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1-1. WHHEOFR

TIATA IR TLIWA, V=, iR, BEFIUNITEHh, BAOBHLEED
%bif%&brué,%@EEE@W&ZEK&1%6ﬁhyu§bruéj)~
Hi. EHBEOEEREDL LTOBE TS AT 4 v 7N 60 EEOHITH 2825
FCHRU.2)BE 3005 bV 2 AEX< LEZ L FRTES. 20H1 /ARER
FIELZRTVWBRDHOD. BRYD—BREAEHNCHEZIABEIHh TS, LhL., —BEE
HOBRTISATA 9V E2BDELDTITAT A v VRSV ERFICHE. KEXH 3
DOBRRTH 5,

TI39AFv VBRI EDLDDTRETHI2ONIEHBROBETHS. Z0EH. UF
HWBICREEINESSAT o JREMMICODEVEEILEL. BEREO AE LK
BefoTWwd, 20ED. BRIBUE TS AT 4 v JHHOBRBERHEELORA
RED—DILR>TW5B,

—7. BRRATHZER (BR) FETTOABAICI->THSIAT 4 v 2 R4
KTRHIHPNPMTE. EZITTIATA v VDORRIGERRT 2RI EORBRL
OFHXEBAORPBE S IAT A v IV RHOBEAIVEBDODTEELRELEA S,
EHULTSATA v I DOXNBEBRBNCHATI2HEDAEL b, FIAE. EHEH
HOHFTHRAT L. BABOTSSAT 4 v 7 3BRICIVBREEZL., KBAHOD
FIRFA v ITYY —TEEIBEENS, ZOEGTERBILICI RSy
FABERBEEALVY AR LTHHERATERTH 5.

ETC. TIRTFA9IVDOHRIBCENTHRIBEERUSI AWK ZIVED NG
EALY AWK NVERRBRPICIVBEZN, XRIGABHICHBEINLINSGT
Hb. BEFREZNALZ S5 AT 4 9 VHBORERIENVRRIZ-TH5, 2hb
DEGERFCERBFICAIWR ZIVENERT S, ELT. AWK ZIVED NG 5I&
LRSS TEDRMIBAKREINEZTHAD. ThoOBACEIVERIANVRZIVER
B3R -—DOXRIGDEBOFREE TR 2,



ANKZWEEHORERIBIIRDEL LS HAIATWESHETHED . K1,
2 1R $RIC " Norrish Type I & ” ( Type I &) &” Norrish Type II " (
Wmllﬁm)tﬁﬁén6oMTwelﬁmuﬁwﬁ:wﬁﬁt%waﬂﬁ%MQ
KAOREY T A I RBRERIBTHEND . FINIIANETLFNI T AN &L
KB (K1), Type II FUSIZANKZNED a i RR & BAKRMOME R IET
BN . BIFANKNMEEREF LT 4 Ve RERTSE (K2) . Z2ORBEAIN
RNVEBBICLA2YNRREDOKKRSHAEWICED 1,4- Biradical #8HL TH#
9%,

Norrish Type I Reaction:
h v
R-C-R'’ e o R=0? + P S ¢))

l I
0] @)

( Acetyl Radical ) ( Alkyl Radical )
Norrish Type II Reaction:

R” hv B
R—S—CH[CH{éH—R' —_— R—?—CH[CHfé—R’
0 OH
( 1,4-Biradical )
.
1,4-Biradical E R R—('J=CH2 + CH2=(IJ—R"
OH
!
R-C-CHj (2)
o

ANKZNWREZIWRYZ —TO Type IR FEHS MO ERICETTHEL
THCHRIRTNS. D) —%. Tyre | RIGREENMIPERNTE WE XA, B



FBRIATLEL.Y) LnL. Type I REIRKY v - E8d125 Y 244 R
TEIDTTFIRAT AV IOGREBWTHREZRKETH 5. KW TIE Type I KK
OB ELHMICBRH L, ThICE37I9AT 49 7O RBHEAVRICT 2%
ZEEXZEBRELTHRAL =,

ANEINBERREBEIBRERLOMOKARIARIICLI DV BERICYIN T 2508
QI-IRXFN=-2-T% ) (XFN tert-TF NI b MBK)”'\‘JZ,Z-‘)X?")L—
k71:w—b70N/7(71:wtnh7%w7hy:PBK)®%ﬁﬁw&D
BEINTWE, CORLMELZLBZRYL - LTHRY (-RAFN-3-TF -2-
) GRYXFNAVTaRzVs by ; PMIK) ( KY (-XFNV-1-Tx=
V=2-TarRy-1-27) (RYygzapnsvraxz= k> ;PPIK) . XY
(4,4-VAFN-1-RYFv-3-2 Y ; PBVK) %#&iRL%x., PMIK¢PPIK
WBANKINVBEOYNRELEIZKEOZWRYY -THb, 2OEDH. Thb0KRY
T-DXFME Type I RINBBOATHETI L FEENS, PBVKIZREOAN
R NWENBEIRRBEEALERYT-THN . Type I, Il RSB TEIK
DETTHLTFHEINE,

ScH BcH 6

8 {7 o ! 3 C':H3 8 Y B o B Y
-CHXC-—CH -C—-CH YC— —CH -CH-CH -CH-CH -CH -
2 | 2 e .l 2 | 2 i Z '}
C=0 C=0 C=0 C=0 C =0 C=0
| I | | I |
R R R R R R

R = CH3 (PMIK) R = t-Bu (PBVK)

Ph- (PPIR)

1-2. HROWE

ANEZNWLEMORRBIZEILSHAREIRTWE, L2L. ThEOMRITFEICE



BABHILIWETHY. FEEINVEIVEEPOA NV -HF-T 59y ¥a T
RUYRIKEYED=EE (T, ) KBLTyre [ GO BRAFRE LTV,
22T, AWK WRU T -OXRENERLHEILT 2D, B2 FEEHOV-
F—T7359vadrx bV AOHRCEFLE. BUBEHBRESHOL -V -T 5
YaZr hUYARHDTORATHY . T, KRB Tyee I Kb, Tyee 11 KGO
BRI HOVWTEL DR EBE. ThoOKREER. ANVK=ZVRIZ -0
V—H—T759va7r UV AL BEXBHICLIRIGERML .

ARXLORBRKROBEY THD. B1EIAROERLMERTH 5,

Bo2EBBHBEINVEIUEEHOL —F—-T 592 T4 K1) A(265 nm, 15
ns VR KEAHEFNHBAROARTH 2. FunX/ vy, T2 IV 2-RVE
JURBERAL. T RBL EOREHEREFRL . K. Type [I RIEHMETS
LZ=HE 1, A-ESVANVOEHBRELE2-AFH )V, 5-AFNV-2-A"FH /)DL~

Table 1. Predominant results of studies on aliphatic carbonyl compounds

Compound Predominant Results
Propanone [ Triplet State and its Decay Process ( T-T
Butanone Absorption Spectrum, P-type Delayed Fluorescence,
2-Pentanone T-T Annihilation, Self-quenching, Quenching by

L Oxygen, etc. )

3,3-Dime thyl-2-butanone Acetyl Radical ( Type I Reaction Product )
2-Hexanone 1,4-Biradical ( Type II Reaction Intermediate,
5-Me thyl-2-hexanone [ Solvet Effect, Trapping by Oxygen )

PMVK Acetyl Radical, 1,4-Biradical, ¢ «

PBVK Polymer Acyl Radical

PMIK Acetyl Radical and ¢ «

¢ @ : Quantum yield of a-cleavage reaction.



=TIy yvaZz b)Yy REDfTR>E, MBKOT7 3 FY Y ATIE Type I KIS
AR 7EFLIIANEAERBMLEZ, ChoDKERICHLIE&, PMIK. PB
VK. RY (3-7F>-2-F2) (RYAFMEZNTr Y : PMVK) QL -¥-
T7Iwyadz bV AET2W. XTROVMBELHRBICL =, BIBL ZE24
REER1IZERT,

CH3—("3-CH3 CH3-(&—CH2-CH3 CH3-(f—CH2-CH2-CH3
|

O O O
( Propancne ) ( Butanone ) ( 2-Pentanone )
oH;
CH3 C~C-CHg
I
@.- 3
(MBK) ?H3
CH-C-CH-~-CH-CH-CH OHG = 0H = CH - CH~CH
3 2 2 2 3 3 e 2 3
O O
( 2-Hexanone ) ( 5-Methyl-2-hexanone )

BWIBETIE Tyre | RIEVETT BHFERANKZINEY 7 — QXIS R 1=
DNWTRRZ, PPIKELEFDORXF LY (St) BEIUXYI2INLVEAFI (MMA)
LOHEAEK [E£hEh P(St-co-PIK) £ P(MMA-co-PIK)] @ 347 nm L —¥% -7 5y
a7z MY YREFTEW, T-TRRARI PN ERISANGFIANDARY b
VEBBMLUE, ThoOBRBEEEERIN T, RBL a MERKATALE, +7%
VYIREBMARIGED . T RBERBFHEL ¢ a OMBEEOHRICLE, X5
2. PBK (PPIKODEFIAY) . - FOFy —2-AF ) -1-T x=)b-1-
Tansry (ZxzZlhakkFuxy sy 7aisr by : PHK) [ 2-EFOF ¥ -2-
AFN—-8-2-7aen-1-7x= )] -1- 7an, v (PHKOA Y 7a &%
., THK) O7 2 b)Y RAbfT20W. RYUL-HY U TNVTORKES ZHARICL =,
tREMAOEZEREEZ2I1CTT,



Table 2. Predominant results of studies on aromatic carbonyl compounds

Compound Decay Process and Typical Results
PPIK T-T Annihilation, a-Cleavage Reaction.
P(St-co-PIK) T-T Annihilation, a-Cleavage Reaction, Hydrogen

Abstraction, kT dependong on PIK Content in Polymer.
P (MMA-co-PIK) a Cleagage Reaction, Detection of Quenching Process,

k.r Independent of PIK Content in Polymer.

PBK a Cleagage Reaction, State Switching.
PHK a—Cleagage Reaction of S]* State.
ITHK a Cleagage Reaction of S]* State.

k

T: Decay rate constant of T] state.

