [42] mokaszaHo,
YTO B MPHCYTCTBHH aHUOHOB, CTPYKTYPUPYIOIINX
Bogy (HPO4>, SO,2, COs?), BBIFOJHBEIM C TOUKH
3peHHsT U3MEHEHUSI SHTPOITUU CUCTEMbI OKA3bIBACTCSI
yCcuiieHHe TUAPOPOOHBIX B3aMMOICHCTBUN MEXITY
HETMOJISIPHBIMU 3BeHbsIMU MoJjekyn 1131, mpu xoto-
PBIX BBICBOOOXKIAETCS YacTh CTPYKTYPHUPOBAHHOM
BOKpPYTI HUX BOZABI. B mpuCyTCTBHM AECTPYKTYpUPY-
foux annoHoB (I, SCN ) Bo3MOkHO pa3Bopaun-
Banue nenu 1307, conpoBoxaaromeecs CTpyKTypH-

pOBaHHMEM BOKpPYI' HEC BOJbl, KOMIICHCUPYIOIIUM

JeicTBUE aHHOHOB, T. €. BCaJUBaHUE IOJIUMEpA.
OpnHako IpH BBICOKMX KOHIEHTPALMSIX 3TUX aHHO-
HOB, KOTJa pa3pylLIaeTcsl He TONBKO PEIIEeTKa BOAbI B
o0beMe pacTBOPUTENS], HO 3aTPyJHEHHBIM OKa3bIBa-
eTCsl CTPYKTypHUPOBaHUE BOJBI BOKPYT OKCHITHIIE-
HOBBIX Ipynn IIOI, paBHOBecue cmelaeTcs B CTO-
pOHY BbIcanmuBaHMsl monumepa. [Ipu stom comu, B
COCTaB KOTOPBIX BXOJST @HUOHBI, CYHIECTBEHHO HE
pausionue Ha crpyktypy Boasl (Cl, Br, NO3 ), ne
BeicaiuBatoT [IO" HU TpU KakuX KOHIEHTPAIUIX.
Katron oka3bIBaeT 3HAUYUTENFHO MEHbBIIEE BIMSHUE
Ha BBICAJTUBAOIYIO0 CIOCOOHOCTH COJIH.

bonbnioe KoJIMYECTBO UCCIIEIOBAHUMN TOCBAILEHO
H3YYCHHIO BIIMSHHUS HEOPTaHUYECKUX COJICH Ha TeM-
nepaTypy HOMYyTHEHUS! OKCUATHIHPOBaHHbIX ITAB u
BogopacTBopuMbIXx mommmepoB (11917, Tpubmokco-
MOJIMMEPOB U 1p.). Pe3ynpTaThl HEKOTOPBIX M3 HHUX
0000111eHBI B TAOIHIIE.

Hecmotps Ha oOmnme paboT B JaHHON obOmactw,
HE CYIIECTBYET €AMHON TeOpUH, OOBICHSIOMICH Neii-
CTBHE HEOPTaHMYECKHX COJIeH Ha TeMIeparypy Io-
MYTHEHHSI BOJHBIX PACTBOPOB OKCHITHIMPOBAHHBIX
I[TAB. Oanako OOJIBIION MacCHB SKCIICPUMEHTAIIb-
HBIX JaHHBIX MO3BOJIAET CHOPMYJIUPOBATH P 00-
mux 3akoHoMepHocted. Ilpu 3TOM, Kak MpaBuiIo,
BJIMSIHME COJICH pas3nessroT Ha 3¢ (eKT KaTHOoHA U
aavona [34]. Cpeau KaTHOHOB BBICATHBAIONIIUM
JeiicTBUeM 00J1aJaf0T TOJBKO KaTHOHBI HATPHS, Ka-
TS, pyOuIus, 1e3usi, aMMOHHS U TeTPaMEeTHIIaMMO-
HUS, OCTaJbHBIE KAaTHOHBI (JIUTHSA, cepedpa, BOJIOpO-
Ia, JABYX- W TpeX3apsAHbIE KAaTHOHBI) OKa3bIBAIOT
BCaJMBAlOIIEe JEMCTBHE BCIEACTBUE BO3MOKHOCTHU
KOMILJIEKCOOOPa30BaHMs C OKCUATUIEHOBBIMH TPYII-
namu [IAB, koTopele paccmMaTpuBaroTCi Kak IIO-
JMUEHTATHBIN nurany [45-47]. B pabotax [48, 49]
O0TMEYaETCs, YTO K KOMIUIEKCOOOPA30BAHUIO 33 CUET

HOH-IHUIIOJIBHOI'O B3aHMO,I[GI>iCTBHH CIIOCOOHBI TOJb-
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KO T€ KATHOHBI, PAJNyC KOTOPBIX OJIM30K K PauycCy
BHUTKa crupanu okcudTmieHoBor mermm (0,133 M),
YTO JieJaeT HEeBO3MOXXHBIM y4acTHE B KOMILIEKCO-
00pa3oBaHUM KaTUOHOB JIUTHS, MAarHUsI U BOJIOPO/IA.

YKazaHHOE B3aMMOJECHCTBUE MPUIAET OKCUATHUIIE-

HOBBIM (hparmMenTam [TAB crna0okaTHOHHBIN Xapak-
TEp, B pe3yJIbTare 4ero HaOIIOAAeTCs MOBBIIICHUE

temmeparypbl momytHenus [50].

Bausinue coseil Ha TemnepaTypy noMyTHeHusi HeMOHHBIX IIAB 1 BogopacTBOPUMBIX OJIMMEPOB

TIAB WiiaB, T, Psiap1 BeICcaMBaTENEH Cchuika
mac.% °C
LiCl < KCI < NaCl
3,0 64,5 Nal < NaBr < NaCl 56
CrCls < MnCl; < NaCl
Nal* < NaBr** < NaCl < NaF
10 66,0 AICI; < MgCl; < NaCl >
20 65.0 HCI* < Pb(NO3)2* < HaSO4* < Mg(NO3).* < Al(NO3)s™ 30
Triton X100 ’ ’ < Ni(NOs)z* < LiNOs* < Ca(NOs).*
SCN * < | * < [Fe(CN)sNOJ>* < ClO, *
1 - 1
0 6.0 < BF; * <S04% < S,05* S
Ag™* < M2 < Cd** < Zn?"* = Fe¥** < Crd** < Co?™*
2,0 65,0 < Nt < Eg2s 58
NOz;** < Cl <SO,*
2,0 65,5 b2+ < Mg2** < Na* 31
LiCl < KCI < NaCl
Triton X114 3,0 28,0 Nal < NaBr < NaCl 56
CTC|3 < MnCl, < NaCl
. NaBr < NaCl < NaF
T X4
(r IctOFThE ())5 1,0 116,0 KBr = KNO3 < K>S0 < K3PO, 73
s CuSO4 =~ MnSO4 < ZnSO4 < CoSO4
Triton NO;** < Cl < SO
WR-1339 20 938 Pb?* < Mg”** < Na* 31
OPEO-30 KBr < NaCl < NaF
11
(CgphEss) 0.9 35 KNO3; = KBr < (NH4)2804<K2804<N&2804 59
HCI* < H * < l, <NaCl < NaOH < N ~
CoPhEs, 30 61.0 C 2SO4* < CaCl, <NaC a0 2S04 50
NaSO3
NaBr < NaCl < NaF
Brij-35 KNO3; < K,CO3 < K3POgy
1,0 > 100 61
(C12E23) ’ CuSQ4 < ZnS0O,4 = CoSO4
Li,SO, < (NH4)ZSO4 < K,SO4 = NapSO4
Li* < K*< Na*
Cir 25 63.4 SCN * < NO3 < Br <ClI <S0s# 5
CpoEs 3,0 75,0 Csl* < CsCl < (CHz)4NCI 62
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Oxonuarnue mabauywvl

