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Solution behavior of quenched or strongly charged polyampholytes
in aqueous-salt solutions

Quenched (or strongly charged) polyampholytes based on fully charged anionic monomer — sodium salt of
2-acrylamido-2-methyl-1-propanesulfonic acid (AMPS) and cationic monomer — (3-acrylamidopropyl)-
trimethylammonium chloride (APTAC) were synthesized by radical copolymerization and their behavior was
studied in aqueous-salt solutions. A series of unbalanced (AMPS-25 and AMPS-75) and balanced (AMPS-
50) quenched polyampholytes were characterized by 1H NMR, FTIR, GPC, DLS, viscosity, DSC, TGA. It
was established that at the isoelectric point (IEP) the quenched polyampholytes in aqueous'solutions.are stabi-
lized by cooperative intraionic contacts between strong charged anionic and cationic moieties. The conforma-
tional state of AMPS-25 and AMPS-75 in aqueous solution is represented as «core» and «shell» structure.
The «core» part behaves polyampholyte character (PA region) while the «shell» part exhibits polyelectrolyte
effect (PE region). Increasing of the ionic strength tends to shrink the polyelectrolyte «shell» and to swell the
polyampholyte «core». In contrast to AMPS-25 and AMPS-75, the hydrodynamic size of balanced
polyampholyte AMPS-50 at the IEP increases upon increasing (of the ionic strength demonstrating the
antipolyelectrolyte behavior. In aqueous solution the isoelectric points. of quenched polyampholytes were
found to be pH 6.110.1. In the presence of KCl the positions of the IEP shifted to pH 6.5-7.0 due to specific
binding of chloride ions by quaternary ammonium groups of «quenched» polyampholytes.

Keywords: quenched polyampholytes, isoelectric point, hydrodynamic size, intrapolyelectrolyte complexes,
«core-shell» structure, polyampholyte regime, polyelectrolyte regime, ionic strength.

Introduction

Quenched polyampholytes [1-3] are fully charged polyampholytes prepared from the charged cationic
and anionic monomers retaining in contrast to annealed polyampholytes their respective charges over a wide
range of pH. Typical examples of quenched polyampholytes are copolymers of 2-acrylamido-2-methyl-
propanesulfonate sodium salt (AMPS) and 2-acrylamido-2-methylpropyldimethylammonium chloride
(AMPDAC) or (3-acrylamidopropyl)trimethylammonium chloride (APTAC) prepared by microemulsion
polymerization [4—8]. The precipitation of charged monomer counterions as silver salt was observed for stoi-
chiometric mixture of 2-methacryloyloxyethyltrimethylammonium iodide (METMAI) and silver salt of
2-methcaryloyloxyethanesulfonate (AgMES) [2]. As a result, the Agl as precipitates and the METMA-MES
as ion-pair monomers retains in solution. Polymerization of such ion pairs produces equimolar quenched
polyampholyte without inorganic counterions. Quenched polyampholytes prepared in solution have a ten-
dency to be alternative because of the strong electrostatic attractive forces acting between the opposite
charged monomers.

McCormick and co. [9-13] synthesized a series of low- and high-charge-density ampholytic copoly-
mers of AMPS and AMPDAC and thoroughly studied their solution properties. In studied systems the
sulfonate and quaternary ammonium groups are pH insensitive and the charge balance of these terpolymers
1s exclusively determined by composition of copolymers.

Amphoteric terpolymers consisting of acrylamide, sodium styrene sulfonate, and acryloxyethyl
trimethylammonium chloride monomers, demonstrated excellent thermal-resistance and shear-stability in
high-salinity solution [14]. Due to remarkable salinity tolerance, temperature resistance, and shear stability
they may be widely applied in drilling fluids and oil recovery.

