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Binsinue MoJIeKYJISIPHOIl MACChl HA KHHETHKY () OpMUPOBAHNS
HAHOCJIOEB NPH aCOPOIMU U3 CMECH HEeINOJAPHBIX MOJIMMEPOB

B.H. Yopnas, I' 4. Menofcepec,|73T. Tooocuiiuyk |

HNHCTUTYT XMMHUM BRICOKOMOJEKYJIApHBIX coennHennii HAH Ykpannbl

48, XapbkoBckoe mocce, Kues, 02160, Ykpauna

Memooom UK-cnexmpockonuu uzyuena KuHemuxa aocopoyuu u3 pacmeopos cmeceil noiumepos npu
UBMEHEHUU MONEKYISAPHOU MACCHL OOHO20 U3 NOTUMEPHBIX KOMNOHeHmo8. [lokazano, umo ¢ yeéenudeHuem
ONIUHbL NOTUMEPHOU Yenu GelUdUHbl A0CopoyUU, IHEpeUuU a0COPOYUOHHO20 63AUMOOelCMEUs U
meniomol a0COPOYUU YMEHBUUAIOMCS, YMO CEUOeMENbCMEYem 00 YXYOUuleHUU CPOOCMEA MAKPOMONEKYIL
K NOBEPXHOCMU A0COPOEHMA ¢ pOCMoM MOAeKyIspHot maccol. Ha UK-cnekmpax, 6 o6racmu eanenmmblx
Konebanull 2uOPOKCUIbHBIX ePYynn adcopOenma (a3pocuna), 3apecucmpuposano adcopoyuoHHoe
83aumooetlicmaue KaxNco020 KOMHOHEHMA CMeCU, UHMEHCUBHOCMb KOMOpo2o oclabesaem ¢

yeeaudenuem MO/ZEK)/JZ}ZPHOIZ Maccol.

KiroueBble cjI0Ba: KHHETHKA aZ[COp6HI/II/I, pacTBOPLL cMecei MOJINMMEPOB, MOJICKYJIsIpHasA Macca, a,HCOp6HI/IOHHI)Ie

HAHOCJIOH.

Beenenue.

IIpu momy4eHun KOMITO3UI[MOHHBIX MaTe€pHalioB Ha
OCHOBE CMecel MOoNUMepoB OO0IbIIOe 3HAYEHHE UMEET
(hopMHpOBaHHE TTOBEPXHOCTHBIX CIIOEB Ha IPaHMIIE pa3-
Jie1a ¢ TBepABIM TEJIOM, KaK CIEACTBHE aICOPOLIUU Ha MEX-
(a3HOH rpaHuIe, IPU STOM IIOBEPXHOCTHBIE CIIOH 00pa-
3yIOTCSl 000MMH OJTMMEPHBIMH KOMITOHEHTAMH M UX CBOM-
CTBa CyILIECTBEHHO 3aBHCAT OT MOJIEKYISIPHOM Macchl. 3a-
BUCHUMOCTb KOJIMUECTBA aACOPOUPOBAHHOIO [IONIUMEPA OT
€ro MOJICKYJIIPHOII MacChl OYEHb Ba)KHA, TAK KaK Ha OCHO-
BaHUM 3THX JJAHHBIX MOXKHO JIETIaTh IPETIONI0KEHHE O CTPO-
€HHMHU a/ICOPOLIMOHHOTO CJIOSI, YNCIIE aKTHBHBIX IIEHTPOB
a/IcOpOLIMY ¥ SHEPTUH CBSI3U Ha OJHY MoJekyny [1]. He-
00X0IUMOCTb TAKUX HCCIEA0BAHUI 3aKII04AETCA eIle U B
TOM, 4TO TOJIIIUHA 00Pa3yIOMUXCA aACOPOLUOHHBIX CIIO-
€B ONpeJeNsAeTCs] B 3HAUUTENIEHOM Mepe MOJIEKYIspHOi
Maccoii uccieayeMbIX HOJIMMEpOB [2, 3] 1 B OONbIINHCTBE
CITyyaeB MPEANOYTHTENbHAS a1COPOLIUS OTHOTO U3 KOM-
HOHEHTOB CMecH, 001aaroIero 00IbIINM CPOJCTBOM K
MOBEPXHOCTH aJICOPOCHTA, 3aBUCUT OT MOJICKYJISPHOM
MAacchl APYToro, 4To MPUBOIUT K CTPYKTYPHOI HEOAHO-
POIHOCTH C(OPMHUPOBAHHBIX a/ICOPOIIMOHHBIX HAHOCIIO-
eB. OTcroz1a CleqyeT, 4TO OLIEHKA BIUSHUS MOJICKYIISIPHOM
MacChl OIHOTO U3 KOMIIOHEHTOB TPOHHON CUCTEMBI ITOJTH-
Mmep 1 — noauMep 2 — pacTBOPHUTENb HA aJICOPOIIMOHHYIO
AKTUBHOCTb JPyTOTr0 KOMIIOHEHTA MPECTaBIsAET 3HAUU-
TeNbHBII HHTEpEC, MOCKOIbKY BOSHUKAET BO3MOXHOCTh
U3y4YeHUs] MeXaHu3Ma (HOpMHUPOBaHUs aJCOPOLMOHHBIX
HAHOCJIOEB B ClIyyae cMecell MOIMMEpPOB.
IJKCHepUMEHTATBHAS YACTh.

