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Abstract—In order to improve the processability of rigid rod-like polyspiroacetals without significant
loss of their good nature, in this work a few new ideas for molecular design were adopted:

(1) Copolymerization for breaking the regularity of polymer repeating units.

(2) Incorporation of flexible methylene linkages or spacers in rigid spiroacetal polymer main chain.

(3) Derivatization of long flexible side chains onto rigid polymer backbone.

On the basis of these ideas, a series of polyspiroacetals were prepared, using the phase transfer
catalyst, BTMAC, by interfacial polymerization reactions of spiroacetal monomer (SAB) and disubstitu-
ted aromatic acid chlorides or aliphatic diacid chlorides.

Physical properties of these polyspiroacetals are discussed in relation to their chemical structure
and are compared with those of polyspiroacetals synthesized by several other researchers.

-~
x
T

197000 el AT dLelA dr] Al
2% 9 254 R ARE 2P, 219
AAg, s, AEZFAASE, WIS
AR AR, AR AR, 82LE 5 7
o mE Fopo] ARE TAY 5 UL WF TR
welel AHA L LA Ee] ok

ol TAE, I7|EA AES TAE = E4E
ot mEAY wTEHAHNE U@l
phatic) && WAl DAL 7|LoE = FE3

& dloluh ARE Shebd D9 TRE BT

W B ARE 5E RE A

0

F

iy
o
|

B Al=rh A=

o] 8 E®41Y polynaphthalene, polyimide, poly-
anthracene, polybenzothiazole, polybisthiophene,
polybenzoxazole, polytriazole, polybenzimidazole
= Single strand¢} double strand& =§3h= 39
FTEA) s YA @ 2070 EAE FE
o] AAEL o]Fo] IF H

A83 H7e o
r o2 A wEA F4o] double strandE
=Hel gy Avielgle] zEAkl polyquinoxaline,
polyimidazopyrrolone 5% Zd3}A =Heled ol
2 single strand¥ol| v]ajA] debgAe] F2
e Ak

aEAE HEEHE =
w
~

H

N

J[m

J. of Kor. Soc. of Dyers and Finishers, Vol. 4, No. 3(1992.9),” 97




34 FEY - BHE - TR - BEE - RET)

old Fo ZEA} AR T2 FTejavzE
o2 JA] double strand¥@ 2] A Ao
7V 3e™® °1%% RS AR A
el F& $FEEE Holn, HeHod A
st %"J’é‘éq & Aoz o4elA 9l). Bailey
570l o] A FEA BAE 7k wp A
FdFat AFdade] HA @bl HT Akar 59)"\
dihydroxyacetone & 2%-€] o] A& wEAZ ¥
He Al=E gt Qlvh

29 Z2opA g T2 E P Sl ia A9
FAE 190099 Zofl Read F0] zlgt it &
ulslel] pentaerythritols} o8] £F< ddd= %
AL EAA olEE Edste ILeSYgE
st WA v EEdch

of2] gA}Eo] Read §o] AHE-7F ubel 23A
% Al(condensing agent)2 ¥ A4S ARSE
73-%- monoacetale] Eg=F = EFEo] gzl
AAS Y o5 sk o] o] Fef
29 o FAEL p-toluenesulfonic acidE Az
AHESE WS dobhde R FA 9 s AE BA
519‘11;}_13—15)

oW F-El o] A|gS] Ayt I o]Foix A
2ol s EA 3 nEAR FAEA =t
Orth S'9o] terephthaldehyde % 14-cyclohexa-
none 5% AMHE-she} REASHTES A%, Abbott
59 geriA] A#E tdd =g AHEste &
gaT Zopie FAE qHEe] AERZ ofAlH o]
EQ 7}AA 2 AHE-sl) B Yer) 5, Kress 517
< A3 =S Ao s ARt Addsls Ut
71% Re FAE HE ARNEE JtuAR o]
S3 B A E359]a, =3 Cohen 595 o] A9
IEAS 2 eI IR 59 7)7E o] &3]

q

tlo

a% /"JJi 0}/‘1]% 95 E3she B2 single
strand F§HAIEe] @ 7HA] AU s)A gt
Eolzied o] Ao} FiAEel 2 T34, 7
AR AA Ax, JdAHA 2 Yo EHFx o
EAL 2olomsn d<kAA, ¢y 9 d3eAE
A=), 7haA), 7189 microencapsulation, ¥ oA
Aata), A, Delpilling)d GAA o wkestF
Al 5 ot Eobel S8 Sirk. £ HIle

|

Ir

98 /HEBEREMTERGIE F4E H35 (1992.9)