Low and high molecular weight amphoteric random copolymers of AMPS-APTAC with equimolar
composition were prepared via reversible addition-fragmentation chain transfer (RAFT) radical polymeriza-
tion and conventional free-radical polymerization (FRP) [15]. The copolymer prepared by RAFT was soluble
in pure water and formed inter-polymer aggregates while the same copolymer prepared by FRP was insolu-
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ble in pure water but dissolved in aqueous solutions of NaCl. Such difference in solubility is connected with
formation of intra- and inter-chain interactions that enhanced with increasing the molecular weight.
According to literature survey the quenched polyampholytes are less considered subject in comparison
with annealed polyampholytes [16—18] and polymeric betaines [19].
In the present paper the solution properties of linear polyampholytes consisting of fully charged anionic
AMPS and cationic APTAC monomers are considered together with their behavior at the isoelectric point
where the whole macromolecules are quasineutral.

Experimental

Materials

2-Acrylamido-2-methylpropanesulfonic acid sodium salt (AMPS, 98 wt.%) and (3-acrylamidopropyl)-
trimethylammonium chloride (APTAC, 75 wt.% in water), and ammonium persulfate (APS, 99 % purity)
were purchased from Sigma-Aldrich Chemical Co. used without further purification.

Methods

'H NMR spectra of AMPS-APTAC in D,O were registered on impulse Fourier NMR spectrometer
Bruker 400 MHz (Bruker, Germany). FTIR spectra were recorded on a Cary 660 ETIR (Agilent, USA). The
average molecular weights (M,, and M,)) of aqueous solutions of AMPSNasAPTAC were measured by gel-
permeable chromatography (GPC) using Viscotek (Malvern) chromatograph equipped with 270 dual detector
(Malvern) and VE 3580 RI detector (Malvern). Two 6000M columns (Malvern) were used and DMF was as
mobile phase at 0.7 mL/min flow rate. Polystyrene standard samples (PolyCAL™, Malvern) were used in
order to plot the calibration curve. The injection volume of sample was equal to 100 pL. The viscosity of
polymers was measured on Ubbelohde viscometer at 251+0.1 °C. The average hydrodynamic size and zeta-
potential of AMPS-APTAC copolymers were determined with'the help of Zetasizer Nano ZS90 (Malvern,
UK) at 30 °C. TGA and DSC measurements were performed on «KLABSYS evoy» (Setaram, France) at heat-
ing rate 10 °C/min. lonic strength of the solution was adjusted by reagent grade KCl. The pH of the solution
was regulated by adding of 0.1M HCI or 0.1M NaOH.

Results and Discussion

Synthesis and characterization of AMPS-APTAC copolymers

Quenched polyampholytes based .on'" AMPS and APTAC were synthesized by free radical
(co)polymerization in the presence of APS at 60°C during 4 h at various molar ratio of initial monomers
[AMPS]:.[APTAC] = 75:25, 50:50 and 25:75 mol/mol. Further in dependence of molar fraction of AMPS
they are abbreviated as AMPS-25, AMPS-50 and AMPS-75 (Fig. 1).
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Figure 1. Polymerization protocol of AMPS and APTAC

The obtained copolymers were dissolved in distilled water, dialyzed against deionized water and freeze-
dried. '"H NMR spectra of AMPS-75, AMPS-50 and AMPS-25 in D,O are shown in Figure 2.

36 BecTHuk KaparaHguHckoro yHusepcuTeTa



Solution behavior of quenched or strongly charged polyampholytes ...

1

—
4 3 z 1 -0 [ppm]

Figure 2. "H NMR spectra of AMPS-50 (1), AMPS-75 (2) and AMPS-25 (3), in D;O

The molar composition of AMPS-APTAC copolymers was estimated from the integral peaks of methyl
groups (a, a’ and b, b’, b’’) that belong to each monomer as shown in Table 1.