OObekTaMu ucclieoBaHUsl ObUIM OWHApHBIE pacT-
BOpHI 11Hc-1,4 nmonnbyraaueHosoro kayuyka (I1B) tpex

MOJEKYTAPHBIX Macc (M, ), papHbix 3 000; 50 000 1 130 000
(mapameTp TepMoaMHaMUYeCKOH rubkoctu g, = 1,7),
a Taxoke pactBopbl cmeceit [1b ¢ momuctuponom (I1C)
M_ =220 000, g,.=2,4. Uccneayembie MOTMMEDEI SIBJIsI-
F0TCS1 HETMOISIPHBIMHU, THOKOLIETTHBIMH ¥ HE3HAYUTEIEHO OT-
JMYAIOTCSl MEXAY COOOH 3HaYSHUEM IapaMeTpa TepMo-
JIMHAMUYECKOH THOKOCTH.

B kagecTBe pacTBOpUTEIS HCIIOIB30BAJIH YETHIPEXXJI0-
pucteii yrnepon (CCl,), kak ancopOeHT — aspocHil, KOTo-
PBIii Tepet TPOBeICHUEM a/ICOPOIIOHHBIX UCCIIEI0BaHUI
NpOKaJIMBaIK B My henbHO neun nipu Temmneparype 600 °C
JUIS yianeHnst (pU3MYeCKH CBI3aHHON BOJIBL.

3HaYeHUs KPUTHIECKUX KOHIICHTPALIUH JJIsl ucciemye-

MBIX TIOTMMEPHBIX KOMITOHEHTOB C* e = 0,9 /100 m;

C 1530003 /100 M C" 01000 = 2,2 /100 MIT; €50 000)
=0,6 /100 mu1 ObLTH OTIpEIENIeHB] HAMH U IIPEJICTaBIICHEI B
pabore [4].

HWccnenosanu Gunapubie pasbasiennsie (C < C) pact-
BOpHI, koHIeHTpanus [16 —0,075; 0,3 u 0,6 /100 M, pa-
CTBOpPHI CMeCeil MOMMEPOB C TaKOH ke KOHLEHTpaluei
Kaxioro noaumepa npu coorsomrenuu [1b:IIC=1:1.

Kuneruky apcopOrmu n3ydanu npu remmneparype 25 °C
TIPH COOTHOILICHHH aJICOPOEHT:pacTBOp, paBHOM 10 Mr/mi1.

Bennunny ancopOuuu (A, 1/r) i1st KaKA0To U3 I0JIU-
MepOB B OMHApHBIX ¥ TPOIHBIX paCTBOPAX PACCUNUTHIBAIIH
M0 M3MEHEHHIO KOHLEHTPAIUH Mocie afcopOuu ¢ mno-
mortwio MK-cniekrpockonuu. Konnentparmro I1b onpese-
JISUTH 110 TIOJIOCE BaJIeHTHBIX Kojebanuii —CH=CH- rpymnmn,
pacronoxeHHbIX B obnactu 3009 cm™! (puc. 1), KOHIIEHT-
paruto TIC — mo monoce AepOpMaMOHHBIX KOJICOaHMi
3aMEUICHHOTO apOMaTH4YeCKOro Koiblia mpu 697 cm’!
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Puc. 1. ®parmentsr UK-cniekTpoB reneit aspocuia
nocite agcop6ruu I16 mMonekymspusix Mace: 3-10° (1);
50-10°(2) m 130-10° (3) 3 GUHAPHBIX PACTBOPOB B 00JIACTH
BaJIeHTHBIX KoneOarmit SiIOH - rpymm

(BanenTHsIe Konebanmss —CH=CH- rpynn B I1b pacmomno-
JKeHbI B 00mactu pospagHoctu [1C u Haobopor).

Amnanornaso paboram [5, 6] B HacTosmei pabote OpuH
OTIpe/ieTICHBI OCHOBHBIE a/ICOPOIIMOHHBIE TapaMeTpsL: O,
k/[>k/MoITB (3HEpTHs aACOPOIMOHHOTO B3aUMOICHCTBHS);
p (oIS CBA3aHHBIX CerMEeHTOB); O-p (TEIIoTa aICOpOINH),
6 (crerieHs 3aMOTHEHHS TIOBEPXHOCTH).

UK-cnektpsl peructpuposanu Ha MK-cnexktpomerpe
“Tenzop-37” ¢ dyppe-npeodpazoBarmeM Gupmsl “Bruker
Optik” (I'epmanmst). [TorpemHOCTs M3MEPEHUS OMpee-
JSIEMBIX BETIMYHH COCTABIIsLIA He Oosee + 5 %.
JKCnepuMeHTAIBHAS YaCTh.

Bunapnuwie pacmeopel.

ITpencraBneHHbIE IKCIIEPUMEHTAIBHBIE PE3YIIBTATHI
SIBIISTIOTCSI ITPOJIOJDKEHUEM PabO0T MO M3Y4IEHHIO KHHETHKA
aJcopOIINH U3 CMECH THOKHX HETIOSIPHBIX TOJTUMEPOB [ 7]
C Yy9eTOM BIIMSTHHUSA MOJIEKYIIIPHOI MacChl OAHOTO M3 MO-
JIMMEPHBIX KOMITOHCHTOB.

N3BecTHO, 4TO THOKNE HEMOMAPHBIE MAKPOMOJIEKYITHI
IIPY acOpOIMU HA TBEPAON MOBEPXHOCTH UCTIBITHIBAIOT
CUIbHBIC KOH(OpPMAIMOHHBIC IIpEeBpanieHus, oopasys
a/ICOPOLIMOHHBIE CJION C OTHOCUTENFHO KOPOTKUMH y9acT-
KaMH OJIMMEPHOM LN, HEMTOCPECTBEHHO B3aUMOJEH-
CTBYIOIIMIMH C TIOBEPXHOCTHIO, M 3HAYUTEILHBIMH y4acT-
KaMH, HallpaBJICHHBIMHU B 00beM pacTBopa [8].

