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Preparation and ener gy storage properties of stereoregular
azobenzene-based polyethers

WANG Mengwei, LI Jie, LYU Xiaobing"
( State Key Laboratory of Fine Chemicals, Dalian University of Technology, Dalian 116024, Liaoning, China )

Abstract: A series of stereoregular azobenzene-based polyethers (azopolyethers) with main-chain chirality
were synthesized via highly enantioselective resolution polymerization of racemic azobenzene-containing
epoxides with different carbon chain lengths using bimetallic Salen cobalt complex [(S,S,R,S,S)-
SalenCo( Il Cl1]/bis(triphenylphosphine)iminium chloride (PPNCI) as catalyst, and then characterized by
GPC and "CNMR. The thermal properties, photoisomerization effciency, and energy-storage performance
of the obtained azopolyethers as a new generation of solar thermal fuels were investigated in detail. These
isotactic-enriched azopolyethers with frans-azobenzene moieties were found to be semicrystalline materials
with melting temperatures in the range of 230~259 °C and crystallization temperature within the scope of
197~221 °C. The azobenzene groups in the polyethers exhibited reversible trans-to-cis and cis-to-trans
photoisomerization upon light irradiation. Due to the crystallization characteristic of isotactic polyethers,
their energy storage densities were significantly higher than those of the corresponding amorphous
polyethers, and the maximum energy storage density reached up to 193.7 J/g. This provides new ideas for
future research of polyether energy storage materials.
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WK FHBE IR A AR S, B ARZS Z W] (1 HE
GBI RE R, WARGERER T (AH ). TE4F
FEMAIMARIBT , 671 RE RS DI R,
SrF B REAS, AT RAERRAEREY, St R M bk bE
PR R PR = . AL . BTG Y
JRAEE A0 AR e M g AT R R
MIERERERE . KAV (1) AR AGTER
PEREDY, (H H 6544 L BE R RE A AF T AT 1 I 75
WLk, PN, FRUK A U BAR B B GG e
W (89 kI/mol ), [HAFFRHEAAES 14, pug Ik —
ETEHAEIERMERESEE (83 kl/mol ) FI4E & G
PR, (A& BENR S, R0 AR R g5 1, 4
X R, AR E— MR EENER, BA S
AR B RASCEE . AEIRRR E SR AT (B
IRAEAE S BE (49 kI/mol ) BRI T HAE Rk RE R R
M H o

1978 4F-, ADAMSON 251819 e i 52 1 SR A il i
R HAT, CHRE MRS BE AR HE A UK
Y . BRAIOKRAE 1 BRI AR B A 1 1 SR R AN AR
RERAY = AKO20 2017 45, CHO 1A
b 5 N A S o i B = R ey A g L1 R v 2R
KT A Red2E, —ERE LI T4
RERE . [A4E, HAN SRR ST ol T 2280 F AAy
MLAHAE M B #8208 ad A AR SR G Infi e 2% 5 . filk
Y OKAE /A AR I R ) H R R T R ELAT B Y i R
BT, XS T RACK A A AR 5 A BES
AR T A FFHES , TR 38 T 43718 H H A
P81, Bt , ZHOU 4504 XU 4529 | 55 R 420
i I AR UK B A R B B Ak R A R
(Ty), SEELT REY Ry AT [ - 5 A%, 38 4 18
AR PO BN AERE 2 b R AR AR B e A 0
R R A 2 A RE S 2E, DA G N fif e
R MRS RE Y B S A Ry
TSRS, BAWYI- I 54 A o 72 A 1] B b
AR, B 45 s fe , AT e 2 BE R .
1M H AR E 1K 2 E0CR G Y EsME LLZs &, B A
B0 B8 5, A A e RAEAN N 125.2 1/gB728,

HO
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I I I
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N — > ON'N\@; &Br - @NoNO
v

B— . RN 4-1EEIETE (Te)
(6.00 g, 29 mmol ) 73+#L T 50 mL Z£1R/K T, BEJS
BT 0 Crkokiah, MU R 3 W e < 1) e 22
P2 e £5/2 (12 mol/L,12.3 mL, 148 mmol ), V.fil
FREMK W (1 mol/L, 29 mL, 29 mmol ), 757 4-1F
VIR E AW CICh A Bi); FE, 755

