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BJIMSTHUE MATPHI] HA (I)OTOXPOMHI)IIZI IDPEKT
HOJIMMEPHBIX KOMIIO3UIN U

N.A. Ocorckan, A.B. Cvupunosa, I'.FO. Xamurosa, B.1. Jleiiman

Canxr-IlerepOyprekuii rocy1apCTBEHHBIN YHHBEPCHTET NPOMBILIIEHHBIX
TEXHOJIOTUH U au3aiiHa, r. Cankr-IletepOypr
Boicwas wikona mexuonozuu u sHepzemuxu

Hccnenyercss BO3MOXKHOCTb, M OOCYXHAIOTCA TNEPCIEKTUBBI  YCHJICHHS
dortoxpomHoro shdekra I co3MAHUS KOMMOSMUMH C  yJIyYIIEHHBIMHU
(OTOXPOMHBIMH ~ XapaKTepHCTHKaMu:  (pOTOCTAOMIBLHOCTH,  BBICOKOM
CBETOYYBCTBUTENBHOCTH, PACIINPEHUsSI paGoYero JuanazoHa IJIHH BOJH U
UHTCHCUBHOCTH MOTeMHeHHs. PaccMaTpuBaeTcs co3anue (HOTOXPOMHBIX

KOMIIO3U LM Ha OCHOBE MaTpulLL; HOJIUMETHIIMETaKpUIIaTa,
NOJUBUHUJIALETATa U MOJUCTHPONA,  JIONHUPOBAHHBIX  IMHTMEHTOM
HadyromupaHoMm.

Kniouegvie cnosa: pomoxpommuiii shghexm, nonumepnas mampuya, Y-
CHEeKMPOCKONUSA, CREKMPbl  NOZIOWEHUs], (DUUKO-XUMUYECKUEe CEOTICmed,
Hagmonupanwel.

B nocnegmue rojsl BO3pacTaeT HMHTepeC K MOJMMEPAM ¢
poToxpoMHBEIM 3deKToM — ABIEHUS OOPAaTUMOrO M3MEHEHHs CTPOEHHUS
MOJIEKYJI, UX 3JIEKTPOHHOIO COCTOSHMSA MOJI ACUCTBUEM CBETA OIpEeIeHHOM
JUIUHBI BOJIHBI, CONPOBOXKAAIOIIEECS U3MEHEHUEM CIIEKTPOB IMOIJIOIIEHHS B
BUIMUMOI1 obnactu [1-4].

IMosryyats (OTOXpOMHBEIE MONUMEPHBIE MaTepHalbl MOXHO JHO0
XUMHYECKUM BBeJIeHHEM (OTOXPOMHBIX TPYII B MOJUMED, JIUOO MPOCTHIM
CMEUIeHWEM TonuMepa ¢ (OTOXPOMHOM 106aBKOH. MOKHO IOJIYyYUTh
(GOTOXPOMHBIE NOTUMEpPHBIE MATepUailbl Pa3sHBIX BHAOB B 3aBUCUMOCTH OT
00J1aCTH MX MCIIOJIB30BaHUs. ITO MOTYT OBITh: MOJMMEPHBIE TIEHKH, KUIKHE
PacTBOPEI, TOHKKE aMOP(HBIE U MOJUKPUCTAUINIECKUE CJIOM Ha TUOKOM Mau
KECTKOM  TIOIJIOKKE,  IOJUMONEKYNAPHBIE  CJIOH,  MOHOKPHCTAJUIEI,
CUJIMKaTHbIE U MoJiuMepHble cTékna. Hanbonee addexrurabie poroxpomusie
CHCTEMBI TIOJIyY€HEI HA OCHOBE CIIEIMAbHBEIX INUIMEHTOB (CIIUpO- |
HaTONMPaHOB), KOTOpPBIE, OYIY4H BHEJPEHHBIMU B TIOJMMEPHYIO MaTpPUILY,
coobmaror el (oToxpomusie cpoiictBa [5-8]. Hadronupansr ob6nagaror
CIIOCOOHOCTBIO  COXPaHATh  (OTOXPOMHBIE  CBOMCTBA B pasIMUHBIX
NoJUMEpHBIX MaTpuuax. [lonumepHas wmarpuna okasbBaeT OOJIBLIOE
BIIUSHAE HAa XapaKTepPUCTUKH (OTOXPOMHBIX MpeBpaiieHuit. M3menss
CBOMCTBA MOJIMMEPHON MATPHUIBI, MOXKHO YIIPABIATH BPEMEHEM JKH3HH &
METacTabMIBHOTO ~ COCTOSIHHS, TEM  CaMbiM  PETYIHPYS  CKOPOCTH
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OKpalllMBaHMs U pelaKcalli B UCXO/IHOE COCTOsiHUE nurMenTa. Hecmotps Ha
0oJ1pII0€ KONMMYECTBO IMyOJIMKALMA 10 JAHHOMY BOIPOCY, KaK POCCHICKHX,
Tak U 3apyOEKHBIX, B HAcTOsIllee BpeMs HET YETKOro IMpPEeJCTABICHHUS O
BIMAHMM MaTPULbI HA BeJIMUMHY poToxpomHoro addexra [1-9].

