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bonvuwas monspnas macca obycirosiueaem pso makux C80UCME, KOMOopble OMCYMCMBEYIOM Y HUSKOMONEKYIAPHbIX
coedunenuil. Ilosmomy ee onpedenenue n0360A€Mm GblAUMb HEKOMOPbLE huzuUecKue U MeXHON02UUEeCKUe CEOUICMBA
buononumepos u npeockazams 603MONICHOCHb npakmuieckoco npumenenus. Llenvio padomer asuiocy onpedene-
Hue cpeoHell MONAPHOU MACChl, U3YHeHUe NOBEPXHOCMHBIX CE0UCME HA 2paHuye pazoena gaz «pacmeop-6030yxX» u
YCmaHoGieHue u3021eKmpuieckoll MmouKu 600HbIX pacmeopos nekmunosvlx eeujecms (I11B), evidenennvix us wpoma
coysemuii bapxamyeg pacnpocmepmoix. Mamepuanwt u memoowl. [lonucaxapuonvie KOMNIEKCb GblOENANU U3 UWPO-
ma coyeemuii bapxamyee pacnpocmepmulx copma « Carmeny, 0Cmaguie2ocss NOcie MmpexKpamuou IKCMpakyuu Coi-
pusa 40% cnupmom smunogwvim, no memody H.K. Kouemkosa u M. Sinner. C nomowbto KanuiiapHoz20 6UCKO3UMempa
Ocmeanvoa usmepanocy epems ucmeuenus 600bl u pacmeopog I1B; paccuumvieanuct pasiuinsle 8Udbl GA3KOCMEIl.
Ilnomnocms pacmeopos onpedenanacs NUKHOMeMpPUYeCKUmM cCnocobom, 0OHAKo, 86U0Y OIU30CMIU NIOMHOCMEU AHAU-
3UPYEMbIX pACmBOPO8 U 600bl UX He YUUMbIEAU NPU pacieme OMHOCUMENbHOU 6a3Kkocmu. /s onpedenenus nogepx-
HocmHuou akmusnocmu u3 1% 6o0uvix pacmeopos I1B comosuau cepuio pacmeopog ¢ konyenmpayueti om 0,01% oo
0,5%. Ha npubope Pebunoepa ycmanasnuganu nepenaobvi 0aieHuli MOHOMEMPU1ECKol HCUOKOCU 8 MOMEHM Npo-
CKAKUBAHUSA NY3bIpbKa 6030yXa Ha nosepxHocmu pacmeopa I1B. Hzoanekmpuyeckyio mouxy (MIT) 1B met onpedens-
u 8 ayemamuom 0ygeprom pacmeope 6 npedenax pH om 3,2 0o 6,2 euskozumempuueckum memooom. Pesynomamot
u oocysycoenue. PpakyuoHupoBanue NOLYIEeHHbIX NOTUCAXAPUOHBIX KOMNIIEKCO8 NOKA3A0, YMO 6bIX00 NEKMUHOBLIX
sewecme cocmasnsaem 2,2%. Pacuem noxasvieaem, umo cpeonss moaapnas macca I1B cocmasuna 45272 2/mons. O
cmenenu 83auMo0eucmeus MaKpoOMoLeKyl ROAUMEPA U pacmeopumeris, 0 CMPYKMYyPHbIX CEOUCMBAX MAKPOMONEK) b,
cmenenu ee pazeemeieHHOCIU MOJICHO CyOUumsb no eenudune kodgguyuenma Xaeeunca. Havioennas éenunuuna cocma-
suna 1,46, umo noomeepicoaem Hegvlcokyio pacmsopumocms I1B 6 6ode. Buoumo, yens buonoiumepa pazeemsiend,
umo yxyoulaem pacmeopumocies MaKpOMOLeKyl U 8 OaibHeuuem Moxicem cnocobcmeosams ceneobpasosanuio. 115,
8blOEIEHHbIE U3 WPOMA COYGemull 6apxamyes pacnpocmepmslx OMHOCAMCA K 2PYNne N0GEePXHOCMHO-AKIMUBHBIX Ge-
wecms. bnacooapsa nemanomy nonepeurnomy ceueruro Monekynwl (S) u 8vlcoOKol cpedHeti moaapHou macce (45272 2/
MOJIb) MONEKYIbl 3aHUMAIOM OONbUIOU 00beM HA NoBepXHOCMU pasdena as. YcmaHoeneHo, 4mo MaKpomonexkyid
Haxo0umcst 6 usodnekmpuieckom cocmoanuu npu pH = 4,7. 3akniouenue. B pezynomame npogedennvix ucciedosa-
HULL BUCKO3UMEMPULECKUM Memooom onpedeieHa cpeouas moaapras macca I1B, pasuas 45272 e/mons. Yemanosnena
Koncmanma Xazeunca (1,46), céazannas c Hesvicokotl pacmeopumocmoio 1B 6 6ode. Yemanosneno, umo I1B, vioe-
JIeHHble U3 Wpoma coygemuil bapxamyes pacnpocmepmoix, AGIAIOMCA NOGEPXHOCMHO-akmughbimu. Tlokasano, umo
maxpomonekyna I1B moocem Haxooumvcs 6 cocmoanuu nonuamguona npu pH = 4,7.

Knrwouegvie cnosa: nekmunogvie 6ewyecmeaa, wpom coygemull bapxamyes pacnpocmepmolx, CpeoHss MOIAPHASL
maccea, N0BePXHOCMHAsL AKMUBHOCTb, U309]IeKMpuyeckas mouxa, suckozumemp Ocmeansoa
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Big molecular weight conditions are responsible for some properties, which are absent in low molecular compounds.
Therefore, its determination allows revealing of some physical and technological properties of biopolymers and
prediction of the possibility of their practical application. The aim of this work was to determine an average molar
weight, to study the superficial properties at the border of “solution-air” phases, and to establish an isoelectric spot of
water solutions of pectin substances (PS), isolated from a solvent cake of Tagetes patula inflorescences. Materials and
methods. Polysaccharide complexes were isolated from the solvent cake of Tagetes patula inflorescences of Carmen
species which was left after a raw material extraction with ethanol 40% with the method of Kochetkov and M. Sinnera.
The time of water and PS solutions flow out was measured by the use of a capillary Ostwald viscosimeter; different
types of viscosity were calculated. The density of solutions was determined by using a picnometric method, however
due to the closeness of density of the analyzed solutions and water, they were not considered in the calculation of the
relative viscosity. Series of solutions with 0.01 to 0.5% concentrations were prepared from 1% PS water solutions to
determine a surface activity. Monometric liquid tension variations were set in Rehbinder s apparatus in the moment of
an air bubble appearance on the surface of PS solution. Isoelectric spot (IES) of PS was determined in acetate buffer
solution with pH within 3.2 to 6.2 by using the viscometer method. Results and discussion. Fractioning of the obtained
polysaccharide complexes showed that efficiency of the pectin substances amounted to 2.2%. Calculation shows that
an average molar weight of PS amounted to 45272 g/mol. About the degree of interaction between macromolecules of
polymer and solvent, structural properties of macromolecule, the degree of its branching can be judged by the value of
Huggins test. The value was found to be 1.46, which proves the low solubility of PS in water. Apparently, a biopolymer
chain has been branched which worsen the solubility of macromolecules and further may promote the formation of gel
condition. PS, isolated from the solvent cake of Tagetes patula, belong to the group of the surface active substances.
Due to a big cross section of a molecule (S) and the high average molar weight, (45272 g/mol) molecules occupy a big
volume at the surface of phase separation. We have established that macromolecule is in the isoelectric state at pH =
4.7. Conclusion. In the result of the studies using viscometer method, we have determined a molar weight of PS equal
to 45272 g/mol. Huggins constant (1.46) which is connected to a low solubility of PS in water has been determined.
We have established that PS, isolated from the solvent cake of Tagetes patula, are surface active. We have shown that
PS macromolecule is in the state of polyamphion at pH = 4.7.

