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Abstract: Melt process of polyetherimide (PEI) has a difficulty to precisely control mixing ratio of monomers, which
results in failure of production on an industrial scale. Especially, a typical diamine monomer obstructs the feeder of the
hot extruder due to its low melting point (mp) of 64 °C. In this work, we suggest that a novel diamine monomer, DABI,
can be substituted for the conventional monomer. The molecular structure of DABI was designed with the A-B-A struc-
ture with amide linkage, where A was m-PDA and B was BPADA, and was identified by structural analysis ("H NMR
and FTIR). DABI showed a high yield of 98% in synthesis process and a high mp of 152 °C in thermal analysis (DSC).
Finally, we obtain high molecular weight of PEI via melt process with DABI, which indicates that DABI can solve the
problem with imbalance in the mixing ratio in melt process.
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M. o]FFE IFAZE Sunlightrte] 4.4-(4,4-
isopropylidenediphenoxy)bis(phthalic anhydride)(BPADA), Tt]
o}l TEFA] = Sigma AldrichAF2] m-phenylenediamine(m-
PDA)S HE o] A glo] ARESIATH EFAIE A4S S
3] Sigma Aldrich*}] 3-nitroaniline¥} palladium on activated
carbon(Pd/C, 5 wt% PdyS H=9] AAglo] ALt &
g2 9 2 AAE A% Sl EMA Sigma AldrichAFe]

ZEH, A444 A2%, 202083
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dichloromethane(MC, 99.8%), methanol(99.8%), N,N-dimethy-
lacetamide(DMAc, 99.8%), N,N-dimethylformamide(DMF,
99.5%), toluene(99.8%), 1,4-dioxane(99%), n-hexane(95%),
ethyl acetate(99.5%) % tetrahydrofuran(THF, 99.9%)5 A&
skt

HIS2z el AlZH| 2 BPADA/m-PDA =M PEI &
T H[I. ¢F75 &7]9] BPADAS m-PDAE 1:1 & H|&
2 EZ3sle] FHlsk & 250, 300, 350 °CE AAE 794 @
ol Yol 5, 10, 15, 20, 30%2] Al7ke] Aol wha} @ Boj
A Al S FEAIFTHScheme 1).

Myt clopal =HEFH| DABI M. 250 mL 2-neck round
bottom flask®ll m-PDA 2.379 g(0.022 mol)< 2 3L dichloro-
methane 20 mLE H7}sle] Fa4 ES7]12 4204 wikslH
A &A% 6T 28] TE 250 mL 2-neck round bottom
flasko] BPADA 5.205 g(0.01 mol)2 232 dichloromethane
30mLE H7tete] A #9712 A-2olA wrkspHA o
3] =3tk BPADAS] % @ito] m-PDAS A3 $5}o]
m-PDA7} Zol3le FekTo] &3l¥ BPADAS 7&7&8]
QJ3hct. whe Zalel we} wale] AgAI7E AEEIT) 4
H 7AE FEE A=23 53 dichloromethaneg- *ﬂz—q.‘?‘i
© 2 AMg3le] Z53R= BPADAS} m-PDAS A AL A
QEoA AxEACE FEE 98% o= FAE T
= DABIZ 3338} THScheme 2). ©]= 'H NMR ~HEH
740l oal +xE A6t

'"H NMR (500 MHz, DMSO-d¢) &y 10(2H, d), 7.92H,
d), 7.5(1H, d), 7.3(4H, d), 7.2(1H, d), 7.0(6H, d), 6.9CH, d),
6.8(2H, d), 6.7(2H, d), 6.3(2H, d), 1.7(6H, s)
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Scheme 1. Synthesis of PEI (BPADA/m-PDA) via melt polymer-
ization without stirring.
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Scheme 2. Synthesis of new monomer (DABI).
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Dean-Stark trap2 “&*] 3t 100 mL one-neck round bottom
flaskel DABI 7.37 g(0.01 mol)& % 3 dimethylformamide
(DMF) 25 mLE #7Fste] A E9)7|2 4ALox] whkshd
A k3] =Tk 28] toluene 25 mLE 78Il 120 °C
2 7tgste] Enhe-S Falf o =3A T o] & Ao
2 2J3] methanolol] FAAA AAPES AU AHEL 14-
dioxane®l] =] TLC Rz} 0.422 &<l & 82]4] n-hexane}
ethyl acetate 50 v/v%E ©]-&3td 450 mesh 2|71 24
AZnpE 729 (silica gel column chromatography)® 2] 7
%2890 75% F5E = imidized DABI(I-DABI)2] 143
JAE AU ol 'H NMR 2~ EY =Ho] o3 125
A 81 T (Figure 7(b)).

