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Differentiation of the strength of organic acids in true and organized solutions
N.O. Mchedlov-Petrossyan  With 36 Figures, 21 Tables, 1530 references.

In this book, various aspects of differentiating of organic acids strength in true and organized
solutions are regarded, using mainly a group of acid-base indicator dyes as an example.

The first part of the book is devoted to protolytic equilibria in true solutions.

In Chapter 1, the general scheme of dissociation of electrolytes in solutions, proposed by
N. A. Izmailov, is considered. The development of Izmailov’s ideas about electrolytic solutions in
the works of further authors is briefly reviewed. The alterations in the pK, values of acids on

transferring from water to non-aqueous solvents (the values ApK, = pK, — pKY', or ‘medium

effects’) are treated in terms of activity coefficients and Gibbs energies of transfer. Especial
consideration is given to the problem of activity coefficients of transfer of single ions.

Various approaches to the classification of solvents, based on their influence upon the state of
electrolytes, are discussed in Chapter 2. The peculiarities of acids behavior in so-called dipolar
aprotic solvents, i.e. dipolar non-hydrogen-bond-donors, and in solvents with low polarity, where
the association of oppositely charged ions is of significance, are elucidated. Theoretical approaches
to the problem of solvation and acidity are briefly considered. An aspect of acid-base equilibrium in
melts is discussed.

Some features of differentiating action of non-aqueous solvents are illustrated in Chapter 3.
Simplified explanations of several typical cases are proposed, namely, for variations of the ApKj,

values of acids both with the same and with different dissociating groups, as well as for variations
of the ratio of stepwise dissociation constants of some polyprotic acids. Successively are described
the systems, where the decisive part is played by: (1) the degree of charge delocalization in anions,
(2) the type of charge of acid-base couples and the nature of dissociating functional group, (3) the
shift of the tautomeric equilibrium state at going from water to organic solvents, and (4) the
selective solvation in mixed solvents. A set of systems with the inversion of the stepwise
dissociation constants (pKg,; > pK,2) are revealed and adequate explanations are proposed. The

analysis of the plots of pK, vs. pKy demonstrated that any distribution of reactants with

complicated structure among various groups is conventional. Within each group a further
subdivision is possible; in some cases a given substance can simultaneously be partially placed into
two or more groups, with good reason. Such situation becomes understandable if we use the term
‘fuzzy sets’. Finally, the salt effect on the dissociation of organic acids in aqueous solutions is
briefly discussed.

Chapter 4 is devoted to protolytic equilibria of xanthene and triphenylmethane compounds in
solutions. The dissociation constants of the dyes in some widely used non-aqueous solvents,
obtained Vis-spectroscopically, are tabulated. The presentation of detailed schemes of protolytic
equilibria of hydroxyxanthenes, rhodamines, rhodols, phthaleins, and sulfonephthaleins is
accompanied by comparison between the results obtained by various experimental methods and
critical analysis of up-to-date literature. Some principal regularities of the influence of the solvents
nature on the state of tautomeric equilibrium are revealed; the role of the tautomeric equilibria shifts
appears to be sometimes of principal significance in the formation of medium effects (ApK,

values). The pK, values of xanthene, aminoxanthene, phthalein, and sulfonephthalein dyes in

numerous organic solvents are explained in terms of prototropic tautomerism and microscopic
dissociation constants. The developed conceptions allow to explain the ratios of stepwise



dissociation constants of the reagents, to predict these values in different systems yet unstudied, and
to govern the behavior of the aforementioned widely used organic reagents and luminophores by
rationally chosen solvents. The differentiating action of organic solvents in electroreduction of dyes
is demonstrated.

The behavior of acids in organized solutions is considered in the second part of the book.

In Chapter 5, some peculiarities of reactivity, first of all of protolytic equilibria and interfacial
acidity in lyophilic colloidal systems, are elucidated; the properties of micellar solutions of colloidal
surfactants and of other organized solutions as media for chemical reactions are considered. The

problem of apparent dissociation constants, K2, of indicator dyes in micellar surfactant solutions,

microemulsions, and liposome dispersions is reviewed. The regularities of protolytic equilibrium in
micellar solutions and related systems are discussed in terms of pseudophase concept and
electrostatic model.

Specific features of lyophilic dispersions of various types (micelles of cationic and anionic
surfactants, of nonionic surfactants with polyoxyethylene chains, zwitterionic surfactants and
liposomes of phospholipids) are described in Chapter 6 from the stand-point of their influence on
the state of protolytic equilibria. Various types of differentiating action of micellar pseudophases are
revealed. The role of charge type and nature of dissociating functional group in the formation of

ApKE values (ApKZ = pK& — pK}') are treated in terms of Brunsted—lzmailov theory; such

approach allows to interpret the extremely strong differentiating action of micelles and to explain
several paradoxical exceptions from the well-known Hartley rules.