Keywords: pectin substances, solvent cake of Tagetes patula, average molar weight, surface activity, isoelectric
spot, Ostwald viscometer

Panee ObIJIO yCTaHOBIICHO, YTO M3BJIEUCHUE M3 COIIBE-
THI 0apXxaTieB pacnpoCTePThIX, MOIYyYEHHOE IKCTPAKIIU-
eil criuprom >TUIOBBIM 40%, MPOSIBISIET BBIPAKEHHYIO
AQHTHOKCHJIAaHTHYIO, 3H/IOTEIMONPOTEKTOPHYIO M paHO3a-
SKUBIISIIOLLYIO aKTUBHOCTS [1, 2]. C 1enblo KOMILJIEKCHOTO
WCIIOJIb30BAHMUS CBHIPBSI B HACTOSILEH padoTe M3ydainch
HEKOTOpbIe (PU3MKO-XMMHYECKHE CBOWCTBA MEKTHHOBBIX
BEILIECTB, BBIJEICHHBIX M3 IIPOTa COLBETHH Oapxaries
pactipocteptsix (Tagetes patula L.). Bombimast MonsipHas
Macca OOyCIIOBIMBAET PsiJ] TAKUX CBOMCTB, KOTOPbIE OT-
CYTCTBYIOT Y HM3KOMOJIEKYJISIPHBIX coequHeHui. [loaro-
My €€ OIpEeeNICHNE MO3BOISIET BBISIBUTH HEKOTOpBIE (u-
3WYECKHE U TEXHOJIOTMUECKIE CBOMCTBA OMOTIONMMEPOB U
IIPeICKa3aTh BOSMOMKHOCTh MPAKTHYECKOTO IPUMEHEHUS
[3].

Heabio padoTbl SBUIOCH ONPEACIIEHUE CpEAHEH
MOJISIPHOM Macchl, U3y4Y€HHE MOBEPXHOCTHBIX CBOWCTB
Ha rpaHuIe paszuena (a3 «pacTBOpP-BO3LYX» U YCTaHOB-
JICHUE M303JIEKTPUIECKOH TOYKM BOJHBIX PAacTBOPOB
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neKTHHOBBIX BemiecTs (I1B), BeIIeneHHBIX U3 MIPOTa CO-
LBETHIT OapXaTIeB pacIpOCTEPTHIX.

Marepuansl U MeToabl. [lommcaxapumHble KOM-
TUIEKCHI BBIISISUIM M3 IIPOTa COLBETHI Oapxaries pac-
pocTepThiX copra «Carmeny», OCTaBIIEroCs MOCIIE TPeX-
KpaTHOH 9KCTpakuuu celpbs 40% COMPTOM 3TUIIOBBIM, 110
metony H.K. KouerkoBa u M. Sinner [4, 5] (puc. 1).

C noMOIIIBIO KamIISIPHOTO BUCKO3MMeTpa OcTBalb-
Jla U3MEpSIIOCh BPEMsl MCTEUEHHs BOJABI M PAacTBOPOB
[IB [6]; paccuuThIBaIMCh pa3iuyuHble BUbI BSI3KOCTEMH.
[TnoTHOCTH PAcTBOPOB OMpeessIach MUKHOMETpUYe-
CKUM CIOCOOOM, OJTHAKO, BBULYy ONM30CTH IJIOTHOCTEH
aHAJIM3MPYEMBIX PAaCTBOPOB M BOABI MX HE YUHTHIBAIH
IIpY pacyeTe OTHOCHUTENbHOW BsizkocTH. [ ompenere-
HUSI CPefHEH MOJISIPHOM Macchl TOTOBHMJIACh CEpHsl BO-
JTHBIX pacTBopoB [IB Mmeronmom pasBeneHus B obnacTu
xouneHTparnwii (0,03-0,5%) [7].

J1s pacyeTa OTHOCUTEIBbHOM BA3KOCTU ", UCIIOIB30-
BaJIA COOTHOIIICHHE ((hopmyna 1):
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Mo = n/n = —tﬁ D
0 ty X Po
D,

e t, t — Bpems ucTeyeHus Bojbl U pactopa 1B,
CeK;

P, P — IUIOTHOCTH BOAbI U pacTBopa IIB coorser-
CTBEHHO, T/cM?>.

VIenbHy0 BA3KOCTb, TO €CThb OTHOCUTEIIBHOE IIPU-
PAllEHUE BA3KOCTH PACTBOPUTENS (1)) PU BBEIACHUU B

HETO MOoJIMMEpa, HAXOMWIIU 110 pasHuile (hopmyna 2):

ny;l - nOTH - 1 , (2)’

[IpuBencHHYIO BSI3KOCTh PACCUUTHIBAIA KaK OTHO-
menue (popmyna 3):

N, = MN,/C (3),
rie C — KOHIIEHTPAIHsI pacTBOpa.

Pacuer cpenneil MonsipHOM Macchl MPOBOIMIM IO
ypaBHeHHI0 Mapka-Xaysunka-Kyna [7, 8] (popmyna 4):

=K x M, @),
rae K, o — koHcTaHThl, M — MOJIsIpHast Macca.

«O» — BEIMYMHA, XapaKTepu3yromas GopMmy Makpo-
MOJICKYJIbI M €€ B3aUMOJICUCTBUE C MOJICKYJIAMHU PACTBO-
putens. [ HEMPUTOAHBIX PACTBOPHUTEICH Ol

K — ko3 punmeHT, MoCTOSHHBIHN s pacTBOpa JIaH-
HOTO ITOJIMMEPHOTO psijia B JAHHOM pacTBopuTelne. B pac-
YeTax WCIONB30BAIM JIaHHBIC KOHCTAHT, XapaKTEPHBIX
Juist GonbinuHcTBa monucaxapuaos: K = 1,1 1073 o =
1,2 [8,9].

