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Physicochemical regularities of the sorption of amino acids on the surface of brushite

Calcium phosphates are part of biogenicand pathogenic mineral formations. Brushite occurs mainly in con-
junction with other calcium phosphates in the composition of pathogenic mineral formations in the body of
animals and humans. There are a number of assumptions, according to which the basis of the processes of
mineralization is the adsorption interaction of free amino acids and associated protein molecules with inor-
ganic components of biological liquids. However, the mechanism of their interaction is not fully understood.
In this paper the adsorption of amino acids was studied on the surface of brushite. Brushite was synthesized in
the system of Ca(NOs),:(NH,),HPO, with equal concentrations. According to the results of XRD and IR
spectroscopy it was established that precipitation was represented by the phase of brushite. It was implement-
ed dynamic dissolution of the solid phase of brushite when the pH was varying. Equations. of the kinetic
graphs were obtained. It was investigated the adsorption of amino acids in a wide range of variation in their
concentrations and the pH of the solution. It was considered the effect of pH on the maximum adsorption of
amino acids on brushite. The results of IR spectroscopy confirmed adsorption: The solid/phase of brushite
was determined by the sign of the surface charge. The values of the sign of the surface charge of brushite
were found to be positive. The values of the Gibbs free energy were calculated. There was revealed that the
interaction of amino acids with the surface of the brushite was characterized by physical adsorption.

Keywords: brushite, adsorption, amino acid, dissolution, surface charge, solution, medel of Langmuir, model
of Freundlich.

Introduction

Biogenic and pathogenic mineral formations contain calcium phosphates. Biogenic formations are part
of different organs and have different functions; they are genetically determined, their place in the body is
strictly defined. Pathogenic mineral formations occur in the disruption of the functioning of the whole organ-
ism or its separate organs. It is known that in the early stages of the formation of pathogenic aggregates crys-
tallize calcium hydrogen phosphate dihydrate, an analog of natural mineral brushite [1-3]. In the body of
animals and humans brushite occurs mainly in conjunction with other calcium phosphates in the composition
of pathogenic mineral formations, different places (teeth, salivary, kidney, and other stones) [4]. In the pa-
pers [5—11] the researchers describe that calcium phosphates have an excellent biological activity and have
been widely used in bone reconstruction or orthopedic supplements, as the primary inorganic material of the
composition of the hard tissues of the body. Interaction of organic and mineral components is important in
such processes of biogenic crystallization, as the formation of bone matrix of mammals, as well as the emer-
gence and growth of pathogenicentities. In one of the classifications, they are divided into two groups: low
temperature ones and high temperature ones [12, 13]. Hydroxylapatite (HA) and calcium hydrogen phos-
phate dihydrate (DCPD)»€CaHPO,2H,0 are of greatest interest from number of the biocompatible low-
temperature calcium phosphates. DCPD in nature expressed in the mineral brushite is the most soluble of
biocompatible:calcium phosphates, HA is less soluble. At 60—100 °C brushite gradually turns into CaHPO,
(DCPA) dicalcium phosphate. In [14] it is discussed the stability of calcium phosphates and the Ca/P ratio.
There are some-assumptions, according to which the basis of the processes of mineralization lies in the ad-
sorption interaction of free amino acids and associated protein molecules with inorganic components of bio-
logical liquids [2]. The mechanism of their interaction is not fully understood. In this regard, recent studies
aimed at studying the regularities of adsorption of amino acids on the inorganic component of pathogenic
neoplasms. The purpose of this work is the study of the peculiarities of adsorption of amino acids on brushite
by varying the pH of the solution.