Chapter 7 is devoted to the problem of electrical potential, ¥, of micellar surfaces as well as to the
methods of its measure, to reasons of its changeability, and to the shielding of interfacial charge by
supporting electrolytes. The validity of common methods of ¥ estimations with the help of acid-
base indicators is discussed.

Alterations in the micellar regime and their impact on acid-base properties of species bound to
pseudophase are considered in Chapter 8. The following sides of the problem are described: (1)
specific salt effects of hydrophobic counter ions; (2) mixtures of counterions, (3) non-ionic
additives to ionic micelles, (4) mixed micelles of ionic and nonionic surfactants, (5) peculiar of
microemulsions. The utility and limitations of the pseudophase model in reference to interpretation
and prediction of salt effects are demonstrated.

In Chapter 9, a number of typical cases of incomplete binding of ions and molecules by the
pseudophases of different nature are selected. Among them are interactions of dyes with surfactants
within the concentration range below c.m.c. of homomicelles as well as partition of various species
between surfactant micelles and the bulk (aqueous) phase. The approaches to ‘binding constants’

estimation using the pKZ dependences vs. surfactants concentration are analyzed, and chemical

consequences of selective binding of different species to the pseudophase in equilibrium systems are
reviewed. Some examples of dyes binding by cyclodextrins and calixarenes are presented.

A classification of the types of differentiating action of organized solutions is proposed in Chapter
10. The differentiating influence of surfactant micelles and other pseudophases is demonstrated to
be the main reason for limitation of the common electrostatic model of acid-base interactions and
the principal hindrance to exact evaluations of the interfacial electrical potentials by means of acid-
base indicators.
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ITpeducnoeue

B Teoputo u mpakTHKy COBpEMEHHOM (PU3MYECKOW XUMHUHU B KaueCTBE
CPEACTB  YIpaBJICHUS  XUMHUYECKMM  MPOILIECCOM  IPOYHO  BOILIU
OpraHU30BaHHBIE PACTBOPHI, B 3aMETHOM CTENEHU BBHITECHUB TPaAUIIMOHHbIC
BOJIHO-OPTaHMYECKHE W HEBOJHBIC cCpeabl. B Hacrosimiee BpeMs K
OpraHU30BaHHBIM CHUCTEMaM OTHOCST HE TOJIbKO MHIIEIUISIPHBIE PAaCTBOPHI
koJutouAHbIX [TAB, MUKpPOIMYJIBCUU, CYCHIEH3UHU JIUMOCOM (POoCchHOIUnuIoB,
KOTOpPBIE IPEACTABIIAIOT CO00M JIMOPUIBLHBIE HAHOPA3MEPHBIE JUCIIEPCUH, HO
TaK)X€ U PaCTBOPHI IIUKJIOJIEKCTPUHOB, JACHAPUMEPOB, KAJTUKCAPEHOB U T. II.
[Tocnennue SIBASIOTCS TMOJOCTHBIMU MOJIEKYJIaMHU, KOTOpBIE BBICTYIIAIOT B
pojie peunentopoB i cyocTpatoB. BomopacTBopuMbie JEHIPUMEPHI U
KAIMKCAPEeHbl TakK)Ke MOTyT OO0pa3oBbIBAaTb B PAcTBOpPax KOJUIOUJIHbBIC
arperatsl, mogoOHble Mutiesiam [TAB.

Takum o0pa3oM, B LEIOM OpeaHu308aHHble Cpeodbl — ITO MPO3pPAUHbIE,
ONTHUYECKH H30TPOIHBICE pPACTBOPHI, B KOTOPHIX B 00BeMHOHN (a3ze
PacTBOPHUTEIISI IPUCYTCTBYIOT HAHOPA3MEPHBIE YACTHUIIBI, KOTOPBIE 00Pa3yloT
cobcTBeHHYIO TiceBnodasy. IlpuHIHMIUAIbHOE OTIMYHE OpPraHW30BaHHBIX
Cpell OT UCTUHHBIX PAaCTBOPOB 3aKJIIOYAECTCA B CYIIECTBOBAHWUU JOKAIHHOIO
abdexra, 0OYyCIOBICHHOTO B3aUMOJICHCTBUEM MOJEKYI-CyOCTpaToB ¢
HaHoarperataMu. B aToM ciiydae M3MEHEHUE CBOMCTB CBSI3aHHBIX PEAareHTOB
ONpPEAEsACTCS TOJbKO BJIMSHUEM MHKPOOKPYXKEHHMS, a HE BCEro
pactBoputens. IlceBnodasza MoxkeT 3aHMMAaTh MEHBIIIE OJHOTO MPOIIEHTa OT
obmero oObeMa pacTBOpa, HO MPH ITOM CHIBHO H3MEHSATH XapakTep
MPOTEKAHUS PA3JIMYHBIX IPOIECCOB, MOJOOHO HEBOJHBIM PACTBOPUTEISAM
WIM  BOJHO-OPTaHMYECKHUM  CMECAM C  OOJNIBIIMM  COJCp)KaHUEM
OPraHUYECKOro KOMIIOHEHTA.

