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1．Introduction

　　The　use　of　the　luminescent　method　guarantees

high　sensitivity，　therefore　dle　method　can　be

employed　for　monitoring　small　chemical　and

physical　changes　in　material　products［12］．　Poly

（ethylene　terephthalateHPET）is　one　of　the　most

resistible　materials　against出e　irradiation　of　Y－ray

and　UV　light　HoweΨer．　there　is　no　eff㏄tive　tools

to　assess　the　first　stage　of　the　degradation　under　a

smal1　amount　of　irradiation　dose．

　　The　fluorescence　behavior　of　PET　solid　had　not

been　clarified　until　we　studied　the　PiET　films

prepared　by　using　a　spin－casting　method［3，4］，

which　provides　most祀producible　films　with

identical　physical　properties．　We　found　that　the

fluorescence　of　PET　solid　reflected　whether　the

main－chain　phenylene　ring　was　in　the　crystal

region　or　the　amo印hous　one　by　comparing　them

with　the　infoπnation　about　the　crystallinities

obtained　by　the　measurements　of　differential

scanning　ca、lorimetry，　IR　absorption　and　density．

Consequently，　the　fluorescence　of　PET　films　was

found　to　consist　of　three　species，　i．e．，　one　at　390

nm　for　phenylene　ground　state　dimer［5－7】，　another

at　370　nm　for　phenylene　moiety　in　amorphous

regi・n，　and　U・e　third　at　330　nm　for　phenylene

moiety　in　crystal　region．　Since　the　f1ロo肥scence

properties　of　PET　solids　have　become　clear¢r，　next

we　haΨe　tried　to　apPly　fluorescence　spectroscopy

to　the　study　on　the　initial　stage　in　the　radiation－

induced　degradation　of　PET　solids・The　aim　of　the

present　w・rk　is（i）to　show　that　the　flu・Iescence

measurement　is　quite　effec　ti　ve　to　observe　the

initial　process　of　PET　degradatien　and　（ii）to

clarify　　the　cause　of　the　degradation　　precess

induced　by　theγ一ray　irradiation．

2．Experimental
　　The　PET　samples　s白died　in　this　work　were

obtained　by　cut加g皿t　a　f1　at　rectangle（80　mm

long　and　l　3　mm　wide）from　commercial　colorless

PET　bottles　for　soft　drinks　and　were　washed

thoroughly　with　methanol．　Samples　sealed　into

Pyrex　tubes　were　i　rradjated　at　room　temperature

withγイays　from　a　eeCo　souI℃e　at　Radiochemistry

Research　Laboratory　of　Shizuoka　University　for　a

祀latively　small　ameunt　of　dose　and　at　Institute　of

Scientific　and　Industrial　Research　of　Osaka

University　for　a　greater　amount　of　irradiation　dose．

Fluorescence　spectra　and　fluorescence　excitation

spec　tra　were　measured　on　a　Hitachi　F－4500

spectrofluorometer　at　room　temperature．　Films

wer巴set　at　45°to　the　exciting　beam．　IR　absorption

spectra　were　measured　on　a　Perkin　Elmer　1720X

Fr　IR　spectrophotometer　with　resolution　of　2　cm’1．

3．Re5血ts　and　Dilsc皿ssion

　　There　is　no　large　diff巴rence　in　IR　absorption

spectra　of　PET　films　iπa、diated　with　T－rays　in

aerated　s佃te　compared　to　o亘ginal　mms，　up　to　520

kGy，　which　was　the　rnaximum　dose　of　the　ppesent

wodζ．　Thus，　the　PET　films　we民not　degraded　at　all

from　the　standpoint　of　IR　spectroscopy．　However，

Fig．　I　shows　that　the　PET　films　we爬found　to　be
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damaged　from　the　s抽1dpoint　of　fluo爬scence

spectroscopy、　An　original　PET　film　only　exhibits

th巴　fluorescence　due　to　ground　state　dimer　of

phenylene　moieties（370　and　390　nm）．　However，

new　emission　with　a　peak　at　465　nm　appears　after

the　irradiation　ofγイay．　The　excitation　sp㏄㎞』m

fbr　this　new　emission　has　a　peak　at　400　nm．　The

i皿tensity　of　the　new　luminescence　is　perfectly

proportional　to　the　dose　ameunt　of　T－ray．

　　In　order　to　exa1nine　the　cause　to　produce　the

emissive　component，　w巴studied　the　influence　of

oxygen　en“s　formation．　Fig．2shows山e
fluorescence　sp㏄tra　of　PET　films　after　血1e

irradiation　with　15　kGy　of　Y－ray　under　degassed，

aerated，　and　oxygen一市h　conditions．　Without

oxygen，　the　fluorescence　spe¢缶a　did　not　change　so

much　afler　theγ」fay　irradiation．　A　g民ate臼mount

of　oxygen　was　fbu皿d　to　give　birth　to　the　product

whose　emission　peak　is　465　nm」n　conclusion，　the

degradation　process　shown　in　Fig．1is　due　to

oxidation　reaction　induced　by　the　Y－ray　irradiation．

　　The　chemical　structure　of　也is　product　is

unfbl加nately　unk皿own　at　present　because　the　IR

spectroscopy　could　not　detect　it　even　after　the

irradiation　of　520　kGy．　Thus，　we　onIy　sp㏄ulate

this　structure　by　compari皿g　the　emissien　spectra　of

some　candidate　compounds．　Edge　et　al．

investigated　tbe　change　in　luminescence　of　PET

when　degrad巴d　at　melt　temperatures［8］．　In　their

thermal　decomposition　expeliments，　hydroxylated

pbenylene　groups　we民suggested　to　be　produced

and　to　be　a　cause　of　yellowing；diethyl－2，5－

dihydroxyterephthalate，　one　of　model　compounds，

shows　fluorescence　whose　peak　is　around　460　nrn．

The　reaction　to　form　　hydroxylated　phenylene

group　can　take　place　under　our　experimental

conditions　where　PET　and　oxygen　are　irradiated

w仙γ一rays．

4．Condusio口

　　We　have　success仙y　p爬sented　that　the

fluorescence　spectroscopy　can　be　employed　as　an

effective　tool　to　detect　the　initial　process　in

mdiation－induced　degradation　of　PET　solids，　while

no　change　was　observed　for　the　IR　absorplion

sp㏄tra．　The　fluorescence　spectra　of　the　PET

iπadiated　with　T－rays　show　that　oxygen　should

take　part　in　the　degradation　process，　yielding　an

emissive　phenylene　derivative・
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