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CIIUPT-POCPOPHOBOJIb®PAMOBASA KUCJIOTA
C YCUWJIEHHBIM OBPATUMBIM OKPAILINBAHUEM
3A CYET JOBABJIEHUA I'VIMLIEPUHA
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W3zydeno BnmsiHME 100aBIEHNS INIMLIEPUHA Ha OKpaIIMBaHUE U 00eCIBEUNBaHUE (POTOXPOMHBIX HAHOKOMIIO3UTHBIX
IUICHOK TOJIMBUHUJIOBBIA CIIUPT — (hocdopHOBONIBGPaMOBas KHCIOTa MPH PA3INYHON KOHLEHTpalmy riamiepusa. Jlo-
cturayTo 50% ycunenue (hOTOOKpaIMBaHUS TIEHOK IIPU COAEpKaHnH riauiepuna >8.3 mac.%. OOHapyXeHo, 4TO CKO-
POCTH 06CCHBe‘II/IBaHI/I5[ TIJICHOK 6I)ICTpO YBEIMYUBACTCA TIpH I[OGaBJ'IeHI/II/I IIMIEprHa, B pE3yJIbTaTe 4Y€ro IJICHKU C
33 mac.% rimMIeprHa MOYTH MOJIHOCTHIO 00ECIIBEUMBAIOTCS 32 1 IeHb, B TO BpeMs Kak IUICHKH 0e3 IUIHIEepuHa COXpaHs-
10T CBOIO OKPAcKy B T€U€HHE KaK MUHUMYM 50 THEH.

Kniouegvie cnosa: GpoToXpOMHBIC MaTepHAIBI; MOJMBUHWIOBBIA cHpPT; (GochopHOBOIb(ppaMoBas KHUCIOTa; HAHO-
KOMIIO3HTBL

PHOTOCHROMIC POLY(VINYL ALCOHOL)-TUNGSTOPHOSPHORIC
ACID NANOCOMPOSITES WITH ENHANCED REVERSIBLE
COLORATION VIA GLYCEROL ADDITION

A. A. Gorbachev, O. N. Tretinnikov
B.I. Stepanov Institute of Physics, National Academy of Sciences of Belarus,
68/2 Nezavisimosti Ave., 220072 Minsk, Belarus,
a.gorbachev@ifanbel.bas-net.by, o.tretinnikov@ifanbel.bas-net.by

The effects of glycerol (GL) addition on the coloration and bleaching of photochromic polyvinyl alcohol-
tungstophosphoric acid nanocomposite films were studied at different glycerol concentrations. A 50% enhancement of the
coloration efficiency was observed at glycerol concentration >8.3 wt.%. The coloration enhancement is likely due to the
interruption of intra- and inter-chain hydrogen bonding in polyvinyl alcohol by glycerol molecules, leading to the release
of polyvinyl alcohol chain mobility during the nanocomposite formation. The bleaching rate rapidly increased with
addition of glycerol, so that the 33 wt.%-GL films were almost completely bleached in 1 day while the GL-free films
retained their initial color for at least 50 days.

Keywords: photochromic materials; poly(vinyl alcohol); tungstophosphoric acid; nanocomposites.