Br1gujxz, F459] FEA A, JepEA Sl
o] 43 Hels A7t gle] old tijt qlle] ri %
AZYR) I glehre

AAA F(rigid uni) 2N 2T o AL S T
s ZEAs & A3AF {2 HolexE
Boleoan JdAe] &dstm, A9 AAE=R
Qo L AEE Vel F 9l AT AxY
FekiE ARE ol 4HA gl sAE 7t
A3 glth &A%k double strand &% FHojgle E
2|29 8 of e o]9} e & EX = v
44, 484 5o s7dHe HEAY SHeA
B2 olelgel WA =Hed, FPMER o4
37] SsllMe 292 oA"Y EAE adlE #
AEHA FFEAAE FAAAITIE o S Aol

o} ghr} 2830
A AL 2 1EAE) FRYE A7)
= HhHeo gz
7t -0-, -S-, -Si0-, -CO-, -(CHp,- 59 $a4
ANzt U fAH A FHAL FAlsol

Abelshe W

. AR Ak FAAel(chain packing)E 3}
AAF ez AR HAY T2E FHAY FAE
o] =3)A]7]= W

of. wEEde) e Azl 35
)83k Wy

ek 2¥ake] FA| X2 Eelshe W Sol
et

FA4 spacer7t AAA FTA FAH =¥
Oh3e) ZEAE A& 7HE o ol= X ool A
FrAAlZI 7} Zola] SubAe] Ha, 7HAA dhglE&
Bl o g o] AR D9l mepas o
A& vehlrI= stm, o] Adejdlx shgstd 7
A4 EAERT SHody AfEoes Be{AAR,
IFEE e ARE L& F Atk ol f449)
WA, Eejdee 5l FeAdSar

)
nl]o

spacer 241
TO‘ %q_.ZS 27)
A Ay F2E FXAA 8|HY T2
F T FAed =417 ¥ P+ Du
Pont, Bayer, Ciba-Geigy, Monsanto, NASA, UdSSR
59 #Alof 4] Nomex, Phenylon, Durette, AFT-
2000, LARC-TPI, XU-213 59 278 AfA=el



Spiroacetal-s E 33t AlnEzre) #§4 Q) 35

Lo

AHEE A5 B e, R A dlale
para- 1= th4A) ortho-+} meta- ¢3¢ AHAIES
AAA 73 gk olEF S ITIE B
el alg-e Ade) AAA F3A N vl 71AH
AAL 3A A 7IE EAHC] sled), dE £
Kevlar 492] 1A7}% 9} el -&(elastic modulus)
27y 2,760 Mpa 2 138 Gpaldl #ksle] AA3-&
7xa Nomexd 7+ AAZE7} 640-770 Mpa,
12-22 Gpa& 77} 1/4, 1/10 AEZ dol@ & ¢ &
AUk

o9} zro] EAE FAA W, 1A, A
AARol A3lEls ARE ke AT 5 gle,
olggt FAE #dsr] st T A AEE
Fafel] gk A7) A ek