I[1AB WHA];’ IH’ Psnp! BeIcanmuBareneit Cceblika
mac.% C
C12Es 1,0 46,5 Nal* < NaBr < NaCl < NaF
Ci2Eg 1,0 85,0 KSCN* < KI* < KBr < KClI 63
CrE1 1,0 88,0 KAnN < NaAn
* 1 ~ ~
Cos 20 60.2 Nal* < NaBrCzéIlSll\TaI;IaCl ~KCl= 64
Nal* < NaNO; < NaBr < NaCl < NaOH < Na;SO4~
C12EsPy 1,0 30,0 Na,COs < NazPO4 65
KSCN* < KCIO4 < KCI
E10P1sE10 1,0 71,5 MgClz < CaCl, < NaCl 66
E.P17E:1 1,0 38,0 NaCl < Na,SOs < NazPO4
E25P40E2s 1,0 86,0 N .
10 62.0 KSCN* < KI* < KBr < KCI < KF 67
E13P30E13 2,0 60,0 NaSCN* < Nal* < NaBr < NaCl < NaF < Na;SO4 68
1,0 57,3 HCI* < HCOOH* < CH3COOH* 69
E2sP31E25 1,0 27,2 MgCI; < CaCl; < NaCl < NazSOs4 < NasPO4
E103P39E 103 25 > 100 NaBr < NaCl < NaF < Na,SOs < NazPOq4 70
150 Li+_< NI—I_4+ < Ca?* ~ Bgz* <Srt< C_s+ ~ Na* z_Rb+ = K* 7
(M = 20000) 1,0 96,0 I <Br <NO3 <Cl <CH3COO <HCOO <F < 79
H,PO, < 820327 < HPO427 < PO437

AHUOHBI, YCUJIMBAIOIIUE CTPYKTYPY BOJBI U KOH-
Kypupytomue c¢ moiekyinamu ITAB 3a Monexyibl
BOJBI U CO3/AHHsI THMIPATHONW OOOJOYKH, OKa3bl-
BAaIOT BhICAJIMBalolee naeiictBue. 910 oprodocdar-,
cynbdar-, Gropun-, XJIOPUA- U THAPOKCUA-HOHBI
[40, 51]. Jlerkomossipu3yeMbie HOHBI OOJIBIIOTO pa-
auyca (MOauA-, THOLIMAHAT-, IepXJI0paT-HOHbI) BbI-
3bIBAIOT YBEJIMYEHHE KOJIMYECTBA HECBS3aHHOH BO-
Ibl, YTO MOBBIMIAET THUAPATALNIO OKCHITHIICHOBBIX
¢parmenToB [1AB, mosToMy HaHHBIE WOHBI OKa3bI-
BalOT BcayuBaroiiee jaevicteue [46, 47, 52]. Ilpu
3TOM aHWOHBI, PACMOJIOKEHHBIE B CpeIHEH YacTu
psaga lodwmeiicrepa (OpomuI- M HHUTPAT-WOHHI),
MPAKTHYECKH HE OKA3bIBAIOT BIUSHHUS Ha TeMIlepa-
Typy nomytHenus: pactBopoB [TAB [53]. Kondop-
MallMOHHBIE HW3MEHEHUS B IOJHOKCHUITHIICHOBBIX
LEMNsAX, MPOTEKAroIye MpPU HarpeBaHWU PacTBOPOB
I[TAB, npuBOIAT K TOMY, YTO TUIOJBHBIA MOMEHT

O MOXET H3MCHATBHCSA B 3aBHCHUMOCTH OT ITOJISA-

PU3YyEMOCTH aHHUOHA TaK, YTO CHJIBHO IMOJISIPHU3YIO-
LIMecss MOHBI MOTYT AKTHUBHO aJcopOMpOBaThCs B
MTOJIMOKCUATUIIEHOBOM CJI0€, cOo00I1asi CBOMCTBA MO-
nmanexTponurta. Kak ciencrsue, ycTOWYMBOCTE CH-
cTeMbl K (ha30BOMY pa3[CJICHHIO ITOBBIIIACTCS H
YBEJIMUUBACTCSl TEMIIEpaTypa TOYKH ITOMYTHEHHS.
Tak, cunpHas agcopOuMs MOAMI-WOHA NPUBOIUT K
BcanuBaronieMy 3pQexTy, B To BpeMsi Kak OpoMujl-
Y XJOPHUI-MOHBI aJIcCOPOUpYIOTCs citabee U oOnana-
10T BhIcamBaronmM 3¢ dexrom [49, 54].

PaznuuHble TUOBI  B3aMMOJAEUCTBUS ~ MEXAY
HMOHaMH BBICAJIMBATENSI M OKCHATHIICHOBBIMU (ppar-
MeHTamu [IAB mpuBOIAT K M3BMEHEHUIO CTPYKTYPHI
muneir. Cojn, o0Jiamaronye BhICAJUBAOIIUM ACH-
CTBHEM, IPHUBOJAT K CXKATUIO MHIIEIUI, B TO BpeMs
KaK BCAIMBATENN Pa3pPBIXJISIOT CTPYKTYPY MHUIICIUIBI
[98]. BaxxHO OTMETHTD, UTO JEHCTBUE COJICH HE SIB-

JseTcs aOCOJIIOTHBIM, YacTO BCajMBaroIlee k-

CTBHEC C POCTOM KOHICHTpaUWU CMCHACTCA BbICAIU-
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BaromuM [30, 51]. Onucanubiii 3pQeKT, BEpOsSTHO,
OOBSICHSIETCA CTPYKTYPHBIMH MEPECTPONKAMUA B MH-
nemrax [TIAB ¢ m3MeHeHHEeM KOHIICHTpPAIlUHW BBICA-
JTUBATEIIS.
3akuouenne

[IpencraBiennsle B 0030pe SKCIEPUMEHTAIBHBIE
JaHHBIE U MX WHTEPIIPETaLus MOKa3bIBAET, YTO BIH-
SITHUE€ HEOPraHWYECKUX COJIEH Ha TeMmIepaTypy Io-
MYTHEHHUS PacTBOPOB HEMOHHBIX OKCUAITUIMPOBAH-
HeIX [IAB ¥ BogopacTBOpPUMEBIX MOIMMEPOB OIpe-
JCIACTCA KaK HUX FHZ[paTaHHCﬁ, TaK U pa3jJIn4HbIMH
TUIAMU B3aUMOJICUCTBUHA HMOHOB COJM U MOJIEKYJI
[TAB. CymmapHoe neficTBHE BBOJUMOW COJIU OIIpe-
JeNIeTCsl BKIIAZIOM OTAEIBHBIX HOHOB, KOTOpEIE, KaK
MIPABUIIO, TPOSIBIIIIOT MPOTHUBOIIONOXKHOE NIEHCTBHE.
B mHacTosiiee BpeMsi OTCYTCTBYeT eAMHAs TEOPHS,
MO3BOIIAIONIASl OMUCATh Jake Ha KaueCTBEHHOM
ypoBHE Bce MHOTO0Opasue 3(h(pekToB HabII0aeMBIX
npu BeicanuBanuu IIAB u BogopacTBOpUMBIX IO-

JIMMEPOB U3 BOJHBIX pacTBOpoB. Co3maHUI0 3TOH

bubauorpaduyeckuii cnucoxk

1. Enoxoe A.M. ®eHOMEH TOYKM TOMYTHEHHS B
pacTBOpax HCMOHHLIX OKCHUITUJIIMPOBAHHBIX I10-
BCPXHOCTHO-aKTUBHBLIX BCHIECTB M BOAOpaAC-
TBOpUMBIX monuMepoB (00630p). |. [Ipupona
¢denomena // Bectauk [lepmckoro yHuBepcHTe-
ta. Cepust «Xumusi». 2016. Bem. 2(22). C. 79—
91.