Beenenue PacripocTpaHeHHbI  croco0 HUCIOIb30Ba-

®docodopHoBonbhpamosas kuciora (OPBK) Hud ['TIK B Takux maTtepuanax 3akiItOo4aeTcs B
n rerepornonaukuciaoTs! (I'TIK) nim nonrokco- UX JIMCIEPIUPOBAHMU B Pa3IMYHBIX MATPUIIAX,
MeTajulaThl B 1IEJIOM CIOCOOHBI 00paTHUMO B TOM 4HcCIIe oauMepHbIX. [Ipu oTnmBke BoJI-
NPUHUMATH OOJIBIIOE KOTMUYECTBO 3JIEKTPOHOB, Horo pactBopa PBK ¥ NOIMBHHUIOBOTO
Mepexosi B DJICKTPOHHO-OOOTAIICHHBIE BOC- crupra (IIBC) Ha moanoxku momy4aercs (o-
CTaHOBJICHHBIE COCTOSIHUSI C YHHUKAJIbHBIMU TOXPOMHBIA KOMNO3UT, B koropom ®BK npu-
JNEKTPUYECKUMU M ONTHYECKUMH CBOMCTBAMHU. CYTCTBYET B Buje HaHo4acTHll (~60 HM). DT
OHH MOryT OBITH JIETKO IEPEBEICHBI B 3TH HAaHOKOMITO3UTBI OKPALIMBAIOTCS IOJ ACH-
BOCCTAHOBJICHHBIE COCTOSIHUSI C TIOMOILBIO ctBueM Y®-u3nyueHus B pe3yibrare (oTo-
anekrpuuecTBa U Y® uznyyeHus. ITU 0CO- BoccranoBiienus ®BK. B mocinemgnue roasl
6ennoctu caenanu ['TIK mepcrnekTMBHBIMU B TaKW€ HAaHOKOMITO3UTHI MPUBJIEKIN NPUCTAIIb-
o0slacTH MaTepHaloB Ul XpaHEHHs SHEPrHH, HO€ BHUMAHHE B KaueCTBE MAaTE€pUaJIOB IS
(dhoToBONBETANKH, (hOTOKATAITN3A. OecuepHWIbHONM meyatu, Y D-TaTINKOB, «yM-
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HBIX» OKOH. B 1aHHOW paboTe mpencTaBieHbBI
9KCIEPUMEHTAIIBHBIE PE3yJIbTaThl, IIOKa3bIBA-
romve, yro goodasiaenue 1'JI kK HAHOKOMITO3H-
tam [IBC-®BK 3HauuTensHO MOBBILIAET (-
(dexTUBHOCTh UX (POTOOKpalIMBaHus U obec-
L[BCUMBAHUSI.

Matepuajbl M MeTOIbI HCCJIETOBAHUS

s nomyuenus wieHok [IBC-®BK roro-
BuiH 4% Boauele pactBopsl [IBC u ®BK. B
pactBop [IBC mpu nepememmBanuu g00aB-
nsanu pacteop PBK. [l mosydenus pac-
tBOpa [IBC-®BK-I'JI k pactBopy [IBC cHa-
yana nobasisuu ['J1, a 3arem pactBop @BK.
[Inenku moJsiy4aii OTIMBKOM U3 PAacTBOPOB
Ha IUIACTUKOBbIE Yallky lleTpu u cymkoit 1o
IIOCTOSIHHOTO B€CAa NPH KOMHATHBIX YCJIOBH-
sx. TonuHa niaeHoK, n3MepeHHas Ha JJINH-
Homepe WM3B-2, coctaBmsana 90-100 MxM.
UV-Vis-NIR cnekTpsl 3aperucTpupoBaHbl Ha
crnekrpodoromerpe Cary 500. HMuTeHCHB-
HOCTh Y ®-usnyuenus (365 HM) aiis 3acBeT-
KM TIEHOK paBHa 50 MB1/cM?.

Pe3yabTaThl U UX 00CYKIeHHE

['paBuMeTpuUeCcKie U3MEPEHHs] Ha TIEHKaX
IIBC-®BK-I'JI nmokazamu, uro I'JI momHOCTEIO
ocraercs B reHkax. Konnenrpanus ['JI (Cri)
B IUIEHKax coctasisuia 2.1, 4.2, 8.3, 16.7 (=17)
u 33.3 (=33) mac.%. Konnenrpaus ®BK Bo
BceX IIeHKax — 16.7 mac.%.

Ha puc. 1 (a) u (6) moka3aHbl CIIEKTPbI KO-
s dunmenta mornomenus wieHok [IBC-OBK
u twieHok [IBC-®BK-I'JT (33% I'JI) ¢ pa3ubm
BpeMeHeM Y® o0iydeHus, U CIIeKTphl 10 00-
nydenusi. HeoOmydyeHHbIE MIEHKH, BU3YaJbHO
Npo3pavHbie, UMEIOT TOYTH HYJIEBOE IIOTJIO-
nienue. [Ipu oOmydeHuM TUICHKH CTAHOBSATCS
TEMHO-CUHHMH, U B MX CIIEKTPaX TOSBIISIOTCS
IMpOKas nojoca npu 750 HM U OTHOCUTETBHO
ciabast ipu 495 HM. DT MONOCKT 00YCIOBIIE-
HbI BoccTaHoBiieHHOW PBK. IlepBast monoca —
MexXBaJIeHTHBIM TiepeHocoM  3apsiga (IVCT)
W —>WS" a propas — d-d nepexomamu. Mx
MHTEHCHBHOCTh PACTET C POCTOM BPEMEHH 00-
aydenus. [lpuuem yBenmueHue moriomeHus B
wieHkax [IBC-OBK-I'JI npoucxoaut HaMHOro
owIcTpee, T. . nobdasienue ['JI ycumusaet do-
TOOKpairBanue ieHok. Ha puc. 1(B) mokasa-

