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Review of the synthesis of polymeric ionic liquid block copolymer
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Abstract Polymeric ionic liquid block copolymer is a new type of polymers that combine the advantages of both
ionic liquid and block copolymer together, has many applications in electric battery, adsorption and separation, drug
release and so on. Recent years, the synthesis of new PILs-block-copolymer has been led to great interest by
researchers,so far,several types of PILs-block-copolymer were reported.Controlled polymerization techniques were the

main method to structure block copolymer,the particular controlled synthesis of polymeric ionic liquid block copolymer

was introduced.

Key words ionic liquid, poly(ionic liquid) s, controlled polymerization,block copolymer

BT AR B R T B R T R R 2R A A
Py @ RGE AR T 100°C, HHIF AR T E R B
Wb S B TR . BT IR A R Y B A
PRI AT 220 ) 28 USSR A SR B E LIS
BT R E n A E AR E M . AR B A
7552 5 B QLA 7E — 5 B R BRAES Fe i B 7
PRAE AR AR TSCSCR A LA B BT 34 4
LA RN L B TR A S R . RE TR BE R
LA RUTINEE SE k7 ER) WS R R i R
PRE AN 2+ 7 I8 3 AR R 8 40 1 A 2 R R R 2
AT TS T2 —

1998 4F, Ohno 45" il T —Fh B 5 WL A /Y
BT ZREY P - ER o AR —
AR T (PR ), 5 Z A X R Y R 1 Al LA
FORL R E RS SR R N R A TR, S
FA S E R A R B AL R AR (T O )
BT IR G YRR B B 1 IR v B I e R AR

HEEWMA :EXKARB=H 4 (21544008)

EE R FRZEA994) I L WFFEAE  EBNE & 4 T BRI 5 R

AR B bR A0 R T A IR AR

T AR R B T WA R Ty SRR R LA
AR iR B AL B My i 0 Y O B T R B B A
FIRTH AR —MBERAE T RALARARE
YIRE s R B B TR A R B AT R (AR R
THRUER G YR m R W AR S ERE IR A RS & T
WK R RS RAE ST, MAh, RGBTk
o B AL SR W AT LU i R0 1 19 A 4P A RO 25
AR BT F B AR B R0 ST R BR
B KU SE 2 VB AR A5 v B 2L 45 4 1Y
T R AT DU T 44 R B0 R A ATL AR T B8 4 B A9
SECSAPERE  RORAR T T A A A~ U b 0
B,

1 BREBETREGRRLRYHEH

B R A B IR R BEIE R — BT o O [ 4
HCERG & O MBI L CGEE T HR GO M

BCOR A RIER1964-) 20 Hi AL WE S A T, AR o> T BRI S S DI REAL AT A



%o FAREES  BA T WM B R Y 04 0BT 50 1 © 61 -

F 7. TR142 02 R 22l LA 3% B2 3R 515 31 i B
REW, b5 B A v — Bl B 5 B O R
JE B TR AR B S R AR AT IR A 4%
BLRB S A A% S8 0 B R (L an GPO) X 3E B+ 7 ik
BRI ET AR By 43 B B oA i AT B o o 0y
FEL B F AR 4 g ae sz 2w, K
Pk T LIS B 88 o BHAR B R A B R A i B IR R
Y AFESEAT GPC & i, B F R R A W TR R W
R 3R A 25 T 30 i 25 ORI

FHHETFRE. EFEBAHRERSA
(ATRP) JF A I 4L R & (ROMP) | 7] 33 Jin - W7 24
HMHBEAS(RAFDY . A A REAHERS
(NMRP) (&8 #E B B 2R G (CMRP) 4§ 2 #0 1
ARG LT Tl & 25 A i B R &3 T
WA
1.1 EHEHABFES

BB FREEREPHAN LI, B2E BT
CAReUe S Tl W s R A ik —.
FHES 3R Gl 7 oK CIo S e 4 AR A1 T
AT, B A B R R B AR W) A A A
W AS S5 R R

Carrasco I H T RHMA S| K iELHE T8
A A PMMA-0-P2VP, 38 i Z 015 3 — R 51 %
B AL R B AN R] A M B B B ik B L R . &l 1
) Poly(0) ~Poly (3), Z R EGW HA — & M #E .
Wt H A% Poly (1) . Poly(2) 78 3R & W g FL A& p AT
T BURCIRATE S . Poly(0) 5 3 & W il B4R A 25 L T
Poly(3) 5 A M 5 58 A Z .