KoHcranTy Xarrmaca pacCYuTHIBAIH 10 YPABHCHHIO
(popmyna 5):

np=M+KxmxC> ()

NIpUHKEMas BO BHUMaHwue, 4to [n] — 0 un_/C.
yit
K' ompenenniu mo TaHTeHCY yIvia HakJIOHA IOJY-
YEeHHO#H NpsAMoii 3aBucuMocTH 1 oT C, He TIpoxoasIei
yepes Hayasio koopauHat (puc. 2) (dhopmyna 6):

K'=tg a/M]? (6)

Jlnst ompeneneHusl MOBEPXHOCTHONW aKTUBHOCTU M3
1% BoaubIx pactBopoB IIB rotoBmin cepuro pacTBo-
poB ¢ konnentpamueit or 0,01% no 0,5%. Ha npubope
PeOunnepa ycraHaBiIMBaiy Tepenaisl AaBIeHHH MOHO-
METPHUYECKOH )KUAKOCTH B MOMEHT NPOCKaKHBaHHS Iy-
3bIpbKa BO3/lyXa Ha MOBEpXHOCTH pacTBopa [IB [7].

Benuuuny MoBEpXHOCTHOTO HATSKEHUS PACCUNTHIBA-

71 110 ypaBHeHuto (popmyna 7):
— GO X hx
o, = T > 7
0

I1e G, G, — MOBEPXHOCTHOE HATSKEHUE PAacTBOPa U
Bogb! (H/m);

h,, h , —epenan raBnenuii MOHOMETpUIECKOH HKHl-
KOCTH HaJl BOAOH H PacTBOPOM (CM).

3aBHCUMOCTh MEXKIy H3MEHEHHEM CBOOOIHOH I10-
BEPXHOCTHOW SHEPruM M KOHIEHTpAI[Mel BEIIECTBa B
[MOBEPXHOCTHOM CJIOE BbIpaXKeHa ypaBHeHueMm [ubOca

(popmymna 8):
C
I=- Ao X > ®)

rae I — moBepXHOCTHBIN N30BITOK a1cOPOMPOBAHHO-
TO BEIIECTBA;

-Ac/AC — NOBEpXHOCTHAsI aKTUBHOCTH;

R — rasoBas nocrosinuas (8,3110° [[x/kmons X K);

T — abcomrotHas Temmneparypa, K

C y4eToM npejicTaBIeHUH O MIIOTHON yIaKoBKe MOJIe-
KyJ1 B MOHOCIIOE IIPH NpeieNibHoM aacopOuuu (I, ) MbI BbI-
YUCIUIIW TUIOIIA b, 3aHUMAEMYIO OJTHOM MOJIEKYJIOH, TOJI-
LIMHY ¥ 00bEM MMOBEPXHOCTHOTO ¢10s1 (popmyisr 9, 10).

rae S — IUIOIaab MOJIEKYIIBI,

I’ — npenenbHBIN MOBEPXHOCTHBINA H30BITOK;
el

N, — uncio Asorajpo.

=T, X M/p,

rae | — TonmiHa TOBEpXHOCTHOTO CIIOS;

M — monsapHas macca [1B;

p — IJIOTHOCTH pactBopa [1B.

[To n3zoTepMe MOBEPXHOCTHOTO HATSKCHHS OTIpe/e-
JISUTH TIOBEPXHOCTHYIO aKTHUBHOCTB (), KOTOPYIO paccuu-
TBHIBAJIH 10 TAHTCHCY yTyIa, 00pPa30BaHHOTO KacaTeIbHOM,
MIPOBEICHHON K M30TepMe TOBEPXHOCTHOTO HATSHKEHUS
mpu C — 0 (popmyma 11).

A
= AC =tew,

Wzonnexrpuaeckyio touky (MOT) 1B Mbr ompene-
JISH B anieTaTHOM OydepHOM pacTBope B mpenenax pH
ot 3,2 10 6,2 BU3KO3UMETPUIECKUM METOZIOM.

(10)
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PacturensHoe ChIpbe - COUBETHS OapXaTIEeB PacIpPOCTEPTHIX

Tpexxpatnas sxcTpaxuus 40%
CIIHPTOM STHIIOBBIM

pot couBeTnii bapxarues nocie
skcrpakiuu 40% sTaHoI0M

40% u3BIEeUeHUE

DKCTpakys BOJOH OYHUILEHHON B
TedeHue 24 yacos

Boanoe u3BneueHue IIpoT nmocne BogHOI

SKCTpPaKLIUU
OcakieHne CiupToM
OTHIIOBbIM, DKeTpakuus B TedeHue 1 gaca
EeHTPU(YTUPOBAHUE 0,5% (NH4),C,04 1
0,5% HyC,04
BonopactBopumeie
TIOJINCAXaPHUIBI ! 1
Kucnoe n3Bneuenue Ipor nocne
0 JKCTpPaKLIUU
OcaxxaeHue CuupToM IIOAKHCICHHBIM
STUJIOBBIM, pacTBOPpOM
neHTpu(yrupoBaHue

IlexTHHOBEIE BEelleCTBA

Pucynok 1 — Buloenenue nonucaxapuoHslx KOMNIeKCo8

PesyabraTel u 06cy:kaeHue. OpakiMmOHUPOBaHNE
MOJTYYEHHBIX TOJIMCAaXapUIHBIX KOMIUIEKCOB IMOKa3alo,
YTO BBIXOJ[ IEKTHHOBBIX BEIIECTB cocTaBisieT 2,2%.

C BO3pacTaHrEeM MOJISIPHOM MacChI IOJIMMEPOB 00BIY-
HO YBEJIMYMBACTCS BI3KOCTh MX PACTBOPOB, YMEHBIACTCS
PacTBOPUMOCTb.

PaccunThiBasIMCh BSI3KOCTH: OTHOCHTeNbHast (dop-

myna 1), ynensHast (Gpopmyna 2) u npusenenHast (Gpopmy-
na 3). Pe3ynbrarel onpe/esicHUs IPUBEICHBI B TAOJIHIIC
1. Dxcrpanonsiyel NpUBEACHHONW BA3KOCTH K HYJIEBOI
KOHLIEHTPAIIMM HAXOIWIH TPENENbHOE YHUCIO BSI3KOCTH
— XapakTepucTH4ecKast BA3KOCTh. Takas mporenypa mo-
3BOJISIET UCKIIIOYUTD U3 BEJIMYHHBI XapaKTEPUCTUUECKOM
BSI3KOCTH B3aUMOJAEHCTBHE MEXy MOJICKyIaMH.

Taonuya 1 — Pe3ynomamal uzmepenus 6a3Kk0cmu 600HwvIx pacmeopos I1B
u3 coygemuii Gapxamuyes

C% t, CeK n.. . .

