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Table S1.  Experimental results of preparing poly(amic acid) (PAA) solutions with solvent 

and solvent-pairs along with solubility parameter (δ) and Kamlet-Taft solvatochromic  

(K-T) parameters. 

 

Monomer and polymer 
 PAA

a
 δ K-T Parameters 

  (MPa
0.5

)  α β π
*
 Ref. 

Poly(amic acid) (PAA)  n/a 22.1
c
 n/a n/a n/a - 

4,4’-oxidianiline (ODA)  n/a 21.0
c
 n/a n/a n/a - 

Pyromellitic dianhydride (PMDA)  n/a 24.5
c
 n/a n/a n/a - 

No. Pure Solvent 
Conc. PAA

a
 δ K-T Parameters 

(wt%)  (MPa
0.5

)
e
 α β π

*
 Ref. 

HBA solvent (PAA-soluble)        

1 N-cyclohexyl-2-pyrolidone 

(CHP) 

5 
○

20
 

20.8 n/a n/a n/a - 

2 Diethyl acetamide (DEA)  5 ○
20

 21.3 0 0.78 0.80 1 

3 Pyridine (Pyr) 5 ○ 21.8 0 0.64 0.87 1 

4 Diethyl formamide (DEF) 5 ○
20

 21.9 0 0.79 0.88 1 
5 Hexamethyl phosphoramide 

(HMPA) 

5 
○

20
 

21.9 
0 1.00 0.87 

1 

6 Dimethylacetamide (DMA)  5 ○ 22.8 0 0.76 0.85 1 

7 N-methyl-2-pyrrolidone  (NMP) 5 ○ 22.9 0 0.72 0.92 1 
8 N-acetyl-2-pyrrolidone (NAP) 5 ○

20
 23.6 n/a n/a n/a - 

9 Dimethylformamide (DMF) 5 ○ 24.9 0 0.69 0.88 1 

10 Dimethyl sulfoxide (DMSO) 5 ○ 26.7 0 0.76 1.00 1 
HBA Solvent (PAA-insoluble)        

11 Acetonitrile (ACN) 5 × 16.1 0.19 0.40 0.66 1 

12 Cyclopentyl methyl  ether 

(CPME) 

5 
× 

17.2 0 0.53 0.42 1 

13 Eucalyptol (Euc) 5 × 17.7 0 0.61 0.36 1 

14 2-methyl tetrahydrofuran 

(MTHF) 

5 
× 

18.1 0 0.45 0.48 1 

15 Ethyl acetate (EtAc) 5 × 18.2 0 0.45 0.45 1 

16 2-Pentanone (MPK) 5 × 18.3 0.05 0.5 0.65 1 
17 Dimethyl carbonate (DMC) 5 × 18.7 0 0.38 0.47 1 

18 2-Butanone (MEK) 5 × 19.1 0.06 0.48 0.60 1 
19 Acetone (Ace) 5 × 19.4 0.08 0.48 0.62 1 

20 Anisole (Ans) 5 × 19.5 0 0.32 0.70 1 
21 Cyclohexanone (CHN) 5 × 19.6 0 0.55 0.68 1 

22 Tetrahydrofuran (THF) 5 × 19.8 0 0.55 0.55 1 
23 Cyclopentanone (CPN) 5 × 22.1 0 0.52 0.71 1 

24 γ-valerolactone (GVL) 5 × 23.7
d
 0 0.60 0.83 2 

25 γ-butyrolactone (GBL) 5 × 26.3 0 0.53 0.85 1 

26 Propylene carbonate (PPC) 5 × 27.2 0 0.40 0.83 1 
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Table S1.  (Cont.) 

No. Pure Solvent 
Conc. 

(wt%) 
PAA

a
 

δ K-T Parameters 

(MPa
0.5

)
e
 α β π

*
 Ref. 