PRI, o] foff ) S0 2R 6 M 245 o e B v L 7 285
(R E B AE, G IR A YA SR BRI A P S
fifi e fh B A AT B

AR SCAUBE A B — R 5 B AT AS R B 4 1Y) 7
TR IR SN e L IR BB Y, LI 43 W4
J& Salen &4 & 4 (S.5.R.S,S)-SalenCo( 1 CI VAL-(=
FEHETF RIS Ak (PPNCL) AR, LIHHI 45
H— R YIS AR R R R Bk, XHZ AR A
Ji L GRS REME R TS . BER TR
BV S HAG RE % 2 M BB R

1 SEEES

11 RAFENEE
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fE#% [ (Oct)NBr ), =55 T 348 [ AI(Bu); ), fh2#4l,
PPNCI, Zr#rél, #HamZ (L) el Tolk & JBH
FRAF], PPNCIAH R HTH T80 — & H bE (CHCL,) /
Lk ESE AL (S,S.R,S,S)-SalenCo(IT)CI )4 A%
ZHRCHR[36], Z5HZRE . i RIEIES; RER
(200~300 H ), &K mERARAR; HALE T
2B RN i B g, il R et w L alif
F-BALEE,

Avance NEO 600 Y% 3 4R 3 351X, # 1
Bruker /3 Fl 5 Agilent 1260 BY%E L1515 (A5, [
Agilent /7] ; Lambda 7508 #484h-A] UL 43 Y6
71, 3ZE PerkinElmer /A 7l ; Netzsch DSC 206 %2
ANEARME UYL, Hit Mettler Toledo /A7) ; GD-13 %Y
LED 365 nm 4MT (20 W), EIITH ZFOL R
FHFRAE; SD A 450 nm LED 64T (10W), 4%
M= TR A RA R,

12 EHFE
1.2.1 ZAhkHFdEABE K NVa~NVe 6946 %

K H MR AR Va~Ve BSERLINT B
N, LA 4-1E SR SE-4- K Hm S AR (Ve ) S,
TEA UL & A, EBANFIA
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1
WO T L TR YL,

— AN R, BF NaOH (1.18 g, 29 mmol ) % T
50 mL ZEMEK S, IMAGKEY (2.77 g, 29 mmol ) i +F
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A, FE R e S ) 2R N A R .
Wmse e )E , MEvoKE, FIR TR 2h, of
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ZHMA NaOH Wl B R E . XTI ETT
Tk, BUEH, KIEEALE 60 CESS N T4 6h, EIf5
4-TF ¥ FE-4- 2 FMEIE (e ) (745 g, 77 83% ),

B0 RN RO A S — 21 4-1FF
F-4- I AT (4.00 g, 13 mmol ), BREREP(7.12 g,
52 mmol ) FIIHEIRFNLE (1, 4.77 g, 52 mmol ),
AR A5, 70 °CF I 12 ho i 2 g ik
( TLC ) BRES S N A2 (B IF /R R v(f ) = V(N
fi)=10 : 1 WIRAW ), RNEEe)E, 51k mik, ¥
I e RN, ORI e TR, B AR ALY
HATH RN (RIFF R v ) « V(R
Fi)=10 : 1 ARG ), 1535 2.49 g i E A, RN 4-
IEEFE-4-GK H R AR (Ne), 7738 53%,
'HNMR (600 MHz, CDCl,), d: 7.86 (d, J = 8.7 Hz,
2H), 7.79 (d, J = 8.3 Hz, 2H), 7.30 (d, J = 8.2 Hz, 2H),
6.94 (d, J = 8.7 Hz, 2H), 5.14 (s, 1H), 2.69~2.65 (m,
2H), 1.65 (dt, J = 15.3. 7.6 Hz, 2H), 1.30 (ddd, J =
20.6. 13.3. 8.2 Hz, 10H), 0.88 (t, J = 7.0 Hz, 3H),
BCNMR (151 MHz, CDCly), 6: 160.61, 150.99,
147.43, 146.02, 129.08, 124.58, 122.60, 114.84, 68.99,
50.02, 44.70, 35.89, 31.90, 31.35, 29.49, 29.31, 29.28,
22.69, 14.13, HRMS, m/Z: [CyH3N,0,]" 3 it i
367.2307, MiA{H 367.2380,

