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Fig. 1 (a) Synthetic schematic diagram of PPCP-PAc; (b) 'H-NMR and (c) DOSY spectra of PPCP-PAc.
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Table 1 Results of PO/PA/OPA/CO, copolymerization under different conditions .

Pco, T Conversion ® (%) Composition ® (mol%)
Entry wpc ® (Wt%) M, © (kg/mol) D
(MPa) (°C) OPA PA PO PAc PE PPC PPO

1 de 0 40 69 61 55 13 11 - 76 - 11.4 1.42
24 0.2 40 69 73 46 18 19 24 39 15 14.1 1.06
3 0.2 40 49 98 57 10 20 70 <1 9 19.4 1.35
4 0.4 40 41 89 62 8 16 76 <1 20.4 1.38

5 0.8 40 34 84 52 7 17 76 <1 20.7 1.36

6 0.2 30 53 89 40 15 16 67 2 4 17.5 1.42

7 0.2 50 32 100 48 11 34 53 2 30 17.7 1.34

2 Initial molar feed ratio: [POJ/[PAJ/[OPAJ/[TEBJ/[I] = 1000/100/100/2/1, [PO]J/[THF] = 1/1, THF as solution, reaction time was 48 h,
PAc = acetal, PE = ester, PC = carbonate, and PPO = polyether in copolymer;® Determined by 'H-NMR of crude product in
CDCls, OPA conv. = Ag34/(Ag34 T A1o54)s PA conv. = As 35/((Ag34 + A10.54)/2 X [PAJ/[OPA]), PO conv. = (dg34/2 + As3s + Agor +
(A3 72— Ayga — Ag34)/3)((Ag3s + A1054)/(2 X [POJ/[OPA])), PAcY = (Ao34/2)(A634/2 + As3s + Asor = Assa + (A3 = Ayga — A34)/3),
PEY% = As35/(Ae34/2 + Aszs + Asor = Aysa + (A3 72 — Ayga — Ag34)/3), PPC% = (Ayo7 = Aasa)(Ag34/2 + Aszs + Aoy = Agsa + (A3 72 —
Ay g4 — Ag0)/3), PPO% = 1 — PAc% — PE% — PPC%, PC Wt% = (Ay 54 X 102)/(Aq07 ¥ 102 + As 35 X 206 + Ag34/2 X 192 + (A3 —
Ay g4 — Ag34)/3 % 58); ¢ Determined by GPC with THF as eluent; ¢ No THF was used in the reaction; ¢ Reaction was stopped
after 20 h.

H40 °C.

TR, fEREERMNFMT, iRk
MR, 3R15 — R 5B A A A 8 B4 )
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FRCEEHG N, 2 BH R A s I o R R v e 1] g
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IR ARIMREE, A 2L PPCP-PAC JL R W5t
B RS S5 T4 R AR

Table 2 Results of PO/PA/OPA/CO, copolymerization under different feed ratios 2.

Conversion ® (%) Composition ® (mol%) PCP® M,°
Entry PO/PA/OPA/TEB/I PO/THF ¢
OPA PA PO PAc PE PPC PPO (wi%) (kg/mol)
1 1000/150/100/2/1 1/1 53 100 83 7 21 72 <1 6.7 23.3 1.36
2 1000/100/150/2/1 1/1 28 70 36 13 21 65 1 7 17.5 1.20
3 1000/100/100/2/1 2/1 56 89 78 12 77 3 30.5 1.35
4 1500/150/100/2/1 2/1 32 100 62 4 19 75 2 9 30.1 1.39
5 1500/100/150/2/1 2/1 27 72 41 13 79 <1 11 23.9 1.37

a Polymerization was carried out at 40 °C for 48 h under 0.2 MPa CO,; ® Determined from 'H-NMR of crude product in CDCls;

¢ Determined by GPC with THF as eluent.
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B 28 BRI 5 K 5 T A R T i B ORAE
fe T RE R A K AR, (R TARE R . B &

FEFR e R . RNERENS, RO A
BRI 2 T ANES By i

AR R A A5 F ) PPCP-PAc J2& —Fh 7C HL DY
JCHLERNY), HA &G RENL AT T 35 4
I . GRS R B IE W RS, m R B AR AR )
TR, BEHmKESY), EIPPCP-DL. XA
ik BL2H 1K PPCP-PAC JE47 /K fif, v LIS B[R]
¥ AFEPE &&= PPCP-DL (ML3K 3).
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Table 3 Hydrolysis results of PPCP-PAc samples with different compositions *.
Raw material After acid treatment

Sample Composition ® (mol%) M, ¢ Composition ® (mol%) PC® Theory M,¢  M,° .