2. Davlethaeva P., Falkova M., Safonova E., et
al. Flow method based on cloud point extrac-
tion for fluorometric determination of epineph-
rine in human urine // Analytica Chimica Acta.
2016. Vol. 911. P. 69-74.

3. Heidarizadi E., Tabaraki

spectrophotometric determination of synthetic

R.. Simultaneous

dyes in food samples after cloud point extrac-

Teopur OyAyT CIIOCOOCTBOBATH HMCCICAOBAHUS, I10-
CBAINIEHHBIE BIMSHHUIO COJIE—BBICAJIMBATEIECl Ha
TeMIepaTypy IMOMYTHEHH

[TAB,

BOIHBIX PacTBOPOB
COBEPILICHCTBOBAHUE TEOPHUHM PACTBOPOB
3NEKTPOJIMTOB M KOJUIOMJIHBIX pacTBOpPOB. BaxHO
OTMETUTh, YTO B JIUTEPAType MPaKTHUYECKH OTCYT-
CTBYIOT HCCJIEIOBaHMA IO BIUSHUIO npupozas [IAB
Ha BBICAJIMBAIOIIYI0 CHOCOOHOCTH cojieil. Mexmy
TeM, u3MeHeHue cTpykTypsl [IAB moxer npuso-
JTUTH K TOSIBICHUIO HOBBIX THIIOB B3aUMOJEHCTBHUS,
YTO B UTOI'C CKAXXETCA Ha BCIIMYMHE BbICAJIMBAIOIIC-
IO JSUCTBHS COJIH.

Takum oOpa3oMm co3gaHHe TEOpUH IMO3BOJIHUT, C
OIHOM CTOPOHBI, MNPOBOAUTH LEJICHAIIPABICHHBIN
O00p BBICAIMBATEINS MPHU Pa3pabOTKe Pa3IMIHBIX
TEXHOJIOTHYECKUX MpoueccoB ¢ yuactueM ITIAB, a ¢
IpYyroi CTOPOHBI, yCTAaHOBJIEHHE B3aMMOCBSI3H CTPO-
eHus u cBoiicTB [IAB, O3BOIUT «KOHCTPYHPOBATEHY
[TAB ¢ mporaoznpyemoii CnocOOHOCTHIO K BBICAJIH-

BaHUIO.

tion using multiple response optimizations //
Talanta. 2016. Vol. 148. P. 237-246.

4. Enoxos A.M., Jlecnos A.E., Kyopswosa O.C.
B03MOXXHOCTh HWCHOJNB30BaHHSI CHCTEM COJb
MarHUs—MOHOAJIKHIITIOIMA THIICHTINKOIb—BO/1a
B MHLEIUISIPHON sKkcTpakimu // KypHan Heop-
raaudeckoii xumun. 2016. T. 61, Ne 2. C. 256—
262.

5. Monounuxoea H.II., Illxunee B.M., Msacoedos
F.@. ]JIByxda3Hble CHCTEMbl Ha OCHOBE TOJIH-
MEpPOB JJIsl BBIJCIICHUS W Pa3/IeTIeHHs] aKTHHOU-
JIOB B pa3n4HbIX cpenax // Pagumoxumus. 1995.
T. 37, Beim. 5. C. 385-396.

6. Shkinev V.M, Molochnikova, N.P., Zvarova T.1I.,
et al. Extraction of complexes of lanthanides

and actinides with Arsenazo Ill in an ammoni-

176



Enoxose A.M.

um sulfate — poly (ethylene glycol) — water
two-phase system // Journal of Radioanalytical
and Nuclear Chemistry. 1985. Vol. 88, Ne 1. P.
115-120.

7. Zvarova T.l., Shkinev V.M., Vorobeva G.A., et
al. Liquid-liquid extraction in the absence of
usual organic solvents: application of two-phase
aqueous systems based on a water-soluble pol-
ymer // Microchimica Acta. 1984. Vol. 84, Ne.
5-6. P. 449-458.

8. AKI Z.F. Micelle-mediated preconcentration us-
ing cationic surfactants for the spectrophoto-
metric determination of uranium in agueous so-
lutions // Journal of Radioanalytical and Nucle-
ar Chemistry. 2016. Vol. 308. P. 693-700.

9. Kahel H., Chamsazl M., Rounaghil G.H. Mi-
croextraction Method Based on Ligandless lon-
Pair Formation for Measuring the Cadmium
Cation in Real Samples by Flame Atomic Ab-
sorption Spectrometry // Food Analytical Meth-
0ds.2016. Vol. 9, Is. 10. P. 2887-2895.

10. Jlechos A.E., Jenucosa C.A., Yyxaauyesa
E.FO., u Op. I'enb-3KCTpaKIys THOIIMAHATHBIX
KOMIIJICKCOB MCTAJJIOB B pacClauBarOIInXcCs
cucTeMax «Bojaa — katamuH Ab — xyopuna kxa-
mus» U «Bojia — okcudoc b — cynbdar ammo-
HUs» // XUMHUS B UHTEpEcax yCTOMUUBOrO pas-
Butus. 2015. T. 23, Ne 4. C. 361-366.

11. Konnux 2./. BeicanuBaHue — BcalliBaHUE ra-
3000pa3HBIX HEIJIEKTPOJIUTOB B BOJHBIX pac-
TBOpax dIEKTposuToB // Ycenexu xumun. 1977.
T. 46, Ne 6. C. 1097-1121.

12. Kabnykos H.A. OG ynpyroctu mnapa BOHO-
CIHMPTOBBIX pacTBOpoB cousieil // XKypnan pyc-
CKoro (usuko-xuMuyeckoro odmecrsa. 1891.

T. 23. C. 388-391.

177

13. Konosanos /I.I1. O6 ynpyroctu napoB pacTBo-
pos. JI.. AH CCCP, 1928. 67 c.

14. Hofmeister F. On the understanding of the ef-
fect of salts. Second report. On regularities in
the precipitating effect of salts and their rela-
tionship to their physiological behavior //
Naunyn-Schmiedebergs Archiv fuer Experi-
mented Pathologie und Pharmakologie. 1888.
Vol. 24, P. 247-260.

15. Xumuueckas sHimknoneaus / ria. pen. W.JL
Kuynsui. M.: Coetckas sHIukioneus. 1988,
T.1. 625 c.

16. Conosxun A.C. BeicanuBaHue U KOJIHYECTBEH-
HOC€ OINHCAaHUEC OKCTPAKIHUOHHBIX IIPOLECCOB.
M.: Atomusnat, 1969. 124 c.

17. Anocos B.A., Oszeposa M.U., @uanxkos FO.A.
OCHOBBI (PM3UKO-XMMHYECKOTO aHamm3a. M.:
Hayxka, 1976. 504 c.

18. Salabat A. The influence of salts on the phase
composition in aqueous two-phase systems: ex-
periments and predictions // Fluid Phase Equi-
libria. 2001. Vol. 187-188. P. 489-498.

19. Salabat A., Alinoori M. Salt effect on aqueous
two-phase system composed of nonylphenyl
ethoxylate non-ionic surfactant // CALPHAD:
Computer Coupling of Phase Diagrams and
Thermochemistry.2008. Vol. 32. P. 611-614.