C'ZH3 (I3H3 (|3H3 fH3
(—CHZ—('?—)n —CHZ-CllH—CHZ-CIZ— —CHZ_?—CHZ-IC—
C=0 Ph (';zo |c=O |c=o
|
Ph Ph OCH3 Ph
(PPIRY [ P(St-co-PIK) ] [ P(MMA-co-PIK) ]
CH CH
e ;3 ?H3
R CH,-C-CH CH,-C-OH
C=0 (=10) '

CH3-CH—CH3
(PBK) (PHK) (IHK)



B4A4ETIZ. PMIK. PBVK. PPIK¢ ®EhHDStEBLUMMALDOHE
GO 313 nn FEARHICEIZIARBIZEOWTRRS, COEOBHKIZ Type I K
WICEB2EROTHBEME aMERKB LU EHIRBTRE (EhEhsal gcs)
ZHBEICTLETH L. COED. (1) ¢csOPE. Q) FE-LOFEMHR. )
SEHRHEXEROTMHR. (4) XREICLZBMAR T MLE, (5) BRZA~<Y b
Ve -EHRHAAOEE. 6) FHAMORKBEOEEIOWTIRHLE, Thb
ORI LT E TREHN. HBERBOLRINY - LRIV LEOFGEPLMICL
Ze ShEDR) Y- 1F. aRBEICEDERLERYT-FVANDBRAERKBICE
DERYIMTS, PMIKPPBVKORKBTIREMMBON ARIVERT DT,

RYZ -FETTOMMAOKMBEAREID da £ FELE, LRUANDELRE
BA&R3ICET,

Table 3. Predominant results of the photolysis

Polymer Type of Reaction Predominant Results

PMIK I Crosslinking Reaction, T1 is quenched by MMA,
¢ cs is independent of Mn, ¢cs in dioxane is

larger than the value in benzene.

P (MIK-co-St) II S]*is quenched by St unit, ET is delocalized.
¢cs is decreased with decreasing MIK content.

P (MIK-co-MMA) [ Es and E; are localized, ¢cs is increased
with decreasing MIK content.

PBVK [ and II Determination Method of ¢cs by each Mechanism.

PP E K I Determinations of Benzaldehyde and Monomer

( Depolymerization ).
P(St-co-PIK) IT ¢cs is increased with decreasing PIK content.

P (MMA-co-PIK) [ ¢ cs is independent of PIK content.

Es, ET: Energies of excited singlet and triplet states, respectively.



PMIK, PBVK, PPIK®D¢csidg aiCHREBELLBW, Zhix. aHET
ERLERYY-FIANED BRERBOESNEHENEDTH 5. WMETD
(1) £EEHOMAL OBETORBICED . PEOZ EEIMITRETH 8%
TL%E, BERIHENZAAIMRGEORTTH 5. B-1c. BT IRT 1 v 7O
My A, BIBEILEZ LK) -ORRGEMBEETITZ2%, PMIK
PPBVETREEAMOSMBICEIDMBIA, KU v —AMILH (PO) KL
CERT D, COPODOHMTHLERMYIN TS, TOMRIIMRIEFETTORR
BTOBED L . PREOZFGIETLT WA, —F. Type 11 BH TGN
BRYT - bRRFET TRV REXNE,

RAHHOMBHIBRBRICOERFT S, CORD. LS IMBIc BT 5BHE
BOERAKE D ERERGFA IR ARICE> 2, BE. RETCHWHARKETH 5
Kr-Fr¥y-v-v—-L—-%-% (A =248 nmm ) ODFFIDBFEIRATNVWSE, I
KWK 7 - % REEREREERHRNABAT 3 20 CIERERRNIC L3
REBORMBTTRTH 5. B_I1c. PPIKLEORBELERORIMEISA 254
nn XME (r -7 BE) Flefizor, PPIKEZ2OMMARE AHORGE
FAREIE 319 nn KFEE (n -7 BE) TOMED 2~3MHAZ N, St XEAHK
T KUY T -HDStazy M DBRREhERFORBICMEL T,

BOHEIChLOERODELDTH S,
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V=%#-T7JyvaT7x b)Yy AR RENIEBOXFERM L. ERL 2HEE
AR SHRIL AT PVDPRHEART PVTRETAIMARFETH D, Dk
O, KALENMHREBFOMRICHDBLEAETHD. L L. BBV EZ VLS
MORERBLOBHERBTORKFEEITIFEFELEWOMBICHELIEL. 2O V-
W—=TIyvadx b)Y RARREBMRIIDZV,

COETENA-YAGL-Y¥-KREBELAFHAL. BESFALFRZ GO I(LE
VLB AR LA (A= 264 nm, )N)LABE : 15 ns ) o PorterB] )G‘J:‘ y VR
ST RERL. 70N YOZBH-ZEH (T-T) BRIRARXT bRV
YHARY PNVERELE, 26l ZHE (T ) 7un/ YOKBFHREISIC &
NDERT DT FNTIANDRIBRANRY l\)lx%ﬁ‘é%b'(héoz) WEOHFALES v
TRINNVABL usOT V=059 05 07THN. Ty KBRLEOBEIIOVWTD
Mz TERW, ZHEAKFEG (77 ) OKBBIEWTanN, v, T7H V. 2-
RS )DV- =T 5yyvaTdx b)Y 2%&Trw. BBEANVFZLEHD
T KBLEORERBEOLK@PERITL %=,

B3IV RAFN-2-T% ) (AF) tert-TF N b, MBK) 3@EWEFIEK
T Type I RRHEITT BLEMTHS (K1) O 2-A%H ) U 05-2F N —2-~
$4 ) vidType 11 BHTRIGHENTS 5 MBMALAMTHS (£2) o) chb
DILEWMDL - Y -T53 273 b)Y ZAZITRVWIRBEANVEZALEHWD Type
I e Type 11 RSO MR % BRI L 2, $¥ic. Encina ¢ Scaiano 704 -
NPa-FLFINBRYJOAFY VDL - -TF5yvadz hYYRED Type
I RISHMIEKL - CS Y ANOFRIECELZRE LTS, OunL eors
. LSV AND6ORBRFBEMEKICEINDBENAZETHSY . BEMETIEZ W,
AMRTIRHBOTEOHMESI Y AN OBEEBMICKRIIL =,



CH 4 h v CHj

OHE S GO0, CH,-C- + WG CH», (1)
33 3 3 0 3
CH 3 CH3 O
(MBK) ( t-Butyl Radical ) ( Acetyl Radical )
R hv R
| . |
CH3-E—CI{2—CHZ—CH—CH3 - CHB—(IZ—CHZ—CHZ—C.Z—CH3
(@) OH
R=H ( 2-Hexanone ) ( 1,4-Biradical )

CHj4 ( 5-Methyl-2-hexanone )

R
|
> > C}%—%—CH3 + CH,=C—-CH,4 (2
@)

EHFHAIWRZIMEEHOKERICODLTE, 3FEOH IR ZWRY = — R Q-
T75v—2-#4v) (PMVK) . KU (4,4&-YAFN-2-RYFv—-3-*2) (PB
VEK) .9 (~AFEW-FTFp-22Y) (PUMIK)] OV—~-Y¥—-799Y3
A RUYRAEBHAELE. PMVKTR Type [, 11 WAGHEBA. PBVKEPM
I KTHEWK Type I UGEMENETL T E.

CHj
|
(—CHZ—CH—)n (—CHZ—C—)n
| |
CR=rG) C=0
| )
R CH 4
58 = CH3 (PMVK) (PMIK)

t-C4Hg (PBVK)
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2342 ~ol, KK

1) €3 TLay

ERIRE B BRI U TS A B R 2 N FY P Y FAFN =238 7 7,
MBK. cis-1,3-_U ¥ Yz VIZREIKBELED R LUHARL =,

2) Ky -4%27N

-7Fv-2-4y (MVK) ¢3-XF)N-3-7Fv-2-F2> (MIK) lZ¥h¥h
- FOFy —2-7 % 7 2e4-LRFaFxy -3-AF ) -2-7% 7 VORKRIET G R
LEe ,4-YAFN—-1-RYT v =3-22 (BVK) GQMBRKENRTHKNLALTZ LT
FEDTY =y ERIETARLE. ) PMVKIRE /v —12Co -y ME MRS LE
ébﬁ(Mw=L8xm6)om PMVEKEPMIKEIZEGHBAIKCTVER (
2-AFN7abF=_bYN) (AIBN) 2HL. VFFH>odh IWBKTHEAL
koﬂmmﬂ%ﬁ(Mn)myi#vwam@mmgin%n%nZAx1f(P

9
BVK),) &Sxm4(PMIK)tmiLE°

3) B

TR bYW (ARD FIVEER) SR ETIORMEER L. BARBL ~,
CORFASEEDBELE, XS 2EMBERMELZAWTRBABRDELHAMEL =,

WEXF LY (FARART FIVIGER) X5 %R RY Y LBKRTS E., &El
IKTOSMEFLE, MAEBILANY Y 4 ETEBRE, BIEAFLUIZ2HBEEARD
BUHHBLZ,

NFY Y (TFAHARY MIVAGER) ZBREET O M. RWMAKTS HFEFL A, &K
BACAN S D) LEKFANY D A ETHBREAT Y VT 2EAMEBZEDBEUHENL
s

A=W (AXT PIVRER) 3732y L L6IFHBRLZ, 261Xy /-
M3 mMABARDELHMEL A,

FEIEFOT7S5Y (THF, AR FVIER) BEEMET7 VI F A5 L THY
L. SRR PAKMEAYV 7L ET2HERMEZEDBELUHERLE,



2-2-2, V=-¥-T59¥aT7zx bR

L= - NN ARNAd-YAGHwy L —-%- ( J.K.laser Ltd., ™) THAE x4
o NIVAWRNAHSZAT7 7Y 7747 —(Korad W) THELZE, L% -KD
WE (A= 1060 nm ) WRYY I AT T)VILT+ AT 2 bEs (KDP) &7
VEZULINA RO T2 AT - bE&R (ADP) THA4GHFEH (A = 265
nm )ICERMLE, V-V -XO—-8IZ7+ b4 F-F(ITT HAZ 73 ¥ 14 -

B S-5%1) CMENBAE Y -L7%E, BXTDHEDICRTIAT 4% — ( Schott
® UGS, UGLL) 2R LE. 77 Y a X BIII-EAT Y oo r-1,t-2,t-3,c-4=-F b
STLINY a7y vOSRRIGED FELZ (trans- A F IRV O RR T IE
=0.68'0)) L BEDOTS vy 2T 2 x 1008 einstein ORBARET S,

WUR A7 RISV —F &, »F5 7 ( Osram % XBORY! 450W) %L, €
/Z7uaX—%— ( Bauch and Lomb %} 33-86-76 #) ¥ 74N —THELZ, 7 #
hWT 47547 — (RCA % IP 28%) 6 DY T FIEAML-YFyynAXa-
7°( Tektronix ® 7633 %) THIEL ~=,