Materials and methods

The synthesis of brushite. It is carried out by deposition from aqueous solution at room temperature by
the method of spontaneous crystallization according to the equation (1):

CaX2 + MzHPO4 + 2H20 — CaHPO42H20l +2MX (1)
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The precipitate is obtained by mixing dilute solutions of calcium nitrate Ca(NO;), 4H,0, and ammoni-
um hydrogen phosphate (NH,),HPO, with equal concentrations at room temperature (22—25 °C). When syn-
thesis is carrying out a solution of Ca(NQO;), was poured quickly to 250 ml of a solution containing
(NH4),HPO, with equal concentrations (50 mmol/L). The total volume of the mixture is 500 ml. After mix-
ing the solutions, the pH of the system was adjusted to a value of 5.50+0.05 by using solutions of NaOH
(20 %) and/or HNO; (1:1).

After the heterogeneous system settling for two days, the solution was filtered under the vacuum using a
water jet pump. Some part of the supernatant liquid was selected for chemical analysis, measure the pH of
the equilibrium solution. The filter cake was washed with water (V = 50 ml) after filtration and dried in a
drying cabinet at a temperature of ~80 °C to constant weight for the complete removal of free water, and then
at room temperature (in a desiccators). The dried precipitate was transferred into a labeled. container and
weighed on an analytical balance.

It is determination of the sign of the charge of the particles of the sols of brushite by the method of ca-
pillary analysis. When a piece of filter paper immersed in water, thin wall paper was charged negatively.
These allow determining the sign of the charge of the colloidal particles. Negatively charged particles rise
through the capillaries.

It is the dynamic dissolution. A portion of the sample brushite a mass of 0.1000 g is taken on an analyt-
ical balance in a dry time glass. The study of the dissolution process is carried out at constant stirring of the
solution. Using dedicated time intervals to note the amount of pCa. At the end of the measurement indissolu-
ble precipitate was filtered off through a folded filter, dried in a drying boxat.a temperature of ~80 °C to
complete removal of chemically unbound water. The dried precipitate is transferred into a labeled container
and weighed on an analytical balance.

We used the direct potentiometic method for pH measurements. The measurements were carried out in
a glass beaker, which pre-processes. The measurement error is £0.01 pH units.

Determination of the concentration of calcium ions' in the experiment was performed by direct
potentiometry using an ion-selective electrode and calibration schedule determined by the value of [Ca®"].

Determination of phosphate ions was carried out:by the molybdenum blue method (State Standard
18309-72 on the KFK-2device using the red filter{A.s = 690 nm). The determination is repeated three times
and the average values of optical densities were found to build a calibration curve: D = f{C(PO,”)}, calcu-
late the regression equation. Error definitions are found within 2—4 Rel. %.

It is X-ray diffraction(XRD). It is used to study the mineral (phase) composition of synthesized aqueous
solid phases brushite. The diffracto grams were obtained by the «method of powder» for stationary DRON-
3X-ray apparatus [15]. Phase identification was performed using ASTM international indexes and tables
[16]. The sensitivity of the XRD method for these measurements is 3 %.

The method of infrared spectroscopy was used for more information on the composition of the samples
obtained. IR spectrum was /obtained on the FSM 2201spectrophotometer. Mathematical processing of the
data was carried out using statistical software Statistica 10 and Static2 from the statistical package Stat Soft.
The sensitivity of the method of TR-spectroscopy for the measurement data was<5 %.

It is the method of area measurement of the specific surface of synthetic calcium phosphates. Analysis
of the specific surface of the samples according to the BET method (SBET-N2) was carried out using tech-
niques of single-point standard gas adsorption equilibrium at an absolute pressure in the adsorption unit
Sorbtometr, TK. SB ' RAS (OSC SB RAS, Omsk). The limit of permissible relative error of measurement of
the specific surface in the mode of multiple measurements is not more than 5 %.

The adsorption experiment. 0.5 g of Brushite sample was placed in a flask and the solution of amino ac-
ids was poured. The concentration of amino acids: 2, 4, 6, 8, 10, 15, 20, 25, and 30 mmol/L and pH range
5.00-8.00£0.05 (except 6.50) in increments of 0.50 were varied. Shaking was carried out for 30 minutes, and
then it was left for 48 hours. After the specified time the content of the flasks was filtered and there was de-
termined the content of amino acids in the filtrate by the method of transfer of amino acids in a soluble cop-
per salt and subsequent photometric determination, measurement of the pH after adsorption, determination of
the mass of precipitation.