20. Salabat A., Moghadam S.T., Far M.R. Liquid-
liquid equilibria of agueous two-phase systems
composed of TritonX-100 and sodium citrate or
magnesium sulfate salts // CALPHAD: Com-
puter Coupling of Phase Diagrams and Ther-
mochemistry. 2001. Vol. 34. P. 81-83.

21. Graber T.A., Galvez M.E., Galleguillos H.R.
Liquid-Liquid Equilibrium of the Adqueous
Two-Phase System Water + PEG 4000 + Lithi-

um Sulfate at Different Temperatures. Experi-



Denomen mouxu NOMYMHEHUA...

mental Determination and Correlation // Journal
of Chemical and Engineering Data. 2004. Vol.
49. P. 1661-1664.

22. Tpeuban P. JKugkocTHas sSKcTpakius. M.:
Xumus, 1966. 724 c.

23. Huxypawuna H.U., Mepynun P.B. Meton ce-
YEeHUH. HpI/IJ'IO)KeHI/Ie €ro K M3y4YCHUIO MHOI'O0-
(1)33H01"0 COCTOsIHHUA MHOI'OKOMIIOHCHTHBIX CH-
crem. CaparoB: Usn-Bo CaparoB. yH-Ta, 1969.
122 c.

24. Alvarez M.S., Moscoso F., Rodriguez A., et al.
Triton X surfactants to form aqueous biphasic
systems: Experiment and correlation // Journal
of Chemical Thermodynamics. 2012. Vol. 54.
P. 385-392.

25. Ulloa G., Coutens C., Sanchez M., et al. Sodi-
um salt effect on aqueous solutions containing
Tween 20 and Triton X-102 // Journal of Chem-
ical Thermodynamics. 2012. Vol. 47. P. 62-67.

26. Foroutan M., Heidari N., Mohammadlou M., et
al. Effect of temperature on the (liquid + liquid)
equilibrium for aqueous solution of nonionic
surfactant and salt: Experimental and modeling
// Journal of Chemical Thermodynamics. 2008.
Vol. 40. P. 1077-1081.

27. Kyopawosa O.C., Masynun C.A. Tlepmckas
HayyHas IkoJia npodeccopa P.B. Mepiymna //
Bectnuk Ilepmckoro ynuBepcurera. Cepust
Xumus. 2016. Beim. 2(22). C. 17-40.

28. Kyopsuwosa O.C., Ocmanuna H.H., Jlecnos
A.E., u dp. ®a30oBbic paBHOBECHs B CHCTEMax
Boaa — okcudoc b — Heopraumuecknuii BhICAIIH-
Barenb // BectHuk IlepMckoro yHuBepcurera.
Cepust Xumust. 2013. Ne 2 (10). C. 9-15.

29. Kyopawosa O.C., Bopmuux K.A., Yyxnanyesa
E.IO., u op. PacTBOpUMOCTh B cucTEMax BojJa —

katramuH Ab — XJIOpyuAbl MICJIOYHBIX METAJIJIOB

178

Wik aMmMmoHus // JKypHan HEOpraHH4eCKOH XH-
mun. 2013. T. 58, Ne 2. C. 290.

30. Kyopsumosa O.C., Jlenucosa C.A., Ilonosa
M.A., u op. ®a3oBble paBHOBECHS B CHCTEMax
BoJa — Cyﬂb(l)aT mIeJIOYHOI'0 METaljyla UJIM aM-
MOHUS — cuHTaHou // JKypHall HeopraHH4ecKoi
xumun. 2013. T. 58, Ne 2. C. 286.

31. Schott H. Salting in of nonionic surfactants by
complexation with inorganic salts // Journal of
Colloid and Interface Science. 1973. Vol. 43, Ne
1. P. 150-155.

32. Schott H. Comparing the surface chemical
properties and the effect of salts on the cloud
point of a conventional nonionic surfactant, oc-
toxynol 9 (Triton X-100), and of its oligomer,
tyloxapol (Triton WR-1339) // Journal of col-
loid and interface science. 1998. Vol. 205, Ne 2.
P. 496-502.

33. Apxunoe B.I1., Houamyniun 3.111. DxcTpakuus
(heHONA W3 BOAHBIX PACTBOPOB C TIOMOIIBIO OK-
CURTHJIMPOBAHHBIX M30HOHWI(eHO0I0B AD-9-9,
A®-9-10 B mpucyrcTBuM XJjopuaa HaTpus //
BectHuk KazaHCKOro TeXHOJIOTHUECKOTO YHHU-
Bepcuteta. 2016. T. 19, Ne 5. C. 8-11.

34. Schott H., Royce A.E., Hant S.K. Effect of In-
organic Additives on Solutions of Nonionic
Surfactants. VII. Cloud Point Shift Values of
Individual lons // Journal of Colloid and Inter-
face Science. 1984. VVol. 98, Ne 1. P. 196-201.

35. Elokhov A.M., Lesnov A.E., Kudryashova O.S.
Effect of the Nature of a Salting-Out Agent An-
ion on the Phase Separation of a Potassium

Bis(alkyl

ylene)phosphate—\Water

Salt—Potassium polyoxyeth-
Systems // Russian
Journal of Physical Chemistry A. 2016. Vol. 90,

Ne. 10. P. 1972-1977.



Enoxose A.M.

36. Illecmonanosa H.b., Yepnosa P.K. BnusHue
coneii Hatpust Ha (a3oBoe pazelieHue B CH-
creme «(OIT-10) — H2O» // Bectauk Tam0GoB-
CKOTO TOCYIapCTBEHHOTO TEXHUYECKOTO YHH-
Bepcurera. 2014. T. 20, Ne 2. C. 322-328.

37. Stankova A.V., Elokhov A.M., Denisova S.A.,
et. al. Specific Features of the Salting-out of
Oxyethylated Nonylphenols Using Inorganic
Salts at 25°C // Russian Journal of Physical
Chemistry A. 2017. Vol. 91, NeS. P. 880-886.

38. A200un I''A. OCHOBBI KHUJIKOCTHOW SKCTpakK-
. M.: Xumus, 1980. 400 c.

39. Xapneo I'., Oysn b. dusndeckas Xumus pac-
TBOPOB 3JIeKTponuToB. M.: U3patunnurt, 1952.
628 c.

40. Cepeeesa B.®. BricanuBaHWe W BCaJIHBaHUC
HeasektpoauToB // Yenexu xumun, 1965. T. 34,
Ne 4. C. 717-733.

41. Collins K.D., Washabaugh M.W. The Hofmeis-
ter effect and the behaviour of water at interfac-
es // Quarterly Review of Biophysics. 1985.
Vol. 18, Ne 4. P. 323-422.

42. Hugpanmvesa T.1. Mamoywosa B., Aoamyoea
3., u Op. JIByx(ha3Hble BOJHBIC CUCTEMbI Ha OC-
HOBC IMOJMITUICHIJIIMKOIA W HEOPTaHHMYCCKUX
cojeil // BBICOKOMOJEKYISIpHBIE COEIUHEHUSI.
1989.T. (A) 31, Ne 10. C. 2131-2135.

43. Camoiinos O.A. CTpyKTypa BOJHBIX PaCTBOPOB
3JIEKTPOJIUTOB U TuAparanus MoHoB. M.: M3m.
AH CCCP, 1957. 179 c.

44, Inoue T. Ohmura H., Murata D. Cloud point
temperature of polyoxyethylene-type nonionic
surfactants and their mixtures // Journal of Col-
loid and Interface Science. 2003. Vol. 258, P.
374-382.

