Polym. Korea, Vol. 49, No. 1, pp. 1-16 (2025)
https://doi.org/10.7317/pk.2025.49.1.1

ISSN 2234-8077(Online)

Zd|t|'20ME[0|Eo| Halst S& Mo

0[0
00

JE - s e
FoldistaL uto @ 3}3tg-3t)

(20249 9¥ 129 e, 20249 1€ 26 4, 20249 12€ 64 AH)

Precise Polymerization Control and Applications of Polyvinyl Acetate
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=5 ZMdoME|o] E(polyvinyl acetate, PVAcy= 7574, A 714, gt A4 T B2 olde 7K &4
7t AR vy B HAAR AREH, WSHAE rete] 2, HRIE, o8 T uhdst 4kl
ARSETE Bl A, BE, eskin B HoBE AlA 5 FHLg AollA AMS-E = E2]HE ¢3LE(polyvinyl alcohol,
PVA)2] 2 Aot} sxqk vldolAE| o) E(vinyl acetate, VAc) TEAl= S8 5 A 2] Z (propagating
radicals)®] =& WHgAdol & TN A7t w9 AHI JA A3, F AR 2 A B A A A4
A & A ulA] 25 Alofshr] 7ikETE £ BlHE PVAc 2 PVAY] X 71A18 B0l 9FE vX=
VAce] S Alofoll et thekst S5 (free radical polymerization(FRP), reversible addition-fragmentation chain-
transfer polymerization(RAFT))ysoll thal] &olry zhzke] F3PHo] PVAce] EAMF 2 EXE £X 5 PVAc %
Aofel] vX|= FEFel| tis] dolr iz} ghet. Bgh PVAce] FAAR1 ARal gt vlell Ak A -8l disivzE o
FH 3L #AFF PVAcS] tiF AL B 373 A& 7S A7I7] g U A 284S 8 PVAC
o] AgA 8-S U ] gk AR A BEkRS AAg

Abstract: Polyvinyl acetate (PVAc) is a thermoplastic polymer with numerous advantages, such as being non-toxic, cost-
effective, and highly productive. It is widely used as an adhesive for porous materials and offers excellent resistance to
yellowing, making it applicable in various industries, including packaging, paint, and healthcare. Additionally, PVAc
serves as a key precursor for polyvinyl alcohol (PVA), which is extensively used in industries like textiles, films, e-skin,
and wearable sensors. However, controlling the polymerization of vinyl acetate (VAc) monomers is challenging due to the
high reactivity of the radicals formed during polymerization. This makes it difficult to control the polymer’s microstruc-
ture, such as stereoregularity, backbone configuration, and suppression of branch formation. This review explores various
polymerization methods (e.g., free radical polymerization(FRP), reversible addition-fragmentation chain-transfer
polymerization(RAFT)) for controlling the polymerization of VAc, analyzing their impact on PVAc molecular weight and
distribution. Furthermore, it discusses the potential biodegradability of PVAc and its future applications in advanced
industries, emphasizing the need for further research to enhance mass production and sustainability.

Keywords: polyvinyl acetate, polyvinyl alcohol, reversible addition-fragmentation chain-transfer polymerization, photo-induced
electron/energy transfer reversible addition-fragmentation chain-transfer polymerization, polyvinyl acetate copolymer.
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Scheme 1. General synthetic strategy for the preparation of poly-
vinyl alcohol.
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PVA @9l B LTS (vinyl alcohol, VAYS 71 T
3 enol 3}FER 2ol & o)A & 3}(tautomerization) =
o1& oM EYLT|3] = (acetaldehyde)Z =451 PVA 582
At ALARN AFAZ AMEE 5 gl Wb, PVAE ¢
HHA O 2 PVACoF -2 HHo|=HIZAIE J1EAte] g
7153l (basic hydrolysis)E 53l #1Z3HH(Scheme 1). 71~
el o] Ao wet ARl W oMo ESt g AT
ZHT F glom o]d wat aiEAte] shehE, 84, 717
2] EAdo] HsHA Hrt.

PVAE & 2 Aol o] 43, 71414 44 4 H3
A7t o = tigh 3=t rete] TRkt Aol
ol yERIE S8Fr) T Yoy} PVAE electric skins,
wearable sensors S| & ARgo] 11 glo] o8 W A¥x &

RLN

oF 5 vieh HE 4] ROPIME FHA GBS st Gk

PVAE =9 e 2 ¢ He vd S84 T slu=, A+

g Fo] Ay T AL Wol AREEM, t3EA <] H]of
2B A AEA ZEAE o AZIG 2 19361, 2] EHEUA
47l Fusarium lini7} PVAS Thpd &8 40 231 A
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At} PVAS] 2 2§ of &
28] mAIgE Ao} (F2 EAE X T THOE FWt
=7 ot ARg-o] 7Fsgk Foko| R AL = PVAE
0 2 w9 Rl EARF s 2kl QU2 SA|YE PVAE
2 & (molecular weight, My) 2 TH-4FA] S (polydispersity
index, PDI), 3= (degree of polymerization, DP)I| W=} &
3=, Ak Tl o] upkE = low, o] & <lsf QI 7=, A
A, ek, £ 2 Wisted 5o 54 o A
T Tt olEigt 5/ WSt o] gith B Igh wofl &
|2 T 7] Wil ol thgt S Aol Fasih