Determination of the concentration of amino acids in the experiment was assessed by photometric de-
termination of amino acids. The essence of the method including determination of the concentration of ami-
no acids used in the analysis is based on the conversion of amino acids into soluble copper salts and their
subsequent photometric determination. KFK-2 photoelectric colorimeter was used for measurements. Deter-
mination of optical density of standard solutions is carried out in the wavelength interval that includes the
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value of 670 nm. A calibration curve was built for measurements. Determining the unknown concentration of
amino acids was performed using a calibration chart.

Results and discussion

1. The results of the synthesis of brushite crystals

The methods of XRD and IR spectroscopy establish that the precipitation obtained after 48 hours of
crystallization was represented by the brushite phase (Fig. 1), belonging to the monoclinic crystal system (20
corresponds to 11.172, 29.411, and 35.419). The crystallite size was calculated to be equal to D = 48.06 pm
[17], which was consistent with the data [3].

The IR spectrum of the samples contained the whole range of the bands characteristic for brushite
(Fig. 2) and have a complex structure. It was noticed the presence of absorption bands of‘the stretching
(1135, 1060, 986 cm') and bending (653, 578, 527 cm') vibrations of a group HPO,*_as well as bands
characteristic for vibrations of the water 3531, 3484, 1646 cm '.The specific surface of brushite was calcu-
lated by the method of BET and its value was 9.0 m*/g. Analysis of the supernatant liquid and calculation of

the Ca/P ratio showed that the Ca/P of the synthesized brushite was equal to 1.02, for a perfect brushite this
value was Ca/P = 1.00.
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Figure 1. The diffraction pattern of the synthesized Figure 2. The IR spectrum of the brushitesample
brushitesample at pH = 5.50+0.05 (48 hours) synthesized at pH = 5.50=0.05 (48 hours)

2. The results of the study of the properties of brushite

The method of dynamic dissolution is used to converse synthesized samples of brushite from the solid
phase to the liquid phase, while varying the pH.

The exponential dependence of the pCa from time to time is obtained, which corresponds to the reaction
of the first order when the rate of change of the number of «active centers of dissolution» (C(#)) to dissolve
the material-is. proportional to their number at the moment (1):

dcC (1)
——+=—kC(1), 1
dt (1) M
where the coefficient & does not depend on time.
At this stage of dissolving, the rate of change of concentration decreases with time (2):
dC(t
# =C bexp(-bt). ()

Therefore, the initial dissolution rate can be considered as a quantitative measure determined as the tan-
gent of the slope of a linear plot a straight line constructed in the coordinates of the pCa = f'(¢) [2].

According to the obtained data, the dependence was constructed (Fig. 3). The kinetic curves were pro-
cessed and the data are summarized in the Table 1.
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Figure 3. Kinetic curves of dissolution precipitation brushite in aqueous solution<at different pH value

Table 1

Parameters of brushitedissolution depending on the variation of pH in an aqueous solution

pH Equation R? K,s' V, mol*(1* min)”'
5.00 pCa = 4.093+0.0425-exp(—0.016¢) 0.9632 0.016 0.960
5.50 pCa = 4.073+0.0425-exp(—0.014¢) 0.9620 0.014 0.840
6.00 pCa = 4.060+0.0464-exp(—0.012¢) 0.9795 0.012 0.720
6.50 pCa = 4.048+0.0707-exp(—0.0117) 0.9506 0.011 0.660
7.00 pCa = 4.084+0.0627-exp(—0.0097) 0.9880 0.009 0.540
7.50 pCa = 4.082+0.0371-exp(—0.0057) 0.9756 0.005 0.300
8.00 pCa = 4.095+0.0233-exp(—0.0037) 0.9488 0.003 0.180

As seen that there is an inverse correlation between dissolution rate and pH of the solution, namely
lowering the pH of the solution increases the dissolution rate. The calculation of the masses of the samples
after dissolution allowed us to determine their loss (Table 2).