Kpome Ttoro, cyuiectByer psii HAaHOOOBEKTOB, B HEKOTOPOW CTENEHU
MOAOOHBIX  BBINICYNOMSHYTHIM  OpPraHM30BaHHBIM  arperaram.  JToO
BOJIOPACTBOPUMBIE MOJIUAJICKTPOJUTHI, cjion [TAB Ha nucneprupoBaHHBIX B
BOJE HAHOYACTHIAX KpeMHe3ema, IUIeHKH Jlenrmropa-biomxkerr u T. 1.
OcoOb1ii  BUA JUOPUIBHBIX HAHOYACTUI] — OOpAaIIEHHBIE MUIEIIbI U
MHUKPOAIMYJIbCHH, B  KOTOPBIX JHUCIECPCHOHHOM  Cpeliol  sBISETCS
OpraHuyeckuii pacTtBopuTeiab. OHU OTJIMYAIOTCS II0 COJbBATAIIMOHHBIM
CBOMCTBaM OT CBOMX aHAJIOTOB, B KOTOPBIX HEMPEPHIBHOM SBIISICTCS BOJHAS
da3za.



HbiHe, B 3py HAHOTEXHOJOIWW, >KUJIKHE OpPraHU30BaHHBIE CpPEIbl U
yHOPAIOYEHHbIE MaTepuajbl — 3TO Haubojee BOCTPEOOBAHHBIE U IIHPOKO
ucrosb3ytomuecs cucteMbl. OHU BIHSIOT Ha CKOPOCTh U PaBHOBECHUE
pa3IMYHBIX  pEaKUuid,  MOPUMEHSIOTCSI B MHOTEHIHMOMETPUYECKOM,
CHEKTPOPOTOMETPUYECKOM U (QIYOPUMETPUYECKOM  aHaliu3e, B
XpomMarorpaduu, 1Jisi paCTBOPEHHUS JIEKAPCTBEHHBIX (POPM U UX TPAaHCIOPTA B
OpraHu3Me, I CHHTE3a HAaHOYACTHIL U T. A.

IIpomonumuyeckue npespaujenuss AMEOT MECTO B OOJBLUIMHCTBE W3
NEPEUHCIICHHBIX MMPOLECCOB, K TOMY K€ MHOTI'O SBJICHUI B XMMUU PacCTBOPOB
B 3HAYUTEIBHOM  CTENEHU  C8A3AHbI  C  KUCIOMHO-OCHOBHBbIMU
g3aumooeticmeuamu. 1103TOMy Kak ¢ MPaAKTHYECKOU, TaK U C TEOPETUUECKOMN
TOYEK 3PEHUSI HEOOXOIUMO KJIACCU(DUIMPOBATH YIbTPAMUKPOTr€TEPOTCHHbBIE
Cpelbl, UCXOHsl M3 XapakKTepa HMX BIUSHUA Ha IOJIOKEHUE KHUCIOTHO-
OCHOBHBIX PABHOBECH.

B nacmosiwyee spems 6ecoma akmyanvHo pacuiupeHrue npeocmagieHuti o
KUCTIOMHO-OCHOBHBIX U MAYMOMEPHbIX NPespaweHusx 6 pa3Ho20 pood
MUODUILHBIX HAHOPASMEPHBIX OUCNEPCUSX, A MAKH#ce NOOPOOHBIU AHAIU3
OaHHBIX U UX meopemuyeckas uHmepnpemayus. YHUBEPCAIbHBIMU
peareHTamMu JJid MPOBEAEHUSA MOJOOHOrO0 poAa HCCIECIOBAHUMA SBISIIOTCA
KUCTIOMHO-OCHOBHbIE ~ UHOUKAMOpbl.  DTU  COEIUHEHUS  SIBJISIOTCS
CHEKTpajIbHbIMU 30HAaMU U pH-npobGamu, 4yBCTBUTEIbHBIMU K COCTOSIHUIO
JOKanbHOTO OKpyxkeHus. [loaTomy uHbopManus O BIUSHUM HAHOArPETATOB
HA XUMHUYECKOE pAaBHOBECHE HJTHX pPEareHTOB JacT BO3MOXHOCTh
YENIeHanpaeleHHo  USMEHAMb  Napamempvl — UOHHbIX — pPAGHOBeCUU U
NPOCHO3UPOBAMY GAUAHUE HA CEOUCTNEA UHOUKAMOPHBIX Kpacumeneu nymem
CcO30aHus  coomeemcmeyrue2o MuKkpookpyscenus. Kpome Toro, 3T0
MO3BOJIUT BBISIBUTH MOJIOOME M Pa3MyYM€ B COJbBATALIMOHHBIX CBOMCTBax
TaKUX OPraHM30BAHHBIX CHUCTEM, a TAKXE OMNPEACNIUTh MX BO3ACHCTBUE HA
COCTOSIHME DJEKTPOJIMTOB, B YAaCTHOCTH, OPTraHMYECKUX WHAMKATOPHBIX
KHCJIOT.