0 14,35 - - -
0,0313 16,61 1,157 0,157 5,016
0,0625 20,52 1,411 0,411 6,576
0,125 27,51 1,917 0,917 7,336

0,25 47,15 3,286 2,286 9,144

0,5 132,51 9,234 8,234 16,468

Janee crpowsu rpayik 3aBUCUMOCTH YAEIbHON BSI3KOCTH OT KOHIIEHTpauuu (puc. 2)

270



Pharmacy & Pharmacology V. 5 N 3, 2017

DOI:10.19163/2307-9266-2017-5-3-267-282

Tyn

-

-
_-ﬂ"-

_——

L T e ¥ L . B = TR R = ¥ =

_—_-_—_?‘ I
0 0,0313 0,0625

C, %

0,125 0,25 0,5

Pucynok 2 — 3asucumocms yoenvnoii eazkocmu om konyenmpayuu pacmeopoe INB

W3 rpaduka BUIHO, YTO B 0OJACTH MAaJbIX KOHICH-
Tpauuil yaenbHasi BS3KOCTb IJIABHO BO3PACTAET, OJIHAKO,
yke npu koHueHTpauuu 0,5% oHa pe3ko BO3pacTaet, Ipu
9TOM KpHBasi 00pallieHa BBITYKIOCTBIO K OCH abCIncc.

O4eBUHO, 1aXe IPU TAKOW HEBBICOKOH KOHIIEHTpa-
nuu pactopa [I1B HaumHaeTcss Hekoe B3auMoOJeHcTBUE
MeXTy MOJIEKyJIaMH, IPUBOAAIIEE K CTPYKTYPHUPOBAHHUIO
pactBopa. M3 3TOrO creayet, 4To ONpeaesieHHE Xapak-
TEPUCTUYECKOH BSI3KOCTH HEOOXOJMMO IPOBOANTH IKC-
Tpanoysiuel K HyJlIeBOM KOHIEHTpAlUU, KOT/a 3aBUCH-
MOCTBb 1, OT C Oyner nuHEHHOH.

XapakTepucTUUECKyIO BS3KOCTb [1] HaxoIwid rpa-
(ryeckn 1Mo 3aBUCUMOCTH Ny = f (C) (puc. 3). Qs nox-

TBEPKIICHHS TMHEHHOM 3aBHCUMOCTH, IeTIeCO00pa3Ho, Ha

In n/no
— =

rpaduKe OTIAOKUTH 3aBUCHMOCTh £(¢) . OTOT TIpH-

eM 00JervaeT SKCTParoNALMIO, Tak Kak Gynkims In n/m,

MEHbIIIE U3MEHSAETCS ¢ KOHI[EHTpalueH.

Ha pucynke 3 mpexacTabieHa yKa3aHHas 3aBHCHU-
MOCTb IIPUBEACHHON BA3KOCTH OT KOHIleHTpauuu. Haii-
JIeHHas BelM4MHa [1] coctaBuia 4,25.

18

16
14

12

10

g3

&6
4

[n] =4,25

0,1 0,2
C, %

0,3 0,4

0,5 0,6

Pucynok 3 — 3asucumocms npueedeHHol 8:A3KOCMU
om Konyenmpayuu pacmeopoe IB

Pacuer cpenneil MonsipHOM Macchl MPOBOIMIM IO
ypaBHeHuto Mapka-XayBunka-Kyna (popmyna 4), ko-
TOPBIA TOKA3bIBACT, YTO IAaHHAS BEJIMYMHA COCTABHIIA
45272 r/MOb.

O crerneHu B3aUMOACUCTBUS MAKPOMOJEKYI ITOJH-
Mepa ¥ pPacTBOPHUTEIS, O CTPYKTYPHBIX CBOHCTBAaxX Ma-
KPOMOJICKYITBI, CTCTICHH €€ pPa3BETBICHHOCTH MOXXKHO
CYIUTh MO BenuunMHE Kod(duumeHta Xarrumaca. Xors,

Yale 3TO UCMOIb3YETCs AJIsl OLIEHKH CPaBHUTEIbHOM Xa-
PAKTEPUCTHKH TOIUMEPOB, MOTYYCHHBIX M3 PAa3IMIHBIX
00BEKTOB. B Xopommx pacTBOpUTENSX 3HAYCHUE KOH-
cTaHThl Xarruuca Haxogurces B npeaenax 0,2-0,3.
Pacuer koaddummenta Xarruaca Benu no (Gopmy-
nam 5 u 6. Haiinennas BenmuuuHa cocraBuia 1,46, 4to
MOJITBEPKIAET HEBBICOKYIO pacTBopuMocTh [IB B Boze.
Bumumo, ens OnormonuMepa pa3BeTBICHA, YTO yXY/IIIIA-
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€T PacTBOPUMOCTh MAaKpPOMOJIEKYI U B JaJIbHEHIIIEM MO-
JKET CrIocoOCTBOBATH IeIe00pa30BaHHIO.

BenuunHy moBEepXHOCTHOTO HATSKEHUS PACCUUTHI-
Baju 1o Gopmysie 7. 3aBUCUMOCTh MEXKIy U3MCHCHUEM

CBOOO/IHOM MMOBEPXHOCTHOW DHEPTUU M KOHIIEHTpAIUEH
BEIIECTBA B TIOBEPXHOCTHOM CJIOC BBIPaKCHA YPABHEHHU-
eMm ['ub6ca (popmyna 9). Pesynbrarsl mpencTaBicHbI B
Taomme 2.

Taonuya 2 — Ilapamemput nosepxnocmuuix ceoiicme II1B

C, % CIOS’;‘J“"”"/ 510°, H/m | -Ac103, H/m “081‘;2‘0”"/ T 10° S, A2 LA V, A?
0 71,97

0,015 0,347 67,97 3,99 0,322

0,031 0,691 66,65 532 0,429 12,3 135 | 5568 | 75168
0,062 1,380 65,32 6,65 0,537

0,125 2,760 62,65 9,32 0,753

0,250 5,520 61,32 10,65 0,861

0,500 11,00 58,65 13,32 1,076

[TockonbKy MHOBEPXHOCTHBIM CIIOH IMOBEPXHOCT-
Ho-akTUBHBIX BemecTB (ITAB) mHa rpanmme pasmena
($a3 «pacTBOP-BO3AYX» SBIAECTCS MOHOMOJCKYISP-
HBIM, TO OTIPEIEITHIN BETUINHY MPEeIeTbHOTO TTOBEepPX-

HocTHOTO M36bITKa (I' ). C 9TOH 1enbro CTPOMIIH Tpa-
¢uk 3aBucumocTtu 1/T" ot 1/C 1 o BeTu4mHE OTpE3Ka,
OTCEKAaeMOro INPSIMOH Ha OCH OPAMHAT, OIPEACIHIH
1/T . (pucyHox 4)

3,5

3

2,5

2

1/r-108

1,5

1
0,5

0 I I

0,09 0,18

0,36
1/C-10°

0,72 1,45 2,888

Pucynox 4 — 3asucumocmo 1/I" om 1/C ona 600nvix pacmeopos IIB

C ydeToM npeAcTaBIeHUH O MIOTHOH yIaKoBKE MO-
JIEKyJl B MOHOCJIO€ IpH IpesienbHoi agcopouuu (I)) Mbt
BBIYHMCITHIIN TUIOHIab (hopmyrna 9), 3aHIMaeMyro OJJHOM
MoJIeKyioi, TonmuHy (dpopmyna 10) u oObeM moBepx-
HOCTHOTO CJIOS.
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[To m30TEpME MOBEPXHOCTHOTO HATSHKEHHS (pHC. 5)
OIPEAEISIN TTOBEPXHOCTHYIO aKTHBHOCTH (g), KOTOPYIO
pacCUMTHIBAIM 110 TaHTEHCY yIvia, 00pa30BaHHOIO Ka-
carelIbHOM, MPOBEIEHHON K M30TepMe MOBEPXHOCTHOIO
Harspkenns mpu C — 0 (popmyna 11).



