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1 ZBES

1.1 SEWEM
W7, L ELH BE ( MPEG, M, = 750, 1000,
1900, Aladdin) , AL e (99% |, Aladdin) , 4 T i
B (98% , Aladdin) ¥ # fff Al 5 % Ak W4 ( CuCl,
99. 5% 3t 5t i FAG A4k 2% i A BR A |, IR T
] (CuBr,99% , Aladdin) 28 Z, & |, H B F1 2, ik 4K YK
VRV TR 5 8 52, 2-BK ML BE (bpy ,99. 5% , & 24
PG A R A W) BHEAE A AR M (St db
AR T ) RS R 2 4 (CMS, Aldrich ) 28
CaH, T J5 Wl 2518, i P M AL O, # 5 Ml 5
AA N N-Z B EBEE (DMF, Jb 524k T.)7) , N,
N,N',N', N'-F. il 3£ — . Z % = I ( PMDETA,
99% ,Aladdin) £& CaH, + ¥l % 28 18 J5 {5 %L
— 9 ORL R W M B ( LiTFSI, 99% , Aladdin)
80 C EH25 T4 24 h J5fli .
1.2 BREKZHEAENZEERESY (HBPS-
PEO) I & R
12,1 EAEFE M (HBPS-CL) 195 il
AR SR 1A O S 5 Sk [ 22 ] 7
P50 m A 2. 1 mmol CuCl,4.2 mmol bpy,
fE A AT, R 3 W R TS 8 R Uom A
8.0 mL 5 7% .21 mmol St F1 21 mmol CMS, & S A%
T 120 CHYA h RN 4 bl A8 R RO
A THF FiBe, 1d bk AL O, 4, €26 5 7 H B vk
DUVE, b i, 7E 60 C B TR T4 12 h. TR
SrH7:C79.20,H6.63,Cl 14. 17 ; AL JE 1 0. 225 M,
(' H-NMR $H5153]) 2y 2600.
1.2.2 ZAMM AR L (HBPS-N, ) 14 B
7E W O %A A 2.0 g HBPS-CI (8 mmol-
Cl),16 mmol NaN,,20 mL DMF, H S A& T F
50 C /e 72 h. ik 3 IFHH THEF SR UTIE , U8 W iE
RPN BE-K (V/V=1/1) AW IIE 2 K,
o uE,45 CHEHZ T4 24 h. TESH:.C 77.15,H
6.59 N 15.52, Cl 0. 74 ; 3 B 5 {1 % % 95% ; M,
(th'H-NMR 1554551 4 2800.
1.2.3 skl £ i a1 E (ay-PEO) (195 1L
TEP ORI A 10 mmol MPEG , 18 mmol #{
TEZ4M 100 mL JC/K THF, £ BS54 F T 30 C
BEFE2 hJ5, A 30 mmol JRAR P KR, 7 8] 7 Ui
SR 10 h. ¥ i 75396 G W 5.0 30 min, 23 i |
JE VG WRE 25 e 4, TRV 1Y S BE TR UUUE 3 IR, U
B TR 12 h, 4 3 o b e 2R £ T o i (ay-

PEO) . KN[6] 43+ & 1) MPEG i 5 (1) ay-PEO 43 Jjl]
FRic K ay-PEO750 ,ay-PEO1000 Fl ay-PE01900.
1.2.4  FIH click JZ 1% il 4 HBPS-PEO

TR BT/ 50 mL T4 ™ 0 o A
0.37 mmol ay-PEO750, 0.1 g HBPS-N, (0.37
mmol-N, ) ,0. 37 mmol PMDETA ,20 mL DMF. £ i
2B H— S — AR S, E AR T
JmA 0.37 mmol CuBr, F 47 1 A~¥% %— EH
25— BE PR IS B BRI A 80 °C i1V T I
20 h. 3@ 2 AR RN, o v AL O, A, U8 e
HIFTEVR W Sl DLTE, 25 T2 12 h, 15 2
HBPS-PEO. R [f] 4> F & ) ay-PEO il £ i) HBPS-
PEO 43 % #7ic 4 HBPS-PEO750, HBPS-PE0O1000
F1 HBPS-PE01900.

