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ABSTRACT

Synthesis and properties of aromatic polyhydroxyamide
copolymers containing nonlinear units

By Han, so hee
Advisor : Prof. Choi, Jae—-Kon, Ph D.
Depar tment of Advanced Materials Engineering,

Graduate School of Chosun University

Abstract In this study, poly(hydroxyamide)s were synthesized by direct
polymerization by including non—linear aromatic units in the main chain. The
copolymers were completely converted to PBOs by thermal cyclization. The PHAs
were analyzed using FT-IR, 'H-NMR, DSC, TGA and XRD. The inherent viscosity of
PHAs was measured in the range of 0.39-0.67 dL / g in a solution of DMAc. PHAs
were dissolved in NMP, pyridine, DMAc, DMF, DMSO, and sulfuric acid at room
temperature and partially dissolved in THF and TFA. PBOs were partially
dissolved in sulfuric acid and NMP. In the thermal analysis graph of DSC, PHAs
showed endothermic peaks in the range of 250~320C. The 10% weight loss
temperatures, and residues of all PBOs occurred in the range of 632~666°C, and
65~69%, respectively.
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Table 1-1 Structure of thermally stable polymer.%*

Polymer Structure
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. polyimide, PSF : polysulfone, PPSU : polyphenylsulfone,

Pl
PPO : polyphenyleneoxide, PETI
PEEK : polyetheretherketone, PAI

: polyetherimide,
. polyamideimide, BMI : bismaleimide
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Table 1-2 Characterizations of heat-resistant polymer.'®
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1.2 Polybenzoxazole (PB0O)2t Polyhydroxyamide (PHA)

S8 WEH D2X0I0H 24 £ OHE D=2X0l dloh S polybenzoxazole
(PBO)= XA HHAERZ ZHAM QUCH. PBOHISC! ZYLONS 19910 Dow chemicals
HESHRA D, CHOIOH0I =l SAIs HIHEZEAMS S S&0ot:

StE =0 0 B E OF2t0IEE0 BAE0l =10, 5.86Pal 2&E It /U220 0l
212 of2tol=el of 2SS 20IStCh. L8k 0l248t ZYLONS 600CH A EXelst &
= E22 t2t0IE 2| 28HOICEH. 'Y Ol248t PBOE 3= AtSOl BIFM DRI
HdesS 90 JASBH IO 220 2ol 28t 2ot = Ats0l dlfiZ20el &
IPd 2 0M= OtetlIES
2

= = 2 =
CHHEX &3lotl HEER2 BAdRY &2 =200 RIIE8®7 & WEH0 Jt&E &

atct.> ™
O0lz48t PBOS Z=&tote &HE2 el JHAIDE /[=0l bis(o-aminophenol )s2t 2H&EE
= lyhydroxyamide (PHA)E HMIZotd 2= 12|35

S
=
>
n
Hu
0
i
e
_O'j
=
e
Y
o
°
- O

BtS=S Soil PBOE HMZotHU, bis

phosphoric acidE 2% = =§&35t0 UEE PRBOE M =Zot= 8™ aromatic
b

o-aminophenol)s@t &&= CHOIOAIS, poly-

diacid diphenyl esters@ bis(o-aminophenol)sE & & =&05l0l PBOE M Zdt=
SHHOS0] 20l M0|D CHE2 2 o2 X2 Zhang0l benzoxazineSHHME 0I=25H0]
HetetSs Sl ML S22 WSH0l i FIHE Jtw PBOE S = UASS
S0EACH Y ol4E O gHoR gAE PRO= QUM LSOl AEE 2XHRE
ot MEHE Soll HASE0l =0t 24, WEH S0l %ot 1 A< UHass
IEAE SO0l S FHOLICH. Oldst FoE S48 &0l 2301 (d20, 2 0l
= PB02 ¥ UWZHO HF0HU =2 2Z0AE =X 210 DX A& X
oF MEH ME0 IHALEIF FIHU HREE2 2RI S0H0 =28 422 9 26
AHOICH 2ot 82 20 JtS Al oot M Jt240l EH&CH 0lefg D=
Ao JtEdES =017 fIgh HHeZ2= AN 4t -0l HAl SCH 22X BH=E
IE MNEH RnALES dAAI = SSEE oL dEH2 ME2ID| fIs BIdEH
£ JHX1D 2401 &2 HAI(-0-, -S-)E Totd, HEXIBIIE EAHL, HFGHD
SO0 2 HEHEEZ = AIE0 20 HHASES 24AAHA JIBEE2 =0l Y8 S0
UCH.™®