Pharmacy & Pharmacology V. 5 N 3, 2017

DOI:10.19163/2307-9266-2017-5-3-267-282

Torza: H/m?
tga = 0213 ~L
KMOJIb
80
70 \
S 60 —
[}
50
40 T T T T T 1
0 0,015 0,031 0,062 0,125 0,25
C, %

0,5

Pucynok 5 — Kpusaa 3asucumocmu nogepxnocmmnoz0 Hamaxcenus
om pasHoeecHoul Konuyenmpauuu pacmeopa I1B

[TonyueHHbIE pe3ynbTaThl CBUACTEILCTBYIOT O TOM,
yro I1B, BbIeNeHHBIE M3 MIPOTa COLBETHIl OapXxarieB
pacIpocTepThIX, OTHOCATCS K IPYIIIE ITOBEPXHOCTHO-aK-
THUBHBIX BEIIECTB. brarogaps HeMaloMy NONEPEYHOMY
CCUCHHIO MOJICKYJIBI (S) U BBICOKOW CpEeIHEH MOJSIPHOM
Macce (45272 1/mMoib) MOJNEKYJbl 3aHUMAKOT OOJBIION
00BbeM Ha MOBEPXHOCTH pa3nena das.

OnauM u3 BaxHbIX cBoucTB [TAB sBisercs croco0-
HOCTb K MHUIIEI000pazoBaHui0. KpUTHUECKYIO KOHIICH-
Tpanuto mutesiooopazosanus (KKM) onpenenunu rpa-
¢uuecku no 3aBucumocTH o ot 1gC.

[lepern® Ha u30TEPME COOTBETCTBYET Havaly
¢dopmupoBanus chepuueckux munemr. ns pacrtso-

poB IIB, naiinennas KKM, cocrasuna 0,22 r na 100
I pacTBopa.

Hamnume  mwuneruiooOpa3oBaHusi — Hpenanonaraet
JlalibHEHIIIee N3y4YeHHEe COI0OMIN3NpYIoLIel criocoOHO-
ctu [1B B BogHOM pacTBope.

O cTpyKType MUIIEIUT U TPUPOJIE TToJIMMepa, ooJiaia-
IOLIETO0 ITOBEPXHOCTHO-aKTHBHBIMHU CBOMCTBAMH, MOYKHO,
B OIpPE/EICHHON CTENeHH, CYJUTh 110 TepMOANHAMUYC-
cKUM (DYHKIMSIM Tpoliecca MUIEIUI000pa3oBaHusL.

C 9T0i1 11e71b10 PaCCUUTHIBAINCH: CBOOOHASI SHEPTHS
(AG,,), sutponus (AS,,), Termnosoit apdexr (AH,,) npo-
necca muienoodbpazosanus [10]. ITonmyueHHble 1aHHBIC
TIPE/ICTaBIICHBI B TA0IMLE 3.

Tabnuya 3 — Tepmoounamuueckue Qyukyuu muyenniooopasosanus pacmeopos I1B
6 6oonoit cpeoe (T = 298K)

BemecTtBo C, s KMOJB/M? AG,,, kJI>x/Mo1B AS,,, k/x/morns - K | AH,,, kJ[)x/Moins
HB w3 mpora 5,01-10° 24,52 8,2:102 -0,084
COLBETHI Oapxaries

Hcxons M3 XapaKTepPHUCTHK, MPEICTABICHHBIX B Ta-
Oomuie 3, MOXKHO CYHMTaTh, YTO MHUIIEIUIO00pa30BaHNE
HpoTeKaeT caMonpou3BoibHO (AG,,0) 1 conmpoBoXxaaeTcs
HE3HAYUTENbHBIM dK30TepMudeckuM sddexrom (AH,,0),
YTO CBSI3aHO C HEOOJBIION BEIMIMHON KPUTHUECKON KOH-
LEHTPAIUN MUIIEIUIO00pa30BaHUS. 3HAYCHHUS SHTPOIHH
MHUIIETI000pa30BaHU HE3aBUCHMO OT CTPYKTYPBI IS
OONBIIMHCTBA TTOBEPXHOCTHO-aKTHBHBIX BEIIECTB HAXO-
nsitest B ipeaennax (4,28,4) 10 kx/mons K [11].

PaccunTannas BennduHa ASM HaXOOUTCI B ITHX
npenenax, 4ro Imo3Bosisser otHectd [IB k mommamdo-
nmutaM. OmpeneneHHOe HaMH paHee 3HadeHwe pH, mpu
KOTOPOM TIONHMMEpP HAaXOAHUTCSA B M303JIEKTPHUECKOM CO-
CTOSIHHMH, TTOATBEPKIACT BHICKA3aHHOE MPEATIONOKCHNUE.
3nauenue pH, npu kotopom monekyna I1B Haxonures B
COCTOSTHUH mosinaMdonnTa, cocTaBuiio 4,7.

IIpoBenenubie uccnegoBaHus mokazanu, yto I[IB,
BBIZICIEHHBIC W3 IIIPOTa COIBETHH OapxarieB pacmpo-
CTEPTHIX, CHUXKAIOT TMOBEPXHOCTHOE HATSHKEHUE BOIIBI
MIPOTIOPIIMOHAIBHO €T0 KOHIEHTPAIIUHN, TIPOSBISIFOT MH-
LEeI000pa3yIoNIyI0 CIIOCOOHOCTh, MPOIECC MHUIEIIIO-
00pa3zoBaHKsl MPOTEKAET CAMOIPOU3BOJIBHO, MOJEKYJa
I1B siBisiercst monmamGoInToM.

VYV cnabbIX MOJUAIEKTPOIUTOB, K KOTOPBIM MOXHO
otHectH IIB, cTenmeHp AncconManyy MOMSPHBIX TPYII,
a 3HAYMT, ¥ BEJTUYMHA 3apsiia 3aBUCUT oT pH. Dkcnepu-
MEHT, MPOBEIEHHBIH paHee, MOKazal MPOTOPIHOHATb-
HOCTb 3aBHCHMOCTH COTPOTHUBIICHUS BOTHBIX PACTBOPOB
[IB, n3MepeHHOro KOHAYKTOMETPUYECKUM METOIOM OT
KOHIICHTpAIMH. B CBS3M C 3TUM, MIPENICTABISIIO HHTEPEC
M3y4YuTh BIUAHNE pH pacTBOpa Ha €ro BI3KOCTH C IIETBI0
ONIPE/ICIICHUST HAINYHUS HU30JIEKTPUIESCKOTO COCTOSHUS
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(M3C) monusneKkTpoauTa, mpu KOTOPOM OH HAXOJUTCS B
COCTOSIHUM TTOJIMaM(HOHA.