1.3 EEYBEHBRAYH &

FREGE B8 19 52 K 3244 HBPS-PEO 1 LiTFSI
FETC/K THF g U F 2 50 20 i R 5 IR
PUd & i Horp, =R R K s A s, 78
80 C M EZ T 1A T4 24 h.

1.4 ik R R

"H-NMR 3% 7F 400 MHz Bruker #% i 3t 45 3
AL B E , LURARE 5 (CDCL,) B AL = B kT
(DMSO-d) R 55, P4 F SERELE (TMS) S N 4. 21
A6 (FTIR ) 78 FTIR-2000 27 4h 34X | 5%
A S CATR) B 5 . 43 1 F0 43 1 53 A
i PL-GPC50 g% % (AL € |, 7 2201t
Sk #% , THE %555, i 4 1 mL/min. JG &K 43
HrH Carlo Exba 1106 %1552 43 B4 5 .

DSC £k th Q2000 %Y 2% 71 49 i £ P AX 1 &
A AR, FHE R R 10 K/min, i 5
J =90 ~ 120 °C. #FE A HT (TGA) fi TGA-7 T
B FAPHNAE 10 mL/min (9230 F %, TR
%5 20 K/min, J5 Bk 50 ~ 650 C.

L TS Fr Solartron SI 1287 Hifb 2% L 1H1 43
Br AR Solartron 1255B i %4 0 [ 43 B S 1 A5 2]
W HL 2R 10 mV 45458 10 Hz ~ 1000 kHz, i FE
25 ~80C. SR o = L/AR TR F], H L
J2 P FEL AW 1] 2R 6 LA U 1 SR L A R RS W L A
JBT 5 N 55 0 HL R A A TR, R, SR AR A LR

2 HR5TR

2.1 REUZHEABHNSEERREAY HBPS-
PEO K& M #1RAE
VUM SAC IR IR 0 i R A L0 0 i 22
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R IE R A HBPS-PEO 1A i B2 il 1 s,
Wl B A O TR A h RS
(SCV-ATRP) i X 5 H 528 24 (CMS) 54 2 4
(SO IR BN E A K AT 1l SRR LA
(HBPS-Cl) , #& J ff H & %01k, #% HBPS-Cl |15
JE AN S A, TS B B AL 1l S AR
K LA (HBPS-N, ). LR B St i 51 A AT LA fif
ARG WSS H A X AL , HBPS-N, | & Sk 1A

O
/\Br + HO/N ),,\
MPEG
AN AN
CuCl, bpy
+ —_—
CeHsCL, 120°C
Cl
ay-PEO
CuBr, PMDETA
DMF, 80°C

BRI, A H T F — 2 click R BEAT. 351,
AN o358 1 i R B B £ B B0 i (ay-PEO)
TARCTA Bk 2 531 5 AN ] 7 4 B9 2R & i PR T g
(MPEG) J I il 75 f ), L 3 1) o 1) 3 bR 25 3R 2
B E (ay-PEO) 5 AL M SRR K L0
(HBPS-N; ) 7E— 1 #id i) AL & A28 click [ bz, %
FIAFVE K1 28 2L R &9 HBPS-PEO. & i)
BIEREYN GPC 4515 T3 1 .

(CH;);COK 0
— /\0/%\/ an\
ay-PEO
oSG et N; N3N,
d Cl NaN N; N
aN; N 3
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Fig. 1 Synthesis route of multi-arm star polymer HBPS-PEO

Table 1 GPC results of the prepared polymers

Samples M, M, PDI
HBPS-Cl 2600 9200 3.55
HBPS-N, 2900 9700 3.39
HBPS-PEO750 9400 14900 1.58
HBPS-PE01000 13200 18700 1.42
HBPS-PE01900 18600 23000 1.24