BbIMoTHEHUIO SKCIIEPUMEHTANIbHBIX UCCIIEI0BaHUM CIIOCOOCTBOBAIN BCE
COABTOpPHl HAIIUX MNYOJIUMKALMI U OTHAENbHbIE JIMIA, KOTOPHIM AaBTOPHI
BBIPAXKAIOT UCKPEHHIOIO 0J1arojapHOCTb.

B  MoHorpadum  M3M0XKEHBI  pe3yJAbTaThl  AKCHEPUMEHTATBHBIX
UCCIIEIOBAHUM, IIPOBEACHHBIX JUIUIOMHHUKAMHU, a TAaKX€ AaclUpaHTaMHU



kadeapbl  (PU3MYECKOM XUMHHM, KOTOpPbIC 3allMTWIM  KaHJIWJATCKUE
nucceptannu, KX.H. [O.B.Hcaenko, k.x.H. H.B.CanamanoBoi, K.X.H.
O. H. be3kponoii, k.x.H. E. }O. bpbeinépoit, k.X.H. A. I'. SIkyOOBCKOH, K.X.H.
1O. A. KnemeBnukoBoit (I'ypunoit) m k.x.H. JI. H. borganoBoi, a Takxe
oJHUM 13 aBTOpoB jau4Ho (H. B.).

ABTOpBI BbIpaxkaroT OsarogapHocts C. B. Manésanomy (XapbKOBCKHUIA
BOCHHBIM YHHMBepcUTeT) W HA.X.H., npod. B. JI. OpinoBy (XapbKoBCKuit
HaIlMOHATBHBINM  yHuUBepcuteT wuMeHn B.H.Kapasuna) 3a coBMecTHOE
UCCIICIOBAHUE XOJMHACTEPA3HOTO TUApOIu3a; M.X.H., npod. A. O. Jopo-
IIEHKO 3a OIpeJeJeHUEe BPEMEH JKU3HU (IIYOpPECUEHIMU, a TaKXKe
K.X.H. A. JI. Pomamo u k.x.H. A.B. I'puroposnuy (HUU xumuu mpu
XapbKOBCKOM  HallMOHATbHOM  yHUBepcutere wumenu B. H. Kapasuna) 3a
U3MEpPEHUE CHEKTPOB (IIyOopecleHIIMM U BO30YXKIeHUA (DIyOpeClEHIM WU
IJIOJIOTBOPHOE  0OCYyKJeHue  pe3yibratoB;, K.X.H. JI. B. KyTy3oBoii
(YuauBepcutet r. baiipoiita, ['epmanus) 3a nNpoBeneHHE SKCIEPUMEHTA IO
U3MEPEHUI0  pa3MepOB  YacTUI]  OPraHU30BAaHHBIX  pPACTBOPOB U
AIIEKTPOKUHETUYECKUX MOTEHUUANOB, a TaKXke OOCYX IEHUE MOJIyYEHHBIX
pesynbTaToB; npod. Xp. Paiixapary (Yuusepcurer r. MapOypra, ['epmanus)
3a MPEIOCTaBICHUE MTPENapaToOB COJIbBATOXPOMHBIX O€TaHOBBIX KpacuTeaen
U COBMECTHYIO paboTy Haja cratbsmu; K.x.H. JI. B. CamoiinoBy (CaHkT-
[lerepOyprckuii  TexHoMorndeckuit YHHUBEPCUTET) 3a MPEJAOCTABICHUE
MpernaparoB psjia TUIAPOKCUKCAHTECHOBBIX KPACUTENIEH U UX aHAJIOTOB; K.X.H.
B. U. AnekceeBoii (MIHCTUTYT OpraHuyYecKUX MOJYIPOIYKTOB U KpacUTEIEH,
r. MockBa, Poccust) 3a mpegocTaBiieHHE KpacUTENs N,N/-I[I/IOKTa-
JNEUWIPOJaMUHA, POJAMUHIIAKTAMOB, 3(UpPOB (uyopecuerHa W HO03WHA;
3. JI. Kapsikunoii (HMUW  OrueynopoB, 1. XapbkoB) 3a MpOBEIACHUE
HKCIIEPUMEHTA C HCIOJIb30BAHUEM 3JIEKTPOHHON MHUKPOCKOMHUH; YII.-KOpP.
HAHY, mpod.B.N. Kampuenko u k.x.H. P.B.Pomuky (MuHCTHTYT
oprannueckon xumuu HAHY, r. KueB) 3a mnpemoctaBieHue oO0pasIioB
KaJIMKCAapEeHOB, MPOBEJACHUE HEKOTOPBIX SKCIEPUMEHTOB U 3a 00CYX ICHUE
MOJYYCHHBIX  pe3yJbTaToB; A.X.H.,, npod. B.W. Preibauenko w
k.X.H. A. H. Penpko (MHCTUTYT PU3HKO-OpraHUYECKON XUMUU U YTIEXUMUU
HAHY wum. JI. M. JlutBuHeHko, r.JloHelK) 3a uccIeAOBaHUE CTPYKTYpP
POJIAMHUHIAKTAMOB METOJIOM BC JIMP; k.r.u H. A. Marseesckoit (HTK
«VHCTUTYT MOHOKPHUCTAJUIOB», T. XapbKOB) 3a MPEAOCTABICHUE CYCIICH3UU
HaHouactull kpemHezema; 10kT. K. I'u (Invitrogen Life Technologies, CIIIA)