HBD Solvent  (PAA-insoluble)        

27 1-Pentanol (PeOH) 5 × 21.9 0.84 0.86 0.40 1 

28 1-Butanol (BuOH) 5 × 23.2 0.84 0.84 0.47 1 
29 1-Propanol (PrOH) 5 × 24.6 0.84 0.90 0.52 1 

30 2-methoxyethanol  5 × 25.1
d
 0.72 0.72 0.77 3 

 (MxOH)        

31 Ethanol (EtOH) 5 × 26.5 0.86 0.75 0.54 1 

32 Methanol (MeOH)  5 × 29.6 0.98 0.66 0.60 1 
33 Water (H2O) 5 × 47.8 1.17 0.47 1.09 1 

No. 
Literature 

Solvent-Pairs 

Weight Conc. PAA
a
 δ K-T Parameters 

Ratio (wt%)  (MPa
0.5

)
e
 α β π

*
 Ref. 

34 THF-MeOH  8/2 15 × 21.7 0.75 0.67 0.67 This work
b
 

  8/2 10 ○ 21.7 0.75 0.67 0.67 This work
b
 

  8/2 5 ○ 21.7 0.75 0.67 0.67 This work
b
 

35 THF-EtOH  7/3 5 ○ 21.8 0.65 0.67 0.67 This work
b
 

36 THF-H2O  9.5/0.5 5 ○ 20.7 0.26 0.69 0.64 4, 5 

  9/1 5 ○ 22.0 0.46 0.69 0.68 4, 5 

  8/2 5 ○ 24.9 0.48 0.69 0.72 4, 5 

  7.5/2.5 5 ○ 25.9 0.50 0.69 0.74 4, 5 

  7/3 5 ○ 27.3 0.50 0.68 0.76 4, 5 

  6/4 5 × 29.9 0.51 0.68 0.81 4, 5 

37 Ace-H2O
 
 9/1 5 × 22.2 0.57 0.56 0.75 4, 5 

Ace-H2O 8/2 5 × 24.5 0.70 0.58 0.81 4, 5 

Ace-H2O
 
 7/3 5 × 27.0 0.75 0.59 0.87 4, 5 

Ace-H2O 6/4 5 × 29.5 0.95 0.58 0.93 4, 5 

No. 
Replacement Weight Conc. PAA

a
 δ K-T Parameters 

Solvent-Pairs Ratio (wt%)  (MPa
0.5

)
e
 α β π

*
 Ref. 

38 CHN-MeOH 7/3 5 ○ 22.9 0.80 0.64 0.77 This work
b
 

39 CHN-EtOH 7/3 5 ○ 21.9 0.66 0.66 0.75 This work
b
 

40 CPN-MeOH 6/4 5 ○ 25.5 0.82 0.64 0.76 This work
b
 

41 CPN-EtOH 6/4 5 ○ 24.1 0.71 0.66 0.74 This work
b
 

42 EtAc-MeOH 8/2 5 × 20.6 0.85
6
 0.59 0.61 This work

b
 

  5.5/4.5 5 × 23.8 0.95
6
 0.64 0.63 This work

b
 

  4/6 5 × 25.3 0.97
6
 0.66 0.64 This work

b
 

43 GVL-MeOH 8/2 5 ○ 25.2 0.62 0.62 0.86 This work
b
 

44 GVL-EtOH 7/3 5 ○ 24.7 0.58 0.64 0.84 This work
b
 

45 GVL-H2O 9.5/0.5 5 ○ 25.0 0.18 0.62 0.93 This work
b
 

46 GBL-MeOH 7/3 5 ○ 27.6 0.82 0.61 0.87 This work
b
 

47 GBL-EtOH 7/3 5 ○ 26.4 0.66 0.61 0.88 This work
b
 

48 GBL-H2O 9.5/0.5 5 ○ 27.5 0.35 0.59 0.96 This work
b
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Table S1.  (Cont.) 

No. 
Replacement Weight Conc. PAA

a
 δ K-T Parameters 

Solvent-Pairs Ratio (wt%)  (MPa
0.5

)
e
 α β π

*
 Ref. 