2.1.1 'H-NMR ¥ &l 4> #7

2 Je L ZEE R (MPEG ) 5 i b ik 2
Z WU EE (ay-PEO) 19 H-NMR % . 3% £&
(A) Fi& 2 (B) 43 3 iy MPEG 1 ay-PEO 7E R X
DMSO i fy'H-NMR % [, I & & nl LLF 5,
MPEG | f—OHR 5T 1 W e (8 = 4. 6) B K1k
ZIGSE AL T ELAE 6 =4. 2 4b M B 5 s e 5L AH
1) —CH,— 1 Jot - W Wi 0. (F J2 i e 35 1) Jot +
55 0 L7 A #8 5 AR DMSO 15 5 1 (% fk. °%
BLF AT JC Bk 73 B, O 1 iF — 25 10\ o 2 R 5
AT R FR AT ST AR CHCL Ry 9 570 gk 47
THAE. %2 (C) Jy ay-PEO 7E R U CHCL,
(" H-NMR 3% &, DA P rfom] L3t 48 3 7 %1, ay-PEO
b5 iR B AR —CH,— (8 =4. 2) Al bl (8
=2.4) B FAET. 730, ¢ Bl e fF 5 WEMFL) 1

203, 5HUSEARST, BLW] MPEG $IEfL 2 5,
Ui R L S8 e HE AL T S R A

ﬁo/ed\d/O\):e (A)
c d
/\O/%\d/oﬁre (B). ()

b

CDCly d e
: p H:0
C LA
75 70 65 6.0 55 50 45 40 35 30 25 20
d Hz'Oe DMSO-d
C
B |
a
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o
Fig. 2 '"H-NMR spectra of MPEG and ay-PEO

3 il AL 24 (HBPS-CL) , & A Ak
AR 20 (HBPS-N, ) A2 JE 3R 454 HBPS-
PEO 15" H-NMR % [ %F Ho B 3 P i 2k (A) A
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(B) Al %0, A A5 , HBPS-Cl iy — R E5 (6 =
4.6)5 " HFH(6=4.8) LR FESHE, 5
T A MM & W —CH—H—CH,—(8 =4.5 ~
3.8) T A5 B, BB HBPS-C1 | (1) S i ¥
JU-F-5¢ 29k 28 20 AT e A, | OT 38 40 B i 45
AR EFEA AR K 95% . K 3 Rk (C)
J& HBPS-PEO f#'H-NMR i [, HBPS-N, 45 ay-
PEO % click Jz )i J5 ,HBPS-N, |- 5 & & &M HH &
B —CH—F1—CH,— (8 = 4.5 ~3.8) 5 ay-PEO
5 b A () —CH,— (8 =4.2) {5 51l
K, HAE S =75 A BT click R Az B 1) =
W LRFHE S, X &0 HBPS-N, I 1) & & 3 A
5 ay-PEO &4 T click .

Fig. 3 '"H-NMR spectra of (A) HBPS-CI, (B) HBPS-N; and
(C) HBPS-PEO

2.1.2 ATR-FTIR & &l 4 #7

& 4 J& HBPS-C1,HBPS-N, ,MPEG , ay-PEO F
HBPS-PEO f#) ATR-FTIR $#%&. MK AT LLF ),
HBPS-Cl B & L5 , 7F 2089 cm ' 4b H L T #E 1) B
SR P 9 R AE I e ( LR 4 (b)) L, 156 B HBPS-CI
R R 5 AR B T & A KR MPEG SRR ),
3454 cm " b FR ) W YA 04 1 4K, 3248 em ' Ak H
T BB Y e AR W g (DL 4(d) ), BB
MPEG v %) 38 3 3 28 Jif, 1 f 3L HBPS-N, 5 ay-
PEO JZ i J7 ,2089 em ™' &b B %0 2k A1 1 Wit Wi e 1
59,1635 cm AR HY R T MR IR B C—H FEAE
Wi (UL 4 (e) ), Al UL, HBPS-N, | K &84 1
BRIEHSINT click .

Ji5h AR 1 1) GPC G5 R AT LA 15 3 1Y
B R EY) HBPS-PEO 1y M W & F HBPS-N,,
%426 B] ay-PEO 5 HBPS-N, Z[A] & 4= T click
SV

Transmittance (%)

3500 3000 2500 2000 1500 1000
Wavenumber (cm ™)

Fig. 4 ATR-FTIR spectra of HBPS-Cl (a), HBPS-N; (b),
MPEG (c¢), ay-PEO (d) and HBPS-PEO (e)