ShA Al A o] VAceE PVAQ] T4 A
ot} sARF AWHARl vIEA TRAIEHE thEA AFA
oldo] #Zof7l u'd olAE|o|E(vinyl acetate, VAc) TEAl=
ke S AR It 2t 2ol (propagating radicals)
o] T2 wkgAol o3l TEREEL] Alo)7t w9 ofl9H, ol =
PVAc®] W At X2 9 ARE0]s BEg(chain transfer)S
3 TS A TS op7Igeh BERh, AAITFERA, T
AEQ] FZ 7124 (ie. head-to-tail configuration) 5 LA
HH 25 Alojste A% 7hekEt) A AEe A3t 2o
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Free Radical Polymerization(FRP). FRPE &4%4l0] &
ek 24 2o v Aol BaEs) WEEA £t
& o= Fytulo] AAete el FelH, B A
| =AY wE2A A s 548 7R 28A T
B SR, vinyl Al LA} FelA 7P BHEAQ]
O]E}.zszf)
VACE Hlgd @A 5 wkeAdo] Eob F9 vt w2
7] wiEel gtz Ago] e|uA] wke Fdo] mEA X3
= FRPZ= AloJs}7] o€t wlghA, VAcE A|o]317]
AaiXe S 55 vl @A fASE Wl 2 S
S5 U U 5ol Atk S|YE 9o WHES AME
T gz Aol YR =3A A Aol AlEtEA
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A] 2~¥l(potassium persulfate(KPS)/N,N-dimethylethanolamine
(DMEA))°] A2M %= g8 5= Q17] wjizel] A& ol
AAsh= vl =50l 2 ASR diglon, Axxos =2
A} v PDIE 2= PVAc $H40] 71sdint 4ts) 8
o AAAAIQ] KPS/DMEAE A18-3le] 3 A Atsl 3
Hhgo] ot gofr|ie ghr|Zo] AAEA FHol ARk
3% DMEAE AtA AAAZ AFgEo] 12} 2l Z-S FA
SIEE she IS 3P7] wel* B AYEE VA T
gto] o Lo giF o g AojE £ LS Bk
DMEA= 73} HEA|2 A= o] §/d% PVAce] PDI
A AAAAE 2= PVAc] UAF A7), YA =27)
article size distribution, PSDYE G340 2 Aloje 4=
HolFt}.

A7 KPS/DMEA 2t} 3h9] A|25llS Algsie] 12°C
of|A] oF 2400 WHE-S XPAZ S olf, A& oF 75%, T
o A (M,) = 437000 g/mol, PDI(M,/M,) = 1.362.2 15
2 9 Aoz v Bl BEE 7= PVACE ¥4
& AR, olnf YAZ7]= oF 176 nmZE I E T
(Figure 1). TESH A7k Zzigol] we} 52 PSDE 2h= A1S
golg 4= o™, emulsifier tHH] monomere] %ol W&
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(a)

Component ? Motes
Water 167
Monomer VAc 50 33wt of water
Surfactant S0S 0125 0.5 wi'% of monomer
oP-10 0125
Initiator KPS 0125 0.25 wi of monomer
DMEA 0123
Temperature 'y o
=} %) (x10'Da)
12 746 437 1.36

* Monomer conversion values were at 240 min and estimated using gravimetry.

* Number-average molar mass for PVAc was obtained from GPC (polystyrene standard).

©P = Mw/Mn determined using GPC analysis of PVAc.

(c) 020
d 240min D. = |?6fl'ﬂ.
o154 PSD=1.03
z
g
g 0.104
1
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Controlled Radical Polymerization(CRP). C
WA HEgo] WhEA FATHEE 02 Wstths 548 7
SEHOIH ' FRP9} CRPE B 2g $FOR o|83itke
s THAIT, sk Akl el vilg- > FRP2F
27| CRPE= = 24Fo| v2/d3} el (dormant state)©]
o, 2itjzio] 7HdZ 0 2 dste]7] wjiZol AkEe] 7ol B 4
th= A, WAINES 2 ARE 437 4= (initiation and propagation
rate)’} vi-¢- WETHE A, HFH R AE F2E FYsH
Alojak= Zlo] 7Fsdtthes A 5 FRP tiH] of271A] o3&
7RRITEY B3 CRPE %19} 2h] 2 (propagating radicals)?t F4
% (dormant species) Al12] 4 H3o| o]Foix]7] wze| A}
& o], deA|e] X 5 T8% yEA EAL apFow
Aole = o™, VAcel 7ol kAol o} A % PDI
Aol7} oE & BHAE CRPE Saf 2313 204 Ao
& 22 AT = ATk o] FE A CRPE 2838
BRI PVAc T Alofe] A& GotR il 7F T3

(b)

Relative RI signal

(d)

Figure 1. (a) Emulsion polymerization condition of VAc; (b) GPC profiles for three representative samples of PVAc at 20, 50 and 80%
conversion from right to left obtained; (c) size distribution of PVAc emulsion at 240 min using DLS; (d) SEM images (x30000) of PVAc
particles. Reproduced with permission from Ref. 28, Guan, Y. et al., Polym. Int., 2016, 65, 1382-1386. ©2016, Wiley.
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Scheme 2. General polymerization mechanism of NMP.
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Nitroxide-Medicated Radical Polymerization(NMP). NMP
= YAIslere] A7t 93laL, RS SPAI7IE nitroxide
IS B wae] s B s T dgelale]
T4 9 AKE ol HE AT e S AY T
Ho|th(Scheme 2).%5%¢

a8u, NMPE ©]8-8 VA T F9 Aloje axbo]
A ol Ik o g AR =t 1 olfre 7] |4
d 223 A=) nitroxideol] o3 W7t A 0w EHw
AR EEke] C-ON Aol 23815t 2% 7oA #¢ i3l
(homolysis)’} E|A] ¢o} AE F-2]81A] = macroradical
< ABHA] E37] wEo|th. Matyjaszewski 78-S Bu,Al
(TiBA)/2,2’-bipyridine(bpy )/ TEMPO2] E3A|E 7NAIAZ A
&3l VACE Alofd  Uths A& A3 EEsiATY
5 g =8 oshd 9 AAAIE ARSSHRS o,
20f|4] controlled polymerization 573> &215}7] oj#]9)om,
- 57 A Eo] Hetal v Aol offhal Hirst
Atk ot 278 CollA= oA = controlled polymerization
54 BoF7 Yoyt Fo]2 8¢l 7Y S (anionic
coordinative mechanism)l ]3] ¥ Ao 2 Htt}