45, Morini M.A. Messina P.V., Schulz P.C. The in-

teraction of electrolytes with non-ionic surfac-

179

tant micelles // Colloid and Polymer Science.
2005. Vol. 283. P. 1206-1218.

46. Schott H. Han S.K. Effect of inorganic addi-
tives on solutions of nonionic surfactants Il //
Journal of pharmaceutical sciences. 1975. Vol.
64, Ne 4. P. 658-664.

47. Schott, H. Royce A.E. Effect of inorganic addi-
tives on solutions of nonionic surfactants VI:
further cloud point relations // Journal of phar-
maceutical sciences. 1984. Vol. 73, Ne 6. P.
793-799.

48. Delduca P.G., Jaber A M.Y., Moody G.J., et al.
Tetraphenylborate salts of alkali and alkaline
earth metal complex cations // Journal of Inor-
ganic and Nuclear Chemistry. 1978. Vol. 40, Ne
2.P.187-193.

49. Yeprosa P.K., lllecmonanrosa H.B., Kosnosa
JIL.M. Hekoropble acHeKThl BIUSHUS 3JIEKTPO-
auToB Ha (hazoBoe paszaenenue u «cloud pointy
9KCTpakuuio aszopyouna B cucreme (OI1-10) —
H>0 // U3Bectust CapaToBCKOro YHUBEPCUTETA.
Hosas cepus. Cepust: Xumus. buonorus. Oxo-
agorug. 2012. T. 12, Ne 4. C. 11-16.

50. Schott H. Effect of inorganic additives on solu-
tions of nonionic surfactants: X. micellar prop-
erties // Journal of colloid and interface science.
1995. Vol. 173, Ne. 2. P. 265-277.

51. Schott H. Effect of inorganic additives on solu-
tions of nonionic surfactants. XIV. Effect of
Chaotropic Anions on the Cloud Point of Oc-
toxynol 9 (Triton X-100) // Journal of Colloid
and Interface Science. 1997. Vol. 189, Ne 1. P.
117-122.

52. Schick M.J. Surface films of nonionic deter-
gents — I. Surface tension study // Journal of
Colloid Science. 1962. Vol. 17, Ne 9. P. 801
813.



Denomen mouxu NOMYMHEHUA...

53. Schott H. Lyotropic numbers of anions from
cloud point changes of nonionic surfactants //
Colloids and Surfaces. 1984. Vol. 11, Ne 1-2. P.
51-54.

54. Komaromy-Hiller G., Calkins N., Wandruszka
R. Changes in polarity and aggregation number
upon clouding of a nonionic detergent: effect of
ionic surfactants and sodium chloride // Lang-
muir. 1996. Vol. 12, Ne 4. P. 916-920.

55. Deguchi K., Meguro K. The effects of inorgan-
ic salts and urea on the micellar structure of
nonionic surfactant // Journal of Colloid and In-
terface Science. 1975. Vol. 50, Ne 2. P. 223—
2217.

56. Koshy L., Saiyad A.H., Rakshit A.K. The ef-
fects of various foreign substances on the cloud
point of Triton X 100 and Triton X 114 // Col-
loid and Polymer Science. 1996. Vol. 274, Ne 6.
P. 582-587.

57. Mahajan R.K., Vohra K.K., Kaur N, et al. Or-
ganic additives and electrolytes as cloud point
modifiers in octylphenol ethoxylate solutions //
Journal of Surfactants and Detergents. 2008.
Vol. 11, Ne 3. P. 243-250.

58. Schott H. Effect of Inorganic Additives on So-
lutions of Nonionic Surfactants XV. Effect of
Transition Metal Salts on the Cloud Point of
Octoxynol 9 (Triton X-100) // Journal of Col-
loid and Interface Science. 1997. Vol. 192, P.
458-462.

59. Rocha S.A.N., Costa C.R., Celino J.J., et al. Ef-
fect of Additives on the Cloud Point of the Oc-
tylphenol Ethoxylate (30EO) Nonionic Surfac-
tant // Journal of Surfactants and Detergents.
2013. Vol. 16, Ne 3. P. 299-303.

60. Shinoda K., Takeda H. The effect of added

salts in water on the hydrophile-lipophile bal-

180

ance of nonionic surfactants: the effect of added
salts on the phase inversion temperature of
emulsions // Journal of Colloid and Interface
Science. 1970. Vol. 32, Ne 4. P. 642—-646.

61. Batigo¢ C., Akbas H. Spectrophotometric de-
termination of cloud point of Brij 35 nonionic
surfactant // Fluid Phase Equilibria. 2011. Vol.
303, Ne 1. P. 91-95.

62. Corti M., Minero C., Cantu L., et al. Effect of
electrolytes and hydrocarbons on the cloud
point transition of Cy:Es solutions // Surfactants
in Solution. Springer US, 1986. P. 233-242.

63. Sharma K.S., Patil S.R., Rakshit A.K. Study of
the cloud point of Ci2E, nonionic surfactants:
effect of additives // Colloids and Surfaces A:
Physicochemical
2003. Vol. 219, Ne 1. P. 67-74.

64. Weckstrom, K, Zulauf M. Lower consolute

and Engineering Aspects.

boundaries of a poly (oxyethylene) surfactant in
aqueous solutions of monovalent salts // Journal
of the Chemical Society, Faraday Transactions
1: Physical Chemistry in Condensed Phases.
1985. Vol. 81, Ne. 12. P. 2947-2958.

65. Chai J.L., Mu J.H. Effects of various additives
on the cloud point of dodecyl polyoxyethylene
polyoxypropylene ether // Colloid Journal.
2002. Vol. 64, Ne 5. P. 550-555.

66. Xiuli L., H. Jian, S. Wanguo, et al. Effect of
additives on the cloud points of two tri-block
copolymers in aqueous solution // Colloids and
Surfaces A: Physicochemical and Engineering
Aspects. 2004. VVol. 237, Ne 1. P. 1-6.

67. Bahadur P., Pandya K., Almgren M., et al. Ef-
fect of inorganic salts on the micellar behaviour
of ethylene oxide-propylene oxide block copol-
ymers in aqueous solution // Colloid and Poly-
mer Science. 1993. Vol. 271, Ne 7. P. 657-667.



Enoxose A.M.

68. Sharma R., Bahadur P. Effect of different ad-
ditives on the cloud point of a polyethylene ox-
ide-polypropylene oxide-polyethylene oxide
block copolymer in aqueous solution // Journal
of Surfactants and Detergents. 2002. Vol. 5, Ne
3. P. 263-268.

69. Shaheen A., Kaur N., Mahajan R.K. Influence
of various series of additives on the clouding
behavior of aqueous solutions of triblock co-
polymers // Colloid and Polymer Science. 2008.
Vol. 286, Ne 3. P. 319-325.

70. Patel K., Bharatiya B., Kadam Y., et al. Micel-
lization and clouding behavior of EO—PO block
copolymer in agueous salt solutions // Journal
of surfactants and detergents. 2010. Vol. 13, Ne
1. P. 89-95.

71. Ataman M. Properties of aqueous salt solutions
of poly (ethylene oxide). Cloud points, 6-
temperatures // Colloid and polymer science.
1987. Vol. 265, Ne 1. P. 19-25.

72. Ataman M., Boucher E.A. Properties of aque-
ous salt solutions of poly(ethylene oxide) //
Journal of Polymer Science: Polymer Physics
Edition. 1982. Vol. 20, Ne 9. P. 1585-1592.

73. Akbas H, Batigoc C. Spectrometric studies on
the cloud points of Triton X-405 // Fluid Phase
Equilibria. 2009. Vol. 279, P. 115-119.