49 DMF-H2O 9.5/0.5 5 ○ 26.1 0.19 0.76 0.92 4, 5 

  9/1 5 ○ 26.9 0.27 0.76 0.94 4, 5 

  8.5/2 5 ○ 27.9 0.32 0.73 0.96 4, 5 

  8/2 5 ○ 29.2 0.36 0.71 1.00 4, 5 

  6.5/3.5 5 × 32.6 0.46 0.66 1.07 4, 5 

  5/5 5 × 35.5 0.57 0.62 1.12 4, 5 

50 DMSO-H2O 9.5/0.5 5 ○ 27.9 0.13 0.78 1.00 4, 5 

  9/1 5 ○ 28.7 0.20 0.71 1.01 4, 5 

  8.5/2 5 × 30.1 0.30 0.70 1.04 4, 5 

 

Note: a = the appearances of PAA solutions in pure solvent and solvent-pair mixtures: 

      ○ = Homogeneous solution; 

  × = Heterogeneous solution. 

b = π
*
of literature solvent-pairs and replacement solvent-pairs measured in  

this work is the average value of π
*
 from N, N-dimethyl-4-nitroaniline and 

4-nitroanisole indicators. 

β
 
of literature solvent- pairs and replacement solvent-pairs obtained in  

this work is the average value of β from  4-nitroaniline and 4-nitrophenol indicators. 

c = The δ values of monomers and PAA were estimated by group contribution method
7
 

using equations 8 and 9 in table S4 with  parameters of Fdi, Fpi, Ehi, and Vi, which 

relate to their molecular structures (Fig. S1). 

 d = The δ values of GVL and MxOH were estimated by group contribution method.
8
 

 e = The δ values of pure solvents were obtained from literature,
16

 while δ values of  

solvent mixtures were estimated from volume fraction average of pure solvents as 

shown in equation 10 (Table S4). 

  

According to literature solvent-pair mixtures (Table S1), Echigo et al.
9
 reported  

the homogeneous PAA solutions of 15 wt% in THF-MeOH mixture at a weight ratio of 8/2 

and 25ºC, while Sysel et al.
19

 reported that homogeneous PAA solutions in THF-MeOH 

mixtures could only be obtained at PAA concentration of 5 wt%.  In this work, results for 

solvent-pairs, THF-EtOH and THF-H2O (Fig.1 and Table S1), reported in the literature,
15

  

could be reproduced for 5 wt% PAA concentrations, except for acetone-water mixtures  
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Table S2.  Indicator relationships used to determine Kamlet-Taft solvatochromic parameters. 

No. Indicator Relationship  Ref. 

1 N, N-dimethyl -4-nitroaniline   

 -         (          ) [17] 

2 4-nitroanisole   

 -         (          ) [18] 

3 4-nitroaniline  

 -        (          )                
   [18] 

4 4-nitrophenol   

 -         (          )               
       [18] 

5 2,6-diphenyl-4-(2,4,6-triphenyl-1-pyridinio) phenolate   

 -            (  )                    
      [18] 

 -  (  ), kcal∙mol
-1  

=            ⁄  (  )  [18] 

Note: νmax= Maximum wavenumber of absorption of indicator i in term of kilokaiser 

 (1kK=10,000/λmax (nm)).   

        
  is the average value of    from indicators 1 and 2.     
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Table S3.  Experimental results for preparation of homogeneous (○) and heterogeneous (×)  

poly(amic acid) (PAA)  solutions of 5 wt % in literature and replacement  

hydrogen bond acceptor (HBA) and hydrogen bond donor (HBD) solvent-pairs at 25 ºC with  

Kamlet-Taft solvatochromic parameters measured in this work unless noted. 