4-GiK MM AR (NVa) Hilg 5 NVe
A, RS AN (T a) {08 4-1E Rk i Bp T,
FEH 64%, 'HNMR (600 MHz, CDCly), §: 7.94~7.90
(m, 2H), 7.88 (d, J = 7.5 Hz, 2H), 7.50 (t, J = 7.6 Hz,
2H), 7.44 (t, J = 7.3 Hz, 1H), 7.06~7.02 (m, 2H), 4.33
(dd, J=10.9. 3.0 Hz, 1H), 4.04 (dd, J=10.9. 5.7 Hz,
1H), 3.40 (td, J = 6.2 3.0 Hz, 1H), 2.95 (t, J = 4.5 Hz,
1H), 2.80 (dd, J=4.8. 2.6 Hz, 1H), CNMR (151 MHz,
CDCly), d: 160.87, 152.76, 147.36, 130.49, 129.06,
124.77, 122.62, 114.89, 69.02, 50.00, 44.67, HRMS,

m/Z: [C1sH,sN-0,] FEEH 255.1055, M8 255.1130,

4-1F & FE-4-Fi K i AR AR (Vb ) il & 7=
H5WVe MilA, HRFEEM 4-2 84 ( [b) /U8 4-
IEEFEIERERIT] | 723 53% ., "THNMR (600 MHz, CDCl5),
5:7.90 (d, J = 8.7 Hz, 2H), 7.81 (d, J = 8.1 Hz, 2H),

A M, J(YROT,, wp A, =
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7.32 (d, J= 8.0 Hz, 2H), 7.03 (d, J = 8.7 Hz, 2H), 4.32
(dd, J=10.9. 2.6 Hz, 1H), 4.03 (dd, J=10.9, 5.7 Hz,
1H), 3.40 (s, 1H), 2.94 (t, J = 4.4 Hz, 1H), 2.80 (dd, J =
4.4, 2.4 Hz, 1H), 2.72 (q, J=7.6 Hz, 2H), 1.28 (t, J =
7.6 Hz, 3H), CNMR (151 MHz, CDCl;), J: 160.62,
151.01, 147.42, 147.25, 128.53, 124.59, 122.69,
114.84, 68.99, 50.02, 44.70, 28.83, 15.46, HRMS, m/Z:
[C17HoN,O,] HH i {H 283.1368, Ml {H 283.1439,

4-1E T He-4-25 K H i B AR (Vo) il #5772
5WNe #iF, AT EMH 4-1E T HHFE ( Tc) 10F
A-TF IR B AT, 723 50%, 'HNMR (600 MHz,
CDCls), : 7.89 (d, J = 8.8 Hz, 2H), 7.81 (t, J = 10.6
Hz, 2H), 7.30 (t, J = 9.6 Hz, 2H), 7.02 (d, J = 8.8 Hz,
2H), 4.30 (dd, J = 10.9. 3.0 Hz, 1H), 4.01 (dd, J =
10.9. 5.7 Hz, 1H), 3.38 (td, J= 6.2, 3.1 Hz, 1H), 2.93
(dd, J=11.0. 6.5 Hz, 1H),2.78 (dd, J=4.7. 2.6 Hz,
1H), 2.67 (t, J = 7.7 Hz, 2H), 1.66~1.61 (m, 2H),
1.41~1.34 (m, 2H), 0.94 (t, J = 7.4 Hz, 3H), “CNMR
(151 MHz, CDCl), 6: 160.62, 151.00, 147.43, 145.98,
129.09, 124.58, 122.60, 114.84, 68.99, 50.02, 44.69,
35.58, 33.49, 22.36, 13.97, HRMS, m/Z: [C,oH,3N,0,] B
WE 311.1681, MIAME 311.1752,