Table 1
Theoretical and experimentally found molar composition of AMPS-APTAC copolymers
Molar composition of [AMPS]:JAPTAC], mol/mol
No. samples Theoretically Experimentally found from
prescribed "H NMR spectra
1 75:25 72:28
50:50 53:47
3 25:75 25:75

FTIR spectrum of AMPS-50 together with.identification of characteristic bands of functional groups of
AMPS-25 and AMPS-75 are presented:in Figure 3 and Table 2.
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Figure 3. FTIR spectrum of AMPS-50

Table 2
Identification of FTIR spectra of AMPS-25, AMPS-50 and AMPS-75
. v(CONH) v(CONH) _
Functional groups v(NH) v(CH) Amide I, Amide I1, S(CH) v(S=0)
Band assignments, cm’ 3434, 3304 2934 1650 1548 1186, 1204 1039

Thus, both '"H NMR and FTIR spectra confirm the compositional closeness of copolymers to that of the
monomer feed indicating the formation of homogeneous AMPS-APTAC copolymers in the course of radical
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polymerization. The conversion of AMPS-APTAC copolymers found from "H NMR spectra exceeded 80 %.
The weight-average molecular weight (M,,), the number-average molecular weight (M,,), and z-average mo-
lecular weight (M,) together with polydispersity index (PDI) of the AMPS-APTAC copolymers according to
GPC measurements are summarized in Table 3.

Table 3
The molecular weights and PDI of AMPS-APTAC copolymers
Copolymers | M,-10° | M,10° | M,10° PDI
AMPS-75 6.40 6.37 6.50 1.01
AMPS-50 3.31 2.01 5.11 1.65

Solution properties of AMPS-APTAC copolymers
Concentration dependence of the reduced viscosity of AMPS-APTAC at different ionic strengths of the
solution (i) expressed as mol-L" of KCl is demonstrated in Figures 4—6.
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The unbalanced AMPS-APTAC polyampholytes, to whom belong AMPS-25 and AMPS-75, can be
considered as a combination of polyampholyte and polyelectrolyte regimes because the charge imbalance
causes the increasing of net charge of macromolecules. In that case, the conformational state of AMPS-25
and AMPS-75 in aqueous solution can be represented similar to «core» and «shell» structure. The «core»
part containing the equal amount of positive (25 mol.%) and negative (25 mol.%) charges that are mutually
compensated can belong to polyampholyte region. The «shell» part of AMPS-25 and AMPS-75 containing
the excess of either positive or negative charges is responsible for water solubility and should give to mac-
romolecules polyelectrolyte character. Since the «core» part of AMPS-50 comprising of equal number of
positive and negative charges (balanced polyampholyte) has no excess of positive and negative charges in
«shell» part, it forms a fine suspension in water but is soluble in salt solution. Surprisingly in pure water
AMPS-25 and AMPS-75 do not exhibit polyelectrolyte effect in spite of the excess of positive (Z =+50 mV)
and negative (Z = —40 mV) charges. Concentration dependence of the reduced viscosity has a linear charac-
ter (Figs. 4 and 5). Decreasing of the reduced viscosity upon dilution is probably connected with domination
of polyampholyte effect over polyelectrolyte effect. Intramolecular salt bonds (50 mol.%) formed between
25 mol.% positive and 25 mol.% negative charges (polyampholyte effect) prevail the electrostatic repulsion
of similar charges (polyelectrolyte effect) in macromolecular chains. In other words, due to counteracting of
polyampholyte and polyelectrolyte effects the conformation of macromolecules remains unchanged (or
slightly changed) upon dilution in spite of the excess of positive or negative charges: As seen from Figures 4
and 5 the reduced viscosity of AMPS-25 and AMPS-75 decreases with increasing of the ionic strength. In
contrast, the reduced viscosity of AMPS-50 increases upon addition. of “KCl demonstrating antipoly-
electrolyte behavior (Figs. 6 and 7). Since AMPS-25 and AMPS-75 contain an excess of positive and nega-
tive charges and behave polyelectrolyte character, addition of low-molecular-weight salts shields the electro-
static repulsions. In its turn, addition of low-molecular-weight salts too AMPS-50 shields the electrostatic at-
traction between the oppositely charges and results in increasing the reduced viscosity. In case of AMPS-25
and AMPS-75 it is expected the simultaneous realization of both polyelectrolyte and polyampholyte behav-
ior. Screening of similar charged monomers by low-molecular-weight salts tends to shrink the «shell» (poly-
electrolyte part) while surrounding of oppositely charged monomers by low-molecular-weight salts tends to
swell the «core» (polyampholyte part). Such antagonism between polyelectrolyte and polyampholyte effects
may cause not dramatically decreasing of the intrinsic viscosity upon increasing of the ionic strength. The
plateau observed at i > 0.1 is likely due to opposite actions of polyelectrolyte and polyampholyte effects.
Analogous behavior was observed for AMPS-MADQUAT copolymers with the excess of AMPS monomers
atpu=0.5—2.0[20].