HBI 3aBHCUMOCTH KO3(h(DHUIMEHTA TIOTIIONMICHUS
B Makcumyme mosiocsl IVCT (oi750) OT BpeMeHn
oOnydenus. BumHo, 4To pocT 0750 3aMesieTcs
C POCTOM BPEMEHHU OOJYYCHHs, IMOKa3bIBas
TEHJICHIIMIO K HACHIIICHHUIO IPUMEPHO 4yepe3 8
MuH, Kak 1 wicHok [IBC-®BK, tak u [1BC-
OBK-T'JL
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Puc. 1. Criexrpbl k03(hdummenTa noromenus (o) mre-
Hok [IBC-®BK (a) u I[IBC-OBK-I'JI (6) (33% I'JI) o n
nocnie ux Y® oOiydeHus B TeUEHHE 3aaHHOTO BpeMe-
HU; 3aBUCUMOCTh 0. B Makcumyme mipu 750 HM (0i759) OT
BpEMEHH 00JTyueHHsI IUICHOK (B)
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Ha puc. 2(a) nmokazaHbl CIIEKTpbI IJIEHOK
[NIBC-®BK u [IBC-®BK-I'JI ¢ 2.1,4.2, 8.3, 17
u 33% TJI, oOinyueHHBIX B TEUEHHE 8 MUH.
Bunno, 4TO mornonieHne yBeITMUUBAETCS TPU
yBemmyennu Cri ot 0 10 8.3%, a 3aTtem He u3-
Mensiercs. Ha puc. 2(6) mpezncraBineHa 3aBu-
cumocth a7s0 oT Cri. Ilpu Crin > 8.3% 3Haue-
HUSL o750 cocTaBsor 139-141 cm™!, uto mo
CpaBHEHHIO O 3HaueHueM 94 cm™! s mieHok
6e3 I'JI ykaswiBaer Ha 50% ycunenue oto-
xpomusma. s 0OBsSCHEHHS YCHJIMBAIOLIETO
addexra I'JI HEOOX0IUMO PUHATH BO BHUMA-
HUe cruenytomiee. Bo-nepBbIX, OKpaluBaHHUE
HAaHOKOMITO3UTOB 0O0YCJIOBIIEHO (DOTOBOCCTA-
nosnenreM W& 10 W, Bo-BropsIX, Kucjio-
poa B OH-rpynmax I[I1BC geiicTByeT kak JTOHOP
3NEKTPOHOB Nipu BoccTaHoBiieHnn OBK, u i
storo OH-rpyrmms! JOKHBI OBITH CBSI3aHBI BO-
JnopoaHbiMu CBs3siMU ¢ PBK, 4TO BO3MOXKHO
tosibko ecii OH-rpynmsl [IBC pacnionoxensl
BOMmM3u moBepxHocTh HaHodacTuii OBK. B-
TPEThUX, UCIIAPEHUE PACTBOpUTEINS Tpu (Pop-
MHUPOBAaHUM IUICHKH TPUBOJUT K CHUYKCHHUIO
noaswxHocTu 1eneit [IBC u ycuiienuto B3au-
MOJICUCTBHSI MEXJIy HUMH. DTO CHIKACT UX
CHOCOOHOCTh OOBOJIAKMBATH HAHOYACTHIIBI U
00pa30oBbIBaTh BOJOPOIHBIE CBSI3U, HEOOXOIH-
Mmble 15 hotoBoccTtanoBneHnss O@BK. Cneno-
BaTEJIHHO, KIIFOUOM K YCHJICHHUIO (POTOXpOMU3-
Mma HaHokoMmmo3utoB IIBC-OBK, ssmsercs
coxpanenue mnojaBwkHocTH 1ened [IBC u
MpefoTBpallieHre 00pa30BaHKs BOIAOPOIHBIX
CBsI3eH MEXIy HUMH TIPU HCTIAPEHUU PACTBO-
putens. M3sectHo, uro I'JI mpensrcTByer 00-
pasoBanuio H-cBszelt B [IBC u coxpansier mo-
JBIDKHOCTH ero ueneid. CrenoBaTenbHO, 10-
6asnenue ['JI k pactBopam IIBC-OBK moxer
pemuTh 0003HAYCHHBIE BBIIIE MPOOJIEMBI, CBSI-
3aHHbIE C mnorepeil moxaBmwxHocTu [IBC mpu
dhopmupoBannn Hanokommnosuta I[IBC-OBK,
YTO MOATBEPXKIIAETCS Pe3yIbTaTaMH pHC. 2.