4-1F O H-4- 2 K Hh B AR (IVd) il #5072k
H5WVe #ilF, HRFEEMAH 4-ECHEEN ( 1Td) A
A-TFEE R RN E] P23 45%, "HNMR (600 MHz,
CDCl3), 6: 7.90 (d, J = 8.6 Hz, 2H), 7.80 (d, J = 8.0 Hz,
2H), 7.30 (d, J = 8.0 Hz, 2H), 7.03 (d, J = 8.7 Hz, 2H),
4.32(dd, J=10.9. 2.8 Hz, 1H), 4.04 (dd, J=10.9. 5.7
Hz, 1H), 3.45 (d, J = 59.3 Hz, 1H), 2.94 (t, J = 4.5 Hz,
1H), 2.80 (dd, J=4.2.2.5 Hz, 1H), 2.67 (t,J=7.7 Hz,
2H), 1.68~1.62 (m, 2H), 1.32 (dd, J = 11.7. 9.0 Hz,
6H), 0.89 (t, J = 6.4 Hz, 3H), CNMR (151 MHz,

CDCly), d: 160.61, 150.99, 147.43, 146.02, 129.08,
124.58, 122.60, 114.84, 68.99, 50.03, 44.70, 35.89,

31.73, 31.31, 28.97, 22.63, 14.12 ., HRMS, m/Z:
[Cy1HyNLOL] FEIBH 339.1996, MK {H 339.2070,
1.2.2  REKHE R

R R SR Bk 1 A Bl 7 =X R Al A Ak R an 1l 1
foR, BAPIRIT .
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Synthesis methods of azopolyethers and the catalysts used
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ERATATHFEFE T, FR— 2 S 7]
JnA#| Schlenk i, MAE®RTIHENIVa~IVe,
4 I 7 I B T 51 5 S T B P T T R R R o
FOWAS RG] ROBAR RS S5 A D CHLCL IR
P EIERIZGERE, ST R A, RE ikt
B, R AR ARRESY, JT 80 CHET
f 12 h FE . A1 FHTA B A A T R ik
WAL T2 FH 4l 2% TG 2R ik

FIEA 0 Moo M (B ) K ESURAL &0 1) S 56 45
EHER A TWFER D, SETHRAINE
FHARUE Schlenk 5 AR EFT o
1.3 Wik A*E
1.3.1 R X A% ROR R B 4G ) &

B 50 mg e U EUOR R HT CHLCL Y, 7E
356 nm [N T KRG, SR TR
BRI, BT A5 200 RS SR R K
1.3.2  # A 5H RmX

B 3~5 mg J UM EUR R Bk, 81 2578 F
L (DSC) Mk, ZEJEH K 10 °C/min, M 20 °C
TE T, Z EA#HF 10 min, JEEREES AR L, %
HF 0 °CJ5HFIREF] 280 °C, RHUEE —ANFHE/M
TR B A B
1.3.3 4546 % X

B 3~5 mg = AR Rk, i DSC It
ARIRHER A 10 °C/min, M 20 CTHEZE 40 °C If
{EFEE IR 5 min, B HIF-50 °CJ5HTHRE3 280 °C,
BRI AN T B AT

2 ZER5iTE

2.1 SIHAHEMFNT BT &

2008 4F, HIRAHATA Z50V% 81, LT PR s
4 XL 4 JE i 7 10 45 A A B 23 A2 3351 4 ok 1 4 £ AR
Z(S,S,R,S,S)-SalenCo( I )CI/PPNCI X} &I fig 4 48 kv
FE ST R IE R IR A 2 R O S 0 % R A e R 1
o TR R, AXitGl—RIEAR
T Bl A < B8 P 5 8 R0 R 110 A T e s 87 3 8 A B
IVa~IVe ( fBIFRIAELLLE ), LA(S,S,R,S,S)-SalenCo( Il )
CUPPNCL A AL, il 25 T — R 2[R AR Rk,
gERME 1R, R LFS 1~5 A, fil&rE
{3 GRS SR M ) S ) R 3R Tk 459 Sy 5 [ A4y
K, BIMIR>T R AE 1.87x10%~ 2.34x10* 2 ],
YRS 1.70~2.51, Y5 LA 0 i g 7 M 0 5 i
( 74%~88% ). [ A= SCIAfifi 1] Al('Bu); F1(Oct)yNBr
ENMAET AR T — RGN TOHREE, 255k 1 7
5 6~10 i, BOHIXT T R AE 0.43x10%~1.42x
10* 0], AP HEHERE 80N 1.22~ 1,79, H 5 TCHLEREE
JC KL 4 [7) S Bk A IV P 67 PCNMIR % 1y 22 5]