3a  MpeaocTaBlieHHEe  00pa3loB  (TOPIPOM3BOJHBIX  (DIIyOpeclieHHa;
npod. V. T. ®opny (YuuBepcuter 1mrara Oxiaxoma, CIIA) 3a
npeocTaBiieHre  o0pa3noB  jaeHapumepoB;  1npod. M. bammayddy
(YauBepcuter 1. baiipoiita, ['epmanusi) 3a mnpenocraBieHue oOpas3loOB
MOJMAICKTPOJIMTHRIX — «IIETOK»; K.X.H. A. B.Jlebegio (XapbKoBckuit
HaIlMOHATBHBIN  yHMBepcuTreT uMeHH B. H.Kapasuna) 3a mpoBelneHHBIC
teopetuueckue pacuersl; K.X.H. JI. J[. [Tanenkepy u E.H. OO06yxoBoii
(HTK «MIHCTUTYT MOHOKPHUCTAJIJIOBY», I'. XapbKOB) 3a MPEIOCTABICHUE PAlia
AMHUHOKCAHTEHOBBIX KpacuTesel, MPOBEAEHUE HEKOTOPHIX IKCIIEPUMEHTOB U
3a 00CYXIEHUE MOJYyYECHHBIX pEe3yJbTaToB; A.X.H., nmpod. A.A. HNmeHko
(MuacTHTYT oprannyeckoit xumuun HAHY, 1. Kue), n1.x.H., wi.-kop. HAHY,
npod. C. 4. Kyumuto (MucTuTyT Qusndeckoir xumuu um. JI. B. [Tucap-
xeBckoro HAHY, r. KueB) u a.x.H., npod. FO. A. Tapacenko (MucTuTyT
xumun noepxHoctd uM. A. A.Uyitko, r. KueB) 3a mI0g0TBOpHOE
00CyX€HUE HEKOTOPBIX YacTel MOHOrpaduu.

B Hacrodmeld MoHOrpauu H3I0KEHBI PE3yIbTaThl HCCIEAOBAHUN
IPOTOJIMTUYECKHUX PaBHOBECHI WHJIUKAaTOPHBIX KpacuTeneun B
OPraHU30BAHHBIX PACTBOPAX PA3IMYHBIX BUAOB 32 IOCIEIHUE BOCEMbB JIET,
HaunHast ¢ 2005 roma. Ilpenpinymive pAaHHbBIE, IOJYYEHHBIE B HalIEH
nabopaTopuu, coOpaHbl M JETATbHO OMUCAaHbI B MOHOTIpauu OJHOrO W3
aBTopoB (H. M.-I1.) «duddepennmpoBanue cuibl OpraHUYECKUX KHUCIOT B
WCTUHHBIX U OPTAaHU30BAHHBIX PACTBOPAXY.

Knaura cocrout u3 nsATH riaB, Kaxaas W3 KOTOPBIX HA4YMHAETCS C
KpaTkoro o030pa JuTepaTypbl, HE NPETEHAYIOIIEr0o Ha IMOJHBIA OXBaT
UMEIOIIMNXCS K HACTOAIIEMY BpeMeHH myonukanuid. Hekotopele myonukanuu
B JIAHHOM HarpaByieHuH, nosisuBiirecsa nocie 2011 roga v mokaszaBimecs
HaM MHTEPECHBIMH, Mbl YINOMSHYJIM B BHJE CHOCOK; IIPU OTOM
COOTBETCTBYIOIIME KOMMEHTApUM W JUTEpPaTypHbIE CCBUIKM JaHbl B
npUMEYaHusX B KOHIIE KaxJ10M rnaBbl. [lociie 0030pa nmuTepaTypsl B riaBax
MIPUBOJIATCS JAHHBIE, TOJYUYCHHBIE B HAILIEH MCCIIEIOBATEIBCKOW TPYIIE.

Hamanvsa Booonaskas, Huxonait Mueonos-Ilempocsn
Xapvros, nosiops 2013






10.

11.

12.

13.

YUYEBHUKU 1 YUEBHBIE [TOCOBMA

H. O. Muennos-Ilerpocsn, ['mazkoBa E.H., Jlebenp B.U. JlabopaTopHbIii MPaKTHKyM IO
KOJUTOUTHOM XuMHUH. YueOHoe nocodue. XappkoB. M3narensctBo XBY. 1998. c. 158.