B tab6mn. | mpencraBiieHB pacCYNTaHHBIC HAMHU 3HAYE-
HUSI JOJTH CBA3aHHBIX cerMenToB a7 [1b, KoTopbie xapak-
TEPU3YIOT CTPYKTYPY aICOPOIIMOHHOTO CIIOS M COTTIacy-
FOTCSI C OMMCAHHBIMH BBIIIEC OOIMMH MTPEICTABICHUSIMH.

W3 mannbx Tabm. 1 crexyert, 4to koH(pOpMaysI MaKpoMo-
JIEKyJIBl Ha TOBEPXHOCTH aJCOPOEHTA 3aBUCHT OT JAJTHHBI
TOJINMEPHOM LENH, T.€. OT MOJIEKYJIIPHON MaccChl.

C yBenmueHneM MOIIeKyISIpHOi Macchl 116 ancio koH-
TaKTOB MOJIMMEP—TIOBEPXHOCTh YMEHBIIIAETCSI, B a7ICOPO-
IIMOHHOM CJIO€ HAYMHAIOT IPe00I1a1aTh MaKpOMOJICKYIIBI
¢ 6onpImIMMU (hparMeHTaMH TIeTENTh M XBOCTOB, HAIIPaB-
JICHHBIMH B 00BeM pacTBopa. Takoi MexaHH3M aacopo-
nuoHHoro B3aumoaerctsud I1b B 3aBucuMocTH OT MoJIe-
KyJSIPHOH MacChl TOATBEPKAAIOT MOy YEHHBIE JAHHBIC [0
SHEPTHH aICOPOIIMOHHOTO B3aNMOAEIHCTBYS , TEIUIOTE aJ-
copOIMH 1 CTENCHH 3all0IHEHHS ToBepxHocTH. M3 pen-
CTaBJICHHBIX B Ta0J. 1 TaHHBIX BUAHO, YTO C POCTOM JUTHHBI
LIETTN 3HaYEHNS YKa3aHHBIX TAPaMETPOB YMEHBIAIOTCS KaK
CJIEICTBUE YMEHBILIEHUS CpoacTBa Makpomonekyi I1b k
TIOBEPXHOCTH aicopOeHTa. B mporiecce ycranoBnenus aj-
COpOIIMOHHOTO PaBHOBECHSI YMCIIO KOHTAKTOB ITOJIUMEP—
TTOBEPXHOCTD ITPH BCEX 3HAYCHUSIX MOJICKYIIIPHONH MacChl
yMmeHbImaercs (Tadim. 1).

C yMeHbBIICHHEM MOJEKYISIPHOW MacChl BETHYHHA
aIcopOIIMy TS BceX UCCIelyeMbIX KoHteHTparuii [16 pac-
TET, YTO OOBACHACTCS TOCTYITHOCTHIO OOJIBIIICH YaCTH I10-
BEPXHOCTH a/IcOPOCHTA /TSI TOJTMMEPHBIX KITyOKOB MEHbB-
mero pasmepa (puc. 2). Hebonpnmme MakpOMOIIEKYIIBL,
CO3/1aBast MEHBIIIE CTEPHYECKUX MPETIATCTBU [9], SKpaHu-
PYIOT aKTUBHBIE [IEHTPHI aICOPOCHTA B MEHBIIIEH CTETICHH
1 aicopOnpyIOTCsl THTCHCHUBHEE.

B o163y Takoro 00bACHEHNUS CBUIETETICTBYIOT U ITPEI-
craBieHHbIe PpparmenTsl MK-criekTpoB reneit aspocnna
mocie aacopounu 16 Tpex MonekyspHbIx Macc (puc. 1).
Kax BumHo u3 prucyHka, B o6macti 3400-3600 cm™! B criek-
Tpax MOABISIETCS TI0JIOCA, KOTOPask OTHOCUTCS K CBSI3aH-
HeIM SiIOH-Tpymmam, Kak pe3yasrar acopOIIOHHOTO B3a-
MMOJICHCTBUS MEXIy CBOOOIHBIMH THAPOKCHIbHBIMH
TpyIIaMu aficopOeHTa U TFé ABOWHOU CBSI3U B MAKpOMO-
nexyne [16 [10]. C pocToM MOJEKyYISIPHOI MacCHI 3Ta I10-
J0ca CMeIaeTcs B 00,1acTh OOJBIINX BOTHOBBIX YHCEN, B
gactHOCTH, U1t [16 ¢ MonexymsipHoit maccoit 3 000 oHa
cootBercTByeT 3476 cm™!, must [1B ¢ MoJIEKyIIpHO# Mac-
coit 50 0003495 cm!, a st [16 ¢ MoneKyISIpHO# Maccoi
130 000-3513 cm!. Takoe cMEIIEHHE MTOJIOCHI B BEICOKO-
YaCTOTHYIO O0JIaCTh CBSI3aHO C YMEHBIICHHEM SHEPTHH
a/IcCOpOIIMOHHOTO B3aMMOJIEHCTBUS M, COOTBETCTBEHHO,
TerIoTH aacopommu (Tadn. 1). Kpome cmemenus moso-
CBI, XapaKTepH3YIOIIeH aIcOpOIIMOHHOE B3aUMO/ICHCTBHE,
HaOITIoIaeTcs! ¥ CYIIECTBEHHOE YMEHBIIICHNE OTHOCUTEIh-
HOM MHTCHCHBHOCTH TOJIOCH B MakcuMyMe (3455 cm!) u