Yoshidat= AIBNS 7HA| A2 A}8-3}3L bis(alkylphenyl)-
iodonium hexafluorophosphate(BAI) <= 3}l 4-methoxy-
2,2,6,6-tetramethylpiperidine-1-oxy(MTEMPO) H=+= 1-(cyano-
I-methylethoxy)-4-methoxy-2,2,6,6-tetramethylpiperidine
(CMTMP)E AF&3le] 500 W 2L¢F 428 A %A} &}ol
nitroxide-mediated photo-living radical polymerizationS %12}
ok 2 Az, MTEMPO?] 74-%- AIBN BAT B 2]s]
ZAAA Q] RAREGo] K E|o] S| Aof7} E|A] =
AL Beld 4= AUtk W, CMTMPS] 7% BAI <3
T3l 7EEslE = 2SRRI F AU, Ad2olA] 2417
S-S FYPAIAS ], oF 70%2] A& HolH PVAc
(M,=38700 g/mol, PDI=2.09)5 A¥&o=2 F3slict T
gk S 1A AZASHE 9 A Y St
#2=2 controlled polymerization?] 5438 HAFQla1, Yo
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Scheme 3. General polymerization mechanism of ATRP.

ZAb Tl AlolE e A4S F3l TEMPO #=A
photo-mediated radical polymerizations A}8-3te] 4321
PVAcS] A4S Bt sHARE, Ak 9 Al X 5
A3 VAc Aol E A8 Z3h

Atom Transfer Radical Polymerziation(ATRP). ATRP+=
2 S2ASE (R-X, alkyl halideyS 7HAAZ AR5l
Cu, Fe, Ru, Niz} 72 o] 54238} 31 E(transition metal
complex)S Fj & ARG FTEIIPO FPAIAR-X)SF S
(P—X)e] T2 At B AbspdejolA] Hola42tsl gt
2ol oJal] &afj=o] 24 FHZ R 2 Pyye s, ol
Aolg&asitas H & ABPIEE vl oL Sgo] X9
HtHScheme 3).33414

SHE ATRP S8 92 VAc T3lE s Qrhe
of2] A Aol BirEo] glom # o] Fehgo] PVAc
Sl B3AolA] H3k FH olfi= 9 S PVAc A9
g2 AFH(C-Br T C-Clo] UF Zsh7] wiol
ATRP Zul7} g@ 202 BAstehA] Zal7] wEolt). o2
A3, w9 WS B k) E ZEE =M, 2 A
S ATRP HE (K)ol &8l Sl ofefwo] et
AAo] s Bt o] Sqel G olet dEHX ATRP
Z )|, CuBr/tris[2-(dimethylamino)ethylJamine (Me,TREN)=
VAc o= 23let 222 2:83) Alojol] axp4olA] X
&tH, o] FujE AREEIS W VAc A3} gz Hg st
A ol wkgAol EA AKE A B T4 whgol F st
the A4S 7 PVAe T3ole a3HolA] X3k Alos
LA LY o]H 3 FAIRS 7] ATRPE: ©]-8-5lo] 2008
Shen A% 2 copper halide/2,2":6',2"-terpyridine(CuBr/tPy
or CuCl/tPy)e] 435}l ATRP 1) A28 ARE3] PVAC
FTHS A=A 2 AFE2 ethyl 2-bromoisobutyrate
(EBiB)E 7NAIAZ AF&-3l o™ [VAc][EBiB]:[CuClitPy] =
150:1:1 HI-&= 70 CollA 10A17F WH-31] 5422 PVAC
(M,=13300 g/mol, PDI=1.69, A3 80%)s T 4= 3
ATh HE FHH R Y #AE BEE 2 5 T8A
o] ZHoME ol AAE HofFaL UARE THFA| 2 g
A7 AEARE B3 ES 355 (block copolymer)]
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Abgo] AFPA o2 F715HS ERlsk=
3151t ATRPE &1%3] PVAC 34
Ho= AR FUAINE, Fujjo] g4, &
7= g IRNA 5 S Al="e] JRES S8l PVAc 98
of|A] ATRP7} Zb= sHAIE S5 F e 7ol &9
5| EA| g

Cobalt Mediated Radical Polymerization(CMRP).
CMRP:= & Alojoll w5 @341 whgo|lon, 19804
o o= EA TA ST A8o] 7kl 27l g &
HRA] Egh 9 HoItE® VAe T8/E A E3AIT VAcs
o &EA1 g ZE Qlal] H] 7Hg A1 REgo] A= o
Wy o] sl FH FE= o]Falr] wiEel o] A7+
CMRPE PVAcE Aol = fIAUTh” aAwt 2 o] %,
bis(acetylacetonato)cobalt(Il) (Co (acac))E = A}-&3
CMRP+= VAce} 22 v &A1& T8kt vi¢ &
Aol gre A gl deA| 7] A2 TH(Scheme 4).%43%
CMRP= gukz o2 4, 3o 93] P,~Co(Ill) 2] homolytic
cleavageZt Loy, o] = <18l 24 2tz P, el AAE TP
ojuf, &/ Tz TkA|e}L vhgsle] Foto] P E| AL, AL
T2 g Co(Iek WHgste] FHES Adsh YA
o 2 H|ZAstEL) Co(ll) &3 AFE vE %
2 Co—C ZAF Al7lol oal ohr] &dskd o lom,
= o 7194 Bl dsirt dofd wi7kA] AAsiAl Eok
Z7HA] CMRP:= Co—C 23] homolytic cleavages 7|22
sk 7F ARl T4 W02 AR EAAIRY, 4T 274
degenerative chain transfer’} dojuf= Zo] vra| T} 05

Jérome ATHL o] & ol&slo] AYF O o]f ThsstaL
AE3lth= 534S 7IKE Co(acac),E E1| 2 AME-3IaL 2,2'-
azo-bis(4-methoxy-2,4-dimethyl valeronitrile) (V-70)= 7l A]
A2 AHE3te] PVAc S8 Alofol] gk A& WP Feh>
[VAc]:[Co(acac),]:[V-70] = 2168:6.5:1 B]E&=Z, 30 CollA
14417+ M3 F3He-S B3l PVACS] A2 58 Al s
B3 53] A B2 PVAce] 7% PDI/} oF 1.1-122
ek Aoyt 7 AL ERIEIATE B, M,=99000 g/mol,
PDI=133% Zh= 3 84 PVACE A3d o= 8T +
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Scheme 4. General polymerization mechanism of CMRP.