-1 OI2 Qian Fu= polyphosphoric acidE 0|&¢8t 82HE =g S22 PBOE M XI5t
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EXe HWEd Jd=Xe peis & geE Nelg FdE0 Ad, 21E8s olH 2
el MOINA SZFXE 0lF0H 28e Z2g2s 0= ZAE MUl #XE X
0 AT M20 =2 HWEdW JIAHASE S8 It UM 35, Bt UL
=ciol 20F S0l ArZ2 =& Oleiet PBO= =2 28 S4 =0 E8It301 =2Jts
of SHAEHOA Jtsot=0, &g 2ot 22 SO =0t SEoeot dtHEL=Z
O Z£2 PB0Sl &FXHQ PHAMENOIA JtE88t = PBOZ MEtots ZHOl JHEEAUCH
OtXIBH PHA SAl HRE 2&et XS JHXILD A0 EX 20 Oetsd 2 HF20M=
= =20 HldgdsS otd 2eE 2 TYot 340l ga = SEH=SS &

Isophthalic acid2t naphthalene, quinoxaline, resorsinol, biphenyl, % naphtol
1NelE ZL&6t= di—acidE 3,3'-dihydroxybenzidinedt 22t 404 622 HIZ ZZ& ol
O PHASE &4d a1, & 1N2lg BtS2 2 PBOsE MEAIRCH., PHAS 2l &4 =0l

O._8P91'D_, PHAs2t PBOsSl E& E4u @& Jclst BtE9 &

EotALt.
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M 2% AE

2.1 Aler & J1D]

2.1.1 Al

2,3-Dihydroxyquinoxal ine2 ALDRICHAI2l HE2 S3EM ot AIE5tA 4,
resorcinoldt 1,1'-Bi-2-naphthol, 2,2'-dihydroxybipheny!, 3,3'-dihydroxybenzidine
2 TCIAF X2 U2 ALZESHRUCEH. 1,6-dihydroxynaphthalene@ ALDRICHAIS! HMIZ2
2 ALE0tR L], CaCl, = ALDRICHAIS MIZ=2 MBS2LE0AM 60T T2 24A|2t

HAEX = AISOIUCH. Isophthalic acid S8t ARDRICHAIS! HIEZZ2 ONES YW SF=

HZ2ASHO AFESHALCE. triphenyl phosphite (TPP)&= ALORICHAIS! HMIEZ2 JAWZ At
ot 1D, Mmethyl-2-pyrrolidone (NWP)= XZSLEUHAM X8 MgS0, E E10 24Al
2tS0oH B2 A LLEF = AMESIRULE. Pyridine2 KOHE 10 24A12F &5 A2l

FT-IR spectrometer : 8601PC (Shimadzu. Co. Japan)

'"H-NMR spectrometer : JNM-LA300 (JEOL. Inc. USA)

DSC (Differential Scanning Calorimeter) : DSC 2010 (TA. Co. USA)
TGA (Thermogravimetric Analyzer) : TGA 2050 (TA. Co. USA)

X-ray Diffractometer : Xper Pro (PANalytical. Netherland)
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2.2 NS g4

2 0 AI2SH SRS Hsiao®t ParkQ w9l X0 AIR6IY D,
naphtol HRIE Jt& S2rl= Liou™' ol 22 A0 SA6IRACH. 01 SHE29
gt 2t S Scheme 134 Scheme 20 UEHLHQUCH. HEESZ 2,