Behavior of AMPS-APTAC at the [EP

In pure water the isoelectric. points.(IEP) of AMPS-APTAC copolymers corresponding to zero net
charge (quasi-electroneutral) of macromolecules are around of pH 6.1+0.1 (Fig. 8). At the IEP the average
hydrodynamic size of quenched polyampholytes is minimal due to strong electrostatic attraction of opposite-
ly charged monomers. Increasing of the average hydrodynamic size of amphoteric macromolecules from
both sides of the IEP is interpreted in terms of expanding of macromolecular chains due to strong electrostat-
ic repulsion of anionic or.cationic groups respectively [16—18].
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Figure 8. pH dependent average hydrodynamic size of AMPS-50 (1), AMPS-75 (2) and AMPS-25 (3)
in aqueous solution
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In the presence of KCl the position of the IEP shifts to higher values of pH up to 6.5-7.0. It is connect-
ed with specific binding of chloride ions by quaternary ammonium groups that diminishes the amount of
positive charges (leading to apparent change of copolymer composition) and increases the value of the IEP in
comparison with the nonsalted solution [21].

Different behavior of unbalanced (AMPS-25 and AMPS-75) and balanced (AMPS-50) polyampholytes
upon increasing of the ionic strength is illustrated in Figure 9. In aqueous solution AMPS-25 and AMPS-75
have an excess of positive (Z = +50) and negative (Z = —40) charges while AMPS-50 is in electroneutral
state (Z = 0).
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Figure 9. Schematic representation of «core-shell» structure and behavior
of AMPS-25, AMPS-50 and AMPS-75 in aqueous-salt solution

Increasing of the ionic strength screens the electrostatic repulsion between uniformly charged groups, if
polyelectrolyte effect dominates and shields the electrostatic attraction between oppositely charged mono-
mers, if polyampholyte effect prevails (Table 4). In former case, the macromolecular chain diminishes,
whereas in the latter case-it.expands.

Table 4
Intrinsic viscosities of AMPS-APTAC copolymers in dependence of the ionic strength
Intrinsic viscosity, dL-g!
Copolymers Ionic strength, KCI mol-L™!
0 0.05 0.1 0.5 0.75 1.0
AMPS-25 46.4 - 2.68 - 2.32 1.12
AMPS-50 - 0.88 1.40 2.15 1.90 1.96
AMPS-75 53.8 - 2.93 - 2.42 1.47

The viscometric data reveal that in aqueous solutions of KCl the intrinsic viscosities of AMPS-25 and
AMPS-75 decrease while the intrinsic viscosity of AMPS-50 increases demonstrating antipolyelectrolyte
behavior. In aqueous solution the conformation of AMPS-25 and AMPS-75 can be considered as «core» and
«shell» structure where the «core» part exists in polyampholyte regime, the «shell» part represents a poly-
electrolyte regime. Addition of low-molecular-weight salts tends to shrink the «shell» part (polyelectrolyte
region) and to swell the «core» part (polyampholyte region). Such antagonism between polyelectrolyte
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(«shell») and polyampholyte («core») effects may cause gradual decreasing of the intrinsic viscosity at rela-
tively high ionic strengths.