2.2 EREEVERBRRBSENTHR
2.2.1 BIIEREYRYE KX 2R 85 m
HEB B S A R R 20 R % JPEO R 1Y
EIER AW (HBPS-PEO ) 5 X = 55 H K& ik bt V. Jiie
PL(LITFSD) B & SR EIEREWHEM. N T I
HEIERGYERINBEIER G ML S 3
B2, AT 5 A4S T 3 AR [E PEO B K
(PEO750,PEO1000 1 PEO1900) () 2T B AW
fift it (HBPS-PEO/LIiTFSI) . [& 5 X #t B IE T4
/RN iR R SN i SN S IR BT
LA, L PEO1000 4 1 B JE 2R & 9 ra fif 0T 7E
MR IR EEE N R RSN e SR X EH
F PEO B RN{LAE 5 £ B 1 2% & i 21 45 A 2, 1 HL
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Fig. 5 Temperature dependence of ionic conductivity of
HBPS-PEO/LIiTFSI with different PEO arm lengths (n(EO)/
n(Li) =40)

6 J A [H] PEO B K 1 B R &4 K HAH
I, BB & W LA T DSCoph 2R Hox Ry 45 SR 5 T 3
2. @B 6 FiZk 2 A, B E PEO B K, BIE
44 HBPS-PEO J% A 1 Hi fi# i HBPS-PEO/
LiTFSI ({45 & ks alks (AH, ) 86K 0 5 (T,) Tt
&  HBPS-PEO750 F1 HBPS-PEO1000 J% 4 i B &
VIR AH B B AL T HBPS-PEO1900 K¢ H: 3
G W R BT X L B IR RS W A B RS Y

DSC €&l 0, I A3 5, A Y HL R T 1 AH
MT B THNREESWH AH, M T, , X £
St TR PEO & 2 8] /Y A BVE T, 45 PEO
B 25 DX A IR T DL A 1 3 BE AR
L - 346 W) %1, HBPS-PEO1900/ LiTFSI 77 1F #% £
M4 & X O B B A BGES T, , 75 AR AR IR X
B S R 5 4, HBPS-PEO1900/ LiTFSI 1
W (T,) R 47 C 3% 0l LA fi B PEO B 9 4 F it
R 1900 B, X 1 2R 4 H fiff BT 174 H S 36 1 L B AR
U I £ 7E 40 ~ 50 °C 22 Ja) HY BB . A0 % B 10 2R
LU S5(c)).

a) HBPS-PEO750
b) HBPS-PEO750/LiTFSI

¢) HBPS-PEO1000

d) HBPS-PEO1000/LiTFSI
¢) HBPS-PEO1900

f) HBPS-PEOI()OO/LiTFSlJ

%‘ £
=
[8a)

C

d

\Tc a

A
-80-60-40-20 0 20 40 60 80 100
Temperature (°C)

Fig. 6 DSC curves of HBPS-PEO with different

PEO arm lengths and their corresponding electrolytes

Table 2 DSC results of HBPS-PEO with different PEO arm lengths and their corresponding electrolytes

Polymer or polymer electrolytes EO/Li T(C) T.(°C) T,(C) AH ()/g)
HBPS-PEO750 ®© — — 31.3 77.9
HBPS-PEO1000 o — — 35.9 89.7
HBPS-PE0O1900 o — — 51.8 159.8

HBPS-PEO750/LiTFSI 40/1 -51.9 -9.0 25.0 28.7
HBPS-PEO1000/LiTFSI 40/1 -52.0 -11.4 28.5 36.0
HBPS-PEO1900/LiTFSI 40/1 — — 47.0 101. 1

2.2.2 HBRRHHRLTHENLR

HF PEO1000 A M RIE R G W H A K&
MG AT — P TR S R EIER
AW W f# B HBPS-PEO1000/LiTFSI # + H & %
B 52, & 7 & 30 °C By HBPS-PEO1000/LiTFSI
B REE AR S & 2 (EO)/n(Li) 1y 742 16
2. BT tha] LUE  BE & B8R & s 0 5, 3R

e SR TR TR B BRI R A 0 A
#,M n(EO)/n(Li) =40 B, %R 4G W) i i B
AR LT, 6.7 x 1077 Sem 'L X R N
P R AR, SR A el AR P B A T RO
Ao S AR B A AR S R AN, 2OR T L
AN, AR AR SR R A B —
RN, FL S 50K ) 5 KR Ak 2 3 AR B 1 5 2
RAEBE THEMER P LB REM RGPk
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Bz gl A2 15 e, (75 L 5 3R AR

N

N W R W

o X10° (Sem™)