A

d22 ZUE 2L

A

phenoxy )bipheny |2l &t

K,CO3/DMF __ _
HO— A—oOH + 2F c=N 5T . N=C 0— A—0 C=N
Toluene

B o Eo%,

Scheme 1

B orgu,

Scheme 2

_10_
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2.2.1 2,2'-Bis(p-cyanophenoxy)biphenyl 2| &4

100 mL 37 BtED|0l 2,2'-dihydroxybiphenyl 2 g (0.011 mol)S ¥ 02
Z90! SHOlIA dimethylformamide 32 mLE €1 K,C0, 3.7 g (0.027 mol) 2

1]/~
g e
K w
w
(@)

3
o
~—

o o

ANAHF=ACH S0l EUE =
F=2 &= 3| M= A
Ol A 8AIZE AZAIZACEH. O 422 =

146~147C2 21, FT-IR (Figure 2-1)3t 'H-NMR (Figure 2-2)2

Mo

F==0
=10 =2 M
=20
==

&
tOd

Jrome oo
0
ol

o
o1
o

FT-IR spectrum (KBr) :
2224 cm”' (C= N)
1602 cm™' (aromatic C=C)
1240 cm™' ~ 1111 cm™' (C-0-C)

"H-NMR spectrum (Acetone-ds) :
& 7.65 ~ 7.57 ppm

(
8 7.46 ~ 7.34 ppm (H,,
& 7.37 ~ 7.20 ppm (H,, 2H)
& 7.11 ~7.03 ppm (
& 6.94 ~ 6.86 ppm (

_11_
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02 SOt 120CUHAM WEIAIAZTD 0|=23H)1F Z/A=A &8 Z toluene 10 mL
= 5t £ ZHIZEFE 60 4-fluorobenzonitrile 2,73 g (0.0225
H=

EEAIA gt

50% Ol 1,



Absorbance ——>

3000 2500 2000 1500 1000 500

Wavenumber (cm'l)

Figure 2-1 FT-IR spectrum of 2,2'-bis(p-cyanophenoxy)bipheny!| (KBr).

8.0 7.5 7.0 6.5 6.0

Chemical Shift (ppm)

Figure 2-2 'H-NMR spectrum of 2,2'-bis(p-cyanophenoxy)bipheny! (Acetone—ds).

_12_
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2.2.2 2,2'-Bis(p-carboxyphenoxy)biphenyl 2| &4

0.00258 mol)2l 2,2'-bis(p-cyanophenoxy)bipheny! 2t Ol

, 100 mL HIZHOI KOH 17.34 g (0.309 mol)E2 &&= 20

mt £ =0 2200 &5 CHEH FUCE. 11 & 120CHIA 48AI12F BISAIAHAZE
[w]

rm
o
«©
(&2}
3
=1
a
i
K
il
X
M <
o~

FT-IR spectrum (KBr) :
3064 cm™' (-OH, stretching)
1684 cm™' (C=0, stretching)
1605 cm™' (aromatic C=C)
1236 cn™' ~ 1109 cm™' (C-0-C)

'H-NMR spectrum (DMSO—ds) :

8 12.73 ppm (H,, 2H)

& 7.84 ~ 7.80 ppm (H;, 4H)

& 7.41 ~7.36 ppm (H,,., 4H)

8 7.26 ~ 7.21 ppm (H,. 2H)

& 7.05 ~7.02 ppm (H,, 2H)

8 6.84 ~ 6.81 ppm (H., 4H)
- 13 -

Collection @ chosun



Absorbance ——

1500 1000 500

1y

T T T
4000 3500 3000 2500 2000
Wavenumber (¢cm™

Figure 2-3 FT-IR spectrum of 2,2'-bis(p-carboxyphenoxy)bipheny! (KBr).