References

1. Elokhov, A.M. (2016), "Phenomenon of the
cloud point in solutions of nonionic oxyethylat-
ed surfactants and water-soluble polymers (Re-
view). . The nature of the phenomenon”, Bulle-
tin of Perm University. Series "Chemistry™, no.
2(22), pp. 79-91. (In Russ).

2. Davletbaeva, P., Falkova, M., Safonova, E.,
Moskvin, L. and Bulatov, A. (2016), "Flow

method based on cloud point extraction for flu-

181

orometric determination of epinephrine in hu-
man urine", Analytica Chimica Acta, Vol. 911,
pp. 69-74.

Heidarizadi E. and Tabaraki R. (2016), "Simul-
taneous spectrophotometric determination of
synthetic dyes in food samples after cloud point
extraction using multiple response optimiza-
tions", Talanta, VVol. 148, pp. 237-246.

. Elokhov, A.M., Kudryashova, O.S. and Lesnov,

A.E. (2016), "Potential of Magnesium Salt —
Monoalkylpolyethylene Glycol — Water Sys-
tems for Use in Micellar Extraction”, Russian
Journal of Inorganic Chemistry, Vol. 61, Ne. 2,
pp. 243-249.

. Molochnikova, N.P., Shkinev, V.M. and My-

asoedov, B.F. (1995), "Two-phase systems
based on polymers for isolation and separation
of actinides in various media", Radiochemistry,
1995, Vol. 37, no. 5, pp. 385-396. (In Russ).

. Shkinev, V.M, Molochnikova, N.P., Zvarova,

T.l.,, Spivakov, B.Y., Myasoedov B.F. and
Zolotov, Y. A. (1985), "Extraction of complex-
es of lanthanides and actinides with Arsenazo
Il in an ammonium sulfate — poly (ethylene
glycol) — water two-phase system"”, Journal of
Radioanalytical and Nuclear Chemistry, Vol.
88, no. 1, pp. 115-120.

. Zvarova, T.l., Shkinev, V.M., Vorobeva, G.A.,

Spivakov, B.Y. and Zolotov Y.A. (1984), "Lig-
uid-liquid extraction in the absence of usual or-
ganic solvents: application of two-phase aque-
ous systems based on a water-soluble polymer",
Microchimica Acta, Vol. 84, no. 5-6, pp. 449—
458.

. Akl, Z.F. (2016), "Micelle-mediated preconcen-

tration using cationic surfactants for the spec-

trophotometric determination of uranium in



Denomen mouxu NOMYMHEHUA...

aqueous solutions”, Journal of Radioanalytical
and Nuclear Chemistry, Vol. 308, pp. 693-700.

9. Kahel, H., Chamsazl. M. and Rounaghil, G.H.
(2016), "Microextraction Method Based on
Ligandless lon-Pair Formation for Measuring
the Cadmium Cation in Real Samples by Flame
Atomic Absorption Spectrometry”, Food Ana-
Iytical Methods, Vol. 9, no. 10, pp. 2887-2895.

10. Lesnov, A.E., Denisova, S.A., Chukhlantseva,
E.Yu., Zabolotnykh, S.A. and Ostanina, N.N.
(2015), "Gel-extraction of thiocyanate metal
complexes in delaminating systems "water —
catamin AB —potassium chloride™ and "water —
oxyphos B — ammonium sulphate"”, Chemistry
for Sustainable Development, Vol. 23, no. 4,
pp. 361-366. (In Russ).

11. Konnik, E.I. (1977), "Salting-out — salting-in of
gaseous non-electrolytes in aqueous electrolyte
solutions”, Russian Chemical Reviews, Vol. 46,
no. 6, pp. 1097-1121. (In Russ.).

12.Kablukov, I.A. (1891), "On the elasticity of va-
por of water-alcohol salts solutions”, Journal of
Russian Physico-Chemical Society, VVol. 23, pp.
388-391. (In Russ.).

13.Konovalov, D.P. Ob uprugosti parov rastvorov
[On the elasticity of solution vapors]. (1928)
Leningrad, AS USSR. (In Russ.).

14. Hofmeister, F. (1888), "On the understanding
of the effect of salts. Second report. On regular-
ities in the precipitating effect of salts and their
relationship to their physiological behavior",
Naunyn-Schmiedebergs Archiv fuer Experi-
mented Pathologie und Pharmakologie, Vol.
24, pp. 247-260.

15.Khimicheskaya entsiklopediya [Chemical Ency-
clopedia]. (1988) Moscow, Soviet Encyclope-
dia, Vol.1. (In Russ.).

182

16.Solovkin, A.S. Vysalivaniye i kolichestvennoye
opisaniye ekstraktsionnykh protsessov [Salting-
out and quantitative description of extraction
processes]. (1969) Moscow, Atomizdat. (In
Russ.)

17.Anosov, V.Ya., Ozerova, M.l. and Fialkov,
Yu.Ya. Osnovy fiziko-khimicheskogo analiza
[Fundamentals of physical and chemical analy-
sis]. (1976) Moscow, Nauka. (In Russ.).

18.Salabat, A. (2001), "The influence of salts on
the phase composition in aqueous two-phase
systems: experiments and predictions”, Fluid
Phase Equilibria, Vol. 187-188, pp. 489-498.

19. Salabat, A. and Alinoori, M. (2008), "Salt ef-
fect on agueous two-phase system composed of
nonylphenyl ethoxylate non-ionic surfactant”,
CALPHAD: Computer Coupling of Phase Dia-
grams and Thermochemistry, Vol. 32, pp. 611—
614.

20. Salabat, A., Moghadam, S.T. and Far, M.R.
(2001), "Liquid-liquid equilibria of aqueous
two-phase systems composed of TritonX-100
and sodium citrate or magnesium sulfate salts",
CALPHAD: Computer Coupling of Phase Dia-
grams and Thermochemistry, Vol. 34, pp. 81—
83.

21. Graber, T.A., Galvez, M.E. and Galleguillos,
H.R. (2004), "Liquid-Liquid Equilibrium of the
Aqueous Two-Phase System Water + PEG
4000 + Lithium Sulfate at Different Tempera-
tures. Experimental Determination and Correla-
tion", Journal of Chemical and Engineering
Data, Vol. 49, pp. 1661-1664.

22.Traibal, R. Zhidkostnaya ekstraktsiya [Liquid
extraction]. (1966) Moscow, Khimiya. (In

Russ.).



Enoxose A.M.

23.Nikurashina, N.I. and Mertslin, R.V. Metod

secheniy. Prilozheniye k izucheniyu mnog-
ofaznogo sostoyaniya mnogokomponentnykh
sistem [Method of sections. Application to
study of multiphase state of multicomponent
systems]. (1969) Saratov, Saratov University.
(In Russ.)

24. Alvarez, M.S., Moscoso, F., Rodriguez, A.,

Sanroman, M.A. and Deive, F.J. (2012), "Triton
X surfactants to form aqueous biphasic sys-
tems: Experiment and correlation”, Journal of
Chemical Thermodynamics, Vol. 54, pp. 385—
392.

25. Ulloa, G., Coutens, C., Sanchez, M., Sineiro,

J., Rodriguez, A., Deive, F.J. and Nucez, M.J.
(2012), "Sodium salt effect on aqueous solu-
tions containing Tween 20 and Triton X-102",
Journal of Chemical Thermodynamics, Vol. 47,
pp. 62-67.

26.Foroutan, M., Heidari, N., Mohammadlou, M.

and Sojahrood, A.J. (2008). "Effect of tempera-
ture on the (liquid + liquid) equilibrium for
aqueous solution of nonionic surfactant and
salt: Experimental and modeling”, Journal of
Chemical Thermodynamics, Vol. 40, pp. 1077—
1081.