According to Lifshiz et al [22] the globular structure of macromolecules can be considered as dense
three-dimensional nucleation, consisting of a dense «core» surrounded by loose and open surface or hydro-
philic «edge». In our mind, such globular structure can exist at the IEP of quenched polyampholytes as rep-
resented schematically in Figure 10. Imaginative structure of «core» consists of 1) high dense globule
(r =~5-10 nm), 2) low-dense globule (» = ~25-50 nm), 3) dense coil (r = ~100 nm), and 4) low-dense coil
(r= ~200-500 nm). Radial distribution of macromolecular chains may have whole-number values
ri:ryrsiry= a:b:c:d. Formation of spherical globules with an ~5 nm diameter was directly visualized by Field
Emission Scanning Electron Microscope (FE-SEM) images for charge-balanced polyampholyte chains made
of sodium 4-vinylbenzenesulfonate (NaSS) and [3-(methacryloylamino)propyl]trimethylammenium chloride
(MPTC) denoted as poly(NaSS-co-MPTC) [23] (Fig. 11).

- rqhanoscale dense globule ~5-10 nm
r, nanoscale low-dense globule ~ 25-50 nm
—> rz hanoscale dense coil ~ 100nm
—— 4 low dense coil ~200- 500 nm

Figure 10. Proposed structure and proposed size Figure 11. Cross-sectional FE-SEM image of
of quenched polyampholytes in aqueous solution poly(NaSS-co-MPTC) at 20 °C [23]
at the isoelectric point (IEP)

Thermal properties of solid AMPS-APTAC copolymers

The results of thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC) of
quenched polyampholytes are shown in Figure 11. An initial decreasing of sample mass at the interval of
temperature 65—120 °C is due to loosing of the humidity. Intensive mass loose of samples starts at the inter-
val of temperature 308—332 °C. It is connected with thermal decomposition of polymers.
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Figure 11. TG (1-3) and DSC (1a-3a) curves of AMPS-50 (1), AMPS-75 (2), AMPS-25 (3)
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Conclusions

Quenched (or high-charge-density) polyampholytes were prepared from anionic AMPS and cationic
APTAC monomer pairs. Copolymers with large charge asymmetries (AMPS-25 and AMPS-75) exhibited a
good solubility in water. Equimolar polyampholyte (AMPS-50) was dispersed in water but soluble in aque-
ous solutions of KCI. Polyampholytes with excess of anionic (AMPS-75) or cationic (AMPS-25) charges
behave as neutral polymers, e.g. at concentration range of 0.05-03 g-dL™ the reduced viscosity linearly di-
minishes upon dilution. The viscometric data reveal that in aqueous solutions of KCl the intrinsic viscosities
of AMPS-25 and AMPS-75 decrease while the intrinsic viscosity of AMPS-50 increases demonstrating
antipolyelectrolyte behavior. In aqueous solution the conformation of AMPS-25 and AMPS-75 can be con-
sidered as «core» and «shell» structure where the «core» part exists in polyampholyte regime;:the «shell»
part represents a polyelectrolyte regime. Addition of low-molecular-weight salts tends to shrink the «shell»
part (polyelectrolyte region) and to swell the «core» part (polyampholyte region). Such antagonism between
polyelectrolyte («shell») and polyampholyte («core») effects may cause not dramatically decreasing of the
intrinsic viscosity at relatively high ionic strengths. In aqueous solution the positions of theiisoclectric points
of strongly charged polyampholytes determined by DLS experiments are around of pH 6.3+0.2. In the pres-
ence of KCI the position of the IEP shifts to pH 6.5-7.0 due to specific binding of chloride ions by quater-
nary ammonium groups of APTAC. Imaginative structure of polyampholyte «core» at the IEP consisting of
high dense globule, low-dense globule, dense coil, and low-dense coil is suggested. Quenched
polyampholytes exhibit thermostability up to 300 °C.
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Quenched, Hemece KyLITI 3apaATAIFaH, N0JAMaM(OJIUTTEPAIH
CYJIBI-TY3/bI epiTinaiferi Kacueri