L T Aol 2 & 5

UeS Btk PVAc 394 CMRPe] 973t Aloj A=
Debuigne 31-75H2] NMR =337} o] 84 AlLks F4f ds
Aot dukx o g2 )z SgolA Fakge] sl A==
head-to-head(H-H) 2}t]Z-2 %3221 head-to-tail(H-T) Hj
Aol oa BAE FZl sl o AR FHES A
gt} o]9} 2 Fukg-2 24 girZEe] A5t oH
AL, ARH o R Fo SE7F =EAIAY AAE AL AL Ak
S ol A A B A E] F7HE op7]gith. §1H]
TE NMR #2318 28381 5 A3 =114 Co(acac),
£ A& CMRPS} FRPE Hlw S, FARH H1&-¢] H-H
S A 4= QUSIAL, H-H v & Qlsf vkg-o] S|
PSS Uepll= SAI Ak gwee] v1834<l H-H
i 52 Bk AFEA] gt ol FWE FEo| VAc
Aol o] BEA vig mrof g3e x| ¢k Hlsgh
T2 AR S WSk Aol B0l DFT Akt
53l 22 H-T-Co ¥ 12} H-H-Co FHFo| fAlSH Ao &
Zhal 58 ERIgewH o2 It T¢e] w3} ¢ A7t
WA SRR Gethe As B th(Figure 2).

o] ozt Jérome ATE-2 A0 HAA 2 ARE-E L
o V-709] 2 d kg oz 23 AHS FEsla A}
ol AT & e Atsl B A]2H (redox system)el] THgH
ATE st A7E-LE Co(acac),/'V-70 A28 thil
Co(acac), 1l S35}l 4FsbA| (lauroyl peroxide(LPO) E=
benzoyl peroxide(BPO)) -2 4ts}/2HIA| (LPO or BPO with
ascorbic acid(AA) or citric acid(CA))E ARSI PVAc 5%
Aol 2 Ax=3kh =2 Z23} LPO or BPO/Co(acac),2 %t

biﬁgﬁ

Figure 2. Relative BPW91* enthalpies and optimized geometries of
the species implicated in the deactivation process of the T and H PVAc
radical models by Co(acac),. Reproduced with permission from Ref.
49, Morin, A. N. et al., Macromolecules, 2013, 46, 4303-4312. ©2013,
American Chemical Society.
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olgo} -

g wli= GPC AZRrHETIH ] o]F X (bimodal)Z Ao
o}k BAA(AA, CAYE 7o) ARE3S W& M,> 100000
g/mou fx}%be— ZE= PVACE PDI ¢F 139 502 9
T AATE. BESF, V=708 NAAR ARESIE o B} vhg
A7kl B& ‘?_‘erlL As I 5 ATk vt V70
ARG meks gl o2 EAbdel vl 2 2 A4 &
(MM, = 0.1y Dol T MAl B8] e S
gelgk 5= AUt} ol= YA Z] Co(acac),”} peroxide 1ol
Hofahr] il Zle® RIStk H%el, ¥ 95 §
&l 3L AL PVAcE sl =W Agk&o] el
weh W §oo] HEsk S wobd WgEe] @AY B
o] of7] whel WkE Allo] Aol BAF R} o
A 22 BRI QUG oo} o] AT s
9 A2=50] CMRPE 53 PVAC 4ol 0.8 932 @
P L AN el ol 9 el 2 S
PVAc®] tiF ALks 9% a3 3
Je 7FeE HofHh
o]x" CMRPE= PVAc =3 Alojol
9k 53] 3L 45 PVAc s 2
AR WA HEd), ol PVAcS] Tl Hololae] &
| AYEo] "} o]& 531324} Sabzevari AT H-S
CMRP ARg-atod Wh-g-3} £, FA] 5] F7H<1 38 jle]
S A4 4= A& silica gelo] 3% packed column
(PC) system2 =213 PVAc T3l tgk A= X33ty
[VAc]:[Co(acac),:[]DMFJ:[BPO] = 245:1:13:0.2 H] &= 55 C
ol A Wk-& XIaYal] FiF oz & AlojH PVAG(M,= 44000
g/mol, PDI=1.5)5 F 33} Silica gelo] ¥ PC
systemol| A 2] S ITEA} A|0le] B4 l)Zo] silica gel®]
71ge SEldoR 7 4S8 o AT F I=E =9
oL ®HopT) HE3h HES-o] T4 ¥ silica gel> A E
PVACEHRH FHHOE CoFE AAY 7 ee HolF
At} o)& Sl AT AT o] &5 T2 PVAco| A
& EAHO2 ZUT FA U PYAS] el 2 8
A BEFF AT O o] FolHe2 SIshE S YTk 0l 72
& PC-CMRP A &8 ¢] A¥= PVAcY] dEALS 918 5
3 712AE7EE  9loH, ¥ deprtele 2 Alojd 1L
AFF PVACS] thi Adtell “%% = A4S e ok
Reversible Addition-Fragmentation Chain-Transfer
Polymerization(RAFT). RAFT= 7IA], 5, 54 HkS-9]
B e R CELE LR
SAe S48 P kS A A o)% BRI
ol 37 2t %}(PH-)O] RAFT agent?] thiocarbonylthio 3}
FE [(Z-C=S)S—R]FH ¥Hg-8te] F7+ 2hr] Z(intermediate
radical}& &4 SHH(Scheme 5).*%°
o] T+ e Po] HIZF Al FANRE-0] dojutA]
13 mi—4 OJX-]]OH_ZF}; [e=Rei K R 3]._7_, C=S 1&o=7 7}0ﬂx—1_&