75y valEt (t=0) ORBAIBRNMEOKBEBLEFEHLTHELE. 75 9y¥a
0.5 o s A RIS —F 4 VI VATLARERAULTHRELE. 2OV AF ARV
AV xRl —4—(Hewlett-Packerd 8012 B &) 2 HL. 75 v V1 HBOB
RUELVEBE I A RIINT 4 TS547—C(RCA B 78-358 ) ¥ RBLTW B,

x=2%nmu$U5%$mE&05n?étm‘m&ma&waxlf%ud£3
uﬁ&btngMEﬁtw(%%E:1ﬂxlfzm)uﬁﬁb‘ﬁmﬁ7wjyﬂ
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Figure 2. Time-resolved emission spectra of propanone, butanone,
and 2-pentanone monitored using the gating system in di-

chloromethane ( 3.0 x 10_2 mol dm -

). The gquantities of the
flashed photons were normalized to 2.0 x 10—8 einstein per
flash. Monitored at a) ( propanone) 6 (1), 8 (2), and 10
£3) uss:. b ) {t.butanone J 1.0 (1), 1.5 42,20 (3¥; and
2.5 (4) us; ¢ ) ( 2-pentanone ) 0.8 (1), 1.0 (2), 1.2 (3),

and 1.6 (4) us after the flash.
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Figure 3. Transient absorption spectra of propanone (a), butanone

(b)), and 2-pentanone ( c ) monitored immediatelty after the

2 mol am~3 ). The quan-
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flash in dichloromethane ( 3.2 x 10~
tities of the flashed photons were normalized to 2.0 x 10

einstein per flash.
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Figure 4. Transient absorption spectra of the long-lived species
monitored in the laser flash photolysis of propanone ( a ),
butanone ( b ), and 2-pentanone ( ¢ ) in dichloromethane
(3.2x10%molam™> ) at 14 (a), 7 (b)), and 2 (c ) ps
after the flash. The quantities of the flashed photons were

normalized to 2.0 x 10~° einstein per flash.
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Some typical oscilloscope traces of the absorption and

the emission in the laser flash photolysis of propanone ( a ),
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decay rates were plotted against the flashed photons.
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Figure 6. Comparison of the decay rate ( k
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in dichloromethane ( 3.0
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Figure 7. Change of the triplet decay rate ( k ) of propan-

meas.

one, butanone, and 2-pentanone in the quantity of the absorbed

photons ( I ) at various concentrations of the carbonyl
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2 3
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mol <:“1m-3 in dichloromethane.

Figure 8. Plots of k’ of propanone ( a ), butanone ( b ), and 2-

pentanone ( ¢ ) vs. the initial carbonyl concentration
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Table 1. Triplet decay rate constant ( kT ) and the reaction rate
constants of the T-T annihilation ( k'T-T’ apparent value )

and the self-quenching ( kself ) in dichloromethane

-6 . -9 -6
Compound kT x 10 k r_p X 10 kself. % 1.0
A% st e
s dm3 mol 1 s A
Propanone 0.16 3 3
Butanone g T 7 6

2-Pentanone 50 6 6
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Figure 9. Transient absorption spectra monitored in the laser
flash photolysis of 2-hexanone ( 1 ) and 5-methyl-2-hexanone

a8 e el ). Monitored

( 2 ) in dichloromethane ( 3 x 10
at t = 0. The guantities of the absorbed photons were normal-

ized to 1.1 x 10-8 einstein per flash.



:- a'] /
(o]
©
3 lo e b_2. 7—1—‘ —13 v—|'m
22 i = —B. B — e
s 2 a-2 o , ae =2
:CSL :—Dn—/n— .'DE—‘ 2 4
= )y
& oL » b-1
L0
<C .0
[ ]
0 L | I 1

labs, x 105

/einstem.dm'3

Figure 10, Effect of the quantity of absorbed photons on the transi-
ent absorption. The absorbance ( 1 ) and the decay rate ( 2 )

were plotted against the absorbed photons on the laser flash
photolysis of 2-hexanone ( a ) and S5-methyl-2-hexanone ( b )

in methanol ( 3 x 10_2 tiol &7 B

2-N"FY ) ) ] o 79y v akBOMST U I Y MRAEBICEIFIHELE 10
WKWinde FIUI Ty FRIBOBRKEIZRBABRICHAL THMT EH. k E—F
THdo CHIZED ., V-H-TFyvaTs b)Yy Ak B—ORFHREIARL
LEEYHLENTH S,
.?@@?Pﬂ'{;iiﬂl:/x—1,3-/\-\/'5%‘/“::‘1[(o.2~1.0)x10'2umldm’3 ] 1
FRV-Y-739 3273 bV 2GR oE 2-NFF /DT VL MR
IR BN D Lo DM (ka 7. ) %45 3 x 10 du mol
ERELE. LML, 5-XFN—-2-~FH /) UTRT -7 -HEAL. ZERIAET
Kok, B 11 Kk %2HERREICHLTOy FLE, 7TERZ MY LdTOY



o 6 © o o
Im b
N~
o
T 40—0—0—0 2
* a
2 L :
0 < 10

[ cis-1,3-Pentadiene ] / 107 mol dm™3

Figure 11. Change of the decay rate ( k ) of the transient species
in the concentration of cis-1,3-pentadiene on the laser flash
photolysis of 2-hexanone (a) and 5-methyl-2-hexanone (b ) in

dichloromethane ( 3 x 10—2 nol dn > ).

R
. l
CI{3-?-—(IHZ—(BHZ-(;—-CI{3
DR
( Triplet 1,4-Biradical ) RS = 1 Hanr CH3

A=1L3RUYI T OMNEREEY (ke ) 1X 4.4 x 10 dn° w1 & L #
EENTB, ) S UMELREAGMAT | RMTH 525, 1.0 x 102 nol
an 73 DMAABET2I-~FY YOk 13# 8 x 107 s |2, 5-XFh-2- ~F
#oofEE 1x 10851 cHMmE AL FMER L, Ll kiZMERRER
Mz < —ETH B, 2%/ Ok 13 1110851 e@EERTNE, D)
quTOW%ﬁ4)%mhétkTulxI&SJ(PA#V/V)\3x1&SJ
(-XF N —2-~F4 /) LBTES, ChHDEVWIRbHGERE (k) &



BFLLKEL  HFMMANT ) WKBTRZWHEERLTWS, ZhicdD, #ELZHE
Ha Iz Type IIRGHMERY 7Ly FLA-EIIANTHD . kKIZEOHRBEERK
ERTHILERTED,

V=Y =TS9y vadz b Y RET7E2bZ MY AFY IR X5 )t
-7, HRIIR3 KT, k BXROMEICHEMY %,

2% =) < TFTEIrZPFYNL < AFHY < HEEXFLY

24)

Small & Scaiano WBAEEBEANFTNVAEEWMORRWTERT S1,4-E5Y 50

AR IR KB A EEMLUEERT 2L BRELTWS . ERTFHR LA
%théom)E%&ﬂwﬁ:wmé%iD%ﬁthbEﬁ9ﬁ»®%§%:®
RRE—BL. MELEEHGEP L) T Ly FLA-EIIANTHELIEEIFHLT
W2, MRFETTOLA-EIININOBEEE (k') 2B -KRIBE LTHEL

% (#3) . k* 3R 13 CEbEIE,
k' = k + ko, [0p] (13)

:@ﬁtﬁhfk% WBRFEEL )T Ly FLA-ESIANDODRIEEERTH 5.
k’ﬂ&ﬁ%k%hﬂiﬁ%%éﬂﬁ\%Zuhfnwﬁm¢féﬁljxl&o
dn3 mor! I LHES R, T, REEMELOMOKEATEH - 7,
-NFY L URE-RFN -2 AFXH ) DV~ =T F9 v 173 PYUSRAETE
W BB LK Z L EEWEDER TS Y T Ly FLAE S Y ML AR THEE
BALE. L&-ESVANRBRAY ) - NWhDT7E b MY NHEETH D, 2hidt
SYNNEBRE DKBEAHRICE B LRSI R, DTFATKBEAHRTRER Y
WERZNWERYZ - TR MELIFTE S,



“CZ *Jex ta ‘€7 *JOx ip ‘SnrTeA psyewTlSe WS

17 FIy 0T ¥ T ¥ ‘aTwr I01x° :q ~H|m 0T X 270 + ‘3ITwIT I01I® :®
5o BT 0°9 8°2 HO*HD
¢ 6°¢ i ¢ 08 6°2 N0t Ho
2y A@mo.m 9°6 v°S auexay
P iT AUN 8°8 0*.9 HUNmU suouexaH-z-TAY3laW-G
o1 el 44k s s HO*HD
¢y 51 ¢ 8L pee notuo
GEdl A@mo.m Bt B e SUBXSH
Sl AUN 8°9 6°¢ NHUNEU SUOUBX3H-T
R o L P ¢-WP TouW -5 SeE
BT € e weOT WAL 0 i | vy DK X o, oD X @ [ 3usAthe punodwon

usbAXO Y3 TM 3UB3SUOD 23BI UOT3IDEaI pue

SJUSATOS SNOTIRPA UT STEOIpPeRITq-p‘T-327dTI3 8Y3z JO jue3zsucd a3ex Aedaqg g °19qel



253'=35 ' AP GRS AY SR T AAS SRR Rl e SRR S
P BANIN(RATFN N A T S 3 AP S
=T H DYy~ -TonaTg PHVR

1) RYy (3-F5v—-2-%V)

RY (3-FFv—-2-#v) (PMVK) OV—-H¥—-T735vva7xr by Akt
AFUVUH 293K T RoE. 729y vatk (t=0) IKCHAWREAEBAILE. T
ARY BV (E12) R4 %ART hU1S) e —%¥ 5,

PMV K®DYXKEIGIER 14, 15 TRTHRIC Norrish Type [, I FRIGHEEM THELT
FTrr@EThTVE. D) HEORBTR7ZEFNSUANERYT -V HIVE
NS 5D, BBORIGE Type KGN, 4&-E S5 I A VK S8 E U TRIGA LT
33,

O S5

& 2
(-=CH,-CH=-)n hv ( Polymer Radical )
[
C=0 PR + (14)
|
CH3 ( Type I ) CH4-CO-
\%
YR ( Acetyl Radical )
h v —CHZ-C'IH-CHZ-CII—
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|
( Type II ) CH, CHjy

( 1,4-Biradical )

—CHZ~('3H2 CH2=('3—
TR ey cC=0 + C=0 (15)
| |
CH3 CH3

MIBall kYT VR RIROA vy O AT -—FRV—A%RT. PMVKD 7 #
FUYATREHGE (A) LRHFGE (B) L2fELE (R4) . HI3a-2&Y
BHOEMRERIC. t=0KHBTIRNARY MVEEBWIS A HDEDFMETE RV, &
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Fig. 12. Emission spectra of PMVK (1), PBVK ( 2 ), PMIK ( 3 ),
and MBK ( 4 ) monitored during or immediately after the flash.

The emission spectra were normalized the flashed photons to

2 1% 10_8 einstein per flash.
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N\ =300nm a-2) [ A=320nm b2) A=250nm ¢2) | AN=250nm d.2)
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Fig. 13. Some typical oscilloscope traces monitored in the laser

flash photolysis of PMVK ( a ), PBVK ( b ), PMIK ( ¢ ), and

3

MBK ( d ) in dichloromethane ( 3.2 x 10_2 basemol dm - ).