Panukanast conmonumepiiey 9/1ici KOMEriMeH OH JKOHE TepiC 3apsIITalFaH MOHOMEPIIEp HaTpuil 2-aKpuilaMuIi-
2-metui-1-nponancyabGoH KemKeisl (AMPS) xoHe (3-akpriaMuIONpPOINII)YIIMETIIAMMOHAN XIOPHIL
(APTAC) Heri3inne ChI3bIKTHI MOIHAM(OIUTTED CUHTE3MCIII, OJapIbIH CYJbI-TY3/bl epiTiHaizeri ¢pusuka-
XUMUSUTBIK KacueTi 3eprrenai. Ter emec (AMPS-25 xome AMPS-75) xone TeH (AMPS-50) karsiHacta
anpiaran quenched momuampomurrep 'H SIMP- sxone MK-CHEKTPOCKOMES, TePMOIPABUMETPHAIBIK TALIAY,
mudhepeHIHaIbI-CKAHUPIICYII  KaJIOPUMETPHUs  9IIiCTePIMCH CHHATTAJBII, OJAPJBIH  TYTKBIPJIBIKTaphI
anplkTanael. Quenched mommamdonutrep m30dnekTpiuik Hykre (MOH) sxarmaiierama KymTi 3apsiaranraH
AQHUOHIBI XKOHE KaTHOHABI (PParMeHTTep apachiHAAFbl HOHAPAIBIK OaillaHbIC KOMETIMEH TYpaKTalaTbIH/IBIFbI
3eprrendi. Cynsl epitinaizeri AMPS-25 xxone AMPS-75 koH(MOpPMaLUSUIBIK JKaFAARbI «IAP0Y» KIHE «KAOBIK)»
KYPBUIBIMBIHAH Typajabl. byHna «saapo» kabarmace! noauaMponuttik cunarra (ITA aiimak) 6osca, «KaOBIK»
Kabatmracs! monmaeKTposutTik 3¢ ekt (TI3 aiimak) kepeeretini Oenrini 60abl. EpTiHAIHIH HOHIBIK KYIIiH
apTTHIPY TMOJMAJICKTPOJIUTTIH «KaObIK»KaOaTIIachHBIH KBICBUIYBIHA, al «IApO» KaOaTIIaCHIHBIH ICIHyiHE
OKeJeTIH/Ir aHBIKTAIABL. 3apsarapsl TeH emec-AMPS-25 sxone AMPS-75-ke kaparanma, 3apsaTapsl TeH
KateiHacTarbl moimamdorut AMPS-50-tiH UOH-nmeri ruapoarHaMUKANBIK ©IIIEMi epTiHAIHIH HOHIBIK
KYIIIH apTTBIPFaH/AQ o©cCill, aHTHIOJIMAICKIPOJMTTIK cumarka ue Oomamel. Cynsl eprizpimeri quenched
nonmuamponuttiy UOH-ci pH=6,1%0,1 Ten. KCI xarbicbinga UOH quenched nonmambonutreri topTTik
aMMOHHI TOOBIHBIH XJIOpWA HOHHApAsl Oaitmanyel HoTmkecinme pH=6,5-7,0 apajbiFblHa BIFBICATHIH/IBIFbI
Oenrini 60abL.

Kinm  coe30ep: quenched momuamdonutTep, H30MEKTPIIK HYKTE, THIPOAWHAMHKAIBIK  OJIIIEM,
HONUAIEKTPOIHUTINIINK, KENIEH, <«IAPO-KAObIK» KYPBUIBIM, MOIMAaM(OIMTTIK Xarqaid, IMOIMIIEKTPOIUTTIK
JKaF[aif, TOH/IBIK KYIII.