'H NMR (500 MHz, DMSO-d,) &, 7.94(2H, d), 7.41~
7.34(8H, m), 7.15~7.10(6H, m), 6.61~6.64(6H, m), 5.34(4H,
s), 1.72(6H, s)

HEZEAE M7A DN g4 % DN 0[0|=Sk(I-DN). 250 mL
2-neck round bottom flask®l| 3-nitroaniline 3.03864 g(0.022
mol)S 23 dichloromethane 40 mLE 7}5lo] 24 £$)7]
2 Ao wukspaA €8] =9tk 22|53 thE 250 mL
2-neck round bottom flask®] BPADA 5.205 g(0.01 mol)<
237 dichloromethane 20 mLE 7t} A4 #9712 4
ollA wRkslEAs 8] =30t BPADAS] o Eitol 3-
nitroanilineE- ZA3}517] 9181 3-nitroaniline®] ZolJE &
2k=1ol] llEl BPADAS HA3] Fsiitt. whgo] 13y
Holl wt e SAE AEEAT AEE dgAE 2
B2 AZ23 £53% dichloromethaneg A2 02 A}-83}o]
Zb73R= BPADAS} 3-nitroanilineS A 733tk {89 Hoj
A xSt FEE 96% o] S IAIE Ao ¢4
¥ T2 DABI-Nitro(DN)-E 11 THScheme 3). ©]
£ 'H NMR =ZHEH =Ho o5 125 #4811 th(Figure
4(a)).

'H NMR (500 MHz, DMSO-d;) &, 13.02H, m) 10.8(2H,
d), 8.7(2H, d), 7.9(5H, d), 7.6(3H, d), 7.4(5H, d), 7.3(1H,
d), 7.0(6H, d), 1.7(6H, s)

AelA FdE AFA DN Dean-Stark trapS AHE-5}H¢]
ol =3} At} FFW 2719k Dean-Stark trap= 174 g
250 mL 2-neck round bottom flask®] DN 7.9675 g(0.01 mol)
£ Y3 dimethylacetamide(DMAc) 50 mLE 3 7}sto] A

] o
OgM NH, I o g TP Jl‘o HMN, o~ MO,
? T 1 . S0, il S ER 1
- Wanw ] + T
E O?\ﬁ I ,;‘_1 IM;T
BPADA

3-Nitroaniline 3-Nitroaniline

Y A
— - cmLf“';-'Jl P B F}_U ., COH
. 1 | j’ - W A /j
HO:-:I»" _(\_r b —Lf \_rnxll\/\f”o-‘
DN ¢ e

Scheme 3. Synthesis of DN by model reaction.

EL7|2 Aol wrtsPHA 23] 39tk 2283 toluene
50 mLE M7k § 120°CE 7FEstaith. grih-e-g 5ol
o =3ARl F- A0 % A3 methanolell HHAA A=
S AU A ES HEE 59 A2 1AF 2B A
ZNZOT 98% olde] FEER M IAE A 5
3t BA S imidized DN(I-DN)2. 2 ¥ 3]th ol 'H
NMR = EF Sl sl 7225 £ sl th(Figure 4(b)).

'H NMR (500 MHz, DMSO-ds) &; 8.4(2H, d), 8.3(2H,
d), 8.02H, d), 7.9H, d), 7.8(2H, d), 7.4(8H, d), 7.2(4H,
d), 1.7(6H, s)

EZAZ I-DNR HM|Z. o|r|=3}8 ¥4 8 A4 (I-DN)
°] NOYIE NHY |2 23] 91814 hydrogenators: ©]-§
3199t} I-DN 1.14 g(1.5 mmol)S F4H+8-8 500 mL -£-7]9]]
Y3 tetrahydrofuran(THF) 50 mLol| =<1 ¥ methanol 25 mL
S A7kt FuiE PAICE &% WolFlth H, 712 A
9] 2 bar®] Fg Fo] WH-S FdsIGAT wkg-o] XY
o webr] H, 7F=9] fElo] HAsi whgaS AlMkste] H,
712E AYFATE Gl Hold kA 2 o RS
ZBANATH BHSEE F PA/CE ZH A7 F A w=7)
£ o83t s AASIL 2y QEoA A=t 99%
o] FEER v IAE AT 5E HEAE imidized
DABI-Nitro Reduction(I-DNR)Z %™ &} tHFigure 1). °]&
'H NMR =3 EH 240 o3 +2E5 -4 513 th(Figure
4(c)).