Flashed pheotons:d 2.7 U a~l ), 2.3 {ra-2 ), 2.8 { a=3.}) 2.3
(B=1 2.9 4 b=228 2,040 b~3 = 1.8 =1 ¥, 3.3 (=28,
3.0 (@3 0.8 LA+l Y095 ( dv2 Yo anad 3,0 ¢ 4-3 ) x X0

einstein per flash.
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Figure 15. Difference spectra of PMVK and MBK. 1: Difference

= 200 ns,

spectrum of PMVK monitored between t = 50 ns and t

2. that of MBK monitored between t = 0 and t = 7 us.
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Figure 16. Effects of the flashed photons on the short-lived spe-
cies of PMVK. The absorbance ( 1 ) and the decay rate ( 2 )

of the short-lived species were plotted against the flashed

photons.
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Figure 17, First-order plots of the decay of the short-lived

species of PMVK (1) in dichloromethane (a), in acetonitrile

(b), in wet-acetonitrile (c), and in THF (d).

The decay

plots of it in the presence of oxygen ( saturated ) were also

plotted as lines (2) in the figure.

Table 5. Decay Rate Constant of the Triplet 1,4-biradical of PMVK

and Its Reaction Rate Constant with Oxygen

Solvent K ) [0 1 % 20°  Res i 2070
=7 =1 O _82_-1—'-'1—

x 10 mol dm dm™ mol s

Dichloromethane Vil ' Skt 2.0b) 1.6

Acetonitrile 2,2 4.2 ¥ s 1.5

i) e)
Wet Acetonitrile 2! G2 T 2Rl R
THF 350 — - —

a: Decay rate of the triplet 1l,4-biradical in the presence

of oxygen ( saturated ) determined by the pseudo-first-order

kinetics; b: estimated value; c: ref. 23, 3: containing 10%

H,0; e: calculated by means of ref. 22, and ref. 23,
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Fig. 18 . First-order plots of the decay of the transient species
of PBVK. a: First-order plot of the decay of the transient
absorption monitored at A = 250 nm, b: first-order plot of
the difference between the absorption monitored and the decay

relation of the absorption obtained after t = 2 us.
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Table 1. Physical data of polymer samples

Polymer PIK molg Mn
in polymer

PPIK 100 6.4 x 10°
P(St-co-PIK)-12 12.0 5.0 x 10
4 R 6.0 x 10
4 .0 3.5 x 10°
P(St-alt-PIK) 50.0 e RN
P (MMA-co-PIK) -19 18.8 5.1 x 107
-5 4.5 1.2 x 10°
! 0.8 20 106
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AR M) (& = 0.60 ppm, 1.02 ppm, 1.36 ppm; WTFHhDHBPIKIA=9w hD a-
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FERIz/VOU-HF—TF9vaT7x MUY REGRV. £ERUET, Nap. BE
Y75y va¥EEHMELE (8413nm of Nap.* =2 x 105 dm 2 mol_1’15) 3

2

‘48;



3-3. BRLEE
3-B3~-1.FYV(2-AFN=1-T 2o W=2TARY=1-T I LXDAF VY
PRAYITYLVEAFNEORBEEDOL -V -TFyyaTd7zr b))y R
1) b5 09120 PRRAXRY ML
Nyt g 297K TPP IK. P(St-co-PIK)-1. P(MMA-co-PIK)-1 O L —# -7 5y
vaZ2 M) Y ZRETZ2VWHEL AR ZFYy YO R -7 PL-2A%2H1ICRT,
WIFNORMETH. 0.5 usFTRRETIEFGELEEMELEZMEL =,
B2zt o755y va@iEg (t=0 ) 2795y a2#%0.7 us (t =0.Tu
s) ICMIELZPPIK. P(St-co-PIK)-12 . P(MMA-co-PIK)-19 @ F5 vy v b
BULA N M ILETT . t= 0 12BIFBAXT FIIEA = 300 non X DsEHEHEME A
= 460 non ICRBRBAAZFD. TOAXRT MNVIEZPPVRKO=8H -=Z8H (T-T)
BRASYT FLE—HT 5. | 799y 2 kBROVEOWRERL D ERGHET,
RELEELZ, PPIKEEOMMAXEAHETL= 0.7 usiCllELEMNS VY
IV MRIZANXZ MLiZA= 300 nmk DEEEME A= 380 nn& ITRINBAXEZF D,
SREDANY ik, PBEKOPHKTHELEANRY b (K 8, 11) £ —KL.
RUVANIIAN (A) TRELE, Thickh, PPIKE EOMMARELSHE
Tk, FloT RELD a BERISIETT 5. RIBER LIKTT,

CH,
|
- CH,-C - CH,-
CEH3 h v
—CHZ-C—CHZ- = + .1
|
E=H(o) (a-Cleavage )
I 4
Ph C=0
I
Ph

( A, Benzoyl Radical )
Ryt vdt=150 usicflEFL”~ZPPIK. P(St-co-PIK)-1. P(St-co-PIK)-12 .

P(MMA-co-PIK)-19. P(MMA-co-PIK)-1 O bF Y LY MRIRAXRY NV ABE3IZRT o
MMAHRBEEGEDZART PLVIZAICRELE., —/H. PPIKTR., AL T4



PPIK P(PIK-co-St) P(PIK-co-MMA)-1
A= 3510 ne A= 120 na A =320 na
> - N e - -
100ns & 100ns ¥ 100ns "
any 1y V.. 0mv
e, T o L o or
A= 150 nm A = 460 nm A = 460 nm
Soons ¥ '\T‘."‘ ¥ poegy
Smv v Smv
—f\\ x i X
*H J o
A = 400 na A= 460 na A =300 nm
200ps ¥ 9;0,:-"- v soops ¥

Figure 1. Some typical oscilloscope traces monitored in the laser
flash photolysis of PPIK, P(St-co-PIK)-1, and P (MMA-co-PIK)-1

in benzene,
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Figure 2. Transient absorption spectra of PPIK (a), P(St-co-PIK)-
12 (b), and P(MMA-co-PIK)-19 measured at t = 0 and 0.7 s in
benzene at 293 K. Absorbed photons were normalized to 1.6 x

-8

10 einstein per flash.
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Figure 3. Transient absorption spectra of PPIK (a), P(St-co-PIK)-

12 ( b-1 ), P(St-co-PIK)-1 ( b-2 ), P(MMA-co-PIK)-19 ( c-1),

and P (MMA-co-PIK)-1 ( c-2 ) measured at t

Absorplion®s ( au. )

= 150 ¥s in benzene.
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Figure 4. First-order plots for the decay of the short-lived

species and the formation of the long-lived species of PPIK

monitored at A =

320 nm (a),

460 nm (b)),

and 510 nm (c).

1: Monitored trace, 2: Decay of the short-lived species, 3

Formation of the long-lived species.
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lived species of PPIK.

species Jelkp ok,

) on the short-

The decay rate of the short-lived

the formation rate of the long-1lived

species ( kf, 2 ), and the absorbance of the short-lived

( 3 ) monitored at A =

quantity of absorbed photons.

320 nm were plotted against the

Table 2. The triplet decay rate constant ( kT ) and formation rate

constants of the long-lived species ( kf ) monitored at A =

320 nm and 460 nm in the PIK copolymers in benzene at 298 K

Polymer kg X 12—6 ke x - P
s A =320 nm A= 460 nm
PPIK . 62
P(St-co-PIK)-12 . .
Wi :
o § .
P(St-alt-PIK) ) .
P (MMA-co-PIK)-19 3 y -
-5 4.
-1 . : q.
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Figure 6. Plots of reciprocal optical density of naphthalene
triplet vs. reciprocal naphthalene concentration for the
quenchings of the triplet state of PPIK ( 1 ), P(St-co-
PIK)-12 ( 2 ), P(St-alt-PIK) ( 3 ), and P(MMA-co-PIK)-19

(4 ) mopitored at™ X = 413 nm.
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Figure 7. Oscilloscope traces monitored on the laser flash
photolysis of P(MMA-co-PIK)-19 with naphthalene
monitored at A = 413 nm. arrow l: start of the flash,

arrow 2: absorption maximum.
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Table 3. Quenching rate constants by naphthalene ( kq ) and

oxygen ( ko ) in benzene at 298 K

2
= -9
Polymer k. x 10 ko x 10
i’ 3 ey
dm™ mol s

PPIK %
P(St-co-PIK)-12 250

—d o e

-1 — 0.54
P(St-alt-PIK) 0.9 3583
P (MMA-co-PIK)-19 Loy s

-5 — 3L

-1 - 1.4

Table 4. Quantum yields of triplet state and o-cleavage reaction

Polymer ¢T ¢ua)
PPIK 0.68 0.43
P(St-co-PIK)-12 0.48 0.24
P(St-alt-PIK) 0.63 0543
P (MMA-co-PIK)-19 058 0.32

a : Estimated by means of equation 10;

_58,
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Fig. 8. Transient absorption spectra monitored in the laser
flash photolysis of 2,2-dimethyl-l-phenyl-l-propanone in
benzene (a) and in 2-propanol (b). Monitored at t =0(1),

0.7 us (a-2), 150 us (a-3), and 3.5 us (b-2).
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Table 5. The kT and kuvalues of PBK in various solvents

Solvent kp X 1078 i P ko X 1076 / s -1
Benzene 2,82 2.47
Acetonitrile 2.42 1.94
2-Propanol 1.92 1.85

THF e &7 1.80
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Fig. 9. Change of the triplet decay rate ( 1 ) and the formation

rate ( 2 ) of PBK in the 2-propanol concentration.
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Fig. 10. Typical oscilloscope traces monitored in the laser flash
photolysis of 2-hydroxy-2-methyl-l-phenyl-l-propanone (a) and

2-hydroxy-2-methyl-1-[4-(2-propyl)-phenyl]-l-propanone (b) in

benzene.
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Fig. 1l1l. Transient absorption spectra monitored in the

laser flash photolysis of 2-hydroxy-2-methyl-1-
phenyl-l-propanone ( a ) and 2-hydroxy-2-methyl-
[4- (2-propyl) -phenyl]-l-propanone ( b ) in benzene.
Monitored immediately ( 1 ) and at 0.7 us after
the flash. The differences in the spectra are also

demonstrated as dotted lines ( 3 ) in the figure.
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BOHNETTI2EEAMBETHLOMICLE, B (4-YRAFL-1-_UF U -3-F
¥) (R tert-7F AN by, PBVK) BYMRBLEIZARE2FEORY v-
THED, EOL-HW~-TF9 3272 ) YATRaBEIIANOBEMEL .