E.H. TI'mazkoBa, Muemnos-Iletpocsu H.O., B.M. Jlebenp. Bompocsl u 3amaum mis
CaMOCTOSITEIbHOW pabOThl 1O KOJUIOMJHOHW XHUMHH. Y4eOHOoe mocoOue. XapbKOB.
HUznareasctBo XBY. 1998. c. &1.

O.M. I'maszkoBa, M.O. Muemnos-IlerpocsH, B.1. JIe6inp, C.B. €nb110B. 3anuranns 1 3aga4i
JUIs caMoCTiiHOT poboTh 3 KojoigHoi ximii. HaB4yanbamii mociOnuk. Xapkis, Bux. XHY,
2000. 73 c.

M.O. Muennog-Ilerpocsn, B.1. JIe6ias, O.M. I'nmaskosa, C.B. €npuos, O.M. Jlyouna, B.I'.
[Tanuenko. Komoigna ximis. XapkiB. Bua. XapkiBCbKOro Aep)KaBHOTO —arpapHoOro
yHiBepcuTeTy iM. B.B. [lokyudaesa, 2001. 219 c.

M.O. Muennog-Ilerpocsn, B.L. Jle6igp, O.M. I'maskoBa, C.B. €npnos, O.M. Jlyouna,
B.I'. [Tanuenko. OcHOBHU KOJIOTAHOT XiMii: (i3MKO-XiMisl TOBEPXHEBUX SIBUII] Ta JUCIIEPCHUX
cuctem. [ligpyunuk. X.: XHY im. B. H. Kapaszina, 2004. 300 c.

M.O. Muennos-Ilerpocsn, B.IL Jle6igp, O.M.I'naskoBa, C.B. €npuos, O.M. JlyOuHa,
B.I'. [lanuenko. Konoigna ximis. [Tigpyunuk. X.: ®omio, 2005. 304 c.

M.O. Muennos-Ilerpocsin. IloBepxneBo-akTuBHI peuoBuHU. Ctarts B DapmaineBTUYHII
Ennuxnonenii. Kuis: MOPIOH, 2005. C. 610-614.

H.O. Muennos-Ilerpocsn, A.B. Jlebenp, B.M. Jlebenp. KomnouaHble MOBEPXHOCTHO-
aktuBHbIe BemecTBa. M3a. XHY um. B. H. Kapasuna, 2008. 76 C.

H.O. Muennos-Ilerpocsn, A.B. Jlebenp, B.M. Jlebenp. KommouwmHple TOBEPXHOCTHO-
akTuBHbIE BemlecTBa. 2-¢ u3a. M3a. XHY um. B. H. Kapasuna, 2009. 72 c.

B.I. Jle6inp, M.O. MuemnoB-Ilerpocsn. Komoingna ximig. Crarts B dapmaneBTHUHIN
Ennuxnonenii. Kuis: MOPIOH, 2010. C. 735-737.

M.O. Muennos-Ilerpocsn. [loBepxHeBo-akTuBHI peyoBHHU. CrtarTss B DapmaneBTUUHIN
Enmuknonenii. Kuis: MOPIOH, 2010. C. 1112-1117.

M.O. Muennos-Ilerpocsn, B.1 Jle6iap, O.M. I'mazkoBa, O.B. JIe6ins. Konoinna ximis. 3a
pen. mpod. M. O. MuemoBa-Ilerpocsina. Xapkis: Bun. XHY, 2010. 500 c.

M.O. Muennos-Ilerpocsn, B.1 Jle6iap, O.M. I'mazkoBa, O.B. JIe6ins. Konoinna ximis. 3a
pen. npod. M. O. Mueanosa-Ilerpocsna. 2-re Buz., Bumnp. i gon. Xapkis: Bun. XHY, 2012.
500 c.






Vil

—HKOMOIAHA XIMIA—




Colloid Chemistry

N. O. Mchedlov-Petrossyan, V. I. Lebed,
E. N. Glazkova, A. V. Lebed

Published by Kharkov V. Karazin National University Press,
Kharkov, 2010

(Approved by the Ministry of Education and Science of Ukraine
as textbook for chemical specialities of high education institutions)

Summary

This textbook contains 11 chapters and covers all topics of the university

program in colloid chemistry.

The Introduction presents a historical survey and elucidates the place and role of colloid chemistry and
nanochemistry in modern natural science and technology.