T 1= =
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of

S S
R R RS
L A
X
Dithiobenzoates Dithiocarbomates
S S
R X
R, S’X ~§ oF
Trithiocarbonates Xanthates
Scheme 5. Representative RAFT agents.
2AstE o] 7 7] FH R EsEr). o] 3l WS 5
3 Pro] oA AAEL AEL Sz R)E AP ET T
WSO A A 22 gzl AWAI7E dojuk A2 437 2

E]Z—:'].—(Pm) 0] ‘3:]/\‘]5]’7 ‘G'U:]Z_J,]- E]—/\‘] /\‘]X} E]—E]%]—(Pn’ Pm)
o] WE Wl = Ho] BE AkEo] #5eH 8
T = 71815 7IAAl Ftk(Scheme 6). Thiocarbonylthio 3}
AEOA Z 27S C=SAT ] e 2Hsl T LS
YA 9SS, R 252 C=S A3l P,o] &4
2w S W2 TEX R QYWD F dojof 5] o
ol MAA R o) sds 7 ]%Tjr 285 =
73k o]&h 15 (leaving group)® TS $H}(Figure 3).%® o]
& RAFTOA] thiocarbonylthio 3}3HE-2 53 Alof<] w$-
23 4TS SIA U PVACE dY THOE AXT o
RAFT agents H7lshH S3o] A o] Hrks #AHS 7}
]J_ om, vh-s-Ado] =2 RAFT agent= _ﬁ SHs) A
A = A= Q& PVAc oA RAFT H
°2 YHEa, A1) RAFT agent= d:‘%k =5
sl7] wjiEel 2, PDIE 93-S 71xthe #A1KE 7

2=

1. RAFT Initiation

M
Initiator Pr
2. RAFT pre- equilibrium
Ky
Proj p.lLs!ian
: A i
\| ........ it o ’R P | +
ll‘ * ZJ\S'R N Ranat S8 "\S/J\Z R
Thiocarbonylthio
intermediate
3. Reinitiation and Propagation
e — M R, BB
Ky Ky
4. RAFT main equilibrium
& ks
M} S Kugp &
Pri N K aap 28

5. Termination

Pn* * Pm: Dead polymer

Scheme 6. General polymerization mechanism of RAFT.
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L T Aol 2 & 7

S R - The R moiety should be a good homolytic leaving group
R )L The formed radical should be able to reinitate the polymerization

°sT Z

Z - The Z stabilizes the intermediate radical and promotes addition to the C=5 bond

0
Z: Ph>>SCH; = CH; = N@ >> Né > OPh > OEt = N(Ph)(CHj;) > N(Et),

CH3 CH3 CH3  CH3 CH3 H H
R: T»H?(‘;N g c}fih > }—Ph > FCOOEt > }—CH2+CH3 = }»CN > FPh > }*Ph
"CH3 CH3  COH CH3 CH3 CH3 H CH3  H

Figure 3. Representative substituents of RAFT agents and their reactivity.

A3 9o PVAco] &<l S
ATE AHZHOF o] Fofx| AL Utk

20008 o %, xanthates(dithiocarbonates)S AH&-3F RAFTS
o83l PVAcO| S8 AlEsl7] AlAElem, o= PVAc &
o Aol vi-¢- EHAolet= AT Aol o] A=
L AR71A] xanthateE ©]-8-3F RAFT= PVAc Aloje] &
ARl FHo R dulA Jdom, FHAL] T Alo] ¥yt
ofe} Ak, PDI Alo] B3k 58t Aoz defx] ;.4

Barner-Kowollik 91782 8&7F2] 2t7] t}E aromatic %
aliphatic Z 1552 Z}= xanthateS A8-31] xanthate -7}
PVAc & Alofol] mX]= Fakol thell Aatict™ 2 A3,
aromatic/aliphatic xanthates =5 =7} 7132 53 &
=7 RAgES 391892 H, aromatic xanthates H.Th
aliphatic xanthates”} Y02 PVAc T3l B G242 7S
glelglit}. 53] methyl(ethoxycarbonothioyl)sulfanyl acetateZ:
AFE31S wW PVAC(M,= 50000 g/mol, PDI=1.18)¢] $-5=3F
=% A7t 7hssiet.

o] 9} 7+ xanthateE RAFT agent®Z AFE-3F S o]
PVAc Alojol] maa o] ¥R A 1hA], xanthate 30l 4] 4t
20/ ZA2WN)LZ x|t dithiocarbamates, dithiocarbamates
o] 3HQ)E A F[Se)oZE X33 diselenocarbamates =
RAFT agents= AH8-31] PVAc 5% Alojsh= A+E°] 2
3§E|7]E ?;58])]\’{4_'61,63.65—70

Dithiocarbamates= xanthatesS AM-PS W R} HeHg-2
WAAREH F2 PDIE €S T U2S ERIT T Ao
21 %, Moad, Rizzardo, Thang 1782 dithiocarbamate(R
=—CH,CN, Z=-N(Py)(CH;))Z RAFT agent® AR&3}H A/
710l ©lgt pyridine®] Fefel] wt RS 24T F =
RAFT agents H 73} TES o] 4t 2J8]| pyridinium salte]
FElE Z-= RAFT agents AHE-SHH U 2/433bE ©HEFA)
(MMA, MA %) 5l &3%o]a, G719 ¢Jafl pyridine &
HIE 7= RAFT agents AR5 @ EAJslel ddAl] Sl
BAAAS Basiinh 2 A3 9 S skE SEFA|(NVP,
NVC 8 VAo)S a4z T3 5 At} AR VAc
T 7 12AZE Foll oF 54%°] e = Wk 8ol
FA Agtor] JiHoR F2 EAF EEPDI=124)E

£ 913+ RAFT agent

B o % PVAC(M,=8900 g/mol)e] A&k 3l 7t
=g ghet 52 oYl
Se2 =93} diselenocarbamatesel] thet 758 Al HH 76