I'. Toneyraii, A.B. llaxBopoctos, C.K. Kabapaxmanosa, C.E. KynaiibepreHos

HoBexenue quenched, NJIA CWJIBHO 3apAKCHHbIX, l'[O.]'lI/laM(l)O.]'lI/ITOB
B BOJIHO-COJIEBBIX pacTBOpax

MeTtomoM CBOOOIHO-PAIUKAIEHON COMOJUMEPHU3AIIMA CHHTE3UPOBaHbl quenched (Wi CHIBHO 3apsHKCHHBIC)
JMHEHHbIE NMONNaM(OINTEl HA OCHOBE OTPHLATEIBHO M MOJIOKUTEIBHO 3apsKEHHBIX MOHOMEPOB —
HATPHEBOM COMM 2-aKpUiIaMHUI0-2-MeTWI-1-nponancynsponoBoit kucnora (AMPS) u (3-akpunamuno-
nporun)rpumerwiaMmmonuit xiopuna (APTAC) u uccnenoBansl ux (GU3NKO-XMMHIECKHE CBOHCTBA B BOIHO-
COJIEBBIX pacTBOpax. Psan HecOamancupoBaHHEIX (AMPS-25 1 AMPS-75) u cbanancuposaHabeix (AMPS-50)
quenched monmam@omuToB oxapaxrepusoBanbl Merogamu 'H SIMP- u MK-CHeKTPOCKOIHH, TEPMOIpPABH-
METPHYECKOTO aHaI3a u T (hepeHIIHATFHO-CKaHUPYIOEH KaJOPUMETPHH, a TaKXKe M3ydeHa UX BSI3KOCTb.
VYcranoeieHo, 4to B n3zoanekrpudeckoit Touke (MIT) quenched monnampoanTsl cTabMIM3UPYIOTCS C TTOMO-
MIbI0 BHYTPUMOHHBIX KOHTAKTOB MEXIY CHIIBHO 3apsXKEHHBIMH aHHOHHBIMU M KaTHOHHBIMHU (pparMeHTaMu.
Kondopmannonnoe cocrostuue AMPS-25 u AMPS-75 B BogHOM pacTBOpe MPEACTABICHO KaK CTPYKTypa
«1apo» U «obonoukay. [Ipu 3ToM «siapo» umeer nonuambonuTHeii xapakrep (ITA o6iacts), a «oGomouKa»
TIPOSIBIISIET MOMHUICKTPONUTHEIA 3hdekt ([ID obmacts). [IoBEIIeHHe HOHHON CHIIBI PacTBOpa IPHBOIUT K
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CKAaTHIO «O00JIOUKM» MOJUAJIEKTPOINTa U HaOyXaHMIO «iapa» nonuaMmdponura. B ornmuune or AMPS-25 u
AMPS-75, ruapoanHamudeckie pasmepsl coanancupoBanHoro noiuamponura AMPS-50 B UDT ysenuun-
BAIOTCSI TIPY MOBBIIIEHUH HOHHON CHIIBI pacTBOPA, IEMOHCTPUPYS aHMUNONIUIIEKMPONUMHbIL XapaKTep. Yc-
TaHOBJIEHO, 4TO B BogHOM pactBope MOT quenched mommamdonuros nmetor pH=6,1+0,1. B npucyrcTBrn
KCI monoxenne UDT cmemaercs go pH=6,5-7,0 u3-3a crenuduyeckoro CBSI3bIBaHUS XJIOPHI-HOHOB YET-
BEPTHYHBIMH aMMOHHEBBIMH TpymmaMu quenched monmmaMgponnTos.

Knioueswie crosa: quenched momamdoauTsl, H3031€KTpUYeCKast TOUKA, THIPOJHHAMUYECKUI pa3Mep, BHYT-
PHITIONINAIEKTPOIUTHBIE KOMIUIEKCHI, CTPYKTYpa «AIp0-000J0UKa», MONHaM(pONUTHBIN PEXUM, MONUAIEK-
TPOJIMTHBIA PEKUM, HOHHAS CUJIA.

44 BecTHuk KaparaHgmHckoro yHusepcurteTa