VA F7bel opE darst ebAle] AdtE=
EAAL A2 FHo 2 B4E TP FE W,
235y Eelolnlmd JpFA el e EA
A Bgte 2 wuir)rt £x37)Q HohE Eejojn)
o] Y, kAl wHEES] FHE ol&3ke
PMR(polymerization of monomeric reactants)®
Sol 7 & Azt g Zeln®

ool ) 1980dd] Fube] Max-Plank ¥
JdTadAE A2 22 AAe Ade =5
of AAnAAL ABHE FAAIE BHE BE
B s} USRI o) PP AE B AR A
ZA & A AleE AEAA 2o
packings] whela ZATEA AdAe] AFHol
abal 2n fA4 e AP nzn 5
ol ojgto gy, AANER EATEE SEYF
AT TS FYAA BEle Akeldh
A77 9 FEATASE Sy AAA ¥
292 oARE LFHUA FAd F2i4
} Zhe 7322 para-¥el obd meta-¥de|
An & zte F2Y A7]o)H 2dFg Max-Plank
ATAe EXAAY dE &4 729 Fo
el A 34 dFs el £ =EdAe olEe
AT AMZHE Bl 59 AqEo] FAT F
A& o83 AEH 2=]a Hirose 549 L3
2 de 4 AIE =417 A Az v
oz, AFE o E IHE ZHE TEA
7VeA AAu e dstez FxPAAIARE] Ao
uE AR 5w, ~3E opE st

X
rle

>
By po

R

M
2

L =

ZgAle AR mAE 9F L T AN B4
o) QA RS

2.4

2.1 A% 3 217

S B2 A1439 gekd el adipoyl chloride,
sebacoyl chloride, didecandioic acid, hexadecan-
dioic acid®} terephthaloyl chloride 52 Aldrich
% Janssen SollA Al#Ee dFAGE AEF
2 QAR 2l A sl 4,4 -biphenol, pen-
taerythritol, P-hydroxybenzaldehyde, Dowex 50,
benzyl trimethyl ammonium chloride(BTMAC), P-
nitrobenzaldehyde, diethyl 2,5-dihydroxy tereph-
thalate, P-Toluenesulfonic acid(PTSA), Vanillin %
£ =AM AME 9le BE AFRS WA, n-
hexane, toluene, DMSO % 4ul5& AlggE o
FAHE adlE ARg-shgith

A= Eelsteby 2T IS
zZAF3b7] ¢l8lA IR spectrometer(Shimadzu IR-
435), JEOL 60 MHz 'H-NMR % Bruker 300 MHz
'H-NMR spectrometer, differential scanning calo-
rimeter(DSC, Du pont 9900), thermogravimetric
analyzer(TGA, Du pont 9900), X-ray diffractometer
(Rigaka Geiger Flex D-Max, CuK A=154064) =
9 7715 AREEtE QA EHE 255 £
T o) 2xpHAHA A 24 7157 T ate) ity
Nikon AFX-II polarized microscoped ©]8-3}o]
galstoict.

FEAe $AHEE 0TE FA8 Fex &
olx] F3Ae] £Fol ajz} phenol/tetrachloroe-
thane 1:1 5-& 6:4 £l & o] &3} 05 g/d!
5504 Ubbelohde® A=AZ ZAsiqdd. 3
A BB EARDE s1shel VAX AFE o
VMS 5.02 42 &H35lo|4 Chem-X 2d& 5hy
< ol &8kt ol oA SAsE HME A
w71 2~ A A Allinger, 1986) M-S o] &3}gith

2.2 8

2.2.1 ©hEkxel g

(1) 3,9-Bis(4-hydroxyphenyl)-2,4,8,10-tetraoxas-
piroundecane(SAB)
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IR(KBr), cm 1.1470-1490(CH2 bendng), 1410
(tert. C-H), 1220, 1175, 1155, 1110, 1070, 1050(C-
O stretching, spiroacetal 54 &), 3325(-OH
stretching), 1610, 1520(phenyl C=C)

'H-NMR(CDCl;, TMS), &ppm :3.5-4.08H, m,
-CH,-), 4.6-4.8(2H, d, -CH-), 547(2H, s, -OH), 6.78-
6.87(4H, m, Ar-CH), 7.27-7.35(4H, m, Ar-CH)

A58 1 CoHz06, AlAtak: C 6627 H 585 &
Az7k:C 65.63; H 5.88

(2) Diacid chloride(DAC)