B cBA3M ¢ 3TUM LENbI0  JIaHHOT'O UCCIIEIOBAHUs  SIBJISIETCS
CpaBHUTENbHBII aHau3 BITUSTHUS pa3IMYHBIX MaTpHuIL
(momMmeTHIIMeTaKkpusiaTa (TIMMA), IIOJIMCTUPOJIA (I10) u
nonueuHunanerara (IIBA)) na doroxpomusie xapakrepuctuku. [lpu sTom
0o/pllIOE 3HAYCHUE MMEIOT CBOMCTBA M CTPYKTypa murmedta. Ha mannom
srane HamMy ObL1 MCIOJIb30BaH Ha)TOMUpaH IKeNThlid. XapakTepucTUKU
HCCIIEAYEMBIX B pab0Te MOTMMEPHBIX MATPHUIL IIPUBEIEHBI B Ta0I. 1.

Tabnuma 1
Cgorictea IIMMA, T1BA, I1C

CpoiicTBa I[IMMA I1C IIBA
[loxazarens npenomsenus npu 20°C | 1,48-1,49 | 1,59-1,60 | 1,49-1,53
[Ipo3paunocts, % 92 94 99
[110THOCTS, I/cM’ 1,18-1,19 | 1,05-1,10 1,19
[Ipeaen npoynocTu npu 55-110 30-50 20-50

acTsoKkeHuu, Mlla

PaGouuii IMaNa3oH TeMIepaTyp, -50-+80 | -40—-+65 | -35—+60

Baxknyio pojib Ipu COCTaBleHUU (HOTOXPOMHOI KOMIIO3MLIMU UMEET
pacTBOPUTEJIb, OCHOBHBIMU TPEOOBAHUAMU K KOTOPOMY SIBJISIOTCA €ro
Xopouiasg COBMECTUMOCTb ¢ MaTpULEH U MUTMEHTOM M BpeMs PacTBOPEHHUSI.
[Ipensapurensupiii BoIOOp pactBOpuTenei noaumepos (IIC u [IMMA) He
Jlall XOPOLIMX PE3yJIbTaTOB B CBA3M C JUIMTENIbHBIM BPEMEHEM PacTBOPEHUS.
[lo 5TOM mpuyMHE ONTUMM3ALMIO BHIOOpPAa pacTBOpPHUTENICH IS JIAHHBIX
NMoJIMMEpoB npoBoAwId 110 Meroay XaHceHa [10]. CyuecTByeT MHOXKECTBO
teopuii pactsopumoctu: MOSCED, UNIFAC, Jouyban-Acree, Yalkowsy,
MOD  (Mobile Orderand Disorder), mnapamerpsl  pacTBOPMMOCTH
[unbnebpanna. Ilapamerp pactBopumoctd ['wibaeOpanma IOKa3bIBaeT
pagMyCc-BEKTOp BELUECTBA € M3BECTHOM JUIMHOM, HO He TII0Ka3bIBaeT
HalpaBJIeHUs, B TO BPeMs KakK [apaMeTpbl pacCTBOPUMOCTH XaHCEeHa JaroT
KOHEYHBIE ~ KOODJAMHATHI  BEKTOpa, CJIEJ0BATElIbHO, YKa3bIBAKOT  €ro
Hanpapienue. Kaxgoe BellecTBO MMeeT TpU MapaMeTpa pacTBOPUMOCTH:
COCTaBJISIOIIAsl  JMCIEPCUOHHOrO B3aumojeiicteus dD, cocraBisiomas
nojsipHoro  B3ammogueiicteus dP  m  cocrapisiomMe  B3aMMOJCHCTBUA
sogopoanbix cBsazeit dH, dD, dP, dH (cnpaBounblie BenMUYnHbL).