Table 2
Mass loss of brushite samples when dissolved
pH 5.00 5.50 6.00 6.50 7.00 7.50 8.00
Am, % 27.0 22.6 18.0 17.2 16.8 13.0 8.7

The results obtained agree well with the experimental data on the velocity of dissolution, and the maxi-
mum dissolution rate of the solid phase corresponds to the greatest loss. This fact was proved by determina-
tion of the'composition of the samples after dissolution using XRD. Diffraction pattern shows that the phase
composition of the phases has not changed.

The surface charge of the brushite solid phase by the method of capillary analysis at pH = 5.00, 6.50,
8.00£0.05 shows that the surface is charged positively.

3. The results of adsorption experiment

As a result of the adsorption experiment, isotherms of adsorption of amino acids to brushite were ob-
tained (Fig. 4). Referring to the curves, it can be concluded that the adsorption reaches saturation. This al-
lows for Ca = 0.030 molxL™" to compare the values of adsorption while varying the pH of the solution to
finding the values of maximum adsorption (Table 3).
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Figure 4. Isotherms of adsorption of amino acids on brushite
Table 3
The maximum adsorption of amino acids at varying pH, q, molxkg™
. . pH
Al
mino acid 5.00 5.50 6.00 7.00 7.50 8.00
Glycine 0.500 0.550 0.500 0.700 0.800 0.750
Alanine 0.400 0.500 0.450 0.500 0.550 0.450
Aspartic acid 0.450 0.500 0.500 0.500 0.550 0.500
Glutamic acid 0.750 0.750 0.800 0.700 0.850 0.800
Arginine 0.500 0.400 0.400 0.450 0.450 0.600

Maximum adsorption is characteristic for glycine, alanine, aspartic and glutamic acids at
pH = 7.50£0.05; and for arginine at pH = 8.00+£0.05. At given pH values of the solution, these amino acids
arein charged ionic forms.

To determine the equation describing the adsorption, the experimental data were processed from the po-
sition of the Langmuir theory (3) and the Freindlich theory (4) (Table 4):

K, -C
=dn >, 3)

1+K,-C
where g¢,, — is the limiting amount of adsorption, molxkg™'; K, — is the adsorption equilibrium constant;
C — is equilibrium concentration of adsorbate, molxL™".

q

1
q=K.-C", “4
where Kr— is coefficient of proportionality; n — is exponent, n<1.

54 BecTHuk KaparaHguHckoro yHusepcuTeTa



Physicochemical regularities of the sorption of amino acids ...

Table 4
Equations described by the models of Freundlich and Langmuir,
for adsorption of amino acids on brushite by varying the pH of the solution
. . Qmaxo Equation model of R’
Amino acid molxkg ' PHimas Langmuir Freundlich Langmuir | Freundlich

221.1xC

Glycine 0.800 750 | g= 1.128xm g=19.42xC"™ 0.6551 0.8993

Alanine 0.550 750 | g= 1.133x% g =8.580xC"* 0.9834 0.9809
.10x

Aspartic acid 0.550 750 | g= 1.348x% g=1181xC""* 0.8803 0.9732
.00x

Glutamic acid 0.850 7.50 | ¢=0.952 x% q=5.830xC"" 0.8639 0.9368
.6X

Arginine 0.550 8.00 | g= 0.946x% g=11.12xC"" 0:8267 0.8005
.50%

The obtained values of g, are adequate, as all practical values of g are/ess thang,,. As can be seen from
Table 4, adsorption of glycine, aspartic and glutamic acids has a good correlationin a linear model of
Freundlich to a greater extent, however alanine and arginine, on the contrary,-have a good correlation in the
linear coordinates of the model of Langmuir.

It was further used to calculate the change of Gibbs energy according to the formula (5) (Table 5):

AG =—-RT'InK, 5)
where R — is the universal gas constant, R = 8.314 kJ/(KmolxK); K~ 1is the constant of adsorption equilibrium.