Dodecandioyl chloride®} hexadecanedioyl chlo-
ridex A]#¥E dodecandioic acid¢} hexadecan-
dioic acidell Z+7}t 4-5vf2k2] thionyl chlorided]
sbslz 1-2842-2] #2jel Ea)&}e] 90-100T o)A 1-
2|7} #F3F F u|uk2-2] thionyl chlorided 90T
olate] xollA FFetaL AL A-TFFHel sl
A} AA s

(3) Diethyl 25-dialkoxyterephthalates(DE-DATT)

63.6g(0.25 mole)d] 2,5-dihydroxyterephthalate
69.2g(0.5 mole)2] K.CO; ¥ 1.25mole?] alkylbro-
mide& 500 m/&] AAE acetonee] =9l F 3t
o) Atebd wj7hx|(2F 15-4) refluxA|7le} A=
A8 KBrg ojiste] AL &l gle
acetone™ ek2} alkylbromideZ 7Fatslol A S5/
AAske] by HPE-S i) o]7i& EtOH=
AN A2 ske] 443 diethyl 2,5-dialkoxyterephthala-
tess BTk

IR(KBr pellet) : Diethyl 2,5-didodecyloxytereph-
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thalate 7]5&, 2850, 2920 cm™*(CH stretching), 1680
(C=0 stretching), 1500, 1465, 1420, 1380(aromatic
& aliphatic C-H bending), 1000, 1215(C-O stret-
ching), 700(CH rocking)

'H-NMR(CDCl;, TMS):8& 0.75-1.00 ppm(t, -O
(CHy)1sCH,CHs), 1.00-2.00(m, -C-OCH,CH,;, -OCH,
(CH»)10CHs), 4.20-4.50(q, -C-OCH,CH3)

QAT (R=C,Hy) : Cacld ; C:73.22, H: 1051,
Found ; C:73.28, H:10.50

(4) 2,5-Dialkoxyterephthalic acid(DATA)

0.1 mol®] DE-DATT4)] 30 wt% KOH <8< 530
g8 93 47 $ab AL s B4
Atk olw) 422 A4T 1AE AFHT & 500
ml EFol Y BFsEA LA T A%
Qarem oA AsEL ek AYY
YT AReled ZRFz 235 AHsk] Az
21715, alkoxy group[-(CH,),CH:18] &4471 4,
8, 1021 7%= EtOHe| A, 847} 12, 14, 16, 1841

—?—01]h toluene .2 747} A ste] W] F

e st

IR(KBr pellet) : 2,5-didodecyloxyterephthalic
acid 7|5, 2850, 2920 cm™ ¥(C-H stretching), 1500,
1470, 1450 cm™(aromatic, aliphtic C-H bending),
1300(carboxylic acid C-O stretching), 1210, 1025(C-
O stretching), 720(C-H rocking)

'H-NMR(CDCl;+DMSO-ds(1 : 1), TMS), & 0.75-
0.90 ppm(t, O(CH,);,CH;), 1.00-2.00 ppm(m, -OCH,
(CH,)10CH3), 3.80-4.20 ppm(t, -OCH,(CH>),0CHs),
7.30 ppm(s, Ar-H)

HJAFEA(R=-CzHys) : Cacld ; C: 7191, H: 1011,
Found ; C: 7152, H:10.18

(5) 2,5-Dialkoxyterephthalic acid dichloride
(DATA-DAC)

0.03 mol¢] DATAE 100 m/$] thionyl chlorides]]
Q3 zli_‘?_.ﬂyl 3ol 4] 8|7} Zob 3FA|A —‘?‘—

w]uk-$- thionyl chloride® W3R % A4EF
3o *1]7‘]3}935}. AAAD #3HE-& alkoxy group
[-(CHy),CH:l9] 447} 4, 8, 1081 Z-$-ol= dry
n-hexaned| 4, gt47) 12, 14, 16, 1891 75l
dry toluene_i A4 223kl ANAAG FH Ab

ol i} zhetzlzste] b BgES A9t o]

o e
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IR(KBr pellet) : 2,5-dioctyloxyterephthalic acid
dichloride 71, 2950, 2920 cm™Y(CH stretching),
1800 cm~(acid chloride C=0 stretching), 1500,
1465, 1410, 138%(aromatic, aliphatic bending), 1225
(C-O stretching), 720(CH rocking)