CyumecTByeT MaremarHueckas CBs3b MapaMeTpPoOB pPacTBOPUMOCTH
Xancena u I'mnbaebpanna, U3 KOTOPOM MOXHO pacCuuTarh JJIMHY pajuyc-
sextopa HSP? = dD* + dP? + dH>. U3 sroro YPaBHEHUSI HAXOJUM HapameTp
PacTBOPUMOCTH XaHceHa (HSP). HSP CIpaBe/JIuB JUIs

|

/
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MHOTOKOMIIOHEHTHBIX cucTeM. Ilpuuem, eciu cMmecd pacTBOpPUTENEH
MPEJCTaBIAIOT ~ TPYAHOCTH Ul M3YYQHHS [0 JAPYTUM  TEOPUAM
pactBopumoctH, To B HSP cmeck pacTBopuTeneil yd4nTeIBaeTcsa MPOCTHIM
CIIOJKEHUEM  paauyc-BeKTOpoB. B Tabi. 2 mnpuBeieHsl mapamMeTpsl
pacTBopuMOCTH XaHCEHa, pacCUUTaHHBIE JUls HCClIelyeMbIX MoauMepos. 1o
JaHHBIM ~Ta0Jl. 2 TOCTPOEH TPeXMEepHbId rpaguk  pacTBOpAIOLIEH
CHOCOOHOCTH pacTBOpHUTENel nonuctrpoa (puc.l).

Tabnuna 2

ITapameTps! pacTBoprMocTd XaHceHa JUisl OJMCTUPOIIA U PACTBOPUTENEN

No ni/nm HazBanue dD dp dH
0 ITonucTupon 17,5 6,1 4,1
PactBoputenu

1 benzon 18,42 1,02 2,86
2 Tosyon 17,99 1,43 2,04
3 I'excan 14,77 0 0

4 AueroHn 15,46 10,4 6,9
5] MeTUN3TUIKETOH 15,85 9 5,1
6 JInsTrnoBslid cnupt 14,38 2,9 551
7 DTuanerar 15,18 5,3 9,2
8 Byrunauerar 15,65 R 6,3
9 Xyopodopm 17,64 3,06 4,24
10 uxy 17,64 0 0

11 O-KCcHIToN 17,56 1,28 .57

Cwmecu pacTBopuTenei

12 Tonyon/MOK 16,92 5,215 3,57
13 I'ekcan/>Tunamerar 14,975 2,65 4,6
14 MDBK/xnopodopm 16,745 6 4,67
15 byrun/anerar 17,035 2,36 4,58
16 Aueron/UXyY 16,55 5,2 3,45