Coote, Destarac, Harrisson 78-S C-Se] 2% U= 7}
C-S9] AjtllyA] Bt} 2to} HH A2l RAFT agent= -4
2 & Atk 7Fs/dS 24l diselenocarbamate(R = —~CH,CN,
Z:_N(CH3)2)'§ o]%g}oq PVAc %:—;‘j]' X]]O]—% /\]_‘,:_?:{EE]-.“ ?j_
TEE Y 23715 2H= (R=-CH,CN, Z=-N(CH;),)
dithiocarbamate 2} diselonocarbamate RAFT agents”} PVAc
Sl HIXE G Bl Asi8int. 2 A3, dithiocarbamate
9} diselonocarbamate®] A& A9 “3<r(chain transfer constantsy=
H|S=3IA]9F diselonocarbamate RAFT agent®] 739~ RAFT 5
By vAUZNA A== F7F 2FelZe] dithiocarbamate
Hr} eFgste] $4 Whgo] $AlstaL, S8 AR <l
dithiocarbamate 2t} ¢F 20 = F3&EE7F = the AS
o151 A TS Zhu A-+8-2 cyclic diselenocarbamate RAFT
agentE cyclic dithiocarbamate RAFT agent®} H|wsh= ATE
2=, cyclic diselenocarbamateE AHE-3-S 74-$-(M, =
49000 g/mol, PDI = 1.45) cyclic dithiocarbamateE AF&-3S
W) (M,= 47000 g/mol, PDI=2.02)5 T} F& EAjek RIS 1
ALY o]& T3l Se 714+ RAFT agent®] &8 7FeidS 2
o5 om, Se 7]HF RAFT agente L&A A3} FAlo 2
B2 Aksel AElas E9AE e ReE AYws
33 PVAcS] ZAIHRI vle] @ 3-8 7FsdS BTt ol
7] RAFT 53 CMRPS} BlE0] PVAc 59 245 9]
g aFHRl WO R o AXIT

Photo-induced Electron/Energy Transfer RAFT(PET-
RAFT). RAFTE & ol oJsfl 7ixE= ez 255 A
|317] wfiZo] dutdos FeHn =2 Fo 255 I8
2 gt} ARt Yol oJs) A2 = Q= F JHAAIE AL
S3ithd g= Qg =2 dyA|d o5 A7]e TRk
Zshstal whg-] 888 Siste 5 Utk H2 5 3]
HE RAFT WHg-50] Bo| A:=53L 9lom, o]= 33 w7 7}
Alell ozl Fgo] g Eo] Bt & T84S 7HH, 5
7HAQ1 FWA A FulE ARSI oot 5 EHAIE AMS
S o o) rjzte] HrIE Qg 2ES I F Ut &
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< Zreth B3 9e| “ond “off’E 9] 2Ao| 7hs
SlTE 3wl Wkl Sle] RAFTZE 752 2 5 UL
d o= FE AE-E= RAFT agents(dithiobenzoates,
trithiocarbonates 3 xanthates)$! thiocarbonylthio 3}3tE5-2
AREF O 2 7F3 UV F7E sk 2102 dujA] glom, dlof
2 VA, A 2 T4 o R 2881 photoiniferter
2 288 Qlrk SARE AR S AR SHAl HH ARelal €]
=2 AUl oJ8]l RAFT agent®] 6l 5 vt Fukgol
WS = 9lom, ol ARFoR T Aojol] ddFS v
ZIt}, Holl= photoiniferter®] 542 3 Sl (dolas 52
f71 F=v)ys 283 photo-induced electron/energy transfer
RAFT(PET-RAFT) T3 ol 745 WAl itk PET-RAFT
TS A AR A WAUSH olyA A WAUS
o =2 Mduo] 7H53ltH(Scheme 7). 7HA1GA A} SlollA] B
Z 9] 7] (excitation)= thiocarbonylthio F-&2 2 2] =}
s frdste] goz-& AL o]F RAFT #8E Al
zZhgitt, 2 & 22 A= AlstE FEu) el Adeak-g-ste]
FHES AAS AR A HAYUFS] 75 4714
BZvl= thiocarbothio SHHE<l| AUAIE Hesie] T3 T
AE 918 A9} oS YT ¥Rt o2} thiocarbonylthio
Ze]zg FAdste] wEA AAeste] FH RAFT polymer
A|Q1S A/dgit}. PET-RAFT T8WH-9] WAUSS 7] %4
B o] ZZuj ¢} RAFT agent’} o] 8A B3 28-S sh=A]4
wet 2 mAYSe] ek g Jlow, FEule] TR w
2= W 5= ok PET-RAFT Wi UEel &3 AAE U
|2 A8H =2 AT BAL HoQrh 4P

PET-RAFTE 7341 S AR 24 UV Al <%
TS HAs 7 AL, F AR fel WE T
Z4 (temporal control), FEmje] AMeH s S5 531 %
3 3}8} Wk-3-(orthogonal chemical reactions)oll 9] &8 5 %
Ho] 2t} Boyer 782 iridium % ruthenium 5 Zo] &
% B3AE 4 S9E A8 PET-RAFT S8 Ao &2
3%k o] PET-RAFT S9HS 283 st 43E B
alod vl-9- &2 FHAS Btk 07 Boyer