Tabmuma 1. I3MeHeHne BO BpeMeHH 3HaYCHUS SHEPTHH aICOPOIIOHHOTO B3anMoaecTBus (O, k>x/Mons), nonu
CBSI3aHHBIX CETMEHTOB (p), TETUIOTHI agcoporn(Q-p, KJ[K/MOITh), CTETIEHH 3aITOHEHHUSI TOBEPXHOCTH ( 6), oy ueHHBIe
nipu agcopOiuu [16 Tpex MONeKyISIpHBIX Macc U3 OMHAPHBIX PACTBOPOB

Bpews, 0 )4 O-p 6
MUH. M.M3. M.M.3 M.M.3 M.M3. M.M.3 M.M.3 M.Mé M.M.3 M.M.3 M.MéJ M.M.3 M.M.3
3-10° | 50-10° | 130-10° | 3-10° | 50-10° | 130-10° | 3-10° | 50-10° | 130-10° | 3-10° | 50-10° | 130-10
10 227 | 215 20,5 | 045 | 035 025 |1022] 753 500 | 085 ] 0,70 0,60
600 | 223 | 21,0 20,0 | 040 | 030 020 | 892 | 630 386 | 090 | 085 0,75




BrmsiHre MONEKyISIpHOM Macchl Ha KHHETHKY ()OPMHUPOBAHMSI HAHOCIIOEB MPH afCOPOINH M3 CMECH HETIONAPHBIX...
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Puc. 2. Kunetnueckue 3aBUCUMOCTH aicopOumu u3 dunapubix pactsopos I15-CCl, mpu MoneKkyIapHbIX Maccax:
3-10%(1); 50-10° (2) m 130-10° (3) u kounerTparmsx: 0,075 (a); 0,300 (6) u 0,600 /100 M ()

MHTETPaJbHOW HHTEHCHBHOCTH, UTO CBSI3aHO C YMEHBIIIE-
HHUEM aJICOpPOIMK C POCTOM MOJIEKYyJIsipHOH Macchl [1b
(puc. 2).

[pwn ananu3e JaHHPBIX 10 KHHETUKE a7cOpOIMH CIIeTy-
€T UIMETH B BUJLY, YTO CKOPOCTB a/ICOPOIIMH ONIpEaeIseTCs
nddysuert MaKpoMOJIeKyJT K TOBEPXHOCTH aJIcOpOeHTa.
[TosTOMY 3aKOHOMEPHBIM SIBJISIETCS TO, YTO ITPU HAUMEHbB-
e kontenTparwmu (0,075 /100 MiT) 1 MUHEMAaJIBHOM 3Ha-
YEHUU MOJIEKYJIIPHOH MacChl a1cOpPOLIMOHHOE paBHOBE-
cHe ycTaHaBlMBaeTcs ObicTpee Beero (puc. la). B pactso-
pax Takux koHenTparmii (C << C*) mpoecchl KiiacTepo-
00pazoBaHus MPAKTUYECKU OTCYTCTBYIOT B OTJIMYHE OT
koHneHTpaiuii C 2 C', M03TOMY U30JHPOBaHHBIE MaKPO-
MOJIEKYJIBI OBICTpEE JOCTUTAIOT IIOBEPXHOCTH a1cOpOCHTA
[11]. OnHaxo B paBHOBECHOM COCTOSIHUM MaKCUMaJIbHBIE
BEJINYMHBI a[ICOPOIMN HAOIIOAAIOTCS MTPU HAaUOOJbILEH
koHnentpanuu (0,6 r/100 mi). [Ipu atom hopmupyrorcs
a/ICOPOLIMOHHBIE CIIOH Pa3IMYHOI MOP(OIOTrUH: OT U30-
JUPOBAHHBIX MaKpOMOJIEKYJl Pa3HOH KOH(OpMaLuu 10
KJIaCTEPOB C PA3JIMYHON CTENICHBIO CBS3BIBAHUS C TIOBEPX-
HocThIO [12].

[ony4eHHble 3HAYEHUS CTENIEHN NOKPBITHS ITOBEPX-
HocTH (6) IpH Bcex 3HAUCHUSIX MOJIEKYIApHbIX Macc 1B
CBHJIETEIILCTBYIOT O TOM, YTO IPAKTUYECKH MOJTHOE HACHI-
IIEHHE TTOBEPXHOCTH ITPOUCXOTUT B IIEPBBIE MUHYTHI KOH-
TaKTa pacTBOpa moymmepa ¢ afacopoentom (tadm. 1). [Ipo-
[[eCChl PEOpraHU3aluy aJACOPOLMOHHOIO CJI0s C LEJIb0
JIOCTIDKEHHS PABHOBECHBIX CTPYKTYP HPOMCXOIAT ITPH YK
TIOJTHOCTBIO ITOKPBITOM MOBEPXHOCTH a/IcCOpOeHTa. ITO JaeT
BO3MO)KHOCTb PaCCUUTATh TOJIIUHY CJI0sI IPH JFOO0H KOH-
LEHTpPAaIMK PACTBOPA [0 3HAUSHUSIM aJICOPOIIMH U YIIeITb-
HOM TIOBEPXHOCTH a7IcOpOEHTA.

[pu ancopOuy 13 GMHAPHBIX PaCTBOPOB TOJIIIMHA

aJICOpOIMOHHKIX CI0EB OBLTa pacCYNTaHa 10 yPAaBHEHHIO
[13]:

0=A/p-S .,
rae: O— TOINIMHA a[ICOPOLIMOHHOTO CIIOS, HM; O — IUIOT-
HOCTh MOJMMEpPa B aJCOPOIIMOHHOM clioe, T/cM?; Sa "
yaesbHas IOBEPXHOCTh a/IcCOpOeHTa, cCM*/T; A — Benu4InHa
aacopOIuH, T/T.