27. Kudryashova, O.S., Mazunin, S.A. (2016),

"Perm Scientific School of Professor R.V.
Merzlin®, Bulletin of Perm University. Series
"Chemistry", no. 2(22), pp. 17-40. (In Russ.).

28.Kudryashova, O.S., Ostanina, N.N., Lesnov,

A.E. and Denisova, S.A. (2013), "Phase equilib-
ria in water — oxyphos B — inorganic salting-out
agent systems", Bulletin of Perm University. Se-
ries: Chemistry, no. 2 (10), pp. 9-15. (In Russ.).

29. Kudryashova, O.S., Bortnik, K.A., Denisova,

S.A., Chukhlantseva, E.Yu. and Lesnov, A.E.

183

(2013), "Solubility in the water — Catamine AB
— (alkali metal or ammonium chloride) sys-
tems", Russian Journal of Inorganic Chemistry,
Vol. 58, no. 2, pp. 250-252.

30. Kudryashova, O.S., Denisova, S.A., Popova,

M.A. and Lesnov A.E. (2013), "Phase equilibria
in the water — alkali metal or ammonium sulfate
— synthanol systems", Russian Journal of Inor-
ganic Chemistry, VVol. 58, no. 2, pp. 246-249.

31. Schott, H. (1973), "Salting in of nonionic sur-

factants by complexation with inorganic salts",
Journal of Colloid and Interface Science, Vol.
43, no. 1, pp. 150-155.

32.Schott, H. (1998), "Comparing the surface

chemical properties and the effect of salts on
the cloud point of a conventional nonionic sur-
factant, octoxynol 9 (Triton X-100), and of its
oligomer, tyloxapol (Triton WR-1339)", Jour-
nal of colloid and interface science, Vol. 205,
no. 2, pp. 496-502.

33.Arkhipov, V.P. and Idiatullin, Z.Sh. (2016),

"Extraction of phenol from aqueous solutions
with oxyethylated isononylphenols AF-9-9, AF-
9-10 in the presence of sodium chloride", Bulle-
tin of Kazan Technological University, Vol. 19,
no. 5, pp. 8-11.

34.Schott, H., Royce, A.E. and Hant, S.K. (1984),

"Effect of Inorganic Additives on Solutions of
Nonionic Surfactants. VII. Cloud Point Shift
Values of Individual lons", Journal of Colloid
and Interface Science, Vol. 98, no 1, pp. 196—
201.

35.Elokhov, A.M., Lesnov, A.E. and Kudryashova,

0.S. (2016), "Effect of the Nature of a Salting-
Out Agent Anion on the Phase Separation of a
Potassium Salt-Potassium Bis(alkyl polyoxy-

ethylene)phosphate—Water Systems”, Russian



Denomen mouxu NOMYMHEHUA...

Journal of Physical Chemistry A, Vol. 90, no.
10, pp. 1972-1977.

36.Shestopalova, N.B. and Chernova, R.K. (2014),
"Influence of sodium salts on phase separation
in the system "(OP-10) — H.O", Bulletin of
Tambov State Technical University, Vol. 20, no
2, pp. 322-328. (In Russ).

37.Stankova, A.V., Elokhov, A.M., Denisova,
S.A., Kudryashova, O.S. and Lesnov, A.E.
(2017), "Specific Features of the Salting-out of
Oxyethylated Nonylphenols Using Inorganic
Salts at 25°C", Russian Journal of Physical
Chemistry A, Vol. 91, no. 5, pp. 880-886.

38.Yagodin, G.A. Osnovy zhidkostnoy ekstraktsii
[Fundamentals of liquid extraction]. (1980),
Moscow, Khimiya. (In Russ.).

39. Kharned, G. and Owen, B. Fizicheskaya khimi-
ya rastvorov elektrolitov [Physical chemistry of
electrolytes solutions]. (1952) Moscow, lzdatin-
lit. (In Russ.).

40.Sergeeva, V.F. (1965), "Salting-out and Salting-
in of Nonelectrolytes”, Russian Chemical Re-
views, Vol. 34, no. 4, pp. 717-733.

41.Collins, K.D. and Washabaugh, M.W. (1985),
"The Hofmeister effect and the behaviour of
water at interfaces”, Quarterly Review of Bio-
physics, VVol. 18, no. 4, pp. 323-422.

42 .Nifant'eva, T.l., Matoushova, V., Adamtsova,
Z. and Shkinev, V.M. (1989), "Two-phase
aqueous systems based on polyethylene glycol
and inorganic salts”, Polimer Science. Series A,
Vol. 31, no. 10, pp. 2131-2135. (In Russ.).

43.Samoylov, O.Ya. Struktura vodnykh rastvorov
elektrolitov i gidratatsiya ionov [Structure of
aqueous solutions of electrolytes and ions hy-
dration]. (1957) Moscow, AS USSR. (In Russ.).

184

44.Inoue, T. Ohmura, H. and Murata, D. (2003),
"Cloud point temperature of polyoxyethylene-
type nonionic surfactants and their mixtures"”,
Journal of Colloid and Interface Science, Vol.
258, pp. 374-382.

45.Morini, M.A., Messina, P.V. and Schulz, P.C.
(2005), "The interaction of electrolytes with
non-ionic surfactant micelles", Colloid and Pol-
ymer Science, Vol. 283, pp. 1206-1218.

46.Schott, H. and Han, S.K. (1975), "Effect of in-
organic additives on solutions of nonionic sur-
factants 11", Journal of pharmaceutical scienc-
es, Vol. 64, no. 4, pp. 658-664.

47.Schott, H. and Royce, A.E. (1984), "Effect of
inorganic additives on solutions of nonionic
surfactants VI: further cloud point relations",
Journal of pharmaceutical sciences, Vol. 73,
no. 6, pp. 793-799.

48.Delduca, P.G., Jaber, A.M.Y., Moody, G.J. and

JD.R. (1978),

salts of alkali and alkaline earth metal complex

Thomas, "Tetraphenylborate
cations"”, Journal of Inorganic and Nuclear
Chemistry, Vol. 40, no. 2, pp. 187-193.

49.. Chernova, R.K., Shestopalova, N.B. and Ko-
zlova, L.M. (2012), "Some aspects of the effect
of electrolytes on phase separation and "cloud
point" extraction of azorubin in the system (OP-
10) — HxO", lzvestiya of Saratov University.
New series. Series: Chemistry. Biology. Ecolo-
gy, Vol. 12, no. 4, pp. 11-16. (In Russ.).

50.Schott, H. (1995), Effect of inorganic additives
on solutions of nonionic surfactants: X. micellar
properties, Journal of colloid and interface sci-
ence, Vol. 173, no. 2, pp. 265-277.

51.Schott, H. (1997), "Effect of inorganic additives
on solutions of nonionic surfactants. XIV. Ef-

fect of Chaotropic Anions on the Cloud Point of



Enoxose A.M.

Octoxynol 9 (Triton X-100)", Journal of Col-
loid and Interface Science, Vol. 189, no. 1, pp.
117-122.

52.Schick, M.J. (1962), "Surface films of nonionic
detergents — I. Surface tension study", Journal
of Colloid Science, Vol. 17, no. 9, pp. 801-813.

53.Schott, H. (1984), "Lyotropic numbers of ani-
ons from cloud point changes of nonionic sur-
factants", Colloids and Surfaces, Vol. 11, no. 1-
2, pp. 51-54.