IH-NMR(CDCl;, TMS):& 0.75-0.90 ppm(t, -O
(CHp)CHy), 1.00-2.50 ppm(m, -OCHz(CH,)CHy),
3.80-4.20 ppm(t, -OCH,(CH,);0CH3), 7.30 ppm(s, Ar-
H)

P44 (R=CsHy), Caled; C:62.74, H: 7.90,

Found; C:62.72, H:7.88
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Scheme 1. Synthesis of PSA-I series.
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Scheme 2. Synthesis of PSA-II series (after Rhee &

Lee).
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Scheme 3. Synthesis of PSA-III series (after Lee &

Rhee).
OH OR
R-B
b Exo,c-@co,m —_ Eto,c-@}-co,&
K,CO,
OH OR
(DE - DATT)
OR OR
£10,C -@-co,a‘ Ko, Hooc—@coou
HC!
OR OR
(DATA)
OR OR
Ho0C <@-coon + socy, =Y coC -@—coa 4+ HCL
OR OR

(DATA - DAC)

OR
¢ LD D on + coe L0y o0
OR

(DATA - DAC)

e ¥ oco@f}

(PSA 1)

= (CHpm-1CH; m=4, 8, 12, 14, 16
(CHp)3 CHz (PSA III-1)
(CHp); CH3 (PSA III-2)
(CHp)i1 CH3 (PSA III-3)
(CHp)13 CH; (PSA M-9)
(CHp);5 CHy (PSA III-5)

~C- o-@—{ }(:}@o c-
Lo @l

-(CH-2)3- -(CHy)g-
A
NW

Rigid Segments

Flexible Linkages

Fig. 1. PSA-I series: the use of copolymerization.
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Fig. 2. PSA-II Series: the use of flexible linkges in
polymer main chains.

rigid polymer backbone

)/QLZ

L S 5

flexible side group
~CHYCHy

L OO Qo Drenk
V22
e

rigid polymer backbone
= spiroacetal moiety + aromatic ester moiety

flexible side chains

Fig. 3. PSA-III Series: the use of flexible side chains.
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Zg43 PSA-L 1L, 2] IR, NMR spectrum-< pSA ‘r -2f
Fig. 4-80 vehfz sledl, weFAe] 7% 3,000 [
emt ©EFE Jehia gle 2R oHARRY - s f L
CHe AlZAlEo] o3 F4ue C=0 FFuel J
g wHEls} el flexible linkal -CHrsfsl N ,M s
Zo] F7holl mrek 2A) 24 Shekx|HFig. 6 PSA- -y
119 7%, 242 ZHolrt AejA wh=(Fig. 7 PSA- ; ~

el #A$) 2 Aele] wet wHHes St | L
o] &ALe- Lee 59| polyamideo] whgh A@AFHst =

oé i] 5—],93\ E]—,‘M) PSA | -f ) ~
w3 292 opAsl W] -CH,-, -CH-¢} chemi- J
N J .

"0 100 90 80 70 60 50 40 30 20 10 00
Fig. 5. NMR spectra of PSA I-1, 2, 3, 4, 5 (CF;
COOD, TMS=0).
I psa 1-1]
Q
£
2 PSA 1-2
2
Fal
< PSA 1-3
! Mo |
PSA 1-4
PSA 1-5
4000 3000 2000 1500 1000 500
wave number (cm™ 1)
Fig. 4. IR Spectra of PSA I-1, 2, 3, 4, 5.