 

Literature  

Solvent-pairs 

Weight Conc. Phase δ K-T parameters  ΔK-T values
c
  

ratio  (mol%)
e
  (MPa

0.5
)
f
 α β π

*
  α β π

*
 

THF-MeOH  8/2 1.4 ○ 21.7 0.75 0.67 0.67  0.39 0.08 0.10 

THF-MeOH 4/6 1.0 × 25.8 0.94 0.72 0.68  0.18 0.09 0.09 

THF-MeOH 7/3 1.5 ○ 21.8 0.65 0.67 0.67  0.46 0.05 0.13 

THF- H2O 9.5/0.5 1.5 ○ 20.7 0.26 0.69 0.64  0.06 0.15 0.00 

THF- H2O 9/1 1.4 ○ 22.0 0.46
a
 0.69

a
 0.68

a
  0.10 0.16 -0.04 

THF- H2O 8/2 1.1 ○ 24.9 0.48
a
 0.69

a
 0.72

a
  -0.11 0.18 -0.10 

THF- H2O 7.5/2.5 1.0 ○ 25.9 0.50
a
 0.69

a
 0.74

a
  -0.17 0.19 -0.12 

THF- H2O 7/3 0.90 ○ 27.3 0.50
a
 0.68

a
 0.76

a
  -0.24 0.18 -0.13 

Δ THF-H2O 5/5 0.70 × 32.7 0.54
a
 0.68

a
 0.86

a
  -0.40 0.19 -0.12 

Replacement         

Solvent-pairs (HBA-HBD)        

CHN-MeOH  7/3 1.5 ○ 22.9 0.80 0.64 0.77  0.23 0.02 0.10 

CHN-EtOH
d
 7/3 1.8 ○ 21.9 0.66 0.66 0.75  0.23 0.00 0.10 

CPN-MeOH
d
  6/4 1.3 ○ 25.5 0.82 0.64 0.76  0.19 0.02 0.10 

CPN-EtOH
d
  6/4 1.6 ○ 24.1 0.71 0.66 0.74  0.23 -0.01 0.12 

GVL-MeOH  8/2 1.7 ○ 25.2 0.62 0.62 0.86  0.19 0.00 0.11 

GVL-EtOH  7/3 1.8 ○ 24.7 0.58 0.64 0.84  0.16 -0.03 0.13 

GVL-H2O  9.5/0.5 2.0 ○ 25.0 0.18 0.62 0.93  -0.02 0.06 0.01 

GBL-MeOH  7/3 1.4 ○ 27.6 0.82 0.61 0.87  0.30 0.01 0.12 

GBL-EtOH  7/3 1.7 ○ 26.4 0.66 0.61 0.88  0.28 -0.02 0.12 

GBL-H2O  9.5/0.5 1.8 ○ 27.5 0.35 0.59 0.96  0.27 0.07 0.01 

EtAc-MeOH 8/2 1.2 × 20.6 0.85
b
 0.59 0.61  0.57 0.10 0.11 

 5.5/4.5 0.8 × 23.8 0.95
b
 0.64 0.63  0.20 0.03 0.04 

 4/6 0.7 × 25.3 0.97
b
 0.66 0.64  0.06 0.00 0.02 

Note:  
a
Ref. [4-5] 

b
Ref. [6] 

c
ΔK-T values represent the difference between the K-T parameters ( ) of the mixture 

and that of their mole fraction (x) average, e.g.,            (                 ). 
d
Precipitation occurred after 24 h. 

e
Concentration of pyromellitic dianhydride (PMDA) and 4, 4’-oxidianiline (ODA) 

monomers in 10 g of solvent mixture.  
f
values estimated from volume fraction average of pure solvents at 25 ºC (Table S4). 
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Table S4.  Solubility parameter group contribution method
7
 used for pyromellitic  

dianhydride (PMDA), 4,4’-oxidianiline  (ODA), and poly(amic acid) (PAA). 

Structural Groups 
Fdi Fpi Ehi V 

(MJ/m
3
)·mol

-1
 (MJ/m

3
)·mol

-1
 J·mol

-1
 cm

3
·mol

-1
 

-NH2 280 0 8400 17.00 

-O- 100 400 3000 6.45 

para- Phenylene 1270 110 0 68.52 

-CO- 290 770 2000 17.30 

Phenyl (tetra substitueted) 1270 110 0 56.52 

-COOH 530 420 10000 26.10 

-NH- 160 210 3100 11.00 

Equations   

   √  
    

    
  

 (8) 

   ∑    ⁄   (9a) 

   √∑   
  ⁄  

 (9b) 

   √∑    ⁄  
 (9c) 