Ucxons uz rpadurika, 66U1M BEIOPaHBI paCTBOPUTEIU TOJIMCTUPOIIA I
MPOBEJIEHUS DKCIIEPUMEHTA, B X0Jie KOTOPOro GBUIO YCTAaHOBIIEHO, YTO HoJiee
ONTUMAJILHBIM 10 BPEMEHH SBIIAETCS MCIOJB30BAHUE CMECU PAaCTBOPUTEIIEH
YXVY — aneroH, B KOTOPOM BpeMsi pacTBOPEHHUS COCTaBWIO 4 MMH., B TO
BpeMs, Kak B MHJMBHUIYaJIbHBIX pACTBOPUTENSAX BpEMS PpacTBOPEHUs
cocrapisier Gonmee 60 MmuH. Takum e oOpa3oM OBUTM OIpeETIeHbI
pactBoputenu uis nomumMerwimerakpuiata (IIMMA) — sto 1,2-guxnopsran
(Bpemsi pacTBOpeHUsI 6 MHH.) U CMECh PaCTBOpUTENCH aleToH — Xyopodopm
(Bpemsi pactBopeHus 7 muH.). [IBA pacTBopsieTcs BO BceX HUCCIEAYEMBIX
HaMH  pacTBOPHUTENSX 3a HECKOJBKO CEKyHJ, II09TOMy He OblIo
HEOOXOJMMOCTH B MPUMEHEHUU MeTo/1a XaHCeHa.
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Puc.1. PacrBopsioiiasi CloCOOHOCTE PaCTBOPHUTEIIEH MOIUCTUPOIIA

(%)

Puc.2. KuHeTuka NOTeMHEHHs M peiakcaliu GOTOXPOMHBIX IJIEHOK HA OCHOBE
[IMMA (1), TIC (2) u IIBA (3)

3HAYMMBIM DTAlOM JAHHOTO MCCIIEI0BAHUA ABJIAIIOCH YCTAaHOBIICGHHE
ONTUMAJIBHOIO COAEPIKaHus MUTMEHTa B IOJMMEPHOM KOMIIO3ULIMH C LEIIBIO
nojyuyeHus MaKcMMajabHOro (oroxpomHoro sddekra. s onpeneneHus
HEe0O0X0JMMOM KOHIIEHTPALMK MUIMEHTa ObUI IPOBEAEH IKCHCPUMEHT C
HaJO’KeHUEM JBYX (POTOXPOMHBIX IUIEHOK M MX nocieiyommm YO-
00JIy4eHHeM, B XO/I¢ KOTOPOro ObLIO BBIACHEHO, YTO IUIEHKA, CoJeprKallas
5% NOUIrMEeHTa, NOJHOCTBIO mnoroiiaer Y P-u3zmyyeHue, mpu 5TOM BTOpas
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minéHka ocraéresl npospauHoil. Ha ocHoBaHuM 3TOro cienaH BbIBOJ, UTO
sddexTuBHas TonmpHa padodero cios JOJDKHA OBITH MEHBIIE TOJIMHEI
MIEHKW; JUIA CHIDKEHHS Hepaboueil 007acTM MOXHO YMEHBIIUTH JHO0
TOJILMHY MNEHKHU, NUOO colepKaHWe IMUIMEHTa, TEM CaMbIM YBEJIMYUB
spdexTuBHyr0 pabouyro TonmuHy. LlenecooGpazHo ObLIO YMEHBUIUTH
COJIep’)KaHMe TMIMEHTa B KOMIIO3MIMH. MccnenoBaHus TMOKa3alnM, 4YTO
ONTHUMAJIBHBIM COJIEpP)KAHMEM TMUTMEHTa B KOMITO3HMIUK siBiseTcsa 2 % oT
Maccel TojuMepa. Takum 06pa3oM OBITM YCTAHOBJIEHBI ONTHUMAJIBHBIE
yCIIOBUS MOJIyYeHUs IUIeHOK (Tadu. 3).