[%]
a OOCOOH P .
HOOCOO O a,c

A J ML

Chemical Shift (ppm)

Figure 2-4 'H-NMR spectrum of 2,2'-bis(p-carboxyphenoxy)bipheny!| (DMSO-ds).
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2.3 M2 &4

= A SASH PHAS®H PBOs= Park o StMEEHPS AXGI AlE6IYD, &
HZHZ= Scheme 3 I 2L 2 S PHAsE 22 YHo=2 SAGAD WEXNOZ PHA 4
o StHYHS AJNGHAL

o
9 I

I
I I HO—C C—OH HoN NH
HOC o—R—o0 con T + 2
HO OH
o) 0 H H
I 1 |
c 0—R—o0 c—N N
0.6
HO OH
CaCly/NMP
= o) 0 H H
AL OO
c C—N N
0.4
C( HO OH

Pyridine/TPP
" o OO
o vR a0 o

PHA 1 PHA 2 PHA 3 PHA 4 PHA 5

Scheme 3

_15_
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or2®2 2201 %29 50 mL 37 B30l CaCl, 0.3 g (0.0027 mol)t NMP 1.7 mL,
pyridine 0.3 mLE <30 100COHA ZSHAIACH. EHoIH SoHEH 4,4'-(resor-
cinol)dibenzoic acid 0.2914 g (0.832 mmol), isophthalic acid 0.0922 g (0.555
mmol)E =AMUZ €0 =0&E & 3,3'-dihydroxybenzidine 0.3 g (1.39 mmol)1t TPP
1T mE 20 €10 =L O =2HH 126C2 U= LHAZ FAH 1AI2E 3020

A7
BISAIZICH. BIES0| BUH BIES2S HE=S0 &AL HE2Y) =342 £ 3
NIESIH 40TC2o RZ22QLZ20AM 8AIZE HAXEAIH MHAESS AL, MHAS2 2 2
Mg o) QAOH g HQLt. 4= ZEMel ##22 FT-IR (Figure

2-5)1t *H-NMR (Figure

FT-IR spectrum (KBr) :

3232 cm™' (-NH, —-OH stretching)
1323 cm™' (amide C-N)

1650 cm™' (amide C=0)

1591 cm' (aromatic C=C)

'H-NMR spectrum (DMSO—ds) :
10.58 ~ 9.56 ppm (H..;, 8H)

8

& 8.6 ppm (Ho, 1H)

& 8.18 ppm (Hy, 2H)

& 8.06 ~ 8.04 ppm (Ha, 4H)

& 7.79 ppm (Hj, 4H)

& 7.53 ~ 7.47 ppm (H,, 1H)

8§ 7.28 ~7.11 ppm (Hy g1, 13H)
& 6.98 ~ 6.88 ppm (Hs,c, 3H)
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Figure 2-5 FT-IR spectrum of the PHA 4 (KBr).
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Figure 2-6 'H-NMR spectrum of PHA 4 (DMSO-ds).
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HOI2 FT-1R(861PC)

n 0 22t ShimadzuAt2t JEOL AtSl XS
Z5IRUL. 2E BT ZAle H=EEE =FE Mk 201 0.1 g/dLe s&=2 2
OHE 1 mLA AtESot0 XISGIA ST, TAALl TGA(TGA 2050)E AMESHH &Ml &
delst S0l g A MHAe SE2dA, FU2dsE S8 SEoR D
ol 24 =101 St 50CT~900CHHXI 10 CT/min8 &2 &= ZFoIAULH. L&t
Ct2 E&4 J1J121 DSC(DSC 2010)E Ols8ot0d 24 2RII0AM & NelsEtsSe)
g HEHOIALD, OIHE HAl TAAL! JIJ1E MESIH 10C/ming &2 &2
HOtRACEH. PANalytical At2l X-RAY S EZ4DJ|(Xper Pro)E 0IE56tH 2 S=Z&H2