V = ∑NiVi  (9d) 

δ= φ1δ1+ φ2δ2  (10) 

δi= solubility parameter of pure component i; and φi= volume fraction of pure component i. 
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Table S5.  Correspondence of FT-IR wavenumber and functional groups of  

poly(amic acid) (PAA).
9, 10

  

 

Functional Groups Wave number (νmax/cm
-1

) 

C=O stretching of amide PAA 1661 (strong signal) 

N-H bending of 2nd amide PAA 1550-1510 (strong signal) 

O-H stretching of carboxylic in PAA 3400-2400 (very strong and broad signal) 

N-H stretching of amide PAA 3400-3200 (broad signal) 

N-H bending of 1st amide PAA 1620-1590 (strong signal) 

C=O stretching of imide PI 1778 (medium signal) 
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Table S6.  Differential thermogravimetric analysis (DTGA) temperature of Poly(amic acid) 

(PAA) in the replacement solvent-pairs. 

 

PAA in the replacement solvent-pairs 
DTGA Temperature (ºC) 

First Second 

CHN-MeOH 189 611 

CHN-EtOH 185 602 

CPN-MeOH 160 598 

CPN-EtOH 155 583 

GVL-MeOH 155 573 

GVL-EtOH 163 593 

GVL-water 154 586 

GBL-MeOH 162 598 

GBL-EtOH 155 591 

GBL-water 159 590 

Commercial PAA 169 586 

Polyimide (Kapton) 600 - 

ODA monomer 316 - 

PMDA monomer 350 - 
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Figure S1.  Chemical structures of pyromellitic dianhydride (PMDA), 4,4’-oxidianiline  

(ODA), and poly(amic acid) (PAA). 
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Figure S2. Molecular structures of solvatochromic indicators used in this work:  

(1) N,N-dimethyl-4-nitroaniline; (2) 4-nitroanisole; (3) 4-nitroaniline;  

(4) 4-nitrophenol; and  (5) 2,6-diphenyl-4-(2,4,6-triphenyl-1-pyridinio) phenolate. 
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Figure S3. a) Solution appearance of homogeneous solutions after 3 h reaction time unless stated.  

DMF Commercial PAA Pyridine NMP 

THF-MeOH THF-EtOH THF-H2O DMSO 

CHN-MeOH (24 h) CHN-MeOH  CHN-EtOH  CHN-EtOH (24 h) 

CPN-MeOH  CPN-MeOH (24 h) CPN-EtOH  CPN-EtOH (24 h) 
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GBL-MeOH GBL-EtOH GBL-H2O 

GVL-MeOH GVL-EtOH GVL-H2O 

EtAc ACN CPME MPK 

MEK Ace Ans CHN 

Figure S3. b) Solution appearance of heterogeneous solutions after 3 h reaction time.  
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CPN GVL GBL 

PPC PrOH 
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Functional Groups Analysis by FT-IR  

Table S5 tabulates the significant spectra of PAA corresponding to its structure  

(Fig. S1) and Figure S4 shows FT-IR spectra of the PAA in all replacement solvent-pairs and 

commercial PAA solutions.  FT-IR spectra of PAA in all replacement solvent-pairs  

agreed well with the results from commercial PAA solution, in which the absorption 

wavenumbers (νmax, cm
-1

) of 1661 (C=O stretching of amide), 1550 (N-H bending of 2nd 

amide PAA), 3400-2400 (O-H stretching of carboxylic in PAA) corresponded with those of 

commercial PAA solutions. 
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Figure S4.  a) PAA in cyclohexanone-MeOH at weight ratio 7/3. 
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Figure S4.  b) PAA in cyclohexanone-EtOH at weight ratio 7/3. 
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Figure S4.  c) PAA in cyclopentanone-MeOH at weight ratio 6/4. 
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Figure S4.  e) PAA in γ-butyrolactone-MeOH at weight ratio 7/3. 
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Figure S4.  d) PAA in cyclopentanone-EtOH at weight ratio 6/4. 
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Figure S4. f) PAA in γ-butyrolactone-EtOH at weight ratio 7/3. 