~Br -

B ~
o N o N[ s
/ - / -

F
Poly(1)-7.5% A4k

Poly(0) Poly(2)-164% Btk
Poly(3)-37% Z&4k

-
- 07, N SN"Fe,Br),
AR RN

Poly(4)

PI1 Mk BE S B T A BEIE SR W Y A

Carrasco 55 R I & F R & & 44k I
HOT ok RE KO ik B R Y PSo-
PE2VPEBr, iZ K& WTE R+ 71 W05 T 2 830 1 44
K RSE B 2 AR G548 38 5 1T B0 1 2 - A e ol A2E B
TR AN E DT 9] 3 22 AR 45 48 1 4l oKk RS,

FI TS PEBA 25+ R G HOR 0] LU 48 ML BE | ok nae

KRG B WM B R Yy B X T80k A 8
RUBAR I BB 705 M R A O IRME . B Ak, e A
A LA RV R T4 = BB R A 0 T L R
VR0 R A ) L R T RE M M L
SRR L 2 R v TS Y
1.2 EFEBEHERSA

ATRP & DA 50 A L Ae o 51 & ) L I
EIRIE Y (Cu.Fe Ni 58) 2 p i+ 2044, 38 1 42
A8 T BN o TR 15 VA 5 R BIR b 22 8] A ST T 30 1Y) Bl
AP, AT S B0 T X B A S L 4% il 1Y) — O vk
— N R Tz A R A B TR AR R B AL R Y
177

Schneider 5% L) CuBr/PMDETA M 4 1k &
LM 2R TR OBRMKIR G KR L0 (St N-H
TR B AL T R W e (MASD R4, b 5 3
Koy F &M BB 51 A Bk e 3L M, 15 = 5 & R
(TFA) J i 1% 3 85 1 W Ak ik Be L R ) PS-0-PIL,
ZEASYH SHILF] 10 1S/ cm., HAH Y BB Y
(PS-0-PHA) I ML S 2 1 — D0 9, OF A B
SARBE A R FAERRORE A b ) 25 bR

Agudelo 5511 5 38 i 45 B 0 A TR Bk
BEER (PEEK) A1 5 35 BEIL (PAES) K43 T, Bl J5 4 H:
i LR L A B N Br 19 K151 &, pEm 5
KRBT WK AR 4T ATRP, 18 3] ABA B = i B
WM B3R Y. McCullough™ F
CuCl/bpy LR R K25 T 43 5 C2- T M Tk Jie J&-2-
H - N-N 2 ) (PAMPSA) 85 B i) = itk BE B8 T
PRI 3 F Rl v g N R A PR 45 22 W R
AR .

Karjalainen LELURH ATRP AE JH B ) iy Y 5%
N -5 75 L 75 4 5 e (PNIP Am) 795 3 ¢ AL bR i 2% 3%
A8 T AR EE B, JE L PILS-6-PNIPAm-6-PILS =
B LR Y AT R B TR RE B K B S R
e B SR G W BE R AT

BOORE L o- IR R 2 T8 (EPN-Br) b 51 &
#|, CuCl/ = Z % = We (DETA) A i 4k 71, R 1
ATRP ¥ #H1 #3 A [ 4 1 & 09 B 3% 9 0 /R TR
(PMMA)-E H LG IR —H % 4B (PDMAEMA)
ik B LR Yy L B 5 20 AR A ot 2 B A A5 3 7 i B 2R
G B T B LR Y (PMMA-b-QPDMAEMA) ,
ZREYR WO EBRE (S.aureus) MR G AT H
(E.coli) A RAFny sl vE ], H R G & 5 45 B
I3 F A R R R RCR BT