20 30 40 50 60

n (EO)/n (Li)
Fig. 7 The relationship of ionic conductivity of HBPS-
PEO1000/LiTFSI and lithium salt content (n ( EO)/n
(Li)) at30 C

8 JEA[A n(EO)/n(Li) i 3R & ¥y v fiff Jit
HBPS-PEO1000/LiTFSI () DSC fh k. MKl 8 ]
LLE R RGP mMA RS, b TS
KA EAE S TR G WA, R
FHLAS T R -A W6k 10 a2 3, B LRG3 B2 48 35 & A9 3
L RE YRR B T, B, 45 S RS (AH,,)
U/ BEEE AL AR R R (T,) W% i T e 2
n(EO0)/n(Li) =20 i, 2 5 & Yy L 5T i 45 i
Fs Bl e 58 4 YH G . Y P ER R IR, 4 X
(776 AN A T B 2 0 A B AN S T 9 A5 S, AR
SRE R TR T T R S, B UTE
Al n(EO)/n(Li) 23 Bl Ky i & .

T

Endo

30/1

20/1

-80 -60 —40 -20 0 20 40 60 80 100

Temperature (°C)

Fig. 8 DSC  curves of HBPS-PEO1000/LiTFSI with
different n( EO) /n(Li)

2.2.3 BV EE KX LS 2R 5

9 & B IE RS Y H i fi HBPS-PEO1000/
LiTFSI 528 JE B & W) H fif 5 ay-PEO1000/LiTFSI
(R FOL T 238 1Y U R P th 2. DAL 9 rhaT LA

& 4, HBPS-PEO1000/LiTFSI [ iy 5 2% 5 y8 B 1)
KERIAUSF G Arthenius J7 F2 (o = dexp ( - E,/
RT) ). ay-PEO1000/LiTFSI {5 & 5 ik B #) ¢
FMLTE 30 ~40 C i W B A9 554, 7E 40 C LU
L RERI L. XA REE H TLIE R G W H f
I ay-PEO1000/LiTFSI {45 &5 (T, ) 2 38 °C (LA
10(c)) iR BEEART T, 0, i 5 G W i i oL A 78 25
DX, RO SRR, SRER T 1,5, %
B WA A X I, R AR 3 Ah, Y
T BEAR T 40 C i, BB B A v i o 7 L 5 32 1
B TLIEREGY . WK 10 WEEREY
HBPS-PE01000 4 JE 5 & 9 ay-PEO1000 Fi1 AH )i
REWBME(n(EO)/n(Li) =40) 1y DSC £k
AL R B & 4 HBPS-PEO1000 [ AH, B & {i%
FL5 1B AW ay-PEO1000 () AH, . i % T 4H [7]
n(E0)/n(Li) # HBPS-PEO1000/LiTFSI HI ay-
PEO1000/LiTFSI, & JE & Wy oL ff it i) AH FI T,
R TEMERS WM. R aT W, BIE 451
RETE— & FERE LMl 3R & W 00 45 & IR AR T
40 C I, BIE R A Y i oo 45 i A8 B2 A, T 26
TERAG Wy v i B 4 dn R G, I IR AR
B RAA Wy v i ot 1) L S R AR I R MR G W
LA BT . DAL 9 WT DU B, SR S T 40 CHY,
BILREY M SR AR TLIER G
fiff J5T , 3K AT B2 K R, IR T 40 C R, BB R
G ) v T AN 2 R R 5 ) VR A ST 4 DX T 2
eIk, XA TR s BEREIEREYH
fifg Joz vh B AR R S A% s IS B T AL .
DL e ar A, BE 450 X5 T 5 = 2R A ) A

ARG L FE S A B A
3.0} O\o\
33} \D\O\O
36l D\ ~
\D

ol o
E -39}
S 42t
—o— ay-PEO1000/LITFSI

0.