Scheme 7. General polymerization mechanism of PET-RAFT.
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TES PVAC 530l = PETRAFTS 83120tk QuH2e] RAFT
Hh-8-3}F H| 5231 PET-RAFTS] 73-$-9l4 % thiocarbonylthio
3322 RAFT agentZ ARE-3191S w, o E4d38te oA
oM 93k 3 Allo] E3Z WS Wi PVAcS 2o ¢
sk M= dFAolA] e ARE A A&
£, blue LED(Ayy =435 nm)E A3} thiocarbonylthio
332 RAFT agent, fac-[In(ppy)s |5 BFZ AM8-3lo] 5
TS A=PATE, PVAC A= Aallgic). AT xanthate
E AREIRE W HAIE AEH o2 dofylar BAEF tiv
Aghgo] AAZE APAR RS ERIom Aoz M,
= 18000 g/mol, PDI=120% ZFgol AFIc}” ZngA=
PET-RAFT ¥h$-& E3] DMSOZ &Wj = AR-3lS of 7}
2 Zgo] T Id#A ok E3E DMSO ARE A] BRS- -gol
9] degassing $10] 371 Tl G J3ollA] ki Ui 27de]
A 7hssith AR AL BARF PVAc S8 PET-RAFT
£ &&aV|x siiet, A SR [M]:[Xanthate]:[Ir]=
5000:1:0.1 B1:& o 2F 3077+ § 23%2] k&S 28T PVAC
(M,=101400 g/mol, PDI=1.24)2 A¥Fo= 34 F+ 3
ACE” H|E, AEE} HHSAI7RS TSR] B thE
FTHHEC vla] BRI A7t 7hssitke AS Bl
t}. PET-RAFTE 2 7334 LEDS ARSEo 24 F<9]
g 9l Al7]7F vESel]l S8k Y2 vtk S, vk i

3
2] 4=, A (photon flux)S YER FE Zo] A gs}
o} AR 9] =EE5S LED 399 &8 WE 37
3 olEd), BWhee] AH 8-S fEiME Bl HE

3k power densityS %7]5k= Zlo] FQ3}t},
ZC[H|HOMEHIO|E ATP-SE

Continuous Photo-Flow Polymerization for PVAc. $FA]
Avd gt PET-RAFTS} 242 32 w7l whe-52 ohst S
Z¥y1 Z P E AL Qo) SEAIRE HIX] 9R8-7] (batch reactor)=
&Y== W2 Yol ARl T3} AR lal oAy

Electron transfer
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Figure 4. Continuous flow reactor used for polymer synthesis. Repro-
duced with permission from Ref. 83, Corrigan, N. et al., Macromole-
cules, 2016, 49, 6779-6789. ©2016, American Chemical Society.

kel

=]

& 8 Al % 28

FhEe] AF ARkl E dREE wolant siglen, o=
AWER A% T whehs HEA o# A7 Eek WS
AYsl e LaE BAF w2 PDIE RIFo=H A&
S T AT AREE AT 5 AT

Biodegradable PVAc. PVAE T35 Q1 H|o| 2~EA] AJE
all/d AEALR TheFt otel] Z-8-EaL AR, PVA HA2]
PVAc= AR37F A9] =7 ob= Ao U] Arh® Vinyl
A o) B FAL IR R A EalE Agsl]

ujiZo|m #6 obg el e Bk ZAS 7O 2M PVAceE U
A, Wslehdo] s EellE Agditie A0 R 9l

3 H71E AeheA B FAVE ALY o] sk #AE
s 43tz QA= PVAcS] AaldS dA7I= Aol &
fsith. AL S A7V fEiMe A eR d <t
3k of| ~F{(ester) A3 % ThAh AR ATS TUAIA oHF
gk BB FRE AAAISRE Zlo] Fasih®

Kim 792 34| Jei2 SAsht < 7k AV =
sk H2A] PVAe € 62 H2A (hot melt adhesive)©l]
A S Folshs A5 K en, PVAcel BI+F3} vt
S (saponificationys &3l VATLFS =T =M AT
ok o} 84 SAE 7HE AU dldsinhY ald
Qe FRACR ThEsld A 24 PVACS 7ite =
st A= ST FEA 7RIS FSEl 32.6, 54.1,
71.2% 7Rl 7t R1E PVACE 73 @ A Add=
(single lap-shear strength), T84 2 A& AFS K13
sttt 2 A3, & A AR EE 7Es A= S
gl whet 7Haske e SRIY 7 AN S (Figure 5(a)),
HEAeL Aze] F2o] ohet HAAY AE AAI7F A
AANAY FAA= §F 37}t dojube e gtk
w3k, 7R ot Skl Wt PVACS] Bl tigh &
=% Z7}3lthFigure 5(b)). YWHE 02 PVAcE &9 %A
SBAT PVAE ¢ 2 57] wjZo] FiE2 oz 7sle
PVAc®] 73-¢- LaAe] St Aiat ARE 9] dtol=EA]

L
pu—

(a) & (b) 100
CHS=100mmimin %0 -0
-5 Test Temp.=25°C -5 1%
'y = B0
= % —--T1.2%
g d1 R
s * 2w
8 . El "
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-
é 2 ¥ »
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@ 1 2 #
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-
0 0 -
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Degree of Saponification (%) Temperature (*C)

Figure 5. (a) Single lap-shear strength of hot-melt adhesive as a
function of the degree of saponification; (b) degree of water-solu-
bility of LMW PVAc specimens having different degrees of sapon-
ification. Reproduced with permission from Ref. 89, Kim, Y. H. et al.,

Mater. Res. Express, 2020, 7, 075301. ©2020, I0Pscience.
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7] gl wel ol et S =rt dEiRl= AE B3|
B 4 Qo) mEdh PVAC Alge] E §32F HEAAIE o851
1 mm $7¢] D55 Axg F 20-25 CT] A5 Yol
g F2o] AEslES AT 2 A3 oF UiE $o] B
Al foto g ol Hal Zgo] FEisH BAEAL
), 7FRES] Aot 225 HEA ] ARd Sxrt wet
Ae A & F A 53] 7] A7 71.2%3 A
He g Foll 8] ARa7E =L, 7] A=t
32.6%20 AL oY F, s AR He EE5S I
AaE = AATE o= FARIAENFE o]&-3te] AlHe]

TR el BAERNGS W, B &) nyEEe] AHe) &
®ol getio] AAAL] R} Lol AL AAT = 9
glom, Ajzio] Al et e Pt Frkshe w3
Qs 5 AATHFigure 6). ©1F Fl ol =4 3L Y2
sl 542 7Ae] 23 917 g PVAS] TS WAL
24 284 0 ARE B9 2 & 5 U AoR
o, VA that 78 AT US Basihs 1S BelF