Table5
The value of the Gibbs free energy for adsorption of amino acids, —-AG, kJ xmol™
. . pH
Amino acid 5.00 5.50 6.00 7.00 7.50 8.00
Glycine 12.39 11.84 11.87 12.73 13.38 13.14
Alanine 9.077 9.924 9.682 9.855 10.35 9.347
Aspartic acid 9.617 10.17 9.855 10.17 10.76 10.17
Glutamic acid 12.55 12.75 14.79 12.42 14.82 14.38
Arginine 10.25 10.44 10.31 10.62 10.64 11.40

As seen that the values of the Gibbs free energy correspond to the values of the maximum adsorption.
The values of Gibbs free energy suggest that adsorption is, in fact, the physical adsorption.

Analysis of the surface charge of the solid phase of brushite after adsorption (C,, = 4 mmol/L) at
pH =5.00, 6.50, 8.00'% 0.05 has shown that adding even small amounts of aspartic acid and glutamic acid,
which are at the pH values of the solution in the form of negatively charged zwitterions, leads to the recharg-
ing of the surface. This can be explained by the process of adsorption of amino acids on the surface of
brushite. When you add arginine at these conditions, which is in the form of positively charged zwitterions,
recharge of the surface occurs. Adsorption of glycine and alanine does not result in recharge of the surface
on the whole.interval of pH of the solution, although under these conditions, they are consistent in three
forms: a positively charged ion, neutral, zwitterion and negatively charged ion (Table 6).

Table 6
The sign of the charge brushite in the presence of amino acids of a similar concentration
. . pH
Amino acid 5.00 6.50 8.00
Glycine + + +
Alanine + + +
Aspartic acid — — —
Glutamic acid — — —
Arginine + + +
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The results of IR spectroscopy confirm adsorption. The IR spectrum of the sample after the adsorption
experiment (Fig. 5) have the bands in the region 2800 to 3000 cmcorresponding to the vibrations of C—H
bonds in methylene groups of the organic component. Vibrations at 1650 cm™ should be considered as an
aggregate reflecting the fluctuation relations of C=0, N-H, O-H in the molecules of amino acids and OH"
ions in the composition of brushite.

Transmittance, %

1 'l\ {‘il\,

500 1000 1500 2000 2500 3000 33500 ‘4000
Wave number, cm'!

Figure 5. The IR spectrum of the sample after the adsorption experiment (48 hours)

Also, it was recorded the appearance of specific absorption bands related to vibrations of N-C and H-N
bonds that occur in the regions 3500-3300, 1650-1500,.1360—-1000 cm’', which confirm the possibility of
adsorption of amino acids on brushite.

Conclusions

1. It has been carried out the synthesis of brushite, the structure of which is confirmed by XRD and IR
spectroscopy. The dynamic dissolution in aqueous solution with different pH value has been studied. It has
been obtained that the values of the sign.of the surface charge of brushite are positive.

2. The adsorption of amino acids on brushite has been investigated and it is shown that maximum ad-
sorption occurs at pH = 7.50 £0.05 for glycine, alanine, aspartic and glutamic acid, and for arginine at
pH = 8.00+0.05.

3. Adsorption of glycine; aspartic and glutamic acids are outlined by the model of Freundlich, while for
alanine and arginine adsorption is described by the model of Langmuir. The calculated values of the Gibbs
free energy of adsorption are consistent with the values of the maximum adsorption.

The work was_executed at the partial financial support of the Russian Foundation for basic research
(grant No. 15-29-04839 ofi_m and no 16-33-00684 mol_a).
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O.A. T'onoBanona, K.K. I"'onmoBueHK0