F2H, FIFTHERERXRIBVPREOERICHETE, B4ETRIPMIK,
PPIK, PBVK® 313 no EEXRIE%2TT2>7%, EHI ML B TIE (
gcs) AHRLIC, BREAXRT PLICLIBERBIZOVWTOEIFHLE, ThH6DAF
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4-2. ER

4-2-1., RE
1) B @-AFW-3-TF ¥ -2-F V)

FAFN=-3-TFv—-2-FY (MIK) B4&-t KO XY —3-XAF)IV—-2-TF ) O
BARGTARLE. RY B-2AFW-3-TFv-2-%>v) (PMIK) i&. AIB
NABBANCER L, YA x40 32KTMIKDOSYAIESEGTRVWERLE.
RUT—R3IEHAMEGEVEURBULE. BP9 7R (Mn) BREHEY -XHG
PC 802BITHIE L. BAKRBRER1LILRT. HHEXYUMn 2R3 5/=9. ER
#HE ([n]) eMoooBfREIELE (X1, 2) .

-4 0.635

En 3 = |60 % 10 Mn ( in Dioxane ) (1)

-4 0.66
Em it =rlii8e x 10 Mn ( in Benzene ) % )

[7n] OFZEICEHWT., Huggins OKXRMPWIZULE (R3) . TOEH (kY ) & L. 16
( in Benzene ) . 0.537 ( in Dioxane ) L HIEL =,

2
Hepre = L[] + kye [n] (3)
-3
ZORICEVWT, cHARUZT—BE (x 10 g dm PR G A

2) 3-AFWN-3-TFv-2-F LSt ELXUMMALDHELK
MIKEAFULY (St) EEAZTYIVERAFIV (MMA) EDF VX LFEK
&tk [ PMIK-co-St) & PMIK-co-MMA) . OB FWE RV —HoOs hraz=y bR
(mol% ) %RT] k. AIBNRBMAIHERAL. Xv¥Erh 3BKTEALTR
WARUE, RUZ—IHBIE 10 %UTFICHELE. XEAHERIcHRIH L 1= 313
m COBBERE (MIK: ¢ = 188 x 10 dn° vhsoit T vt ilin A
BEIUVHEAEKPOSr hyazy FEN S ml % UATFTORY 7=l OWTIFEANA
FA—8— (ryg= 024, rqp =018 5 rypy = 0.82. ryys= 1.31 ) KX YUH
BUE. BAEEIVRE U AHESMREIMOFETHELAEL K< —H ULk, Mn
WGPCTHRELE. RUT—0PHBEER2I1CRT.
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Table 2. Characterization of MIK copolymers &)

Copolymer MIK unit in copolymer / % Mnd)
UVb) Elementary analysis Calcd.c5 3 10-4
P (MIK-co-St) -1 1.0 —_ 0.8 2035
-5 5.6 5.9 5.4 405°0
-8 8.0 Bio5 8.2 11409
-12 g 135 % 1254 9.4
-22 222 20548 —_— 9.6
-31 30.9 32.6 — 8.4
-41 41.4 43.7 —_ 8.7
=53 528 53..6 — 10.3
-68 67.8 66.2 — 2.0
=76 75.9 i o — 6.8
P (MIK-alt-5t)®) — 49.6 o 18.8
P (MIK-co-MMA)-0.3 .25 — 0.24 40.4
-1 .8 — 1.0 33.9
—2 2 — A 24.9
-3 B2 —_ 350 47.8
=5 4.6 4.4 4.6 2853
-9 8.6 9.4 Bk 20.1
-17 1923 21278 17.3 17.6
-37 36.9 3754 _ 9.0
-54 54.4 55.9 — 6.1
-79 78.8 82.4 — 4.0
=92 Q) U058 — 4.0

a ) The copolymers were obtained by the radical copolymeri-

zation otherwise noted. b ) Determined by the optical density at

2 18

313 nm (€ = 1.88 x 10° dm® mol™T in benzene ). c ) Calculated by

the use of the copolymerization parameters [ for P (MIK-co-St), TMIK

= 0:.24, x = 0.18; .for P(MIK-co-MMA), r = 0,82, ¢ o - Y G (O

St MIK MMA
d ) Measured by GPC. e ) Prepared by radical copolymerization in

the presence of zinc chloride.



MIKEStEol: L REREAKEUTOFETARLELS) 0.1 mol %R
OELTEMEMI KICAML. L5 ESBEOSt AT BNERMAICHEM LTI
KTEALE. BAREEEUEBELUEE, RUT-—MRAL : 1 THEE LR
ok UmBELE. NMRHZEEYMIKD a AFNVEDOY T FIVHAIE (8= ca
0.5 ppm, 0.63 ppm, 0.93 ppm ) ICHHTH2ELWRLEZ. Mn X ¥ i 303K
TD [n] kit4<l:‘)§tﬂb7‘:,26)

-4 0.74
[»n] = 1.35 x 10 M n (4)

3) KUY (4 4-YAFNW—-1-RYFV—-3-FV) LEDS t PMMAH#EAK

4,4 A FW—-1-RyF =34 > (BVK) BMBKENS I HIVATIVFEFR
@mmmhﬁmfémbtf” KUY (4,4-IAFWV—1-RvFv—-3-*v) (PB
VK) L EOMMAL OEAHK [ PMMA-co-BVK)-11 1 1. AT BN % BI#AHICHE
AULTYA*H4 o 3K TEARTRVWARLE. St 2 D#EAK [ PGSt-co-
BVK -12 1 . AL A vBF AU D LARHACKANCER L. KBHYP 353K T 5K
ERAEFRVARLE. 0 RY<— 34 IBAREEEUEEL 2, REAK
oy hrvazy hBEXRYE B =313 nm TORKBEIVHIZELE (= 3.08

ZA0NZ =1
x 10 dm mol ) o MnWERARS5~7% [n] KVEHLE.

-4 0.72, 29)
| el Y A8 L B e = e i ) Mn
( in Dioxane at 303 K ) (5)

P(St-co-BVK)-12 : [7] = 9.53 x 10~2 Mn0:744, 30)

( in Benzene at 298 K ) (6)
P(MMA-co-BVK)-11: [7] = 6.27 x 10~° Mn0-760, 31)
( in Benzene at 303 K ) (7)

4) BY (2-AFW—1-Zx=—1-FTaRy—1-FV) LEFDS tELUVMMAL
L OELK
-AFW—=1-Zx=—-1-FurRyv—-1-2 (PIK) Bl-72z==1-Fa,x)

yaN57xWA7w¥tF&UMmmmmfémbt,%)ﬂu(%x%w—h7;
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ZNh-1-7uxy-1-7>) (PPIK) iZ. BBAIICI-TF LY F I LEZFERL.
~AFY P F VESGETEVWARLE, PIKEStBLIUMMALOREGHE
[ P(PIK-co-St) ¥P(PIK-co-KMA) ] 13~ >+ v shATBN#MIH£HAL 323K
TOSVANEEA2TBVWERLE, HEAKIZ. F L1 VBF M) L (SLHES
#) o kTR Y AR VEF YA (MMAKEAK) ) 29 {LA
AL . Zilkd BKTOHEEGIT2VWERL 2. FLILES TIIFBA %
ALk, RV -33~4MBAKREARDELHAMELE, KV -4d0OPIK
1=y PBAERUEUHA =313 no, 347 nn TOREEEIDFMELZ [ epry =

1.28 x 105 dn? 1 (313 nm), 6.8 x 102 dn? basemol™' ( 347 nn )1 ,
Mn2#GPCIZEDBIELZ. BohAERYY-OWREE2ER4IIRT,

basemol ™

5)RY (3-TFv-2-F)

3-7Fv-2-F (MVK) i34¢-e FOoFxy -2-7% /7 VOBRKRIETERKRL =,
FER)Y- (PMVK) 3. AIBNZRBBAICHERL. DFFH 4 323KT
SHNEBEEATRWERL %, Mni GuilletkNorrish O®ELE [7] L DHE
E0# 2% 10° pEMELE,")

6) L&

No¥y (HREHK) ZSEBRMT. SEEFAKTHRRFLEZ. BKELAILVY T L
EKRFBIEANY D LLETHBHE. VY UVREBZ22EBENDELHEML -,

UAFY Y (HREHR) I 10BOBEMAMZ 10 RFELERL 2. Pk,
OFFY Z3EKEEN )T LRV FET 10 BEEOBRLE, 6. EF
FRF2ERBLERDELHEHEL %=,

1,3-y» 203749 xy (COD) | I-RYFUFF =N, 2-Tzx2Taryik
R MO LEBEU 0.3 nn ELFaF3-Y T ALETEHBLE, 561230
KEBAEDBALHANL~,

AZTVIEAFIL (MMA) ZEREAKES )Y L8HMKBERTSE. 5 %K
BAEF YD L-20%BEKBRTOSE. BHUKEKTSEERAENRERLEZ. MM
AZEKBEEEF P LEBEY 0.3 mm ELF25-Y TR LETEBRLE, BEESH
AFxzv 7 LK% MMAREEIARTHEERELZ2HEDELHEHEL -,
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Table 4. Characterization of PIK polymers

Polymer PIK contenta) Mnb)
/ molt
, -
ppIKC) ) 100.0 6.4 x 10°+9)
P (St-co-PIK)-1° 1.0 3.5 x 10°
-2 2.2 7.1 x 109
e) 4
-4 3T x 10
e 5.7 x 104
- 6.9 x 104
-0 10.1 x 104
2" 12.0 5.0 x 10°%
y 14.4 4.6 x 10%
-19 18.5 3.7 x 104
P (MMA-CO-PIK) ~1° 0.8 x 10°
-2 1.9 % 10°
-3 2.6 x 10°
e) 5
-5 4.5 x 10
=y 6.8 % 10°
-9 8.6 % 10°
-132 11.9 .0 x 10°
S38 14.5 8.3 x 10°
e) 4
-19 18.8 x 10

The copolymers were obtained by the free radical emulsion
polymerizations in aqueous solutions at 353 K for five hours
without an initiator. Sodium oleate ( St ) and sodium dodecyl-
benzenesulphonate ( MMA ) were used as emulsifiers ( 7 x 10—3 mol

= : x i : A
dm ). a ) Determined by optical density in benzene ( S4)3nm

1.28 x 10° an® mol ™™ = 6.8 x 10° an” mol™T ), b ) deter-

i €
mined by GPC, c ) PPIK igzngbtained by the anionic polymerization
in hexane at 253 K using l-butyllithium as the initiator, d )
measured by the aid of a Hitachi-Perkin-Elmer vapor pressure
apparatus model 115 type, e ) obtained by the free radical

polymerizations in dioxane at 323 K by using AIBN as the initiator.
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313 nm BEXBHICEENXHEY SOWVEHEKBS T2 703 - [