Tak kak, B mosekyine [1B comepxutcs Oombiie Kap-
OOKCHIIBHBIX TPYIIII, CIIOCOOHBIX K JTUCCOIUAIINH, TO T10-
JIUBJICKTPOJIUT SIBJIICTCS OOJIee CHIIBHON KHUCIOTOMH, YeM
ocHoBanueM u ero DT momxHa ObITh MEHBIIE 7.

WDT IIB wmbI onpenensiin B arieTaTHOM OydhepHOM
pactBope B mpenenax pH ot 3,2 no 6,2 BUBKO3UMETpHU-
yeckuM MeTofioM. B IDC Monekysbl TOTUIEKTPOIUTA
00OBIYHO CBEPHYTHI B KIIYOOK M HAUMCHEE THUAPATAPOBA-
HbI, T03TOMYy B DT oTHOCHTENBHAS BSI3KOCTH OOBIYHO
MHUHUMAaJbHA.

Ecnu ucnonb3oBaTh MONUANIEKTPOIUTHI B KaueCTBE

9HTEPOCOPOEHTOB JUIsl 3ICOPOIIMH HOHOB COJICH TSKEITBIX
MeTaJuioB, Heooxoaumo yuuteiBark UOC u pH pactBopa.
B UDC cocTosiHuu HM3MEHSIOTCSI CBOMCTBAa TOJIMMEpa:
CHIaeTCs HabyXaHue, paCTBOPUMOCTb, JIEKTPUUECKAst
MIPOBOJIMMOCTD, BSI3KOCTH PAacTBOPOB M Jp. DTO HEOO-
XOJIMMO YYHTBIBAaTh IPU pa3pabOTKe TEXHOJIOTMYECKUX
CXEM JUISl IPAKTUYECKOTO UCIIOIb30BAHMUS TIOJIMMEPOB.

st onpenenenust UDT rotosunu 1% BoaHbIi pac-
tBOp [IB 1 pacTBOpEI aneTarHoro Oydepa ¢ pa3sHbIM 3Ha-
yernem pH. K 10 mu OydepHoro pacteopa 100aBisuH
5 i pacteopa 1B, nepememuBany 1 U3MeEpsUIH BpeMs
WCTEUEHHMSI )KUAKOCTH OJTMHAKOBOrO 00beMa Ha BHCKO3H-
Metpe. Pe3ynbrars! pecrasieHs B Tadnuie 4.

Tabnuya 4 — 3aeucumocms epemenu meuenus pacmeopa IIB om pH cpeowvt

Ne n/n pH t, CeK L
1 27,82
2 3,2 62,46 2,46
3 3,7 69,33 2,49
4 4,2 61,87 2,22
5 4,7 51,14 1,84
6 52 54,33 1,95
7 5,7 56,98 2,05

I'papuueckas 3aBucumoctsb 1 0T pH (puc. 6) nokasana, uro maxpomonexyna I1B naxomurcs 8 UOC npu pH =4,7.

fo——=

3,7

4,2 4,7 5,2 5,7
pH

Pucynox 6 — 3asucumocmo omnocumenwvhoii éazkocmu 1% pacmeopa I1B om pH cpeowvt

CrnemoBaTtenbHO, Omaromaps MaioMy o0beMy KITyO-
Ka CBEPHYTOH MAaKpOMOJICKYJIbl, YMCHBIIACTCS IPEIsT-
CTBHE TEUCHHIO JKHIKOCTH, YTO M NMPUBOIUT K MUHHMY-
MY OTHOCHTEJIBHOH Bsi3kocTH. Kak ¢ yBenn4yeHneMm, Tak u
¢ yMeHbIIeHneM pH BS3KOCTh pacTBOpa BO3pAcTeT, TaK
KaK MaKpOMOJIEKYJIbl PACIPAMISIOTCS U UX 00beM yBe-
nyrBaercsa. Ha pucyHke BUJHO, YTO IIPH HU3KOM 3HAYeE-
HuH pH = 3,2 MONEeKyIApHBIA KITyOOK CHOBA YIIIIOTHSIET-
cst, Oaromaps MOIABICHHIO HOHU3ALMH TTOJIOKUTEIIBHBIX
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OZIHOMMEHHO 3apsDKCHHBIX MOHOTCHHBIX TPYIII, M BS3-
KOCTb CHOBA YMCHBILIACTCH.

3rauenne DT monmamekTponuTa MO3BOSACT BIH-
ATh Ha TaKHe NPOLECCHl, Kak HaOyXaHue, 3aCTyJHEBaHHE,
MeMOpaHHOe paBHOBecue J[oHHama H 1p., 9TO CIOCO00-
CTBYET IPaBUJIBHOMY BBIOOPY TOTO HJIM MHOTO TEXHOJIO-
THYECKOro Ipoliecca WK BIUSET Ha CKOPOCTh IPOTeKa-
HUA (PU3NOIIOTHYECKOT0 IpoLuecca.

3akiaiouenune. B pesynsrare mpoBeICHHBIX HCCIe-
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JIOBaHUI BUCKO3UMETPUYECKMM METOJOM OIlpeeNneHa
cpeansis MoisipHas macca [1B, paBHas 45272 1/MoIb.
VYcranosneHa koHcTaHTa XarruHca (1,46), cBa3aHHas ¢
HEBBICOKOH pacTBopuMocThiO 1B B Boze. YcraHoBIIEHO,

yro [1B, BbIIeNeHHBIE M3 MIPOTa COLBETHIl OapxarieB
pacIpoCTepThIX, SBJSIIOTCS IOBEPXHOCTHO-aKTUBHBIMHU.
IToxazano, uto Makpomouiekyia 11B MoxeT HaxoauThCs
B cocTostHUM nonmamduona rpu pH = 4,7.

Introduction. It was previously established, that
extracts from Tagetes patula, obtained by ethanol
40% extraction, exhibit a signified antioxidant,
endothelioprotective, and wound healing activity [1,
2]. On purpose of the complex use of the raw material,
we have studied some physical and chemical properties
of pectin substances isolated from the solvent cake of
Tagetes patula in this work. A big molar weight condition
is responsible for the range of such properties, which
usually are absent in the low-molecular compounds.
Therefore, its determination allows the revelation of some
physical and technological properties of biopolymers and
prediction of possibility of their practical application [3].

The aim of the work was the determination of an
average molar weight, study of the surface properties at
the border of “solution-air” phases and the establishment
of an isoelectric spot of water solutions of pectin sub-
stances (PS), obtained from the solvent cake of Tagetes
patula.

Materials and methods. Polysaccharide complex-
es were isolated from the solvent cake of Tagetes pat-
ula of Carmen species, which were left after the triple
extraction of the raw materials with ethanol 40% by the
method of Kochetkov and M. Sinnera [4, 5] (fig. 1).