BpymuT OeTinae aMUHKBIIIKBLIAAP COPOLUSICHIHBIH
(pUM3UKA-XUMHSIIBIK 3aHbLIBIKTAPbI

Kampunit pocdarraper (KD) dusnorenai xoHe maToreHai MUHepaambl TY3LTiMASpAiIH KypaMblHa Kipemi.
AnaMm xoHe JKaHyapiap ar3acblHa OpymuT Herisinen 6acka K® 6ipre maTorenai MUHEpaIabl TY3LTIMACPAIH
KypambrHza Oomampl. OpraHMKaIBIK JKOHE MHHEpaibl  KYpaylmIbUIAapBIHBIH — OpeKeTTecynepi, cyHek
KeIICH/IEPIHIH KaJbINTacybl, IAaTOTEHII TY3UIyJNepAiH Tyybl MEH ecCyl CHSKTBI OHMOTeHAI KpHUCTaIIaHy
ypaicTepiHae oTe MaHbI3IB. MuHepammaHy YpHICTepiHIH Heri3iHge Ooc koHe OalIaHBICKAaH aMHH
KBIIIKBUIAPBIHBIH ~ aKybl3 MOJIEKyJlaJlapblHa  OMOCYHMBIKTapIblH OCHOpraHUKaublK KOMIIOHCHTTEpiMEeH
opekeTTecyi KaTblp AereH OipHemie Gomkampaap Oap. bipak osapablH opeKeTTecy MeXaHH3Mi dii TOJBIK
3epTTenreH KoK. JKympicta OpymuT OeTiHIe aMUHKBIIIKBIIIAPBIHBIH aJCOPOIMACH 3epTTENreH. bpymuTTig
cuntesi Ca(NO;),, (NH,),HPO, xyiiecinae 3KBUMOIIAbI KOHIEHTpALMSIapbIMEH 06IMe TeMIepaTypacbiHia
(22-25°C) xyprizingi. P®A xsne MK-cextpockommst oxicTepiHiH KeMmeriMeH TyHOamap OpymmT
dasaceiMen KypbUFaHbl aubikTaLasL BT omiciven 6pymurtiy 9,0 MY/T chlifbiMapl OeTi ecenrenni. Bpymmur
KaTThl (ha3achIHBIH JWHAMHKANBIK epyi pH oprypmi Menpmepinme »xyprisinmi. KnHeTHKamblK KHCHIKTap
TeHueyiepi anbiHAbl. EpitiamiHiE pH TemeHaereHme OpymmMT KarThl (a3achlHBIH €pY  KbULIAMJIBIFBI
apTaThIHbl aHBIKTAIABL AMHUH KBIIKbUIAAPHIHBIH acOpOLUACH OJap/AblH KOHLEHTpAaLUsUIapbl MEH epiTiHal
pH keH aymarbiHzma ' 3eprrenmui. Epitiginiy pH OpymuTTeri aMuH KbIIIKBULAAPBIHBIH MaKCHMAJIIbI
ajzicopOumsiTanysiHa acepi Kapacteipbuiasl. MK-cnekrpockonust HoT)enepi aacopOius (HakThICHH Jaienaey
yuria 6epinren: BpymntT kaTThl Gazacel OeTiHIH 3apsi/ibl aHBIKTANIABL. BpyuT 6eTi 3apsabIHbIH MOHI OH eKeHi
aHBIKTAIIBL. ['WO0C 00C JHEPTHSACHIHBIH MOHJEPI €CENTENiN, aMHH KBIIKBULIAPBIHBIH OpyIIHT OeTiMeH
opexeTTecyl (pU3NKAIBIK aacopOIUsIMeH CHITAaTTaaThIHbI AHBIKTAJIIEL.

Kinm co30ep: 6pymmuT, agcopOuus, aMuH KBIIIKBUIBL, epiTilTiri, 6eTiHiH 3apssl, epiTinai, Jlearmiop Moneni,
DpeHHTIX MOJIeT.