-3
K Cr0, ¢ 0.45 g dmy , B : - ¥ . ;
5 r3 4 g dm BEQ cm )i £ CrCl3 6H20 80 g CoCl2 6H20 333.3 g )

an™3, 1.0 en 1Y) REALE. BEREMOEDIA—RAT AKXy 2HAL
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HEMAPTR- =,
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INTn3, ) (7] o0 ORMEICIEHLSERALZBEREEHLZ. PPIKOSN

#GPCTHEL %=,

HESEORISTIZ., HEBSHMICED a 2R EIRIZITZE LTSNAHKL
7= [a = 0.760 (PMNA), 0.660 (PMIK) at 303K ; 0.744 (St), 0.685 (PMIK) at 298
K in benzene 37) ] s BVEKPIKOHXESETIZH 10 mol REEDY
Zy bUEEFAZ2WOT, aldFERY v -OfEAFEALE, REBEEEMn#lE
RABREVRZ2IBERPHAMNEZECBE. —BER) v -2ABLEEZBERLT
(»] 2HMEL =,

EHSBROBFIE (pcs) 13X 10 TEETE 3,

AR (58
e (= (10)
Iabs. - Mn

CORTcIZFRY T —iBE, Tabs. iZMRINAKXBTH S, ¢csidBITRHEICH
TAH5SNOD7ay bOVMIBHOBEEEINHAMEL =,

3) XHEEES
ANVKZNWALEDIE/ Y —BRICBERLE, BERAE. BRIEINA VY IRT
VTNWICEHALE, RMEEASIZ 303K 313 no R TIciTHh - 7=, RBAtE. ES
707NN ERALTEELE, E&XE (Rp) BERELIDHELZ, RplddE
EBWOED 1,2 F AT 3B0EEXN TG00 2o, RpiEs
11, 12 THEL %=,

(n/7s)Y2 . Rp (11)
Rp' - HpT’ {189

Hips

Rp),

ChoDOAT. Rp’ RRp” BBEMTHZ, 7ntns LIZEEST BB L EMRE
B (MMA) O¥ETH%. Rp ;" BREGOME (7 THER) TH5,

- 79*



4) B FERPRNBORE
B FERMORBIZIBRENA IO b TS5 T74-6A% I 20PEG 20 MAS
LR A nFFAPAS LAERALTHEL =,

5) AR b NVBSE

KUY -DIRZA~NZ FLiE Beckman IR 108 » H A KB A 2018 £ fFH L. K
Br&AETHMEL =,

ENAB LUTHRBRAXY FIVIZHIZSENTRS N EH 1248 2 FHL THEL
oo 7ANLTOMETIZ. TOBRBREARVE VR TORKFREEHWTHEL %=,
HRIVZ =D A RART PNV UEVHRBILT A RHETH MPF AR A AL TH
FELZ (Aex. =313 nm, d =0.10 ) YA HBFHRE (¢_ ) @F7unN, vy OfE
Crox 167390) ) S EMEME LA 1 RIR2, 575 T4 Y & - Bk
AUCERLTITZ -7 (Aex. =310 nm, d =0.10 ) ,

RYZ—DY U HART MVIZ, BHIL A XHBEEEH MPF 4% Y R JE SR & (D18-
0055) Z#Wf$ir. v FFH o 77 KTHEL %,
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4-3-1. RY (F-RAFNWN-3F-TFv-2-FY) OXH4R
1) ESYGIHH
KUY @-AFN-3-TFr-2-F ) (PMIK) OXHBRIEEXV¥rhEX
UYAFH2H 303K T 313 nm (MHKI VTR L. B1KLFRORRZ4H
EOR)T-—DS NEXRHFEMCHL oy hLE, WwFhoF oy v 2o0E
() EUTES. MHOERBGROEEIRBOBE LI VH2MHAE
Vo EHLMOBFNE (des) 2MPOBEEIVHELE (RE) « WTFhOBK
HTH, pesHBUT—OMn BFRL—RTHS [dos = 3.4 x 107 Cin
benzene ), 5.2 x 10 C in dioxane )] . YA S$VHTO desEAVEVHTD
ﬁ&vm16%ﬁ%w,ﬁmm¢i@k&yay%x—w(OAmudJ3)fﬁé
KN Eh, EHLIMAHBOEFAOSUANVERH LU THEITUELMERLE.
PMIKORIGTH., T8F -, FaoX/y, MIK:Z O 3MEDRERH
DHAABRDEERUE. MIKERE, ChLHARPOHRAIu<T TS5 LEPM
VKORIGIC LD HAAERH E —H L 1=,

2) ESORIGDMN

PMIKODEHSBOMNRIGERXVYEUH cis,cis—=1,3-¥ontxr78vxy (
COD) *¥=HFEMEKAHEHLTITR>7. Stern-Volmer YO v MNZEKLRY
(B2) . COEHYMRCH=ZEH (T, ) R|/I VBT LEEIALITH S,
FUo hOBEEYMIEE (ka t7) & 4.9 dnomol”| EHH U, Dan 5 )
HPMVKOMBRIFIVG 28KTOEHIBMOCODICEIMARIE TRV, =
EHHS (v ) Lka tp EFAER 6ns. 16dn° mol ™ LHEL TS,
Osbom-Porter ®X'') % # L THAMMEM (ka) RBEL. kg c7 £UP
MIK®DtT % 2.4ns FMHELE.

3) BIRARY bIVDKREIC & 521k
B31cPMIKORINARY MUERT. n—n BINOAmax it 292 nn ICHLD
h, BINKMIE A = 345 nm LT 3,

313 nm REMCH ALK VD —n REBBEENB. Anax OREERL
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Figure 1. Plots of S.N. vs. irradiation time on the main chain

degradation of PMIK by 313 nm irradiation in benzene (a) and

th ‘eloRane (B at 903 K (5 g an ). Mn =1.2% % 10°

4
Joand Sl e e (T e Iabs

0 L~
8.9 x 104 (2), 7.2 x 104 {39

2.4 x 107" einstein sn™ hd,

Table 5. Quantum yields of the main chain degradation ( ¢cs ) of

PMIK by 313 nm irradiation in benzene and in dioxane at 303 K

Mn x 10”1 | Pentanethiol ] Poen ¥ 10°
/ mol am > in benzene in dioxane

Sl 0.0 — o
A 4 278 4 28
A 0.5 0.0 0.0
8.9 35 SD
g 2ok 3.4 LS b
L2y 0.5 G 0.0

ave. 3% 4 552

;82_
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Figure 2. Stern-Volmer plot for the gquenching of the main chain

degradation of PMIK in benzene by using COD at 303 K.

Figure 3. Figure 4.
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Figure 3, Change of the absorption spectrum in benzene. Irradi-

gtion time = 0 Xk ), 2.h 42 ), and 4 h (3 ).

Figure 4. Emission spectra of PMIK. 1 and 2: Fluorescence spectra
of PMIK ( 1 ) and propanone ( 2 ) in benzene at 303 K ( Aex

= 313 nm, d = 0.10 ), 3: Phosphorescence spectrum of PMIK in

dioxane at 77 K ( Aex =537 F-nm M &
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1.5 us. 27 nsktBELE.
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Figure 5. Plots of S.N. vs. irradiation time on the main chain
degradation of PMIK in dioxane ( 10 o dm_3, a ) and in benzene

¢ 5% %m dp &9 BE 286 XKLL 00 03K (52, 1) B8R 118y

& 7, Fand 549 x ERSRH I N < 8,0 B20? (anand 1,2 x 208

( b): Iabs AT 10—2 einstein dm'-3 h_1 and 2.84 x 10~
1

einstein dm-3 h ~. Figure b shows the initial part of the

3

plots in dioxane.
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Figure 7. Plot of log Mn_ vs. log ¢ of PMIK.
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Figure 8. Variation of ¢cs for the amount of the MIK unit in the

copolymers in benzene at 303 K. 1: P(MIK-co-St), 2: P(MIK-

alt-St), 3: P(MIK-co-MMA).
: -1
Figure 9., Plots of ¢cs vs. MIK content in the copolymer. 1:

P (MIK-co-St), 2: P(MIK-co-MMA).
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Figure 10. Stern-Volmer plots for the quenchings of the main

chain degradations of the MIK copolymers in benzene by
using COD at 303 K. 1l: P(MIK-co-MMA)-3 (o), 2: P(MIK-
co-St)-68 (A), 3: P(MIK-alt-St) (O), 4: P(MIK-co-St)-8
(o) and -68 (A), 5: P(MIK-alt-St) (wm). The plot for
P (MIK-co-St)-68 ( line 4, A ) and it for P(MIK-alt-St)

( line 5, B ) demonstrate the relations when the singlet

contribution on the whole reaction is assumed to be 30%.

3 -1
<# 7 dm mol L—RTHHLMMTES. PMIKTORRLZIODkq 17 O
KWL Y S t HEAKOD o W 3.6ns LHMliLE, LAL. MMAfEAKOD
ka t7 BREIORINEWHIC 2> EARETH 5.,

3) RMHICXBRINARY ~ VAL
@11k?waﬁﬁerWMTO&)sapmmwommawﬁﬁﬁkxaﬁ
15{7\/\9 "}U%‘t&ﬂ‘?o L‘fno)ﬂ")?_‘s*‘)‘l‘r*) ﬁ)Uﬂ‘—)Ugmn—n &

uc 90 —



ad

> 08} L <)
— b)
— ot}
w
| =4 - ] =
[<3)
o 02}
0 pdif e
45 00 1 L l
i = Joo 350 |
=¥ N /om
o

0.0 |- L

1 1 1 1 1 1 1

200 300 200 300
Wavelength / nm

Figure 11, Change of the absorption spectra of P(MIK-co-St)-8
(a and b ) and P(MIK-co-MMA)-3 (c ) by 313nm irraddation
in the film state. [MIK] = ca. 5%10"° basemol cm™
(a), ca. 1x107° basemol am™? (b), ca. 5x10"° basemol

dm™% (c). The spectra were taken 0, 1 and 2h after

irradiation.
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Figure 12. Fluorescence spectra of the MIK copolymers in benzene
( Aex. = 313 nm, d = 0.10 ). Polymer: PMIK (1), P(MIK-co-St)
-68 (2), -38 (3), -22 (4), -9 (5), P(MIK-alt-St) (6),

P (MIK-co-MMA)-62 (7), -21 (B8), and -7 (9).