First four chapters are devoted to interfacial phenomena. The main issues considered are as follows: surface
tension, lyophilic and lyophobic solvation and interactions, types of interfacial phenomena, thermodynamic functions of
the interfacial layer, capillary pressure and experimental methods of determination of the surface tension, contact angle,
wetting and spreading, flotation, and thermodynamics of interfacial phenomena in multicomponent systems. In the
course of discussion of molecular adsorption on solid surfaces, the processes of physical adsorption and chemisorption
are considered, in particular different types of isotherms, the theories of monomolecular, stepwise, and polymolecular
adsorption, volume filling of micropores, capillary condensation, energetic parameters of adsorption, types of
adsorbents, and adsorption rate. The peculiarities and regularities of molecular adsorption from solutions and the
principles of chromatography were set out. A special chapter is devoted to the monolayers and films on the water/air
interface, to the two-dimensional aggregate states of molecules, surface pressure and compression isotherms, Langmuir—
Blodgett films, etc. Finally, the theory of the double electrical layer (DEL) on solid/liquid interfaces is briefly presented.
Various mechanisms of the DEL formation and theories of DEL structure, as well as the adsorption of electrolytes and
ion exchange are considered.

The next three chapters are devoted to the classification of colloidal systems, to their preparation and their
kinetic and optical properties. The main principles of classifications are based on the aggregate state of the dispersed
and continuous phases, on the degree of dispersity, on particles shape, on the degree of structuredness, and on the energy
of interaction of the phases. Some typical lyophobic and lyophilic colloidal systems, as well as intermediate ones, are
considered. The two principal methods of preparation of disperse systems, namely, by dispersion and condensation, and
the methods of purification of the obtained systems are described. Also, the osmotic properties, sedimentation and
sedimentation-diffusion equilibrium, centrifugation, electrophoresis and other electrokinetic effects, as well as the
influence of electrolytes on the electokinetic behavior are considered. A special chapter elucidates the optical properties
of the disperse systems, especially the light scattering and its use in the methods of ultramicroscopy, nephelometry, and
turbidimetry, the problem of color of metal sols, and the influence of particles orientation on the optical effects.

The properties of lyophilic dispersions, especially micellar solutions of colloidal surfactants are reported in a
separate chapter. The general characterization of lyophilic colloidal systems, including polymer solutions in ‘good’
solvents is given. Various types of surfactants are presented, and aspects of the micelle formation in water are

considered in detail. The cmc values and their dependence on surfactants constitution, the thermodynamics of



micellization and the polymorphism of micelles, the solubilization phenomenon and micellar catalysis are discussed.
Also, the structure of dendrimers, polymeric polyelectrolyte brushes, phospholipid bilayers and biomembranes, and
reversed micelles and microemulsions is briefly described.

The next chapter contains the fundamentals of aggregative stability and coagulation of lyophobic disperse
systems. Special attention is paid to the coagulation of sols and suspensions by electrolytes. The coagulation rate, the
concepts of rapid coagulation and the threshold of coagulation (coagulation point or critical concentration of
coagulation) and the old-fashioned explanations of the coagulation process and the Derjaguin—Landau—Verwey—
Overbeek theory, with its application to numerous colloidal phenomena, are discussed. Peptisation and stabilisation of sols,
various kinds of stability factors, flocculation, 'coagulation zones' and some other “uncommon” phenomena occurring in
colloidal systems are described in terms of disjoining pressure and Hamaker diagram.

In an additional chapter, the classification, main properties, and behavior of microheterogeneous systems, that
is aerosols, suspensions, emulsions, and foams, are described.

The last chapted is devoted to the structural-mechanic properties of disperse systems. Here, the emergence of
structures in disperse systems, their specificity and evolution is considered. The viscosity of colloidal systems and
polymer solutions, the swelling of polymers, the properties of jellies, and the experimental methods of viscosity

determination are discussed.
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P. Canunac Maiiopra
(Huxaparya)
9. Apuac
(Tlepy)

Kopnosa

B. H. KnemesuukoBa

B. . KyxTuk

O. H. Terynua
B. K. KinoukoB
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A. B. Tumuii
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H. B. CamamanoBa
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O. H. be3kpoBHas

A.T. Sxyb6oBckas
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JI. H. bormanoBa

Ton

1990
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1994

1996

2000

2000

2002

2002

2004

2006

2008

2008
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2010
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HasBanue nuccepranuu

HoHHbIe paBHOBECUS WHAMKATOPOB TPH(PEHUIMETAHOBOTO
psiia B CUCTEME: BO/Ia—IUMETHIICYIIb()OKCHI.

OKCTpaKIIMOHHBIE paBHOBECHS TPUPEHUIMETAHOBBIX
KpacuTelled M  accouuaroB HMX AaHHOHOB C  KpayH-
KOMIUIEKCAMH METaJlIOB.

PaBHOBecHSI ~ KCaHTEHOBBIX W CyIb(OTaICHHOBBIX
KpacuTelen B BOJHBIX pacTBopax KaTHUOHHBIX
ITOBEPXHOCTHO—AKTHBHBIX BELIECTB.

IIporonutnyeckue paBHOBeECHS HEKOTOPBIX

Tpu(EHUIMETAaHOBBIX KpacUTeJe B HEBOJHBIX pPacTBOpax
(copykoBonutens: ipod. B. JI. be3yrmibiii).
KucnoTHO-OCHOBHBIE paBHOBECHSI B CHUCTEME Bojaa —
Oyranos-1.