'H NMR (500 MHz, DMSO-d¢) &, 8.02H, d), 7.4(8H,
d), 7.1(6H, d), 6.6(2H, d), 6.52H, d), 6.4(2H, d), 5.3(4H,
d), 1.7(6H, s)

BPADA/DABI =M PElI 8

&gl BPADA®} DABIE

111 & v g6t v=S FRlsI3it). 320 °C= A%

% micro-compounderell =S FUsIHN oM FY & 5%

7F BRIt 28]3 AES FEllA el 2 885
E PEI dog-bone A]*H-E A THScheme 4).

7171 & 2. A8 kA o] £2E4S FTIR(Bruker

Figure 1. Structure of I-DNR.
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Scheme 4. Melt polymerization reaction using BPADA-DABI by
extrusion.
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ALPHA-P)7} 'H NMR(Bruker AVANCE 500 MHz NMR)<
ARE-3FH o, F49-8ul= dimethylsulfoxide-d(DMSO-dg)&
ARgEITE, BEA1S DSC(Thermo plus EVO I DSC 8230)
£ ARE-ste] AT S8 PEIS] EAE 46
$I8l GPC(Waters Refractuve Index Detector 2414)5 Al-8-3}
Rom FA-gwi == DMAc7F ARS-EIUT PEIY] &858
< 918 ¥=71= Explorerle] Microcompounder MC155 A}
L3lRon B8 Q3 AJHAIZE $I8] ExploreAle] Micro
injection moulder IM12E- A}8-3}31 T},

Ay =2

Hi22z el AlZHi 2 BPADA/m-PDA =M PEI &t
= H|I. BPADAS} m-PDA %4¢] PEI 8=l A3t
28 AZRS otry] flEte] 11 & H[EE T £t
IAEE AR e EA WEGAIA BT Figure 2+ Al
7 B2 25250, 300, 350 °C)e] QoA A7} A zH(5E
B0l M2 FA 0 Folth. % s Al A=
I8l A3t A= o FM o= YERT

-2 59} A7kl w2 PEI®] T%%=+ GPCE ©|8-3}d
A BEAps Bagko 24 Wl 7153} Table 12 &
T 3 A7 Al wEl AlzEs 3o Eabeko] o
AR S7¥he A RFT) Figure 39 182 e AdS
TAskg A3tolrt. 300 °C oldole sEolehs & A7k
Hgoll M & BEAgke] S3AE AxT 4= e, o=
SF25 oolA PEIY] FHEETE AR e SEE %

PEL & 5 Tk B ohleh, MLE 2L B FF
Ao g BAge] 228 F UL nelFTh St W

S} A7) uel EE A BEA A2E o]-8-3l
F Ao 48T} AI7RS 320°Ce} SO A

EZFAZE 0|88 A7t Clot2l CHEHA| DABI = 4.
27t DABR= BPADAS] < ditol] m-PDA7} ZA3He
A-B-A 7%0|3 amide linkageZ 7t} $-2]& 98%2] &

15 min ‘ 20 min

250 °C ‘ ® ¢ 5 O
© & e © o
®e o o e @

Figure 2. Appearance of PEI samples prepared under different reac-
tion temperatures and times in convection oven.
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Table 1. Molecular Weight Analysis of PEI Samples Prepared
under Different Reaction Temperatures and Times

Sample

- M, M, PDI
Tgﬂg (TIL?S (gmol’)  (gmol") (M, M"

5 5800 10300 1.78

10 6500 10600 1.63

250 15 7900 15000 1.88

20 8400 17000 2.02

30 7400 16000 2.17

5 16400 34100 2.07

10 11700 26000 2.22

300 15 15100 34300 2.26

20 14300 34900 243

30 16100 36500 227

5 15600 32500 2.07

10 17200 36900 2.15

350 15 18000 39700 2.20

20 18800 41300 2.19

30 20000 45400 2.26

50000 4

40000 +

30000 4

20000 4

Mw (g/mol)

10000 4

[ T T T T T T

5 10 15 20 25 a0
Time (min)

Figure 3. Trend of weight average molecular weight with different
reaction temperatures and times.
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Z7F G-AFSA RE meta 91X1¢] 3 Zo] NO,E X $HH 3-
nitroaniline®] &% 222 AR-EHUth wiba 9o NH,7|
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Figure 4. '"H NMR spectra of (a) DN; (b) I-DN; (c) I-DNR.