3HaYeHN TOIINH aICOPOIIMOHHBIX CJIOEB IIPH a/ICOPO-
UK 13 OMHAPHBIX PACTBOPOB TPEX MOJIEKYIIIPHBIX MACC
[Ib npencrasnens! B Tabn. 3. V3 TabnAIBI BUTHO, YTO C
pocTtoM MonekysipHO# Maccs [1b TomuHs! agcopOITu-
OHHBIX CIIOEB yMeHbIIatoTCs. [Ipn ycTaHOBUBIIEMCS a1
COpOIIMOHHOM PaBHOBECHH TOJIIWHBI aJICOPOIIMOHHBIX
CJIOEB MPEBBIMIAIOT pa3Mep MaKPOMOJIEKYIIPHBIX KITyO-
koB I1b (5—15 HM) 1 cOMTOCTaBUMEI C pa3MepaMu KiacTe-
poB (20—100 uM), T.e. Ipu agcopOIIH POPMUPYIOTCS Ha-
HOpa3MEpHbIE aCOPOLMOHHBIC CIIOM.

Tpoiinvie pacmeopol.

®opmupoBaHUE aICOPONMOHHBIX CIOEB, 0COOCHHO
IpH aIcopOINH U3 PaCTBOPOB CMECEH MOJUMEPOB, MPO-
TEKaeT B HEPABHOBECHBIX YCIOBUSX [ 12]. DTO mo3BoIsieT
paccMaTtpuBaTh 00pa3oBaHHE aACOPOIMOHHBIX CIIOEB KakK
TIpoIIecC CaMOOPTaHM3AINH CMETIIAHHBIX HaHOCTo0eB [13],
YTO TO/Ipa3yMeBaET CIIOHTAHHOE 00pa30BaHNE U Pa3BU-
THE CIIOKHBIX YIOPSJOYCHHBIX CTPYKTYpP B HEPaBHOBEC-
HBIX cucTeMax [ 14].

J1s1 TpOMHBIX PaCTBOPOB CyMMapHasi TOJIIIFHA afcopo-
IIMOHHOTO CJI05, COPMHUPOBAHHOTO 0OOMMH MTOTNMEpa-
MH, ObLITa paccYnTaHa Mo ypaBHeHuto [13]:

5mix - (AA/pA + AB/pB)/Sads’
rae: 5mix — TOJNIIMHA aICOPOIIMOHHOTO CIIos, chopMupo-
BaHHOTO OOOMMH MOJIMMEPAMH; O, — TUIOTHOCTH MOJIHME-
poB; S, — yIenbHas MOBEPXHOCTE afcopbenta; 4, m A, —

Tabnuua 2. MI3MeHeHne BO BpeMEeHN 3HaUCHUH SHEPTUH a/IcOPOIIMOHHOTO B3anmMoercTust (O, kk/Moinb), nomu
CBSI3aHHBIX CETMEHTOB (p), TEIIOTHI aacopouun (Q-p, kK>k/M0JIb), CTENIEHN 3aII0JTHEHUS TIOBEPXHOCTH U3 PACTBOPOB

cMeceit monumepos (6)

0 p O p 6

I1C I1b [IC+ I1C I1b I1C I1b [IC+ I1C I1b [1C+

o [1b M. M. M. M. [1b 16
S MM MM MM MM gy MM MM [ UMM MM MM, MM MM MM g (MUM. MM MM MM g

8 E[3:-10750-10°3-10%50- 10 10° 3-10750-10 3[3-10750-10 3[3-10°50-1013-10750- 107, 5 [3-10750-103-10°50-107; 3

mn S 10 -10 10 10
10 |15,8]15,5 21,0 20,0]15,2(0,50 0,45 ]0,4]0,30 0,20 ]0,15]7,90] 6,98 16,30] 4,0 [6,08{0,40] 0,50 0,40} 0,30 0,80
600 ]15,3] 15,0 ]20,5] 19,3 114,910,451 0,37 0,3 0,25] 0,15 ]0,10]6,89] 4,50 |5,12] 2,9 ]5,01]0,45] 0,57 0,36] 0,25 [0,85
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Tabnuna 3. M3MeHeHne BO BPEMEHH TOJIIMHBI aJCOPOLMOHHBIX CiI0oeB (d, HM), 00pa30BaHHBIX U3 OMHAPHBIX
(TIC+CCl,) u Tpoiinbix pacteopos (IIC+I15+CCl,) npu pasHbix MoseKynapHbIx Maccax I1b (koHIEHTpalus TOTMMEPOB
0,6 /100 M)

bunapHbie pacTBOpHI TpoiiHbie pacTBOPHI
Bpewms,

MH. (%313 , s X (%313 , Onmix 5 Onmix X Onmix ,
M.M. 3-10 m.M. 50-10 M.M. 130-10 M.M. 3-10 m.M. 50-10 m.M. 13010

5 27 20 19 47 32 23

10 30 22 20 50 33 25

20 32 25 21 51 34 27

30 35 28 22 53 40 35

60 38 30 22 55 43 40

120 40 35 24 57 46 46

180 43 36 24 60 50 46

240* 45 38 24 60 50 46

*B ﬂaﬂbHeﬁHleM TOJIIIXHA aI[COp6HI/IOHHOFO CJIOA IMTPAKTUYCCKU HE MCHACTCA.