Figure 13, Stern-Volmer plots for thed fluorescence quenchings of
the MIK copolymers by 2,3-butanedione in benzene. Polymer:
PMIK (1), P(MIK-co-St)-38 (2), =22 (3), P(MIK-co-MMA)-22

(495 and ~7 (5).
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Table 6. Quantum yields of the fluorescence ( ¢F ) and the singlet

lifetimes ( 1. ) of the MIK copolymers

S
; 3,a) b) c)

Polymer ¢F e 2 TS kqfs

ns am’ mol"l

PMIK .75 2.7 17.8
P(MIK-co-St)-68 %39 2.0 19.9
-38 1.09 o 16.0
-22 0.97 | 34 .1
P (MIK-alt-St) 0.66 1.0 —
P (MIK-co-MMA) -62 .74 v St e
-21 1.80 2.8 2343
-7 2.40 sl 3. Lni6

a: The values were determined in comparison of the spectra with
that of PMIK. b: The values were estimated when the fluorescence
rate constant was assumed to be independent of the polymer compo-
sition. <©3: "The quS value is the Stern-Volmer constant for the

fluorescence quenching by 2,3-butanedione.
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P(MIK-co-St)-68 L P(MIK-co-MMA)-6 D Y4Btk X > ¥~ 288K. 303K,
323K. B43KTiih-or. B 14 ICSNEXRHRMIIH LTS oy hLE. MM
ARESEDORIGHEPMI KORGLRIRIC, 0.5 OB HEHIC2ODOERKRT
HUTES., YoM E L BMOBEFERGEED EHICEVWKREL RS, —H. St
AELGBORIGTHE. BEOLF WSOy hOBEZIEEI LIE,
FHIMDRRIGT FIVX¥ — % Arrhenius 70 v kb (B15) &Y FEL =R,
P(MIK-co-MMA)-6 DT #JU¥ —1it 11.3 ki mol™) (M) . 5.9 kJ mol ~! (D
fill) "Bohtz. RGO LB E TRV -HRL2Z30E. PMI KL RERICHE
BRI &3 L AL, PMIK-co-SO-68 DIALF—1E - 11 kJ mol | TH ot
ADTFNVE —DEHIE., UTFO200@BAEXL LB, () LEOFHY HH
¥AEUTHEALE, @ RUT-—HPKHEXARGEART 1y bAFEET 2. FH
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Figure 14. Plots of S.N. vs. irradiation time on the main chain

degradations of P (MIK-co-St)-68 (a) and P(MIK-co-MMA)-6 (b))

by 313 nm irradiation in benzene ( 5 g dm™> ). Mn = 9.0x10%

[ P(MIK-co-St)-68 ], 6.0 x 10°

2 4

[ P(MIK-co-MMA) -6 ]. Iabs. =
3 . =1

1.68 x 10 “ (a), 6.2 x 10 ° (b) einstein dm ~ h —. Temp:

2BB° ALY B0 (820 (323 (3 )y 343 (40 Ry
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Figure 15. Arrhenius plots of ch. G- ¢cs of P(MIK-co-St)-68, 2:

@ of P(MIK-co-MMA)-6, 3: @ of P(MIK-co-MMA)-6.
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B, StRYUT-FEHPK 1A=y FOMIKULAIAETETHhRVWEE., TOD ¢cs (WIRME)
e x 107 pFELLAETVELR S,
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BogE VML, BRFMER 2.7 x 10_2 WHBRELE. Th&y)., MMAKE
ﬁWTMT]:*w¥—mEEmznt$w FRyazyo hBOBRMLICED RV
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4-3-3. RY (QL4&-VAFN-1-RYFV-3FV) LEODRAF LY
ELUVRAZ T YIVRAFIVEDHREEK DK HR
1) EHHBRIG

RY (4,4&-IAFNW—-1-RyF=3-4>Y) (PBVK) ORINARY NVEH 16
KRT. n—n "RINEAIEL = 298 nm 0. BUGKEIE A = 345 nn WcBLbh B,
313 nm FHAIC &V A VK= VERn - RIBICEHE X D 5.

PBVKZ& P(St-co-BVK)-12., P(MMA-co-BVK)-11 D ¥ M 6% 303KR V¥ v
BXUUFXH W 313 nm XBBPICI VT RoE (RT7) . ThFhOBEH. P
BVK(DitzcshtM no KLBGRLELK—ETH-o7/= [pes = 1.3 x 10'2 ( in benzene ).
1.8 x 10 (in dioxane )] « PMIKDRIGRRLARKRIC, VA XFHVHD ¢es

Table 7. Quantum yields of the main chain degradation ( ¢cs )

Polymer Mn Solvent [1-Pentanethiol] ¢cs
b4 10-5 mo 1 dm-3 X 103
PBVK 1.7 Benzene - 13
i ¥ Dioxane - 18
& 8 Benzene D55 4.3
u L Dioxane 0+5 4.8
o 2.9 Benzene - 1:3
v Tad & — 13
i i Dioxane - 18
. " Benzene 4.4
" by Dioxane 5
P(St-co-BVK)-12 14 Benzene - 6.7
5 4 Dioxane - 7.0
e o Benzene 0.5 4
5 " Dioxane 4
P (MMA-co-BVK) -11 07 Benzene — 7
s i Dioxane - 12
i e Benzene 0D 0.0
o = Dioxane a5 0.0
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A#Eé¢®¢mu&yﬁymf7x1f3.vx¥ﬂymf1ax1dzaéﬁﬁ
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Figure 16. Figure 17.
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Figure 16. Absorption spectra of PBVK (1 ), 2,4,4-trimethyl-
l-penten-3-one (2 ), 2-methyl-l-propanal (3 ), MMA (Sde)s

and 2-phenyl-propanone (5 ) in benzene.

Figure 17. Change of the absorption spectra of PBVK (a ),

P(St=co-BVK)-12 (b ), and P(MMA-co-BVK)-=1l1l (c ) in the

3

irradiation in benzene at 303 K. a) ( PBVK, 2 g dm ~ )

A>300 nm irradiation, irradiation time = 0 (1), 10

(2), 20 (3), 40 (4), and 60 min (6 ); b) [ P(St-co-

3 ] 7 A )
] 313 nm irradiation ( Iabs. =g o0
-1

1077 aingtein dm - & ), irradiation time = 0 (1), 10

BVK)-12, 10 g dm

(200 50 2208 A3y - SOSREARE A0 (eS8 B0 [6 )y 0l M) e airel
80 min (8); c) [ P(MMA-co-BVK)-11, 22 g dm > ] A> 300
nm irradiation, irradiation time =0 (1), 30 (2), 60

{3, 90 {ddgnand 120 min (5 ).



PBVK®n—n IR FMEM 2L, RIKEIEA = 345 nm &
WA =370 nm FTYIhT 3. BLASREN Type IEROATHITTZEHET
. ERTIKMEIENY VEL  c BEMBVK (E) TH5. 2 > 320 nm TD
BT M LU=, ULAHL. 2 =298 nm TORROBHAPE. 2 =332 nm [BIKE
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Figure 18. Figure 19.
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Figure 18. Stern-Volmer plots for the quenchings of the main chain
degradations of PBVK (1), p(St-co-BVK)-12 (2), and P(MMA-

co-BVK)-11 (3) by using COD in benzene at 303 K.

Figure 19. Plots of ¢cs Vi ¢cs vss | 1-Pentanethiol ] for the main
o
chain degradations of PBVK (1) and P(St-co-BVK)-12 (2) in

benzene at 303 K.

== I~



MWTE5. 70y hOMEXY. ke < §PBVKT 7.1 dn mol | . P(St-
3 -1 3 -1
co-BVK)-12T 14 dm mol . PMMA-co-BVK)-11 T 7.8 dm mol LHIZEU =,

tTl:tkq T EVEhFH# 3.5ns . ¥ Tns . ¥4 ns LI 7=,

4) FMLM BT B FA-IVOBINHR

P MMA-co-BVK) -11 DN HBRRIGIEPBROF A —IVOFEIMC XV ER2ICHKEZ =
(#7) . PBVKEEDS t HEAUKORBIK BT B I-RVEVYFAX-IVOHR%E
BHEHLE., FA-NWEEETD s L EETOHEDIK (dcso / dcs) F -Vl
BEoHLuTFoy bl (B19) . WTFhORYT-ORETH. 7oy MEER
b, StI{EAKOSoy hOYHIE LLOERY. CORGAIE—FIGHETHE
F32L¥ERTE2, PBVKO7Ooy hOY AR 2.5 2V, ZOORGHRBTR
mtblﬁmevf&6o7nyb®ﬁsupavxfamdﬁmd4 . P(St-co-
BVK <12 T 1.9 dumol | Tho k.
Vf*&y¢2mddm4@%#—WﬁETKK$btPBVKZ%@MMA#E
AKDTRARY MUTH. 74V IVECRRENS 1730 cn”) . 2720 o™ |
mmcm4®&u&mibt,%x—w#ﬁETuﬁmbkﬁyfwrm‘:nam
BPERETE 2.

5) BAARY bV

B 20 KRV EUH 3BKTHMEULEPBVKDY A HART MV T X 24 vth
77T KTHRBLEY Y HARI BIVERT ., ThEDART MIVORKBA % 1= 394
nm (U A¥) £A=440mm (UU¥H) LCHELE. ThHEDART MLD) 0—-0 2
YEWRA =340 nm AE (IAX%) A =370 nm AHE (U ¥) LicHbh3, 2
hK&U‘EstETkﬁ%ﬂfnﬂ3ﬁxl§kJmf],ﬁBixl&kJmf]
E AV U =

PBVK: EOHREAKD £ EDART MK YRR LE. ¢ i PGt-co-
BVK)-12 <P BV K< PMMA-co-BVK)-11 ONBICHMUL. MIKRUT—-TOREL
“H Uk, VAXSUHTORMART bVEK 18 14 &Y. PBVKDr ks
¥FhTh L4 ps.39nseHEHLE ZDrs WEFIVEAY (MBK) T
OREME (1.2ns'%) ) LAC—BUE, o FREAMBRKIVEIELENEL

— L =



300 400 500 600

wavelength / nm

Figure 20. Emission spectra of PBVK. 1,2: Fluorescence spectra of
PBVK (1) and PMIK (2 ) monitored in benzene at 303 K ( Aex
= 313 nm, d = 0.10 ), 3: Phosphorescence spectrum of PBVK

monitored in dioxane at 77 K ( Aex = SN pne )i

.