At} EFAE [-DNR &3 'TH NMR 2= EH-L- Figure
40 JeIAth: (a) ATA(DN), (b) o)m =348 AFA (1-
DN), (c) ¥5*Z(I-DNR). DN¢] 'H NMR 2FEHS 24
Sk A3} 13.0 ppmolA] carboxylic acid(-COOH)] =7} &1
A3, 10.8 ppmelX] carboxamide group(-CONH-y =7} &
A=A}, Benzene ring®] ¥ Z+= 7.0-9.0 ppmeoll A multiplet
© 2 JERTE B3 1.7 ppmellA] methyl group(-CH;) 3=
golg 4= A ATHFigure 4(a)). 2232 I-DN2] 'H NMR
2 EHS B3 A3} o|u|=3t2 28] 13.0 ppmolA 2]
-COOHS} 10.8 ppmollX¢] -CONH =7} AR E AL 3
A 4 Stk o= AFA T 100% o|P =3t [P A
olm)gtK(Figure 4(b)). A E2] I-DNRS %F ©eto] NO,
oA NHZ =AM 53 ppmollA -NH, 327} AEA4 &
AEe AL AT 4 A TH(Figure 4(c)).

Figure 55 ¢ Al 714 7% 84S 918 AA1g FTIR 4
o}, 2 A3} FFAFES] -DNROAME ojn]=9] A3
¢l 33l symmetric C=0 3] (1780 cm™)¢} asymmetric
C=0 = (1716 cm™y7} ERI=F o, o] A= A€
-NH, ¥ 33400 cm™)E <13 5= A0t}

&SI At Holwl 4 B T 237

g
o 1 ™
g WA
: '1
m
~- W
. (]
§
T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber(em™)

Figure 5. FTIR spectra of DN (black), I-DN (red), and I-DNR
(blue).

Transmittance (%)

O=) spuy
H=M apuuy

T T 1
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Wavenumber(em ")

Figure 6. FTIR spectra of BPADA (black) and DABI (red).

28 FTIRS 53] amide linkageS 7% DABIE ©]F
S~% BPADAS} | B3+ Azolth(Figure 6). = 27+ 2
T+ A DABIO A & dianhydride C=0 3] (1850 cm™,
1780 ecm™)7}F AFeFA] 22 amide C=0 3] Z(1720 cm™), amide
N-H 3 =(1550 cm™)y7} A= AT},

2-2]= DABI®] A-B-A %2 wt} 4&s] FHsl7] 9
sto] @3-S g3l o|w| =31 DABI(I-DABI)®} A
59l I-DNRE] 'H NMR ~FEHS | B4 5130 th(Figure
7). I-DABIE= 5.34 ppmellA] -NH, ¥ 27} ERI=[A, 6.48-
7.95 ppmel| A1 benzene ring®] multiplet ¥ =7} Q15 3]0
o, o]2|3t A= ¥FAE -DNRIY H83] LAt} &=
3l -NH, 9] 3.2} benzene ring 32| HEH]|E Akt A3},
I-DABIE= BPADAS} m-PDA7} 12 & H| &2 39 A-B-
A FZE T AL WgsAl skt

MTrEhEA DABIQ| &M, 7129 m-PDAS W& &3
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Table 2. Molecular Weight Analysis of PEI Samples Prepared
by Extrusion Process

M, M, PDI
(g mol") (g mol™) (M, M,")

27700 45200 1.63
19300 26400 1.37
55200 100000 1.82

Ultem pellet
BPADA/m-PDA
BPADA/DABI

4
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-
(AR
L]
(=]
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r
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d = -
8

=] =¥
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Figure 7. '"H NMR spectra of (a) I-DNR; (b) I-DABI.
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Figure 8. Melting behavior of DABI during heating scan by DSC.
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ot
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ZEH, A444 A2%, 202083

HwE E3) E%% 320 cg} 502 M4 o}Oﬂu} 83

Tl PAE 25 Rl fls
S BPADA/m—PDA—ET o] &3 E8THS T 259 Al
7+ 27404 A3g3kAtt. 1) Ultem 1000 pellet, 2) BPADA/
m-PDA %4 ¢] PEL 3) BPADA/DABI %4¢] PEI®] 7} A]
Hell T3] GPCE T8 Jtl] BRI 141515 th(Table 2).
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