 

(f)  

 

0

20

40

60

80

100

5001000150020002500300035004000

%
T

r
a

n
sm

is
si

o
n

Wavenumber (cm-1)

Commercial PAA (reference data)

PAA in butyrolactone/water (9.5/0.5)

Figure S4.  g) PAA in γ-butyrolactone-water at weight ratio 9.5/0.5. 
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Figure S4. h) PAA in γ-valerolactone-MeOH at weight ratio 8/2. 
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Figure S4.  i) PAA in γ-valerolactone-EtOH at weight ratio 7/3. 
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Figure S4.  FT-IR spectra of poly(amic acid) (PAA) solutions for  (red line) PAA in the 

replacement solvent-pairs and (blue lines) commercial PAA solution. 
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Figure S4.  j) PAA in γ-valerolactone-water at weight ratio 9.5/0.5. 
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Functional Groups Analysis by 
1
H-NMR 

 

 Chemical structures of soluble-PAA solutions in the replacement solvent-pairs were 

analyzed by 
1
H-NMR. For 

1
H-NMR of PAA from the literature,

11-14
 the signals of protons of 

the amide group at 10.5 ppm and the aromatic protons of the polymer backbone appeared at  

7.0-8.5 ppm. From this work, the 
1
H-NMR of commercial PAA in Figure S5 (a) also 

exhibited the signals of protons of the amide group at 10.5 ppm and the aromatic protons of 

polymer backbone from 7.0 ppm to 8.5 ppm. Moreover, the two protons of five rings of NMP 

solvents were also detected at chemical shifts between 1.75 and 2.05 ppm
13, 14

 for  

the commercial PAA solution. In the case of 
1
H-NMR of PAA in GVL-water mixture in 

Figure S5 (K), the signals of protons of amide group at 10.5 ppm and  

the aromatic protons of polymer backbone from 7.0 ppm to 8.5 ppm were clearly seen, 

whereas the signals of two protons from NMP solvents around 1.75-2.05 ppm disappeared.  

The signals of PAA in GVL-water mixtures at 1.3, 1.7, and 4.6 ppm were also detected, 

which represented the protons of GVL solvents as shown in Figure S5 (l). 

  

024681012

PPM

Figure S5.  a) Commercial PAA. 

 

(a)  
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024681012
PPM

Figure S5.  d) PAA in cyclopentanone-MeOH.  

 

(d)  

 

024681012

PPM

Figure S5.  c) PAA in in cyclohexanone-EtOH.  

 

(c)  
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PPM

Figure S5.  b) PAA in cyclohexanone-MeOH.  

 

(b)  
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024681012

PPM

Figure S5.  g) PAA in γ-butyrolactone-EtOH. 

 

(g)  

 

024681012
PPM

Figure S5.  f) PAA in γ-butyrolactone-MeOH. 

 

(f)  
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Figure S5.  e) PAA in cyclopentanone-EtOH. 

 

(e)  
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024681012

PPM

Figure S5.  h) PAA in γ-butyrolactone-water. 

/MeOH 

(h)  

 

024681012

PPM
Figure S5.  i) PAA in γ-valerolactone-MeOH. 

/MeOH 

(i)  
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Figure S5.  j) PAA in γ-valerolactone-EtOH . 

 

(j)  
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Figure S5.  
 1

H-NMR spectra of poly(amic acid) (PAA) synthesized in the replacement  

solvent-pairs: (a) commercial PAA in NMP solvent; (b) PAA in cyclohexanone-MeOH at 

weight ratio 7/3; (c) PAA in cyclohexanone-EtOH at weight ratio 7/3; (d) PAA in 

cyclopentanone-MeOH at weight ratio 6/4; (e) PAA in cyclopentanone-EtOH at weight ratio 

6/4; (f) PAA in γ-butyrolactone-MeOH at weight ratio 7/3; (g) PAA in γ-butyrolactone-EtOH 

at weight ratio 7/3; (h) PAA in γ-butyrolactone-water at weight ratio 9.5/0.5; (i) PAA in γ-

valerolactone-MeOH at weight ratio 8/2; (j) PAA in γ-valerolactone-EtOH at weight ratio 

7/3; (k) PAA in γ-valerolactone-water at weight ratio 9.5/0.5; (l) γ-valerolactone solvent. 