A E R AW, B 2 A IVa BTEHL
A R EER PCNMR G5 E, & 2 n] 4 (R 3R i
TE 6 78.2 b HAF —ARBIR g, % = Jod
FREAENE, 108 mm R0, MM REAE 6
78.0~78.5 AL I F AL FEVE, Horb, 5 78.2 b mm
HEHIT, 6 78.0 AR MARSEM = Indl R RRIFIE, {2
FEREL =4 (i22h mr 825 rm A0 ) MZR=7C
A (e e dEHI0 ). Mk, AT TS R4 TR]
JEMk 1) ST AL R 88%

R 1 IME M R IEIR R e ke 1 B S 4G
Table 1 Results of homo polymerization of racemic
azobenzene-based epoxides

e et gk B0 ML o gyryroe A
1 1 Va 88 2.1 1.97 —©/258/221 193.7
2 1 Vb nd® 207 251 —/245/206 158.8
3 1 Ve 85 1.87 1.98 —/259/197 178.6
4 1 Vd 74 2.07 1.80 —/232/202 152.0
5 1 e 81 234 170 —/230/(199,219) 172.0
6 2 Na /@ 0.87 1.29 65/—-/— 157.8
7 2 Vb / 1.36  1.25 54/-/— 141.9
8 2 Ve / 0.43  1.30 35/-/- 130.7
9 2 Vd / 142 1.79 —/200/177 165.9
10 2 Ve / 1.32 1.22 —/206/202 144.4

i JF5 1~5, RNEEA (R ELER) @ n[(S.SR.S.S)-
SalenCo(I)CI] : n(PPNCI) =200 : 1 : 2, ZE# FIL 0.5 h; JF
5 6~10, RNBEH n(RELEKE) @ n[AI(Bu)s] : n[(Oct),NBr] =
100 :3: 1, 50 CTFRM 2 ho Dee fH X BRT &M,
PCNMR 8, THE 7 LS % 3Ck[36]; @M, A EUHN 4> F
Fiik, PDI hAribEda s, ¥ is & ik kie ; @RAE
AT, H DSC ZE, o, T8MEZRET, EMEE
ST BN R T NIEERIE, HREXKRET,
YN S AR IS T g, IBEIZRE T, W
J S ARG 78 O s s @ISR B i 8% )% (AH ), HI DSC
MWiE; ® “~" REEAEGHHA T, T, Te, FR; © “nd.”
RFRGH; OZBESWEIRIITE 199 1 219 CALAT 25 ik ;
® /7 REBZBEYBAA SIS, TR,

1

K2 NVa oA 4FREY "CNMR ]
BCNMR spectra of atactic- and isotactic-polyethers
of IVa

Fig. 2
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AW 1) ST Fe) A B FLRAHE A AR K
DSC MKW, B & A B X B R F B S A R
R R AR, BABEE S (Ty)
(230~259 °C) Mg (T.) (197~221 °C ),
E 3 MIVa 4R (£ 175 1) 9 DSC HiZk.
HE 3 AT, Va f4[m) 3R ik 2 — Fh B3 2 25
MR, HASRIREE T, =258 °C, J&RlkS AH, = 34.2
Jgo MilVa R TCHREE (R 175 6) & —Fh LAl
TEFEREY, HALEA 65 CHY T,o HILATAL, R
ik 7 PRI B ) e AR T B e A

% i

= —>  T,=258C
! NXLZJ@
&

3 :

6 5I0 l(I)O 150 2(I)0 250 3(I)0
BB/ C

K3 VamyafF KB DSC Lk

Fig. 3 DSC curves of isotactic-polyether of Va

22 REBAXEFAEUTR
Kl 4 Sy Va 194 a3 ik 0 e -5 4 1k S 3R

o
(0]
{O\/#,
hv =365 nm \O
N T a0 ©
N
) (L
N

trans BRI CH,CLIA T cisTRPE CH,CLIE

e
365 nm

450 nm

%icmai

g
2 -

;

» g | I!