& 3EILE SRR D 350" (26)= AMGI ZIE EOIGHAL

_18_

Collection @ chosun



StHE Z=stHso sdEols Aol FT-IRZH 'H-NMRES AR5 &0ls
Figure 2-5= resorcinol2 Z&ote ==X PHA 4 2 FT-IR ABESEO|CH.

amide C-N), 1650 cm™' (amide C=0),

(
cm' (aromatic C=C) IS0l & EACH. Figure 262 PHA 4 2 'H-NMR ATES

S0==0 10.58~9.56 ppm (-NH, —O0H), 6.98~6.88 ppm (resorcinol
8.18 ppm (isophthalic unit) S BHZ=1 2 039 &4 HIAH|J} 0f

I
EOIGHRAL. OIME FT-IRY 'H-NMRS Sot0d PHA 4Dt &40l SIUCH

Table 3-1 Inherent viscosity of PHAs.

PHAs Nim® (dL/g)
PHA 1 0.53
PHA 2 0.62
PHA 3 0.43
PHA 4 0.67
PHA 5 0.39

dInherent viscosity was measured at a concentration of
0.1 g/dL in DMAc at 35T.
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2 SEHS2 U8k =dgt=S Table 3-101 UEILHRUACH. BE==E 2 Ubbelohde
BCHE ASoHH DMACEH0 2 SSEHMSS 0.1 g/dl & s&E2 WROl =2 =

gtel HEEot SHOIRULH PHAS S U==3% g2 0.58~0.39 dL/gZ S HRI0A

Table 3-2 Solubility of the PHAs and PBOs.

polymer Solvent?®

code OMAC  NMP OMF  DMSO Pyridine THF TFA HyS0,4
PHA 1 O O O O O A(LH) AlLH) O
PHA2 | O O O O O A(LH)  AlLH) O
PHA 3 O O O O O A(LH)  A(LH) O
PHA4 | O O O O O A(LH)  AalLH) O
PHAS | O O O O O A(LH) AlLH) O
PBO 1 x  A(LH) X X X X X A
PBO 2 x A(LH) X X X X X A
PBO 3 x  A(LH) X X X X X A
PBO 4 x  A(LH) X X X X X A
PBO 5 x  A(LH) X X X X X A

O:soluble, A:partially soluble, x:insoluble, A(L,H):soluble with LiCl(on
heating)

DMAc : N, Mdimethylacetamide, NMP : AMmethyl- 2-pyrrolidone, OMF : NN
—dimethy| formamide, DMSO : dimethylsulfoxide, THF : tetrahydrofuran , TFA :
trifluoroacetic acid

¢ solubility was tested with 10mg sample in imL solvent
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Figure 3-1 DSC thermograms of PHAs at a heating rate of 10°C/min (in Ny).
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Figure 3-2 DSC thermograms of PBOs at a heating rate of 10C/min (in Ny).
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Figure 3-3 TGA thermograms of PHAs at a heating rate of 10C/min (in N).
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Figure 3-4 TGA thermograms of PBOs at a heating rate of 10C/min (in Ny).
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Table 3-3 Thermal properties of PHAs and PBOs.

PHA PBO

code T AH T’ Tams Residue at code Tiow'  Tama Residue at

(t) (J/g) () () 900C(%) (t) (¢c) 900C (%)
PHA 1| 278 174 371 673 59.0 PBO 1| 648 704 67.1
PHA 2| 285 118 544 615 57.2 PBO 2| 632 636 66.9
PHA 3| 288 147 346 702 54.4 PBO 3| 666 693 65.0
PHA 4| 275 158 420 640 59.0 PBO 4| 648 650 68.3
PHA 5| 305 84 549 616 59.4 PBO 5| 643 644 69.4

®%endothermic peak temperature of DSC thermograms.

®10% weight loss temperature in TGA thermograms.

‘Maximum weight loss temperature of DTG thermograms.

“Temperature at the middle point of baseline shift on the second DSC heating trace.
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Figure 3-5 XRD patterns of PHAs.
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