BEJIMYMHA a/ICOPOLIMHM KOMIIOHEHTOB A U B COOTBETCTBEH-  CMENIAHHBIE HAHOCIOU UMEIOT GONBIIYIO TOIIMHY, YEM
HO (Tabm. 3). NpH a7copOIMK 13 OMHAPHBIX PACTBOPOB: MX TOJIIIMHA Ha-

OnHoBpeMeHHas afcopOumsa 000MX TEPMOAMHAMH-  XOAUTCS B Ipeaeiax 23—60 HM U 3aBUCUT OT MOJIEKYJISIp-
9eCKH HecOBMECTHMBIX monumepoB IIb u IIC u3 cMe-  noii macce [16. B 3aBUCHMOCTH OT MONIEKYIISIPHON MACCHI
cu (puc. 3—5) IPUBOAUT K TOMY, 9TO O00pa3ylOIHecs MEHAIOTCA pa3Mephl Ilenel, HX caMOOpraHM3alus K

0,08+ 6
1 0,07 -
0,07 0,06 1
0,06 - 0,05 | .
= =
= i ~ 4
el 0,05_ 0,04‘ 5
0,04 - 0,03 ~ 3
0,03 1 0021
: 0,01
0,02 — - — — —
0 2 4 44 6 8 10 0 2 4 446 8 10

Puc. 3. Kunetnueckue 3aBUCHMOCTH aJicopOuu U3 TpoiHbIX pacTBopoB [IC-T15-CCl, (cooTHOIEHHE KOMITOHEHTOB
1:1, koHrieHTpanus kaxaoro kommonenta 0,075 /100 mir) mpu MonekysapHbIX Maccax: 3-10° (7); 50-10° (2) u 130-10° (3).
I1C (@) n 116 (6)

0,12 a ] 0.127 6
0,11 7 2 0,10
L)

0,10 £ o]
= 0,10 7 = i
£ 0107 . 3 50081 1
A i

0,09 T - "

| 0,06 2

] . 3

0,08 : —
- 0,04

0,07 — — . —
0 2 4 4q 6 8 10 0 2 4 4 6 8 10
Puc. 4. Kunetnueckue 3aBUCHMOCTH a/icopOuun 13 TpoHBIX pacTBopoB [IC-TT15-CCl, (cooTHOIIEHNE KOMITOHEHTOB
1:1, koHTIEHTparHs Kaxxoro kommonenTa 0,3 /100 M) mpu MoneKymsipHbIX Maccax: 3-10° (1); 50-10° (2) m 130-10° (3). TIC
(@) uTIb (6)
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Puc. 5. Kunetneckune 3aBUCMMOCTH a1cOpO1uy 13 TpokHEIX pacTeopos [IC-TTB-CCl, (cooTHOIEHNE KOMITOHEHTOB
1:1, KoHTIeHTpaITHs Kaxaoro komrorerTa 0,6 1/100 i) pu MoneKyIsipHbIx Maccax: 3-10° (1); 50-10° (2) m 130-10° (3). TIC

(a)n 1B (0)

CTETICHB CBS3BIBAHMS C IIOBEPXHOCTEIO (Tab. 2). CooTBeT-
CTBEHHO MEHSETCS KaK CTPYKTypa aZicOpOIIOHHOTO CII0S,
TaK 1 €ro TOJIIMHA. M3 IpeicTaBIeHHBIX B Ta0MI. 3 JTaHHBIX
CJIEZIyET, UTO C pOCTOM MOJIEKYJIsipHOH Macchl I1b Tommum-
Ha CMETIaHHBIX HAHOCIIOEB YMEHBIIIASTCS, YTO HAIPSIMYTO
CBSI3aHO C BEJIMYNHOH a/ICOPOIHH.

[Ipn ananmse pe3ynpTaToB aACOPONNH U3 CMECH Clle-
JIyeT UMETh B BUIY, YTO IPUCYTCTBHE B PACTBOPE CMECH
MTOJIMMEPOB BTOPOTO KOMITOHEHTA CYIIECTBEHHBIM 00pa-
30M BIIHSCT KaK Ha aJICOPOIMOHHYIO aKTHBHOCTB TIEPBOTO
KOMITOHEHTA, TaK ¥ Ha KOH()OPMAIIHIO aicOPOUPOBAHHBIX
MAaKpOMOJIEKYJI. YBETUUEHHE MOJIEKYJIIPHOM MaccChl Of-
HOTO 13 monuMepHbIX koMmmoneHToB (I16) ycunmmsaer cre-
pHYECKHE MPENSTCTBHS, MPUBOISIINE K SKPAHUPOBAHUIO
AKTUBHBIX IEHTPOB a/IcCOpPOCHTA. DTUM W OOBACHICTCS
MEHBIIIAsi CKOPOCTB a/ICOPOLMH M MEHBIIIE BETMYMHBI a/1-
copbunu I1b u3 cmecu (puc. 3—5), IO CpaBHEHHIO C €TO
OMHApHBIMHU pacTBOpaMu (puc. 2a—).

W3 mosmy4eHHBIX a/ICOPOIMOHHBIX JAHHBIX CIEIYET, YTO
MIPEUMYIIECTBEHHO aICOPOUPYIOMINMCS KOMIOHEHTOM
JUISL TAaHHOW CHICTEMBI SIBIISETCS OJIMCTUPOIL. DTO HaOIIIO-
JaeTcs Kak IPH BCEX KOHIIEHTPANUsIX, TaK U ITPU TPEX 3Ha-
yeHusX MoJieKysipHoi Macenl [1B. B mpouecce yctanoB-
JeHUS aJICOPOIIMOHHOTO PAaBHOBECHUS IIPH N3YyUEHUH KH-
Hetuky ancopobumnm n3 cmecu I[1b-T11C-CCl,-aspocnin npo-
HCXOAUT HENPEPHIBHOC M3MEHEHHE KOH(OpManui
aZcopOMPOBAaHHBIX MaKpOMOJIEKYH (Tabi. 2), KoTopoe
00ecTeunBaeT MOCTENIEHHOE CBSI3bIBAHIE C TOBEPXHOCTHIO
KOMITOHEHTA, aAcOpPONPYIOMIErocs B OOBIIEH CTEICHH —
I1C.