 

 

Figure S5.  k) PAA s in γ-valerolactone-water. 

024681012

(k)  

 

Figure S5.  l) γ-valerolactone solvent. 

024681012

(l)  
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Thermal Stability Analysis  

TGA results of PAAs synthesized in the replacement solvent-pairs, commercial PAA 

solution, commercial polyimide (Kapton®), and PMDA and ODA monomers are shown in 

Figure S6 and two differential thermogravimetric analysis (DTGA) peaks of all PAAs and 

monomers are tabulated in Table S6.  Both PAA in the replacement solvent-pairs and 

commercial PAA exhibited two differential thermogravimetric analysis (DTGA) peaks below 

800 ºC. The first peak of DTGA around 150-170ºC probably corresponds to  

the evaporation of solvent and by-product of water from condensation polymerization.  

After 380 ºC, the PAA was converted completely to polyimide by thermal imidization.  

The second peak of DTGA was observed between 550 and 600 ºC, which represents  

the degradation of polyimide.  This degradation of polyimide between 550 and 600 ºC  

agrees with that for commercial polyimide (Kapton®) from Dupont company (Fig. S6 (b)).  

 TGA results of ODA and PMDA monomers (Fig. S6 (m) and (n)) show that  

these monomers completely decompose at 316ºC and 350ºC, respectively.  After ODA and 

PMDA react to form PAA, the PAAs in solvents do not readily decompose at 350ºC,  

which indicates the occurrence of polymerization.  
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Figure S6.  Thermogravimetric analysis (TGA) results of poly(amic acid) (PAA): (a) 

Commercial PAA solution; (b) Polyimide (Kapton); (c) PAA in PAA in cyclohexanone-

MeOH at weight ratio 7/3; (d) PAA in cyclohexanone-EtOH at weight ratio 7/3; (e) PAA in 

cyclopentanone-MeOH at weight ratio 6/4; (f) PAA in cyclopentanone-EtOH at weight ratio 

6/4; (g) PAA in γ-butyrolactone-MeOH at weight ratio 7/3; (h) PAA in γ-butyrolactone-EtOH 

at weight ratio 7/3; (i) PAA in γ-butyrolactone-water at weight ratio 9.5/0.5; (j) PAA in γ-

valerolactone-MeOH at weight ratio 8/2; (k) PAA in γ-valerolactone-EtOH at weight ratio 

7/3; (l) PAA in γ-valerolactone-water at weight ratio 9.5/0.5; (m) PMDA monomer; and (n) 

ODA monomer. 
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Figure S7.   Molecular weight (  ) of poly(amic acid) (PAA) as a function of 

 solvent or solvent mixture
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GPC Results of poly(amic acid) (PAA)  synthesized in the replacement solvent-pairs 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S8.  a) (Red line) PAA in cyclohexanone-MeOH, (green line) cyclohexanone-EtOH, 

(blue line) commercial PAA solution. 

 

 

 

 

 

 

 

 

 

Figure S8.  b) (Red line) PAA in cyclopentanone-MeOH, (green line) cyclopentanone-EtOH, 

(blue line) commercial PAA solution.
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Figure S8.  c) (Red line) PAA in γ-butyrolactone-MeOH, (green line) γ-butyrolactone-EtOH, 

(black line) γ-butyrolactone-water, (blue line) commercial PAA solution. 

 

 

 

 

 

 

 

 

 

Figure S8.  d) (Red line) PAA in γ-valerolactone-MeOH, (green line) γ-valerolactone-EtOH, 

(black line) γ-valerolactone-water, (blue line) commercial PAA solution. 

 

 

 

 

Figure S8.  Gel permeation chromatography (GPC) results for poly(amic acid) (PAA) 

synthesized in the replacement solvent-pairs in term of molecular weight distribution 

(MWD). 
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