The time of water’s and PS solutions’ flow out was
calculated using the capillary Ostwald viscometer [6];
the different viscosity types were calculated. Solutions’
density was determined by using picnometric method,
however due to the closeness of density of the analyzed
solutions and water; they were not taken into consider-
ation while calculating a relative viscosity. To determine
an average molar mass, a series of PS water solution was
prepared in concentrations of 0.03-0.5% [7].

To calculate a relative viscosity " , we used a fol-
lowing correlation (formula 1):

nOTH:n/ :_—txp >
Mo tOXPO

M,

where t, t is time of water’s and PS solution’ flow
out, sec;

P, P is density of water and PS solution, respectively,
g/em’,

The specific viscosity, i.e. relative incremental value
of solvent viscosity (1) at introduction of polymer into
it, was calculated by the difference (formula 2):

Myz = Mow - 1, ),

The modified viscosity was calculated as a
correlation (formula 3):
Moo = Nt/
where, C is a solution concentration.
Calculation of an average molar weight was done by
using Mark-Houwink-Kuhn equation [7, 8] (formula 4):

] =K XM, 4,

(€)%

where, K, o — constants, M — molar weight.
«o» 18 a value, which characterizes a form of a mac-
romolecule and its interaction with the solvent molecules.

For unusable solvents, o = 1.

K is a coefficient, which is constant for the solvent
of these polymer series in this solvent. Data of constants,
characteristic for the majority of polysaccharides, were

used in the calculations: K= 1.1 ¥ 105, o = 1.2 [8, 9].
Huggins constant was calculated by using the fol-
lowing equation (formula 5):

_ ' 2
nnp_[n]+KX[n]XC, (5)

with taking into account that [] — 0 1 ,.o; / €.

K’ was determined by the tangent of as slope angle
of a direct correlation n__ and C, which does not pass
through the point of reference (fig. 2) (formula 6):

K'= tg o /[T]]z (6)

To determine the surface activity from 1% water
solutions of PS, series of solutions with 0.01 to 0.5%
concentrations were prepared. Variations of monometric
liquid tensions were set on Rehbinder apparatus at the
moment of the air bubble appearance at the PS solution
surface [7].

Value of superficial tension was calculated by using
the equation (formula 7):

G - 0" x (7

where 6, 6, — superficial tension of solution and wa-
ter (H/m);

h,, h, — variation of tensions of monometric liquid
above water and solution (cm).

Dependence between the change of the free
superficial energy and the concentration of a substance
in a superficial layer is expressed by the Gibbs equation
(formula 8):

Ao, C
[=-49 x o
AC X RT ©

where I is a superficial excess of adsorbed substance;
-Ac/AC — superficial activity;

R — a gas constant (8,31°10° J/kmol * K);

T — an absolute temperature, K

With consideration of the densely packed molecules
in monolayer at the limit adsorption (I',), we calculated
the square that is occupied by one molecule, thickness and
volume of a superficial layer (formulas 9, 10).

s=1/p XNy, ©)

where S is a molecule square;
I — limit superficial excess;
N, — Avogadro’s number.

275



DapmayesmuuecKas u MOKCUKONOZUYECKAA XUMUSA
Pharmaceutical and Toxicological Chemistry

Dapmayust u papmaronoeus T. 5 Ne 3, 2017

— M
L= Te X / p (10)
where 1 is thickness of a superficial layer;
M — the molar weight of PS;
p —PS solution’s density.
The superficial activity was determined by the super-
ficial tension isotherm (g), which was calculated by the

angle tangent, that was formed by a tangent line, traced
to isotherm of superficial tension at C — 0 (formula 11).

=- R _igq, (1)

We determined an isoelectric spot (IES) of PS in
the acetate buffer solution within pH 3.2 to 6.2 by using
viscometer method.

Plant raw materials - inflorescnces of Tagetes patula

Triple extraction with 40% ethanol

40% extraction

Solvent cake of Tagetes patula after
extraction with 40% ethanol

Extraction with clarified water
within 24 hours

Water extraction

Ethanol precipitation ,
centrifuging

Water soluble

Solvent cake after extraction

Extraction within 1 hour
0.5% (NH4)2C204 and
0.5% H,C,0,

polysaccharides '

Acid extraction

Solvent cake after

Ethanol precipitation ,
centrifuging

extraction with an
acidified solution

Pectin solutions

Figure 1 — Isolation of polysaccharide complexes

Results and discussion. Fractioning of the obtained
polysaccharides showed that pectin substances’ efficiency
amounts to 2.2%.

When the molar weight increases, its solutions
viscosity usually increases as well, and solubility decreases.

The following viscosities were calculated:
relative (formula 1), specific (formula 2) and

modified (formula 3). The results of the determination
are shown in the table 1. The marginal value of
viscosity — characteristic viscosity was found by
an extrapolation of the modified viscosity to zero
concentration. This procedure allows excluding the
interaction among molecules from the value of a
characteristic viscosity.

Table 1 — Results of viscosity calculations of PS water solutions from the inflorescences of Tagetes patula

C% t, sec M. N MNnad
0 14.35 - - -
0.0313 16.61 1.157 0.157 5.016
0.0625 20.52 1.411 0.411 6.576
0.125 27.51 1.917 0.917 7.336
0.25 47.15 3.286 2.286 9.144

0.5 132.51 9.234 8.234 16.468
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After that, the graph of dependence of specific viscosity from the concentration was built (fig. 2)

Figure 2 — Dependence of the specific viscosity from the PS solutions concentration

The graph shows that in the area of small concentra-
tions, the specific viscosity has been slowly increasing,
however at 0.5% concentration it increases sharply, while
the curve’s concavity faces abscise axis.

It is apparent that even in such small concentrations
of PS solution there is an interaction among molecules,
which leads to a solution structuring. It follows that the
determination of the characteristic viscosity needs to be
carried out with the extrapolation to zero concentration,
when dependence of | from C will be linear.

Characteristic viscosity [n] was found on graphic
by using dependence n_, = f(C) (figure 3). For confir-

mation of the linear dependence, it is reasonable to put
dependencelnLc/no = f(c) on a graph. This method makes

extrapolation easier, since function In n/n, changes less
with concentration.

The figure 3 shows the certain dependence of the
modified viscosity from the concentration. The value dis-
covered [n] amounted to 4.25.

18

16

14

12

10

e

g3

S6

/

4
) [n] = 4.25

0 0,1 0,2
C, %

0,3 0,4

0,5 0,6

Figure 3 — Dependence of the modified viscosity from the concentration of PS solutions

Calculation of an average molar weight was
carried out using Mark-Houwing-Kuhn equation
(formula 4), which shows that this value amounted
to 45272 g/mol.

The degree of polymer and solvent macromolecules
interaction, structural properties of macromolecules,
degree of its branching can be judged by the value of
Huggins test. Although, it is more often used for a
comparative analysis of polymers obtained from different

objects. In good solvents the value of Huggins constant is
within 0.2.-0.3.

Calculation of Huggins test was carried out
according to formulas 5 and 6. The found value
amounted to 1.46, which proves low solubility of PS in
water. Apparently, the biopolymer chain is branched,
which worsen the solubility of macromolecules and
further may lead to gel formation.