O.A. T'onoBanosa, K.K. I"'omoBuenko

DOu3NKO-XUMHYECKHE 3AaKOHOMEPHOCTH COPOLIMH AMUHOKHCJIOT
HA MOBEPXHOCTH OpyIIMTa

@ocoarer kanpius (PK) BXomsr B cocTaB (M3MOTCHHBIX M ITaTOIGHHBIX MHHEPAIbHBIX 00pa30BaHHN.
B opranmsme XMBOTHBIX U 4eJOBeKa OPYIIMT BCTpedaeTcsl TIIaBHBIM oOpa3oM coBMecTHO ¢ npyrumu OK B
COCTaBe NAaTOTCHHBIX MUHEPAIBHEIX 00pa3oBaHuH. B3anmopeiicTBie opraHndeckoil 1 MUHEPAIBHOH COCTaB-
JSTIOIINX UMEEeT BaKHOE 3HaYeHNE B TAKUX Ipolieccax OMOTeHHOH KPHCTAIUIM3AnnH, Kak (JOpMHUPOBaHHE KO-
CTHOTO MAaTpPHKCa MJIEKOIHTAIOMNX, a TaKKe 3apOoXKIEHHE M POCT MaTOTeHHBIX oOpa3oBanHuil. CymiecTByeT
Pl TNPEANOJIOKEHUH, COMIACHO KOTOPBHIM B OCHOBE IPOLECCOB MHHEPAIU3ALMHU JISKHUT aJcOpPOLUOHHOE
B3aMMOJICHCTBHE CBOOOAHBIX aMUHOKHUCIIOT M CBSI3aHHBIX B OEJIKOBBIC MOJIEKYJIbl C HEOPTAHMYECKUMHU KOM-
HOHEHTaMM OuokuaKocTedl. OJTHaKO MEXaHU3M MX B3aMMOJEHCTBHS 10 KOHIIA He 3y4eH. B paboTe uzyuena
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ajcopOLUsl aMHUHOKHCIOT Ha TNOBepxHOcTH OpymmuTa. [IpoBemen cuHTe3 Opymmra B cucreMe
Ca(NO;),:(NH4),HPO, ¢ 5xBUMOISApHBIMH KOHLIEHTPALUAMU NIPU KOMHATHOH Temmeparype (22-25 °C). Ilo
pesynbrataMm PDA u MK-ciekTpockonuu yCTaHOBIIEHO, YTO OCAJIKU MpeACTaBiIeHs! (a3oii Opymmra. Merto-
nom BT paccunranu yuenbHyio IOBEpPXHOCTb OpymmTa, paBHyio 9,0 M%/r. OCYIIECTBICHO IHHAMHUECKOE
pacTBOpeHue TBepaoi (a3sl OpymmTa npu Bapsuposanun pH. ITomydeHs! ypaBHEHHS KHHETHYECKUX KPUBBIX.
INokazano, 4to ¢ noHmkenneM pH pacTBopa pacTeT CKOpoCTh pacTBOpeHUs TBepaoH (a3l Opymmra. Hccne-
JIOBaHA aacopOIMs aMHHOKUCIIOT B IIMPOKOM HMHTEpBaJie BapbHPOBAHUS MX KOHIEHTpauuii u pH pacteopa.
Paccmotpeno Bnusinue pH pacTBopa Ha 3HaUe€HHE MaKCHMaJILHOM aacopOIMy aMUHOKUCIIOT Ha Opymure. Pe-
3ynbTatel MK-criekTpockonuy npuBeeHbI Il MOATBEpxIeHNUs (hakTa ancopobuun. IIposeneHo onpenencHue
3HaKa 3apsja MOBEPXHOCTH TBep/oil da3sl OpymuTa. [lodyueHo, 4To 3HaUeHHE 3HAKa 3apsa MOBEPXHOCTH
OpymuTa monoxkuTenabHoe. OCYIIEeCTBICH pacueT 3HaueHud cBOOOAHON sHepruu ['mOOca M BBIIBIEHO, YTO
B3aUMOJIEHCTBHE aMUHOKHCIIOT C MOBEPXHOCTHIO OpYIIUTA XapaKTepu3yeTcst GU3HIECKO ancopOIuei.

Kniouesvie cnosa: Opymmr, ancopOrys, aMHHOKICIIOTa, PaCTBOPEHHE, TOBEPXHOCTHBIHA 3apsijl, pacTBOp, MO-
nens Jlenrmropa, Mmogens OpeiHnxa.
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