Xotst nmobamnenre I'JI B KOHIIEHTpaIUsax
Bolie 8.3% HE NPUBOIUT K AaTbHEHUIIEMY
ycuneHnro  ¢oroxpomusma ieHok [IBC-
O®BK, OHO CyIIECTBEHHO YBEIMUYMBAET CKO-
pocTh ux obeciBeunBanus. Ha puc. 3 mokasa-
HBI CcrieKTpbl noromieHus: wieHok [IBC-OBK
u [IBC-®BK-T'JI (33% I'JI), o0mydeHHBIX B
TE4YEeHHE 8§ MUH, H3MEPEHHBIE B MPOIIECCE Xpa-
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Puc. 3. Crhextpbl HOTIOMICHUS OOMYYEHHBIX IUICHOK
[IBC-®BK (a) u IIBC-®BK-I'JI (33%IJI) (), m3me-
peHHbIe yepe3 pazHoe Bpems rocie YD obydeHus
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HEHUsI TUICHOK B TEMHOTE MpPHU KOMHATHBIX
ycnoBusix. [lornomenue mnenku 6e3 I'JI octa-
eTcs HEW3MCHHEIM B TeueHHe He MeHee S0
JIHEH, B TO BpeMs Kak IuieHka ¢ 33% I'JI teps-
eT 70% HCXOMHOI0 ONTHYECKOr'O ITOIVIOIICHUS
3a 1 genp. OOccIBEUMBaHHE HAHOKOMIIO3UTOB
NIpU XpaHEHUH Ha BO3IyXE BBI3BAHO OKHCIIE-
H1eM ¢ortoBocctaHoBieHHoH DPBK kuciopo-
JIOM BO31yxa. M3-3a HM3KOM NPOHUIIAEMOCTH
I[IBC mist O2 oxucienne B muieHkax 0e3 I'J1
MIPOUCXOJUT TOJHKO B TOHKOM TOBEPXHOCT-
HOM cJIoe, W Oyiarofapsi OTHOCHUTEIILHO OOJTb-
moi TommuHe TwieHoK (90-100 MkM) wux
OKpacKa COXpaHsETCsl B TEUYEHHUE JIOJITOro Bpe-
meru. Jlobasnenue ['JI mpuBoaUT K yBemude-
Huro cBoboaHoro oowema IIBC, uto B CBOIO
ouepe/b TOBBIIIAET MPOHUIIAEMOCTh HAaHO-
KOMITO3UTA IO KUCJIOPOY U MPUBOAUT K OKHUC-
nennio @BK Bo BceM 00beMe MIICHKH.

3aximouyenne

Ho6apnenne I'JI mosbimaer 3¢dexTus-
HOCTh OKpAalIMBaHUsI U BO MHOIO pa3 COKpa-
[aeT Bpems oOeclBeunBaHHUSA (OTOXPOMHBIX
Ha"Hokommo3uros  [IBC-®BK.  VYcunenue
OKpaIIMBaHUs OOYCJIOBJICHO IpPEeI0TBPAIEHU-
€M BOJIOPOJIHOTO CBS3BIBAHUS MEXKIY LIECHSMU
IIBC u coxpaHeHHuEM UX MOABHKHOCTU MOJIE-
kynamu I'JI mo mepe ucnapeHust BOIBI, 4YTO
MPUBOIUT K 0Opa3oBaHUIO OOJBLIErO YHCia
BosopoaHbIX cBs3el Mexay I[IBC u DBK,
o0ecrieunBaromyX (OTOMHIYLIMPOBAHHBIN Tie-
penoc snekrpoHoB oT [IBC x ®BK. Yckope-
HUE 00eCIBEYMBAHUS OOBICHIETCS yBeJIn4e-
HueMm cBobonHoro oobema [IBC monexynamu
I'JT u, coorBercTBeHHO, TTpoHuaemoct [1BC
10 KHUCIIOPOXy, OKHUCISIomeMy (oToBOCCTa-
HoBJIeHHY10 OBK.
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