Kl 4 Va rtgxfa Rk -5 1o & 5c 1

l%%emmz

Fig. 4 Trans-cis isomerization and physical of isotactic-

polyether of Va

Il 4 WAL, 7E 365 nm DGR, REW
IBEMR S0 N=N BU & B i, b e s e
I o 374G LR S e A SR oy T AN
R RUE CH.CLy I W H I I (B - il ad 5%
SMIRGT, N=N XU#RIIA-F 5 (rans- cis ) H1E
R BRI R, HEIO R AN B R,
RENZL OB IR, PREEFSFEIN L OR R .

VA AR 22 S S AR AR 43 T A R A SEPRT I
AR BRI T 2R, B L AR AR TE o
ik, HERSY LB, REY I THE5 S
JEBOHERUE A, T AW A R L 2
RERE R SE MR 7> T AN EAE I, I e 22 . I
AMBI AR T REHCR, R TYEUA
FPHERE ROCE IR, RS T

SAh-A] LSO (UV-Vis ) AT i i R AL A
HRBEAI - RO R R . 1] Sa N IVa 4
17 3R Bt £ SR 1 E HEUR T Wi 9284

14F 2 ——trans
—1s
1.2 —2s
—3s
. 1.0 —35s
S 03 —10s
i —15s
R 06f —30s
=X 04 ——cis

250 300 350 400 450 500 550 600
Pk /om
b —— RAMEHITY —— A HA T

342 nmAb e E /au.
o

6 g 1I0 1I5 2|0
TR B
K5 Va4 RBETE S SMOE IS T R WBOLTE (a) X
T ERE (b)
Fig. 5 Absorption spectra (a) and cyclic properties (b)
upon irradiation with UV light of isotactic-
polyether of IVa

M & Sa AT, R AR R BEAE 342 nm Ab
RBRIY - Wi, B 365 nm ZEAMGRY RS, 2
M AR T R AR - S O A K : 342 nm Ab Y
23 - WSO 8 kL, [P Bl 440 nm AR I
m-rr WSO 7558 . 450 nm B W G IR 565 I =X, 8 ik
ST DK R i v i A o U R B . R LR
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iR, 05 - WO B AL (342 nm) BYIOERE,
35 E 5b. & 5b K IVa B4R REFIEAPERE .
& 5b AIH, 752G PR 8 UK B ik 1) W B LT
SEAMREE, VAU ERAT A Y R B KA RS
WrEtE . [Fe T REY ST AR E R E
] AR, PR A0 s W O B AT U S OB 8
'HNMR 2 2 fiF {1 20 4 - 52 S5 4 4 1) % PR O
2 /6 NIV a 1y 4[] Sk 0 - S S A 44 ) "THNMR
MR, ME 6 nrn, SR Y R TR ST
57.8, 7.4 F1 6.8 Kb BUAE S0, 1= R Bk Y Oy A
BT ESMMAE67.2, 7.1, 6.8 F16.6 &b,

dic e; ;
|a+b| d ‘ l

l %
J

e . N
QW

a+e
b e ¢
d a'
[ GﬁM
g

N NN N Y N T T Y N N S TN T NN SO S |

80 70 60 50 40 30 20 10 O
J

zzQ‘{g

‘ 96%-cis

Bl 6 IVa 4 [ BEEII- S A PR "THNMR 35 ]
Fig. 6 '"HNMR spectra of cis- and trans- isomers of isotactic
polyether of Va

23 BREHERESERSR

Kl 7a HNa~INe M2 REHRER R, K 7b
KN a~IVe B TCHL R BRI GRER E , ]l 7c MIVa~IVe
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