< 62 - o T BB ow 5 46 &

ATRP C 9 H T il % 2 Fh B3 W 1 ik Br L %
VAR SRR S M M IR UG S S S
PRB IR A, — SE7 A R R AR R 1 & M 285 B A G i
R £ g T - N - M 55 WK e 45 b ok T 38 3F ATRP 52
%A . Mo, ATRP SRR AL S EBAL, H R &M
JC Ao 4 Ja A AL T B e R A R E A
1.3 FRBELES

WG I S s R 2 A b E B 2 R A B
I IR I TE IR IR G — B 8 43 1 1 2 R R 11
B, PR IR T AR AL R B A AE T A3 i U T
I H LAk B AH % 0 7 20 2 LK 4 F i B AR R
ROMP, i@ o & B F W& 7K 0 % vk R 4% 11 242 0 1Y
ROMP W] DL 15 8| Z Fl 5R & & + W K ik B D) fig &
5 F

Wiesenauer %1% F) F &5 — {8 Grubbs 4 1k 7
it ROMP & BT 5 A B VK R i b 25 K w17 2R
BB B R Y . 3 —G BT RIS A B
KB TR GEKEE B ABC i BER A B Tl
PRI Y IR T AS R BT 516 3R & g ok
5N SMR(N, .CO, JCH, H )RR P 52 M, 5
W] B BP SR AR % i 2 A AR R 22 00 H e
Pk EZRIAK,

Suga 2 F H S =X Grubbs AL, LIS TR
R VK 7 s 17 26 0 o Ak L i 5 ROMP J7 i B2 6 i
TGRS AT A RS B T A B IR R Y B
14 i B G SR 70 M R R R B g

i ROMP A B S F 1R i Bk 8 i oG g
/) AR L A AR S A ) A 0 O A A G
B UL KT AR A IS 0 R A AR R L 38 A AR A0S
P 5y 52 B R A B R v it S A g 52 . ROMP
AL BENE ] A5 ik B L R, AR 1S BN AR B
HRY,

1.4 AIHMR-BTREEBEHERS

RAFT 26 MR A & F Ak B 3L Ry w M
M kZ —, TELMM A R R G T A A0 R
R T R A AN AT ) F B R 22— i
RAFT RA ] W55 5 B S0 T G R Al 4%
OGS T 2R AR, B BRI 4y R TTHRE T
AT 6 A TR A B Tl i B L R Y,

Meek ZE00 DL 4~ JE-4- CF FE B AC B G A 6
DGR R 5 B 7). AIBN 5| &5 MRk 51 & W SN
R R (MMAD | 1-[ (- BT 0 Ik R 3%) 2 % -
THEBRIE R (MEBIm-Br) i#£47 RAFT B & .4 T

— RYNVES TR N R ek B AL R ) PMMA-6-
PMEBIm-Br, J v Br~ f8i# i B F 3¢ 4 7% ¥
OH . ZRINBEGWAE 80°C (HXIRIE 90 %) &1+
1 H B VA B B T B UK 43 BRI B i T
s RGBT R EE BLEE R A BGA B 26,501,
B H SR E L 25.01lmS/cm,

Cotanda 577 LIZK 246 R Bk, S-1F + — he 3k
S-Cas o~ H Ho"-2 B D = B B BR R
(DDMAT) 2 55 5 #% 57, i if RAFT B9 J5 ¥, 6l 1%
MRy T4 5 A 50, 1 ok AR N 6 R 2 R
(BEA) ) RAFT 4. 43 Wik B L R Y PS-H-
PBEA. i FH = T S xt H oh sk, 15 8 — R 91 4> F
SR A] A S A AH R AR B A3 B (== 0. 57) 88+ Wi I gk
Y B F IR BL R Y. RV R G A 43P
BURGHAE 23~80nm (9 R ARZ5 4 . Bl 45 43 o3 1 1)
B0 K 0 TR B 5 B S R AR TR

RAFT L6 R A 8 F WA Bk = id H
HURFI AR Z 4y F I RE Bk, R T 8 A
EEAPHUEEAE T AN SN FEZ—. &
RAFT J5 i BE5E R% 500 14 18 B % L ) v 4 M
MEE R RAT AR OBUE BE A 2 T R AL
Tt TR A 5 2 B 710 T LA ) & ik B L B R A 2 Rl 5 A 11
REY AN LA = 4 A 8 B0 B B ) A R
oL, BRI RS YEE BAHE,