Tabnuna 3
OnTHMabHBIE YCIIOBHS MOTYUYESHHUs! TNIEHOK
Q
) = ° plen]
= SIS S o ) :
3 g2 |5 |BE o 2
= Q0 = Qo [ = o = ast
o = < == < O l =i =S (5]
o I = Qo T a. o Q. A Q.
s = o Q (D o QO O S ® Q
B & =B = = E B = g 5 5 &
5 8 S8 |88 |33 S 9 8 | &2 E
=i 2 8 | &2 E = & O & £ E m 8 s
IIMMA 2 2 45 aleTOH — 0,6 7
xJiopodopMm
I1C 12 2 80 ateTron — UXY 0,7 1
IIBA 7 2 20 UxXy - M2IK 0,7 0,5

*Bpi6op cmecu pactopuresiein UXY-MOK misa [IBA o6ycorneH JiydiiuM (hOTOXPOMHBIM
3¢ (EKTOM 10 CPABHEHHIO C MOHOPACTBOPUTESISIMU.

[Toy4yeHHble MNEHKKM HCCNENOBATM Ha KUHETHKY IOTEMHEHHS M
penakcauu (puc. 2.). BeIsiBleHO, 4TO pa3JIMuHbIe TUIIBI paCTBOPUTENEN TMO-
pa3sHOMY BIIMSIOT KaK Ha BHEIIHWE BHJ IMOJIYYEHHBIX TUIEHOK, TaK M Ha HX
¢doroxpoMHble cBoiicTBa. Ha OCHOBaHUM IMOJyYEHHBIX PE3yJILTATOB MOXKHO
clieNiaTh BBIBOJ, YTO HauOoNbIIMA 3(PQeKT NMoTeMHeHUs Habiroxaercs y
IUIEHKH, B KOTOpOW B KayecTBe MaTpulsl wucnois3zoBamn [IBA  (3),
nokasaresb IMoTeMHeHus coctaBnsger 59 %, mna [IC (2) — 57 %,
IIMMA (1) — 42 %.

Ha ocHOBaHUM MONYYEHHBIX HKCHEPUMEHTAIbHBIX JAHHBIX MOXKHO
ceNaTh CJIEYIOIINE BEIBObI:

- MCCIIEJOBAHUS NTOKA3aIM BO3MOXKHOCTh CO3/1aHUS (JOTOXPOMHBIX IIIEHOK Ha
OCHOBE TMOJIMCTHPOJIA, TOJMMETWIMETaKpujiaTa W IOJMBUHMJIALIETATA,
JIOMUPOBAHHBIX HadTormupaHoM xenTbiM. Jlyummii dotoxpomuslii >ddexr
HabJo1aeTcs y NOJIMBUHMJIAIETETa B cMecH pacTBopureneit MOK-UXYVY;

- oOHapy’KeHO BIIUSHHE Ha CBETOUYBCTBUTEILHOCTH HA(TOMMpaHa JKEJNTOro
TUuna pacreopurens. Mccnenopanue pacTBopsIoIeld ciocoOHOCTH IO METOLY
XaHCeHa MoKas3ajio MPEeUuMYIIeCTBO UCIOJIb30BAHUS CMECH PACTBOPUTENIEH 110
CPAaBHEHMIO C UH/IMBUYyJIbHBIMU;
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[IEPCNCKTUBBI JaJIbHEUIIMX HUCCeN0BAaHUM Mbl BUAMM B PacKpbITUH

MeXaHHW3Ma B3aUMOJICMCTBUS KOMIIOHEHTOB M B 3aMEHE J0POroCToALECIO
UMITIOPTHOI'O Ha(bToanaHa OTCYCCTBCHHBIM ITMI'MEHTOM.

10.
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THE INFLUENCE OF MATRIX EFFECT ON PHOTOCHROMIC
POLYMER COMPOSITION

L.I. Osovskaya, A.V. Smirnova, G.Y. Khamitova, V.I. Leyman

St. Petersburg State University of Industrial Technologies and Design,
The Higher School of technology and power engineering

The aim of this study is the elaboration of methods to enchance the
photochromic effect for producing polymer compositions with improved
photochromic characteristics. In composition with the photochromic effect,
the matrix is combined with some compounds (pigments), which can
reversibly change the color under the light action.

Keywords: the photochromic effect; physical and chemical properties; UV —
spectroscopy, absorption spectra, polymer matrix.
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