The value of superficial tension was calculated by
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using formula 7. The dependence between free superficial
energy variation and concentration of a substance in the

Table 2 — Parameters of superficial properties of PS

superficial layer is expressed by Gibbs equation (formula
9). The results are presented in table 2.

o =105 Ae103 108 2 3
©F | ot [0 T | e | D0 | SN WA
0 71.97

0.015 0.347 67.97 3.99 0.322

0.031 0.691 66.65 5.32 0.429 12.3 13.5 5568 75168
0.062 1.380 65.32 6.65 0.537

0.125 2.760 62.65 9.32 0.753

0.250 5.520 61.32 10.65 0.861

0.500 11.00 58.65 13.32 1.076

Since the superficial layer of surface-active substanc-
es (SAS) at the border of solution-air is monomolecular,
the value of limit superficial excess was determined (I" ).

Taken into consideration, the data about the densely
packed molecules in a monolayer and at the limit adsorp-
tion (I"), we calculated the square (formula 9), occupied
by one molecule, thickness (formula 10) and volume of

1/T:10%

-~

/

/

1 /

0,09

0,18

0,36

0,72

1/C-10°

1,45

2,888

superficial layer.
Superficial activity (g) was determined by the iso-
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Figure 4 — Dependence of 1/T" from 1/C for water PS solutions

H/m®

Then: tg a = 0213 —

kmol *

With this purpose the dependence graph of 1/T" from 1/C
was built, and 1/I" was determined by the size of an in-
terval, cut off by the right line at the vertical axis (fig. 4).

therm of superficial tension (fig. 5), which was calculated
by the angle tangent, that was formed by a tangent line
drawn to the isotherm of a superficial tension at C — 0
(formula 11).
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Figure 5 — A Curve of superficial tension dependence from the balanced concentration of PS solution

The obtained results have given the evidence of the
the fact that PS isolated from the solvent cake of Tagetes
patula inflorescences belonged to a group of superficial-
active substances. Due to a big section of a molecule (S)
and the high average molar weight (45272 g/mol), the
molecules occupy a big volume on the surface of phases
border.

Ability for the micelle formation is one of the im-
portant features of SAS. Critical concentration of micelle
formation (CCM) was determined by a graph, based on
dependence of ¢ from IgC.

Isotherm inflection corresponds to the beginning of
spherical micelles formation. For the PS solution, CCM
amounted to 0.22 g per 100 g of solution.

The presence of micelle formation implies the fur-
ther study of solubilizing ability of PS in a water solution.

About the micelles structure and the nature of poly-
mer with surface-active properties to a certain degree can
be judged by thermodynamic functions of micelle forma-
tion process.

With this purpose the following was calculated: free
energy (AG,,), entropy (AS, ), heating effect (AH,,) of a
micelle formation process [10]. The data obtained are

shown in the table 3.

Table 3 — Thermodynamic functions of micelle formation of PS solutions in water environment (T = 298K)

Substance C_y» kmol/m? AG,,, kJ/mol AS,,, kJ/mol - K AH,,, kJ/mol
PS from the solvent
cake of Tagetes patula 5.01-10° -24.52 8.2:102 -0.084
inflorescences

According to the characteristics shown in the table
3, the micelle formation can be considered spontaneous

(AG,,=0) and is accompanied by an insignificant exo-

thermic effect (AH,, <0), which is related to a small val-
ue of a critical concentration of micelle formation. The
value of micelle formation’s entropy independently from
the structure for the majority of surface active substances

occurs within (4.2+8.4)-10kJ/mol-K [11].

Calculated value of AS |, occurs within this limit, which
allows attribution of PS to the polymeric ampholytes.
Previously determined value of pH, when polymer is
in isoelectric state, proves the hypothesis. Value of pH,
at which the PS molecule is in a polyampolyte state,
amounted to 4.7.

The conducted studies have shown that PS, isolated
from the solvent cake of Tagetes patula inflorescences,
reduce a superficial tension of water in proportion to its
concentration, exhibit micelle forming ability; process of
micelle formation is spontaneous, and PS molecule is a
polyampholyte.

In weak polyelectrolytes that PS belongs to, the
degree of dissociation of polar groups and the charge
value depend on pH. The previous experiment showed
the proportionality of PS water solution resistance
dependence, which was measured by a conductometric
method from the concentration. In this connection, it
would be interesting to study the influence of pH solution
on its viscosity in order to determine the presence of the
isoelectric condition (IEC) of polyelectrolyte at which it
remains in the polyamphion state.

Since the PS molecule contains more carboxylic groups
that are capable of dissociation, polyelectrolyte is a stronger
acid than base, and its IEC must be less than 7.

We determined IES of PS in the acetate buffer
solution with pH within 3.2 to 6.2 by using viscometric
method. In IEC polyelectrolyte molecules are usually
coiled and less hydrated, therefore relative viscosity in
IES is usually at its minimum.

If polyelectrolytes are used as enterosorbents for
adsorption of ions of heavy metal salts, it is necessary
to consider IEC and pH of the solution. In IEC condition
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the features of polymer change: swelling, solubility,
electric conductivity, solutions viscosity, etc. usually
decrease. It must be noted during the development of the
technological schemes for practical use of polymers.

To determine IES, we prepared 1% water solution of

PS and solutions of acetate buffer with different value of
pH. To 10 ml of buffer solution we added with 5 ml of
PS solution, mixed and measured the time of flow out of
equal volume of liquid on viscometer. The result could to
be seen in table 4.

Table 4 — Dependence of the PS solution flow out time from pH environment

No pH t, sec H
1 27.82
2 32 62.46 2.46
3 3.7 69.33 2.49
4 4.2 61.87 222
5 4.7 51.14 1.84
6 52 54.33 1.95
7 5.7 56.98 2.05

Graphic dependence of n_, from pH (figure 6) showed that PS macromolecule remains in IEC at ph = 4.7.

| \\/’P‘_A

3,7

4,2 4,7 5,2 5,7
pH

Figure 6 — Dependence of the relative viscosity of 1% PS solution from pH
environment

Consequently, due to a small volume of a macromol-
ecule coil, there will be less difficulty for the liquid flow
out, which leads to a minimum relative viscosity. Solution
viscosity rises with the increase as well as the decrease
of pH, because macromolecules uncoil, and their volume
rises. As it is seen in the figure, that at low value of pH =
3.2, molecular coil firms up again due to suppression of
ionization of positively alike charged ionogenic groups;
and viscosity declines again.

Value of IES polyelectrolyte allows influencing
such processes as swelling, gelling, Donnan membrane
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equilibrium, and etc, that creates conditions for the
right choice of one or another technological process or
influences the velocity of a physiological process.

Conclusion. In the result of the studies using
viscometer method, we have determined a molar weight
of PS equal to 45272 g/mol. Huggins constant (1.46)
which is connected to a low solubility of PS in water has
been determined. We have established that PS, isolated
from the solvent cake of Tagetes patula, are surface
active. We have shown that PS macromolecule is in the
state of polyamphion at pH =4.7.
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