[IpenmymectBennyto ancopommro I1C u3 mccnemye-
Mo# Hamu cMmecH ¢ I1b, kpome npencTaBIeHHbIX KHHETH-
YEeCKHX 3aBUCUMOCTEH (prc. 3—5), MOXKHO TaK)Ke OICHUTh
3 aHanmu3a UK-ciekTpoB B 061acTr BaJICHTHEIX KoJie0Oa-
Hu#t SiOH-rpynm aspocuita ¢ ancopOupOBaHHBIMH ITOJIH-
Mmepamu (3600-3400 cm) (prc. 6). Mt emecu [TB-TIC mpu
3HaYeHUAX MoJekynsiproit maccel 116 3 000 u 50 000
(puc. 6, cexTps /, 2) OBLIO 3apETHCTPHPOBAHO AACOPO-
LIMOHHOE B3aMO/ICHICTBUE KaXK10T0 MOJIMMEPA, UTO KpaiHe

BaXXHO JUISI OIPEICIEHUS CTPYKTYPBI aICOPOIIIOHHOTO
Ha”ocos. Takux paboT, B KOTOPBIX OBLIH OBI IIPEICTaBIIe-
HBI JJAaHHBIE 110 a/ICOPOIMH Ka)KI0TO KOMIIOHEHTA U3 UX
cMecH, B JIHTepaTrype o4eHb maio [15, 16]. 13 ananmsa
TIPe/ICTaBNICHHBIX Ha pHc. 6 IK-crieKTpoB BHIHO, ITO Moioca
mpu 3588 cm™! cooTBEeTCTBYET aCOPOIIMOHHOMY B3aUMO-
neiicruto [1C ¢ ak THBHBIME IICHTpaMH afiIcOpOeHTa, B TO
BpeMs Kak aiis [1b B cmecu xapakTepucTuyeckas nojaoca
3455 em. O npenmymectBenHo# agcopouuu [1C u3 cme-
CH CBHZICTENILCTBYET KaK OTHOCHTEIIBHASI, TAK M HHTETPAIIb-
Hasi ”HTEHCUBHOCTB IOJIOCHI (pHC. 6).

C pocrom mosexynsiproi Maccesl 16 (50 000) momoca,
XapaxTepu3ylomas afcopOrronaoe B3anmoeiictaue [1b,
HE3HAYUTEIbHO CMEIIACTCSl B HU3KOYaCTOTHYIO 001aCTh
3454 cm! (cniektp 2), ipH TaTbHEHIIIEM YBEITHUSHHH MO-
nexynspHoi Maccrl (130 000) monoca cirabo paspernieHa u
HaxXOIUTCS HA HU3KOYACTOTHOM Kpbuie moiockl SiOH-
TPy, CBSI3aHHBIX C TFe 3aMEIIEHHOTO apOMaTHIECKOTO
xoibiia [1C (cnextp 3), 910 HE MO3BONISIET pacCUUTaTh acopo-
[IMOHHBIE XapaKTEPUCTHKH JUTS KQKIOTO U3 IOJINMEPOB B
nx cMecH. [loaromy npn HanOOBIIIEM 3HAYEHUH MOJICKY-
nsproit maccer I16 (130 000) paccanTansl cyMMapHEIE

TTormomenue

3000 2800
Vv, cm!
Puc. 6. ®parmentsr UK-criekTpoB reneit aspocuia
riocite agcopOim u3 cmecu [16+I1C B 06macTr BaleHTHBIX
kone6anuit SIOH-rpymm [16 mpu MM: 3-10°% (7); 50-10° (2)

1130-10° (3)

3600 3400 3200
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3HauUCHHs SHEPTHU aJCOPOIIMOHHOTO B3aMMOJEHCTBUS,
TEIUIOTHI 3JICOPOLIUH U CTETICHH 3aII0JIHEHUSI ITOBEPXHOC-
TH, B TO BpeMsI KaK JUIsi MEHBILINX MOJIEKYIISIpHBIX Macc 15
(3 000 1 50 000) 3TH MapaMeTPbI OBLTU OMPECIICHBI IS
Ka)JIOT0 MOJIUMEPA B OTJICILHOCTH (Ta0I. 2).

Uccnenyemsie nonumeps! [1C u I1b HenonspHeI, xa-
PAKTEPU3YIOTCS OJTHUM MEXaHHU3MOM ajcopOnuu, o0yc-
JIOBJICHHBIM JIMCIIEPCHOHHBIM B3amMmoJeiicTBueM. He-
CMOTpSI Ha MpeuMyllecTBeHHYI0 ancopouuo I1C,
SHEPTrUs aJICOPOIIMOHHOTO B3aUMOJICHCTBHS, XapaKTepH-
3ylolasi MapHOe B3aMMOJICHCTBUE CETMEHTOB a/1cOpOu-
POBaHHBIX MOJIMMEPHBIX I[ENCH ¢ AKTUBHBIMH IIECHTPAMHU
aycop6enra juis [1b, Beime, uem st I[1C (Tabm. 2). Onaako
TeIIoTa aACcopOLNH, ONPEEISIOIIast aICOPOLIMOHHOE B3a-
MMOJICHCTBHE MaKPOMOJICKYITBI B IIeJIOM, OobIiie s [1C,
yem 1uist [1B, 9To 1 onpenenser npeuMyiecCTBEHHYTO aJl-
cop6uwuto I1C u3 cmecu.