1.5 REREEHERSA

NMRP J&“i& P/l 457 |3 i 2 R G 0 —Fh, 52
It R RS SR AR B B R KR A
SL4E AT BUR IR B L 3% R R T 78 32 0 15 0 R Be 6%
A3 i, FR A B R T A B, DTG 3 3
AERAN—Ff T B, NMRP HiEH TR HE
PREIEHER G RIS R B X T RN IR R 4F
W P BAA , A B0 ) = G IR BT AR AE T B —
(OIEEY O (ER R ik (38

2004 4£, Stancik 1Y L NMRP # ARS8 T4
— MR A E TRk BIL R Y PS-0-PMVBImBF, .
R WA T AR A 4138 B AR 20 B BN
T o BT WA B O A I A% - 5 R I RS R T R 1Y
ROSF 558 - WA B B 1 I B R R A G

Cheng %508 WU A A 1) A &k ¥ DEPN, 1E
NElV KRR AT TR T W 5 2 g 3 780 B 1 IR
PR R AL A5 F ABA B =i B T A S
B . &A= THREBMIRBILRY L&A =i
JHk AT 1 SR A e ) R O T AR R L KK 14 ot ik B



%9 W FAREES  BA T WM B R Y 04 0BT 50 1 © 63 .

FOBEREAR 1 S Ry 1 o for 25 B2, [ ) AR 1 25 5 A1
MIEFRFER . H A, Green 20 F1] F XUE fie A AR
{£¥ DEPN, i i7 NMRP ¥4 5 T & bk mh 25 5
- RRIUSTEE S LR

NMRP 3 7] # 1 3 o, {H S FH A 2R 44 Bh 2 45
A IF HAEARRE B BRI B 5 SN — AE IR
FHEAT L MELL Tl AR R
1.6 HAREBHERS

CMRP J& TH M &JE A WG A b &R
B RMRRTEE A REREG LG TRGER
I8 (N- 20 H e 4% e B N -5 79 35 P9 0 BB e L N- 2
o5 SE R e DL K A B T UK R TR 40 TR S AR, R
G AR BB R 45 R G WY 4 i S H gy
A1 s [5] B AT AT oA G R B B 5 B R IR 45 48 1Y
REW , BN AR & o AL IR B RS

Detrembleur 25 £ 30°C FF s 1 Wk H 3@ o 3%
2219 CMRP S st & BT 58 (IS PR £ 95 TR ) Fl 2R
(N-C i H-3- L FEWK M ALY i BER B W) PV Ac-
b-PVEtImBr, %R G W78 8 05 5 5 & - 78
T 3E kP B i A SR R A 5 RT DL AR #) ABA
A= Bt B ¥ PVAcbH-PVEtImBr-b-PVAc,
Coupillaud 7 F| Hf CMRP & BT 25 89 25 L1 ik
Bt EY) PVAc-H-PVBulmBr,

Cordella 55"/ #E K % W h Fl FH CMRP il 25 T
WEME R BE L B YY) P(VEUmBr-6-VOcImBr) ,
TR N-C i He-3-9F FL K e 5L (PV OcImBr) 9 Bi 7K
PR AR R ARl A AT T
PIZEK ) PVEtImBr N5 B K ) PVOcImBr Jy 78
)« Fe- " 45

CMRP 2 I 45 14 T AL @i s g 2 | AT 48 1 o
1 R0 il g A Sy T B TT Ok o A & RN RGBT
i BeAL R Yy JF HAE S RA BN (O FHE>10°) 43
F 8 53 A AT RE PR A AE AR I K-

2 HiE

LA SR R B T AR B I R ISR T R
C 22 T — 7 7 i, HC X ik B 1 MR v 0 T Y
WA AR NS Bl 38 5 3 P T 45 3R A AT DA 4 9
JG A ol 45 K T B T Y R R T TR MR R B
AEFT L.