\D
-4.5F _o— HBPS-PEO1000/LiTFSI O\
-4.8t

o]

28 29 30 31 32 33 34 35
1000/7 (K 1)

Fig. 9  Temperature dependence of ionic conductivity of
HBPS-PEO1000/LiTFSI  and ay-PEO1000/LiTFSI  with
n(EO)/n(Li) =40
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a) ay-PEO -~ T
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¢) ay-PEO/LiTFSI

d) HBPS-PEO/LiTFSI

Endo

a
b
c
d

S
LT AT

-80 -60 —40 20 0 20 40 60 80 100
Temperature (°C)

Fig. 10 DSC curves of HBPS-PEO1000, ay-PEO1000 and

their corresponding polymer electrolytes (n(EO)/n(Li) =

40)

100 a) HBPS-PEO750
b) HBPS-PEO1000
¢) HBPS-PEO1900

s 80+
§
E r o
%D 60 |~—¢) Tonser =383°C
=
€ 40t
2 o
é ) Topset =361°C
20+ b)Tyeer =360°C
ok

200 300 400 500 600
Temperature (°C)

Fig. 11 TGA curves of HBPS-PEO

2.3 #MiBTEM

B 11 R2AEE K28 EIEERAS Y HBPS-
PEO i) TGA k. NI 11 i Al LI 5,3 FoA [H]
BRBEREG YA RN R A0 E%E, ¥
W IR (T, ) #B1E 360 C L |, BA i K
1 2B 49 HBPS-PEO1900 3 i 1} f% 4 1) #4 2
M, T 383 CLHILATH, xFEIERE
Y EA R4 1) R Fe e k.

3 it

i & A AL LR K 2 M (HBPS-N, ) 5 ¥
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SYNTHESIS OF HBPS-PEO MULTI-ARM STAR POLYMER
ELECTROLYTES AND THEIR IONIC CONDUCTIVITY

Shi-tong Ren', He-fei Chang', Tao Zheng', Xiao-fei Dang’, Liao-yun Zhang', Hua-yi Li*, Yuan Lin’
(" University of Chinese Academy of Sciences, Beijing 100049 )
(? Beijing National Laboratory for Molecular Science, Key Laboratory of Engineering Plastics, Institute of Chemistry
Chinese Academy of Sciences, Beijing 100190)

(* Key Laboratory of Photochemistry , Institute of Chemisiry, Chinese Academy of Sciences, Beijing 100190)

Abstract In order to obtain polymer electrolytes with high ionic conductivity at room temperature , multi-arm
star polymers ( HBPS-PEO ) containing polyoxyethylene arms of different molecular weights ( PEO750,
PEO1000 and PEO1900) were successfully synthesized by click chemistry of hyperbranched polystyrene with
azide groups (HBPS-N;) and polyoxyethylene with an alkynyl group (ay-PEO). The structures of the obtained
star polymers were characterized by ATR-FTIR,'H-NMR , GPC, respectively. lonic conductivities of polymer
electrolytes composed of HBPS-PEO and lithium trifluoromethane-sulfonimide ( LiTFSI) were investigated via
electrochemical impedance spectroscopy. The influences of the arm length of the prepared star polymer, the
content of lithium salt in polymer electrolyte and the structure of the polymer matrix on ionic conductivity were
also studied. The results showed that star polymer electrolyte with arms of PEO1000 exhibited the highest ionic
conductivity , while star polymer electrolyte with arms of PEO1900 had the lowest ionic conductivity, indicating
the star polymer with shorter PEO arms possessing lower crystallinity was benefit for the transport of ions. The
content of lithium salt also affected the ionic conductivity. The result suggested that ionic conductivity first
increased and then decreased gradually with the change of the content of lithium salt. The maximum was
achieved when n(EO)/n(Li) =40. Besides, DSC results showed that the star-shaped structure of the polymer
could inhibit the formation of crystals. Lower degree of crystallinity of star polymer and star polymer electrolyte
than corresponding linear PEO was observed, and higher ionic conductivity at low temperatures was found for
electrolyte based on star polymer than that of corresponding linear PEO electrolyte. The conductivity of the star
polymer electrolyte was 6.7 x 10 ~° Sem "' at 30 C ,and could reach 1.2 x 10 ~* Sem ™" at 40 °C. TGA results

showed that all of the prepared star polymers exhibited good thermal stability with T . above 360 °C. It is

onset
concluded that star-branched structure can inhibit the formation of crystals, which facilitates the improvement of
ionic conductivity at low temperatures, and proper length of PEO chains is necessary to achieve high ionic
conductivity.

Keywords Click reaction, Multi-arm star polymer, Polymer electrolyte, Ionic conductivity