U3 nuteparypHbIX JaHHBIX [17, 18] 1 BBINOTHEHHBIX
HaMU paHee uccnenoBanui [19-21] cnemyert, yto npeumy-
IIECTBEHHAs a/ICOPOLIUS OTHOTO U3 KOMITOHEHTOB 00bsIC-
HSIETCS HE TOJIBKO dHEPreTHUeCKUMH (akrtopamu (SHep-
THeH ¥ TeIUIOTOH aficopOIiK), HO ¥ 3aBUCUT OT THOKOCTH
(>xecTKOCTH) MONMUMEpPHBIX 1ereil. Hamu Ob110 nokasaHo,
YTO MPH OJJMHAKOBOM CPOJICTBE K aJICOPOEHTY Mpeoy-
TUTEIBHO aJIcOpONpyeTCs Ooliee KECTKOLETHOH KOMIIO-
HEHT, TIOCKOJIBKY €ro0 LIETH [TPHU aICOPOIIMHU TEPSIFOT MEHB-
III€ SHTPOIHH, YeM THOKOICITHBIC MaKpOMOJIeKybl. Crie-
JIOBaTeNbHO, TpenmyiecTBeHHast agcopouus [1C oobsc-
HSETCS €Ile W TeM, YTO OH SBIISETCS HECKONBKO Oolee
HKECTKOLETTHBIM KOMIOHEHTOM (g, = 2,4 > g, = 1,7).

HesnaunrensHOE yMEHBIICHHE YHEPTUH aICOPOIIHOH-
HOTO B3aMMOJCHCTBHUS U TEIUIOTH ancopouuu mis [1b u
I1C B cMecH cBA3aHO ¢ TeM, YTO aIcCOPOMPOBAHHBIEC MaK-
POMOIIEKYITBI 000HX TIOIMMEPOB, CYIS IT0 3HAYCHISIM JIOTN
CBSI3aHHBIX CETMEHTOB (TabI1. 2), HaxoasTcs B 0oJee cBep-
HYTBIX KOH(OPMAIHSIX IT0 CPAaBHEHUIO C OMHAPHBIMH pacT-
BOpaMH M, COOTBETCTBEHHO, IMEIOT MEHBIIIEE YHUCIIO KOH-
TaKTOB C aKTUBHBIMH [IEHTPaMH aJCcOpOEHTa. JTa 3aBUCH-
MOCTb YCHIIMBAETCSI C POCTOM MOJIEKYyIsipHON Macchl [1b.
Konhopmanus mommMepHo#t 1ienr Ha TOBEPXHOCTH 3aBH-
CHT OT CTEPHUYECKIX IPETISTCTBAI, KOTOPBIE BO3PACTAIOT C
POCTOM MOJIEKYIISIPHOI MacChl M IPUBOMAT K OCIIA0ICHUIO
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BruiuB MoJsIeKyJAApHOI Macu Ha ()OPMYBAHHS HAHOLIAPIB mpu axcopoumii i3
CyMillli HEeMOJIAPHUX MOJiIMepiB

B.M. Yopna, I' 5. Menoicepec,|T.T. Tooocitiuyx

IHCcTUTYT XiMiT BUCOKOMOIEKysipHUX crioyk HAH Yipainu
48, XapkiBchke mocce, Kuis, 02160, Ykpaina

Memoodom I9-cnexmpockonii susuena Kinemuka adcopoyii 3 po3uunie cymiuteli NoLimMepie npu 3MiHi
MOAEKYAAPHOT MACU 0OHO20 3 NOAIMepHUx Komnonenmis. Iloxazano, wo npu 30inbuienni 008ICUHU
NONIMEPHO20 NaHYl02a GeauyunU adcopoyii, enepeii adcopoyiinoi e3aemodii, meniomu aocopoyii
SMEHUYIOMbCS, WO CEIOUUMb NPO NOZIPULEHHSL CHOPIOHEHOCIT MAKPOMOAEKY 00 NHOBEPXHI A0COpOEeHmy
31 3pocmannsam monexyasapnoi macu. Ha I'49-cnexmpax, 6 ooracmi sanenmuux KOIUBAHb 2IOPOKCUTLHUX
2pyn adcopbenmy (aepocuny), 3apeccmposana adcopoyiina 63amMo0is KOHCHO20 KOMNOHEHMA CYMILI,
IHMEHCUBHICMb AKOI NOCIAOULYEMbCS 3T 30LTbULEHHIAM MOAEKYISIPHOT MACU.

Kuro4uoBi ciioBa: kiHeTrka afcopOilii, po34rHU CyMilllei oTiMepiB, MOJICKYJIsIpHA Maca, aJIcOpOIliiiHI HAHOIIAPH.

The effect of molecular weight on the Kkinetics of nanolayers formation under
adsorption of the mixtures of nonpolar polymers

V.N. Chornaya, G.Y. Menzheres,|T. T. Todosiichuk

Institute of Macromolecular Chemistry NAS of Ukraine
48, Kharkivske shose, Kyiv, 02160, Ukraine

Kinetics of adsorption from the solutions of nonpolar polymer mixtures was studied by IR-spectroscopy
under the changing of molecular weight of the polymer components. It was shown that value of
adsorption, energy of adsorption interaction, and heat of adsorption decreases with the increasing of
polymer chain length, which indicates a deterioration of adsorbent macromolecules affinity to the
surface with the increasing of their molecular weight. The separate adsorptive interactions were
registered in the IR spectra for each mixture component in the region of valence vibrations of the
hydroxyl groups of adsorbent (aerosil. The intensity of these interactions diminishes with the increasing
of the molecular weight.

Keywords: adsorption kinetics, solutions of polymer mixtures, molecular weight, adsorption nanolayers.
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