BRI i A 2H 2 TT DUE A i
WLARZE G L RESAE M R M i = i 2 i 1 il
SIS 2 o ¢ SN i - e VAN 1 G SN 6

BT A TR T 285 05 43 F S 5 LB ORE M R Y R 4%
PN . AEATA XEH 3 FORFE 551
ABC 0 =i B R & B TR B 3 . H i B
LRI B TR AR B B 22 A R e 2 L At 2 Y B T
WA BEIL R Y sE E0 . W T RO R R A
TR R B I R 1 BB A BIF T R4 R ) T 4R AR

IR 76 4 i 5 v, B 350 T O 2 0 BE T
F1 i ABC,ABCBA) | HLi& | B g 41 F1 [ FH &5 + 41
A 0 Tz A0 38 2k E M/ AT O R A R
AR BV 454 AL BH 0 1) SR S T TR ik B
o NGRS PEREA T 6 G 0l 2 B MR g
1553 F MR RIS L IR SO F IR R A s A A
AR B SRy {8 ) 1) 78 5 T s

2% ik

[ 1] Meek K M,Elabd Y A.Polymerized ionic liquid block copoly-
mers for electrochemical energy [ ] ]. Journal of Materials
Chemistry A,2015,3(48):24187-24194.

[ 2] Banerjee A, Theron R,Scott R W J.Redispersion of transition
metal nanoparticle catalysts in tetraalkylphosphonium ILs[]J].
Chemical Communications,2013,49(31):3227-3229.

(3] ke, Xk » £ AT LB F IR s R i F 7% 8 B i
RRALI] A TR, 2007, (3) :17-22.

[ 4] Murugesan S.Akkineni A,Chou B P.et al.Room temperature
electrodeposition of molybdenum sulfide for catalytic and pho-
toluminescence applications[ J ]. ACS nano.2013,7(9):8199-
8205.

(5] BWesC. 208 bR 38, 5 B W 1A FE 28 F 2 K B8 (19 TF i
LI B FEAE B i rit Uk om0 23 7 2 4l 2011, (9)
1026-1032.

[ 6] Sun M,Feng J,Wang X.,et al.Dicationic imidazolium ionic liq-
uid modified silica as a novel reversed-phase/anion-exchange
mixed-mode stationary phase for high-performance liquid
chromatography[ J ]. Journal of Separation Science, 2014, 37
(16):2153-2159.

[ 7] Jain N,Kumar A,Chauhan S,et al.Chemical and biochemical
transformations in ionic liquids[ J]. Tetrahedron,2005,61(5) :
1015-1060.

(81 fripedse, R Ge R, Jul SCHi , 55 3 8 T WK 09 & ni B i LT v
4y Fil i ,2013,(5) . 17-28.

[ 9] Ohno H.Ito K.Room-temperature molten salt polymers as a
matrix for fast ion conduction[ ]J]. Chemistry Letters, 1998,
(8):751-752.

[10] Ye Y.Elabd Y A.Anion exchanged polymerized ionic liquids:



64

. & T BB OB

546 %

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

high free volume single ion conductors[ ] ].Polymer,2011,52
(5):1309-1317.

Stancik C M, Lavoie A R, Schiitz J,et al. Micelles of imidazoli-
um-functionalized polystyrene diblock copolymers investiga-
ted with neutron and light scattering[ ] ]. Langmuir, 2004, 20
(3):596-605.

Stancik C M, Lavoie A R, Achurra P A, et al. A neutron scat-
tering study of the structure and water partitioning of selec-
tively deuterated copolymer micelles[ ]J]. Langmuir, 2004 . 20
(21):8975-8987.

Ye Y, Choi J] H, Winey K I, et al. Polymerized ionic liquid
block and random copolymers:effect of weak microphase sep-
aration on ion transport[ ] ]. Macromolecules, 2012, 45(17):
7027-7035.

Weber R L, Ye Y,Banik S M, et al. Thermal and ion transport
properties of hydrophilic and hydrophobic polymerized styren-
ic imidazolium ionic liquids[ J]. Journal of Polymer Science
Part B:Polymer Physics,2011,49(18):1287-1296.

Ohno H. Molten salt type polymer electrolytes[ ] ]. Electro-
chimica Acta,2001,46(10):1407-1411.

Carrasco P M, Tzounis L, Mompean F ], et al. Thermoset
magnetic materials based on poly(ionic liquid)s block copoly-
mers[ J].Macromolecules,2013,46(5) : 1860-1867.