PAc/PE/PPC/PPO (kg/mol) PE/PPC/PPO (wt%)  (kg/mol)  (kg/mol)

1 10/20/70/<1 19.4 1.35 25/65/10 2 1.2 2.1 1.20

2 11/34/53/2 17.7 1.34 37/60/3 4 1.2 2.1 1.25

3 13/21/65/1 17.5 1.20 29/70/1 4 0.9 1.6 1.07

4 4/19/75/2 30.1 1.39 27/70/3 5 3.1 33 1.68

5 8/13/79/<1 23.9 1.37 13/81/6 <1 1.5 2.5 1.33

2 Reaction conditions: 1 g polymer/10 mL THF (2 mol/L HCI); ® Determined by "H-NMR of crude product in CDCl,; ¢ Determined by
GPC with THF as eluent; 4 Theory M, = 58 + ((PE%)/(PAc%)) x 206 + ((PPC%)/(PAc%)) x 102 + ((PPO%)/(PAc%)) * 58.

SN GER G, i8I X PPCP-PAc 5 HK fifh
PP TH-NMR i B (B 2) A7 X b, W8 3 8
T R FE B R IE VT R, BINEH TR A
BE - EES R A AR KR . (BRI RE R, BT
AT P AR i [ R S B, AR T /b &I PC, 5l
&= W) R ) PE/PPC LU & AE A5 4k,  H PPO 8 Bt
Eb A5 38 n . B K T S 9 GPC it & an 18] 3 B
N KRG, BT AR AW RS T R R A
FEERIYIE, PEYIH) GPC i R AR BE R i &
oy I R PIESN AT, B UE T AR )
JEAKME . BT R A YEE LS BB A R E
SEAIE], BT DRI SE bR g TR TR 4y
T, HEZoidais.

Cleavage cites

ofotoy 39 900
SR ﬁ)\ofbkoh S tL/LO}yH
72

(a) PPCP-PAc

(b) |After acid treatment
OHC( CHO
17 )=

- 0O O O
1(>+/L 50 0 IH OAO
o AT 0

THF

o WMKA l gijkﬁMﬂL

1(;.5 8j5 8i0 7j5 710 6j5 6j0 5j5 5j0 4j5 4j0 315
0
Fig. 2 Comparison of 'H-NMR spectra between (a) PPCP-PAc

and (b) its crude after acid treatment.

%t 4li4k, )5 i) PPCP-DL i# 17 MALDI-TOF MS
RAE, UES T H MK 4(a)). WE R AT L3 A
IF) P8 7 B 0, e L 5 g 1) B R TR B 45 A
102.1 Da, X} T B PR R 2 5 5. 70(PO+CO,) 7
T AFERFZ EFREZR AR TR EY

(@)
After acid
degradation
Sample 2
15 20
Retention time (min)
(b)
After acid
Sample 3 degradation

1‘5 2.0
Retention time (min)
Fig. 3 GPC curves for PPCP before and after acid treatment:
(a) sample 2 and (b) sample 3 in Table 3.
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REANEREWT RN SR 2 AN R 5, (G R
i 2 1 A S TR RE BT A S A, 2R B
RS BAFAE, R BB (S 50k

PPCP-DL )3 2 56 7] 5 = 5 £ R IFF A2 Tk
RN, AR =R G BERE, PR 3T PF-NMR
W, AR R R A AR S Rl AT e
B WE 40w, SRERE. 5 &l
BT IR 2L BT R BRI R AL = 31 F L 115 50
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Fig. 4 (a) MALDI-TOF MS spectrum and (b) ’F-NMR spectrum of the hydrolysis product PPCP-DL.
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Research Article

Synthesis and Degradation of CO,/Propylene Oxide/Phthalic
Anhydride/o-Phthalaldehyde Copolymers

Zi-lin Luo, Si-hong Liu, Sheng Huang, Dong-mei Han, Shuan-jin Wang, Yue-zhong Meng, Min Xiao®
(Key Laboratory of Low-carbon Chemistry & Energy Conservation of Guangdong Province,
School of Materials Science and Engineering, Sun Yat-sen University, Guangzhou 5100006)

Abstract In this study, a top-down strategy was adopted for the synthesis of poly(ester-carbonate) diols (PPCP-
DL) by hydrolyzing high-molecular-weight poly(acetal-co-ester-co-carbonate) (PPCP-PAc). First, the nonmetal
catalyst tricthylborane (TEB)/tetrabutylammonium chloride (TBACI) was used to catalyze the quaternary
copolymerization of propylene oxide (PO), carbon dioxide (CO,), phthalic anhydride (PA), and o-phthalaldehyde
(OPA), affording high-molecular-weight PPCP-PAc with varied segmental compositions. Subsequently, the acetal
linkages in the polymer backbone were selectively hydrolyzed under mild acidic conditions, yielding a series of
low-molecular-weight PPCP-DLs with different molecular weights (1.6-3.3 kg/mol) and polyester (PE) contents
(13 mol%—37 mol%). The end-group structures of PPCP-DL, confirmed by matrix-assisted laser desorption/ionization
time-of-flight mass spectrometry (MALDI-TOF MS) and !°F nuclear magnetic resonance spectroscopy, revealed
hydroxyl groups at both termini and a primary hydroxyl content of 43 wt%.
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