Table 8. Quantum yields of the fluorescence ( QF ) and singlet

lifetimes ( T. ) of the BVK polymers

S
3,a) b) c)
Polymers ¢F x 10 TS k Tg
ns am> mo1~1
PBVK 2.84 3.9 21
P(St-co-BVK)-12 2.4 F.3 21
P (MMA-co-BVK) -11 g 4.3 24
PMIK s 2 il 1

a: The values were determined by means of the spectra,
b: determined by means of the ¢F values as the emission
rate constant was independent of the BVK content in the
polymer, c: guenching rates in the reactions with 2,3-

butanedione in benzene.
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Figure 21. Arrhenius plots of ¢cs. s g 22
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gcs = gesp +  gesp (2 2)
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4-3—-4, HY(2-XFN-1-Tzxzn-=-2-7uxXry-1-2) &
FOZFLYBIEUAYIYNLBMAFNLEOHREESEDOXTE

1) RUXFILTFREE/) T —-DERR
PPIK:EDOHESKORRHE T, a BURGHETTE25EXRVXTITE
FEAERT S (K 27 ),

CH
—CHZ—C}—CHZ- (I)

C
"
~OH S0 =C I & Ly + 25T )
2ol 2
?= O ( a-Cleavage )
P h ¢=o
PH = Fh—-—CHO
( Acyl Radical ) ( Benzoyl Radical ) ( Benzaldehyde )

Table 9. Quantum yields of the benzaldehyde formation, the PIK
formation, and the main chain degradation ( ¢B’ ¢M’ and ¢cs )
in the photolysis of PPIK, P(St-co-PIK)-19, and P(MMA-co-PIK)-

12 by 313 nm irradiation in dioxane at 303 K

2
Polymer ¢B ¢M ¢cs x 10
PPIK 03 05 ks
pPIK® 0.3 - -
P(St-co-PIK)-19 o g1 | undetected
P (MMA-co-PIK)-12 0.2 undetermined 4

a: Reaction in benzene containing 0.5 mol dm—3 l-pentanethiol,

— 46—
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Figure 22. Plots of the yields of benzaldehyde (1 -4 ) and PIK
(5) vs. absorbed photons on the photolysis of PPIK, PSt-
co-PIK)=-19, and P (MMA-co-PIK)=-12 by 313 nm irradiation at
303 K. Polymer concentration = 5 g dm~3, 1 and 5: PPIK in
dioxane, 2: P(St-co-PIK)-19 in dioxane, 3: P(MMA-co-PIK)-
12 in dioxane, 4: PPIK in benzene containing l-pentane-

thiocl { 0.5 mol dm > ).
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Figure 23. Variations of ch for the PIK content in the photolysis
of the copolymers in benzene at 303 K. 1l: P(St-co-PIK), 2:

P (MMA-co-PIK) .

Figure 24. Stern-Volmer plots for the quenchings of the main
chain degradations of P(St-co-PIK)-6 ( 1 and 3 ) and P (MMA-
co-PIK)-9 ( 2 ) in benzene at 303 K by COD. The dotted line

( 3 ) shows the relation of the St copolymer when the singlet

contribution is assumed to be 30 %.
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Figure 25. Phosphorescence and its excitation spectra of PPIK

in dioxane at 77 K.
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Figure 26. Absorption spectra of PMIK, MMA, and the polymerization

system. 1l: [PMIK] = 1.2 x 1072 basemol dm™ > in benzene, 2:

[MMA ] = 4.0 mol dm—3 13 benzene, 3 § PMIK.] = 3.2 % 10_2

basemol dm—J, [MMA] = 4.0 mol dm_3 in benzene.
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Figure 27. Effect of [ PMIK] on Rp . Dotted line shows the re-
lation between the absorbed intensity of light, obtained

n
by means of the polymer concentration, and the Rp value.
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Figure 28, Effect of the irradiated light intensity on Rp. [PMIK ]

1.2 x 10™2 basemol dm-a; [MMA ] = 4.0 mol dw > in benzene;

I = (1.3-8.3) x10"° einstein an™2 s71; Temp,, 303 k.
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Figure 29. Effect of [ PMIK] on Rp’. 1: [PMIK] = 1.2 x 10~ 2 base
mol dm_3, 2: [PBVK] = 7.5 x 10~° basemol dm_3, 3: [MBK) =
3.2 x 1072 mol am™>. [MMA ] = ( 0.7 - 6.0 ) mol dm~> in ben-
zene, I_ = 8.3 x 1078 einstein am™2 s_l, Temp.: 303 K.
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Table 10, Results of the photosensitized polymerization of MMA

Sensitizer Solvent Rp" x 10° &) SFRaE X% 108P) Rio X loa'c) q,d)

mot ‘an3 dol B3 s—l Mol du 3 s_l

PMIK
1.2 x 10”2 Benzene 3.24 5.92 13.5 0.3
1.3 x 10”2 Dioxane 2,38 3.20 7.03

PBVK
7.5 x 10" Benzene 4.49 11.4 22.9 0.52
7.5 x 107> Dioxane 556 6.33 12.7

PMVK
1.4 x 1072 Benzene 1.00 0.56 2.13 0.05
1.5 x 10”2 Dpioxane 1,27 0.92 3.50

MBK
3.2 x 10”% Benzene 5.95 20.0 3% .4 0.8
3.2 x 10”2 Dioxane 4.56 1.3 20.6

7

[ MMA ] = 4.0 mol dm™>, Temp : 303 K, I_,_ = 3.4 x 107/ ein-

stein dm~3 s_l. a: Corrected value, b: initiation rate ( Ri )
was calculated by means of the equation 39 and the reported

* mo1™ Y L g, =357 %

c: calculated by assuming the quT

rate constants ( k., = 2.69 x 102 dm
lO7 dm3 mol_l s—1 ),48)
values to be 0.3 ( PMIK ), 0.2 ( PBVK ), 0.7 ( PMVK ), and

3 3

0.45 ( MBK ) dm~ mol~

PMVK < PMIK < PBVK < MBK
PMVKTOKRERE, Rp”" HWThHXRVEVHTOHEDOLGNKE N,

PBVKXMBKEHEFTOXHBELICHVWD., RplcbH23E /7T —-RBREOE
BRI ULUE. logRp’ % log [IMMAJ icFuy k323 (B 29) . WwFho
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Figure 30, Arrhenius plots of Rp™ . 1: PMIK, 2: PBVK, 3: MBK.
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Figure 31 . Plots of ri! vs. [MMA]. 1: PMIK, 2: PBVK, 3: MBK, 4:
plot of RiT-l for MBK vs. [ MMA ] when the Ris value is assumed
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Figure 32, Plots of Ri_ / Ri vs. [MMA]. 1: PMIK, 2: PBVK, 3: MBK,

4: plot of Ri;, / Ri, vs. [MMA].
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Table 11, Results of the excited states

Polymer E E T T

s b g S i

x 102 kJ mol"1 ns
PMIK 3.5 —-3,.6 ca. 3.3 ca. 2.7 ca. 2.4
PBVK ca. 3.5 ca. 3.2 ca. 3.9 ca. 3.2
PPIK —_— 288 —_— —_—

Table 12. Results of the photoreactions of the polymer samples

Polymer  Solvent @ P E (g, ) E (@)
x 102 kJ mol™*
PMIK Benzene ca. 0.3 0.3 - 2,6 22:26
Dioxane — 0.5 — 2138
PBVK Benzene ca. 0.5 1.3 0.8 —
Dioxane — 158 - 20X
PPIK Benzene AV - —_—
Dioxane 5.5 = .
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Table 1. Physical properties of polymers

Po lyme r Ketone unit in polymer / mol % Mn

PMIK 100 7.3x104
P BYWHK 100 2.9)(105
PMVK 100 Cad. 2 X 105
P(St-co-MIK) -9 8.5 1.4 x 105
P(St-co-MVK) -10 10. 1 LTy 105
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Figure 1 . Plots of S.N. or [ ([ n ]o,/[ n ]t - 1) in PMVK ] vs.
irradiation time on the photodegradation of PMVK (a ), PBVK

(b), and PMIK (c) in dioxane at 303 K by 313 nm irradiation.

Polymer concentration = 5.0 g am™3, T otsns % Dat X 1077

steindm_3s_1: (1) reaction under N2 bubbling; (2 ) reaction

ein-

under O2 bubbling; (3 ) after the HT of the polymer solution

irradiated under O, bubbling.
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Figure 2. Yields of the RP (1) and the PO (2 and 3) in the
photolysis of PMVK (a), PBVK (b), and PMIK (c) in dioxane
at 303 K by the irradiation: (1) formation of the RP in the
reaction under N2 bubbling; (2 ) formation of the PO in the

reaction under O2 bubbling; (3) yield of the PO after the HT.
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Figure 3 . Changes of the IR spectra of PBVK (a) and PMIK (b) in
the irradiation: (1) before the irradiation; (2 ) after the

reaction under N, bubbling; (3) after the reaction under 0,

bubbling; (4) after the HT of the polymers irradiated under

O, bubbling.
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Figure 4 . Changes of DTA curves of PBVK (a) and PMIK (b ) in the
irradiation: (1) before the irradiation; (2 ) after the re-
action under N2 bubbling; (3 ) after the reaction under 02

bubbling; (4 ) after the HT of the polymers irradiated under

0, bubbling.
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[ In the absence of Oxygen ]

1,4-Biradical = Main Chain Scission (4)

( Type II Reaction )

1,4-Biradical = Reactant Carbonyl Polymer =5 )
( Inverse Reaction )

[ In the Presence of Oxygen ] ko2

1,4-Biradical + O 5 > 1,4-Birarlica1—02 Adduct (6)
( Biradical Trapping )
1,4—Biradica1-02 Adduct > Main Chain Scission ¢
1,4-!3irau:1ica1—02 Adduct > Reactant Carbonyl Polymer
+ Other Products (EE0)
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Figure 5 . Absorption spectrum of PPIK in dioxane.
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P(MMA-co-PIK) ] . MMAHESHETIZ. 313 no RRETOKRLEAR. K)v -
FOPIKa2=Zy FRICBRRL desiz—FEETH S [pes = 1.2 x 10_] (254nm) .

Table 2 . Quantum yields of the benzaldehyde and monomer for-
mations and the main chain degradation ( ¢B' ¢M' and ¢cs ) ¥n
the photolysis of PPIK, P(St-co-PIK)-19, and P(St-co-PIK)-12

in dioxane by 254 nm irradiation at 303 K

Polymer ¢B ¢M ¢cs % 10
PPIK ) 37 2
P(St-co-PIK)-19 B2 undetected 1 .52
P (MMA-co-PIK)-12 0.5 detected 1.2

=) 2

> B qo'_o -0 o 0 =

w1 A . 1

Pt PP i 3

AL e ot
4
0 L 1
0 10 20

PIK mol * In po|yn'\ef

Figure 6 . Variations of ch for the amount of PIK content in the
copolymers by 254 nm irradiation in dioxane at 303 K. 1:
P(St-co-PIK), 2: P(MMA-co-PIK). The dotted lines demonstrate
the relations of P(St-co-PIK) ( 3 ) and P(MMA-co-PIK) ( 4 )

by 313 nm irradiation in benzene at 303 K.
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Figure 7 . Typical oscilloscope traces monitored in the 265 nm and

347 nm laser flash photolysis of PPIK.

Figure 8 . Transient absorption spectra monitored in the 265 nm
(a) and 347 nm ( b ) laser flash photolysis of PPIK in
dichloromethane ( a ) and in benzene ( b ). Monitored at t =
0 (1) and 0.7 pus (2). The difference in the spectra is

demonstrated as the dotted line.
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