CeotictBa ¢dymnepena Cgy B BOJHBIX pacTBOpax M €ro
B3aUMO/ICHCTBHE C KATHOHHBIMH KPACHTEIISIMH.
[TpoTonuTHYeckne paBHOBECHS] B MHIICIUIAPHBIX PACTBOPAX
MTOBEPXHOCTHO-aKTUBHBIX BEIIIECTB.

KucnoTHO-0CHOBHBIE PaBHOBECHSI B
YIABTPAMHUKPOTETEPOTEHHBIX CHCTEMaX Ha OCHOBE KATHOHHBIX
MTOBEPXHOCTHO-aKTUBHBIX BEILIECTB.
KwucmoTrHocTs, compBaTamust |
MHUKPOIMYITbCHUSIX.
HuddepenuripoBaHiue KUCIOTHBIX CBOWCTB U  COJIEBBIE
3¢ (deKTHl B IPAMBIX U 00paIlleHHBIX MUKPOIMYJIbCHSX.

COJIbBAaTOXpOMHUS B

KuclI0THO-OCHOBHBIE ~ paBHOBECHsS B HAHOPAa3MEPHBIX
CHUCTEMax, COJAEpXalIMX YETBEPTHUYHBIE  aMMOHUEBBIC
TPYIIIHL.

CnekTpanbHble U KUCIOTHO-OCHOBHBIE CBOMCTBA KpAaCHUTENIEH
B IIJIEHKaX JIbarmropa-bnoxert Ha OCHOBE
MOJIMAMUIOKUCIIOTHI.

[Tporonutnyeckue paBHoBecus U HoTohU3NUECKHE CBONCTBA
(GYHKIIMOHAIN3UPOBAHHBIX KCAaHTEHOB M HEKOTOPBIX APYTHUX
KpacuTeliell B OpraHU30BaHHbBIX PaCTBOpax.

KoHcTanTsl  nuccoumanuy — 3JIEKTPOJUTOB W IIKaja
KHCIIOTHOCTH B aleToHe B MIPUCYTCTBUH
TUMETHIICYIb(OKCHIA.

B3auMopeiicTBue  kpacutelned ¢ MaKpOUMKIHYECKUMH

pc€arciraMu B BOAHBIX paCTBOpax.
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T. A. Yetinrem 2015

U. H. INaneBans 2015
H. H. KamueBa 2016
C.T.Tora 2017

0. T. M. Anp-lllyyun 2017
(Mpax)

A. 10. Xapuenko 2018

dnyopeciienHb B pacTBopax: MPOTOUTUYECCKHE
pPaBHOBECHsI, ONTHUYECKHE CBOWCTBA W TNPUMECHEHUE IS
UCCIICIOBAaHHSI KaJIMKCAPEHOB.

HoHHast acconuanus NHKPATOB C KAaTHOHAMHU DPA3IUYHOM
OpUPOJBl B  PACTBOPUTENISIX C HHU3KOM UM CpeInHEi
JMBJICKTPUIECKOHN MMPOHUIIAEMOCTBIO.

OcobeHHOCTH POTOJIUTUYCCKUX pPaBHOBECHIA Ha
MOBEPXHOCTH KAaTHMOHHBIX HAHOYACTHI[ B TUAPOPHIBHBIX U
ruApohOOHBIX JUCTIEPCHUSIX

Acconuarust u COJIbBATAIUS B pacTBopax
TETPaAKMIAMMOHHUEBBIX U N-aJKHIMTUPUITHUEBBIX COJICH ¢
ruApohOOHBIMH AaHHOHAMH.

Hanopasmepnsie arperatsbl Cgp B MOJIIPHBIX PACTBOPUTENSX:

(bOpMHpOBaHI/Ie, CBOMCTBa H BSaHMOHeﬁCTBHe C HMOHaMHu
MCTAJIJIOB.

[TporonuTuyeckne paBHOBECHS XPOMOGOPHBIX PEarecHTOB B
BOJHBIX PAacTBOPax MOJUAJICKTPOIUTOB B CPaBHEHHUH C
JIPYTUMU KOJUTOMIHBIMH CUCTEMaMu

JIOKTOPCKUE JJUCCEPTAIIMU, BBITTIOJITHEHHBIE ITPY HAYYHOM
KOHCVJIbTALIU ITPOPECCOPA H.O. MUEJIJTOBA-IIETPOCAHA

JIoKTOpaHT/conucKaTenb

C. A. lllanoBasnos

H. A. Bomomnaskas

T'ox HazBanue quccepranuu

2009 Pa3snopomgHas accouuainuss HOHOB KpacuTeled B
BOJIHBIX PacTBOpax.

2011 KwucnoTHOCTH W CONbBATallMs B OPTraHW30BaHHBIX
pacTBopax: nuddepeHnupyoiiee NefcTBHE
HAHOYACTHI] B THOPUIBHBIX TUCTIEPCUSX.