54 Komaromy-Hiller, G., Calkins, N. and
Wandruszka, R. (1996), "Changes in polarity
and aggregation number upon clouding of a
nonionic detergent: effect of ionic surfactants
and sodium chloride", Langmuir, Vol. 12, no. 4,
pp. 916-920.

55.Deguchi, K. and Meguro, K. (1975), "The ef-
fects of inorganic salts and urea on the micellar
structure of nonionic surfactant”, Journal of
Colloid and Interface Science, Vol. 50, no. 2,
pp. 223-227.

56.Koshy, L., Saiyad, A.H. and Rakshit, A.K.
(1996), "The effects of various foreign sub-
stances on the cloud point of Triton X 100 and
Triton X 114", Colloid and Polymer Science,
Vol. 274, no. 6, pp. 582-587.

57. Mahajan, R.K., Vohra, K.K., Kaur, N. and
Aswal, V.K. (2008), "Organic additives and
electrolytes as cloud point modifiers in oc-
tylphenol ethoxylate solutions", Journal of Sur-
factants and Detergents, Vol. 11, no. 3, pp.
243-250.

58.Schott, H. (1997), "Effect of Inorganic Addi-
tives on Solutions of Nonionic Surfactants XV.
Effect of Transition Metal Salts on the Cloud
Point of Octoxynol 9 (Triton X-100)", Journal

185

of Colloid and Interface Science, Vol. 192, pp.
458-462.

59.Rocha, S.A.N., Costa, C.R., Celino, J.J. and
Teixeira, L.S. (2013), "Effect of Additives on
the Cloud Point of the Octylphenol Ethoxylate
(30EO) Nonionic Surfactant', Journal of Sur-
factants and Detergents, Vol. 16, no. 3, pp.
299-303.

60.Shinoda, K. and Takeda, H. (1970), "The effect
of added salts in water on the hydrophile-
lipophile balance of nonionic surfactants: the
effect of added salts on the phase inversion
temperature of emulsions”, Journal of Colloid
and Interface Science, Vol. 32, no. 4, pp. 642—
646.

61. Batigog, C. and Akbas, H. (2011), Spectropho-
tometric determination of cloud point of Brij 35
nonionic surfactant, Fluid Phase Equilibria,
Vol. 303, no. 1. pp. 91-95.

62. Corti, M., Minero, C., Cantu, L., Degiorgio, V.
and Piazza, R. "Effect of electrolytes and hy-
drocarbons on the cloud point transition of
Ci2Es solutions", Surfactants in Solution. (1986)
Springer US.

63. Sharma, K.S., Patil, S.R. and Rakshit, A.K.
(2003), "Study of the cloud point of CiE,
nonionic surfactants: effect of additives”, Col-
loids and Surfaces A: Physicochemical and En-
gineering Aspects, Vol. 219, no. 1, pp. 67-74.

64. Weckstrom, K. and Zulauf, M. (1985), "Lower
consolute boundaries of a poly (oxyethylene)
surfactant in aqueous solutions of monovalent
salts”, Journal of the Chemical Society, Fara-
day Transactions 1: Physical Chemistry in
Condensed Phases, Vol. 81, no. 12, pp. 2947—
2958.



Denomen mouxu NOMYMHEHUA...

65. Chai, J.L. and Mu, J.H. (2002), "Effects of var-
ious additives on the cloud point of dodecyl
polyoxyethylene polyoxypropylene ether", Col-
loid Journal, Vol. 64, no. 5, pp. 550-555.

66.Xiuli, L., Jian, H., Wanguo, S. and Dejun, S.
(2004), "Effect of additives on the cloud points
of two tri-block copolymers in aqueous solu-
tion", Colloids and Surfaces A: Physicochemi-
cal and Engineering Aspects, Vol. 237, no. 1,
Bahadur, P., Pandya, K., Almgren, M., Li P.
and Stilbs P. (1993), "Effect of inorganic salts
on the micellar behaviour of ethylene oxide-
propylene oxide block copolymers in aqueous
solution", Colloid and Polymer Science, Vol.
271, no. 7, pp. 657-667.

67. Sharma, R. and Bahadur, P. (2002), "Effect of
different additives on the cloud point of a poly-
ethylene oxide-polypropylene oxide-

polyethylene oxide block copolymer in aqueous

solution”, Journal of Surfactants and Deter-

gents, Vol. 5, no. 3, pp. 263-268.

00 aBTOpax
EnoxoB Anekcanap MuxaitnoBuu
CTapILIMi{ [TPENOJaBATEND,
Kadepa HEOPraHMIECKOW XUMUN, XHUMUIECKON TeX-
HOJIOTHH M TeXHOC(hepHOI 6€30IacHOCTH
ITepmckuiil rocy1apcTBEHHBIN HAIMOHAJIBHBINA HUC-
CJI€I0BATEIbCKUNA YHUBEPCUTET
614990, r.ITepms, yi. Bykupera, 15
elhalex@yandex.ru

HNudopmanus 1151 TMTUPOBAHUS

68. Shaheen, A., Kaur, N. and Mahajan, R.K.
(2008), "Influence of various series of additives
on the clouding behavior of aqueous solutions
of triblock copolymers”, Colloid and Polymer
Science, Vol. 286, no. 3, pp. 319-325.

69. Patel, K., Bharatiya, B., Kadam, Y. and Baha-
dur, P. (2010), "Micellization and clouding be-
havior of EO-PO block copolymer in aqueous
salt solutions”, Journal of surfactants and de-
tergents, Vol. 13, no. 1, pp. 89-95.

70. Ataman, M. (1987), "Properties of aqueous salt
solutions of poly (ethylene oxide). Cloud
points, 6-temperatures”, Colloid and polymer
science, Vol. 265, no. 1, pp. 19-25.

71.Ataman, M. and Boucher, E.A. (1982), "Proper-
ties of aqueous salt solutions of poly(ethylene
oxide)", Journal of Polymer Science: Polymer
Physics Edition, Vol. 20, no. 9, pp. 1585-1592.

72.Akbas, H. and Batigoc, C. (2009), "Spectromet-
ric studies on the cloud points of Triton X-405",
Fluid Phase Equilibria, Vol. 279, pp. 115-119.

About the authors
Elokhov Aleksandr Mikhailovich
Senior lecturer,
Department of inorganic chemistry, chemical tech-
nology and technosphere safety
Perm State University
614990, 15, Bukireva st., Perm, Russia

elhalex@yandex.ru

Enoxoe A.M.deHoMeH TOYKH TIOMYTHEHHUS] B PACTBOPaX HEMOHHBIX OKCHATHIIMPOBAHHBIX TTOBEPXHOCT-
HO-aKTHBHBIX BEIIECTB U BOJIOPACTBOPUMBIX MoymMepoB (0030p). Il. BiusHue Heopranmdeckux cojeld Ha
Touky nomytHeHus // Bectauk [lepmckoro yausepcutera. Cepust «Xumusi». 2017. T. 7. Bei. 2. C 167-186.

DOI: 10.17072/2223-1838-2017-2-167-186.

ElokhovA.M. Fenomen tochki pomutneniya v rastvorakh neionnykh oksietilirovannykh poverkhnostno-
aktivnykh veshchestv i vodorastvorimykh polimerov (obzor). 1l. Vliyaniye neorganicheskikh soley na tochku
pomutneniya [Cloud point phenomenon in oxyethylated nonionic surfactants and water-soluble polymers
solutions (review). Il. Inorganic salts influence on cloud point] // Vestnik Permskogo universiteta. Seriya
«Khimiya» = Bulletin of Perm University. Chemistry. 2017. Vol. 7. Ne 2. P 167-186 (in Russ.). DOI:

10.17072/2223-1838-2017-2-167-186.

186