™, PVAcE Al 542 -3 os a7dke Eokle
82 T S I+ Aok

TS Mothe 3782 PVACE T8E W 2-methylene-1,3-
dioxepane(MDO)YE AME-3t] =8 AlZe] ol&=H 258 3
7¥ste] Abgo] Al e WHES B8 THScheme
8)." AG¥ -2 PVAc, PMDOS} thefet sHa-S 71l VAc-
MDO random copolymer(VAc-co-MDO)E 5351511 MDOe]
olal] AAE o= Aol A waldol ojw gt MskrF WAl
st=Ao gt A+5 3Tl PVAc homopolymer 2

Figure 6. The surface morphology of the hot-melt adhesive with the
degree of saponification of 54% after: (a) 0 day; (b) 1 week; (c) 1 month;
(d) 3 months (scale bar =1 um). Reproduced with permission from
Ref. 89, Kim, Y. H. et al., Mater: Res. Express, 2020, 7, 075301. ©2020,
IOPscience.
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[e]
oJ\ca o AIBN (1 mol%) m{'\g}’
+ m
—————————————
U /\OJ\ bulk, 65 °C. 24 h \{\AO/\/\%‘
MDO VAc Poly{VAc-co-MDO) 1/

Scheme 8. Free radical ring-opening polymerization of MDO with
VAc.
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Figure 7. Biodegradation Closed Bottle Test (OECD 301D) results
of nondegradable PVAc and degradable poly(VAc-co-MDO) using
secondary effluent from domestic wastewater treatment plant, as
inoculum. Reproduced with permission from Ref. 90, Mothe, S. R.
et al., Next Mater., 2023, 1, 100055. ©2023, Elsevier.

poly[VAc(0.88)-co-MDO(0.12)|5 S5tate] R4 NS
72135k A3} PVAc homopolymer= 72] #3l = #] ¢F9%t,
VAc-co-MDO= ¢F 89% Eall¥l 21& 1 th(Figure 7). ©|
A#= B3 PVAARE 23l 7Fsd dl2E o &gl
PVAc ARE9] AESIAES ol 4345 B

A3 ° dAsx= AAreks A o Adsid S
ZEof] ARSE= JEA B3 el 7Fsdh 249 A8o] A
& o]7] wiell PVAce] thdst ZoF 285 flal= PVAc
o] ARalg Fof g AR rhsAdel tigt A wle T8
sttt Yozt Ajjol A8 7hse 3 AIE Fd5] flEl
e PVAc 35TA 58 Aol Bl ol= PVAS] ¢
e S Aol A7t A H ot 7hssitt. of2gh A
7F A&H o7 o] oA A AT 2 FsHdS F
Al 2dstke Hl 719 4 AS AYS 71+ Ak

Ethylene Vinyl Acetate(EVA) Copolymer. Ethylene vinyl
acetate(EVA)= ethylene?} VAc2] copolymerZ ethylene A}
%o VAot g o R ¥l JE FEHolm,” o= VAc
rigidity©} low-density polyethylene(LDPE)2] flexibility 573
7HA1 AL )& thermoplastic elastomer®]t}. EVAE VAce] &
2ol we} 8 EA(EEA, aystallinity ) H3kA]7]7]
A3, W=shd, WA, 71714 240] $=sivke 545 7t
AL Ak EVAS] §-81Eok= VAc gl wt vhet
Al WX =, VAe $ol 14% w1 79, LDPES} H]
5% 54 7 FEolv okZE JHEAIR ARREM, 15-
28%R1 73-9-olle 4tanel i Fdo] wol SAE A
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Scheme 9. EVA hydrolysis reaction.

U 78 EEEo g ARETE 123 30% o1l -
o] vl o] HA| 8= wiEe] JEAE F=
AR T oebg® 2 Aojyll EVAS] 735, Aol &
S YOoTA] e the ATEHE B oE, IEE
9 ol s dgehe EAF ARSEH, EVAE thget Ak
USRIl & 7 AUTES
Fatyeyeva 79> F-424 713l (partially hydrolysis)
W30 2 VAcIwS VALEOZ X8t hydrolyzed ethylene
vinyl acetate (EVA-OH)E ©]&3}o] & 2 712 Eg] Ad50]
St Wu el st ATE 7Yt th(Scheme 9).” 3L
A WEHRIE] 75, AR 27 Avks S 7HI AL
SR, 71A1A Adso] Hot & B 71 FE] opellA o] AR
AgHA oAt olH et H {eld A (glassy polymer)E
ARESte] Betelal o), fEld aitAks Fapdo] dnd o
FA3] s EAES 7EKAL AR9AL, ol tigh A= A
&2 02 olFojMit). fE|d A ol st A 2
FIdE Algshe J7HE 252 A (rubbery polymer)
£ 4o AMgshA siAEATE. 22 2 A sofish VAc
Il FHES ol 9SSl rigiddt VA 252 &
ZRZE, AR o] A AR = QIsiA Z1AIR 54 2 T3
AedE FPA7IE AR ofdet B/l JedS ST
NS EH antifouling H5S 5712 T S AYE 9
ek AFEE sl vEE AIZROE B3l EVA-OH 1
(VAc 44%, VA 26%) “-E] EVA-OH 5(VAc 9%, VA 61%)
7EA] Sl Z47] thE HlEE ettt 2 A3, VAcolA
VAR ] AgHgo] ZoldFE VA 159 w4 7F #44%
o] 734 AFEC] WA A, I EE sk AHE
g1e = AT 53] EVA 2 AgHgo] e WHg s
ARE-EE 735 71A1A ZAETt wrol 218t stollA FE# 1] ]
A Aol EAESTE Atk v E L] VAe 917 B
TFE O B2 B FYAC B2 B F)E HoTe
HHE 9P VA ©ele BRIl 7AA 54 9 B2
AedS PIA T g ARS-E EVA-OH 7|9F Rl E#1-S
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Scheme 10. Free radical copolymerization of HEMA with VAc.
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