Carrasco P M, Luzuriaga A R D,Constantinou M, et al.Influ-
ence of anion exchange in self-assembling of polymeric ionic
liquid block copolymers[ J]. Macromolecules, 2011, 44 (12):
4936-4941.

Schneider Y, Modestino M A, Mcculloch B 1, et al.lonic con-
duction in nanostructured membranes based on polymerized
protic ionic liquids[J]. Macromolecules, 2013, 46 (4): 1543-
1548.

Agudelo N A,Elsen A M, He H,et al. ABA triblock copoly-
mers from two mechanistic techniques: polycondensation and
atom transfer radical polymerization[ ]J].Journal of Polymer
Science Part A Polymer Chemistry,2015,53(2):228-238.
McCullough L A, Dufour B, Matyjaszewski K. Incorporation
of poly (2-acrylamido-2-methyl-N-propanesulfonic acid) seg-
ments into block and brush copolymers by ATRP[J].Journal
of Polymer Science Part A Polymer Chemistry,2009,47(20) :
5386-5396.

Karjalainen E,Khlebnikov V,Korpi A,et al.Complex interac-
tions in aqueous PIL-PNIPAm-PIL triblock copolymer solu-
tions[J].Polymer,2015,58:180-188.

BOAR R IMK S, % . PMM-b-QPDMAEMA (1 & # B H bt
B PEL) ] A k% . 2016, 24(11) £ 950-955.

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

Wiesenauer E F, Edwards ] P, Scalfani V F, et al. Synthesis
and ordered phase separation of imidazolium-based alkyl-ionic
diblock copolymers made via ROMP [ ]J]. Macromolecules,
2011,44(13) :5075-5078.
Wiesenauer E F,Nguyen P T,Newell B S, et al.Imidazolium-
containing , hydrophobic-ionic-hydrophilic ABC triblock copol-
ymers: synthesis, ordered phase-separation, and supported
membrane fabrication [ J ]. Soft Matter, 2013, 9 (33): 7923-
7927.
Suga T,Sakata M, Aoki K,et al.Synthesis of pendant radical-
and ion-containing block copolymers via ring-opening metath-
esis polymerization for organic resistive memory[J]. Acs Mac-
ro Letters,2014,3(8):703-707.
Meek K M, Sharick S, Ye Y, et al. Bromide and hydroxide con-
ductivity-morphology relationships in polymerized ionic liquid
block copolymers[ ] ]. Macromolecules, 2015, 48 (14) ; 4850-
4862.
Cotanda P,Sudre G, Modestino M A, et al. High anion conduc-
tivity and low water uptake of phosphonium containing
diblock copolymer membranes[ ] ]. Macromolecules, 2014, 47
(21) :7540-7547.
Cheng S, Beyer F L, Mather B D, et al. Phosphonium-contai-
ning ABA triblock copolymers: controlled free radical poly-
merization of phosphonium ionic liquids[ J]. Macromolecules,
2011,44(16):6509-6517.
Green M D,Choi J] H,Winey K I, et al.Synthesis of imidazoli-
um-containing ABA triblock copolymers:role of charge place-
ment ,charge density.and ionic liquid incorporation[ J ].Macro-
molecules,2012,45(11) :4749-4757.
Detrembleur C,Debuigne A, Hurtgen M, et al.Synthesis of 1-
vinyl-3-ethylimidazolium-based ionic liquid (Co) polymers by
cobalt-mediated radical polymerization [ ] ]. Macromolecules,
2011,44(16):6397-6404.
Coupillaud P, Fevre M, Wirotius A, et al.Precision synthesis
of poly(ionic liquid)-based block copolymers by cobalt-media-
ted radical polymerization and preliminary study of their self-
assembling properties[ ] ].Macromolecular Rapid Communica-
tions,2014,35(4) :422-430.
Cordella D, Debuigne A,Jérome C,et al. One-pot synthesis of
double poly(ionic liquid) block copolymers by cobalt-media-
ted radical polymerization-induced self-assembly ( CMR-PI-
SA) in water [ ]J]. Macromolecular Rapid Communications,
2016,37(14):1181-1187.
W7 B #1:2017-04-24
&R B H:2017-06-22