T S - v ey .
4000 3000 2000 1500 1000 500
[SS PSA 1-1

075:025 psa 1.2  Fig 6 IR Spectra of PSAII-1, 2, 3, 4, 5 (after Rhee

& Lee).
0.50:0.50  PSA -3 PSA 1I-5: -SA-(CHy)ys-, PSA 11-4: -SA-(CHy)yg-,
0.25:0.75 PSA 1-4 PSA 11-3: -SA-(CHp)e-, PSA 11-2: -SA-(CHy-,

0 : 1 pSAa 1-5 PSA IL-1: -SA-(())
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te00o-Lg- )

PSA HI-1

PSA 1lI-3

PSA 1l1-4

PSA HI-5

4000 3000 2000 1500 1000 '500 400
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Fig. 7. IR Spectra of PSA III-1, 3, 4, 5 (after Lee
& Rhee).
PSA IIi-1: R=-(CH,);-CH;, PSA III-3: R=
-(CHy)i-CHs, PSA III-4:R=-(CHy)3-CHs;, PSA
I1I-5:R=-(CHz),s-CH;

cal environment”’} 3= chainell ¥ -CHe-#1v}
20 7)Y -CH,CH...CHs8} A3) o2 d=
gz} 7zt mefell A PSAL I 1T 25
A oA dsted o)l AL EBop o dA7d
FA 2 Fech

Z3 & veh)e 28 C=09] 3 IR Frue
PSA-L II, III 3] 1,710-1,730 cm™'ol| 4 4] o
Z4 9 o) Frte] PAYe] e Zd 2
712 vepde 2 t2 Faulel A7l #HEE
vlaske 7FEes #E  ddch

1,500 cm~'5} 1,600 cm™! ZH A Jehds #
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Fig. 8. NMR Spectra of PSA 1II-1, 3, 4, 5 (CDCL)
(after Lee & Rhee).
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ASZ(SAZe] A3 XA 2 A vehix

= ZA2E Ko} SA%e BA F4UE B 4 gl
ths AP s o) =3 whekA| [SABIxE A9
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S AgAEze} & wekon), AvE opEsky -O-
CHy-& viebll= == 2 54| 949k 8H 5 6
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2HE vehll= doublet(6=4.3-51549 ppm)Z 1}
Folchs Boldt A Holx rh ojw o]
23 2 o] A2 EA FQlg A )
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Vel #2327t Aldkel g ge B AelE
Hola gled gl AYEYS Yo A
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ol e ARRE HAF AU olNEF
€ YE3sk= H-NMR &4 ¥3E -CH-(5.5ppm,
singlet), -O-CH2~(3.5 ppm multiplet, 4.9 ppm doub-
letyolzls Z& o 4 U
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PSA 19} Y/X4) v)&(Scheme Y)o) ZrAadlel we}
7481 ppm(¢p-CH)& Z£el53 7.176 ppme F
7behe Aoz b4 [SABlel #=HE @il
C-H #37}l 74e81ppmeg vlehiz, [BP]e
a5 WA CH s3e 71076 ppmyS <&
T Uk

1.0-3.0 ppm Ate]el] vebbs F-AAHE -(CHyg-oll
#3 Has WEst gled, 3.9-6.0 ppm Alolel] v}
ehie ~d 2 opdetghe] -CH-, -CH,-oll 213K3.9-
6.0 ppm) =29} 3HF-m A (integral)o] Y/X<] v]g-
upet vl AR ogo g Ry FTA L A
3 o FF vl ALY S g Aok

oJete] Exgt H3 5L Age 407}
CF;COODE AH&-Fo 2 AlR7) 45 231 del
Zlelsk= 7 #) Fig. 8& Z46) foxss &
]lgt F3kAl PSA III-1, 3, 4, 5¢] 'H-NMR ~#&
HE § Fo| B2 Aot} oJ7jA % Fig 5049
54 F3ge] & veh}al 915l 708 ppme] 739
HHA 2 &3t 0.502.0 ppm Ale]d] Yehies )
2Z2] iAo v 25-E &) Ho|F FlF e

Holc}.
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Table 2-4+= Z¢A PSA [, 11, 1II series®] Z+&
oo o3 SN EERE Vel glew),
Table 298] T 7514 [SABI¢} [BP]<]
E07E Z2E o Exbe] qrAAe] Axows
4-3l3hx] ekx)wh, Bz} 3/1(PSA 1-2), 1/3(PSA I-
4)¢] A9 CHCl;, m-cresol, DMSO, phenol+TCE,
TCE 5o & Hevke A4S o 5 9ok

Table 32] FAe FA &S =4F F7FAQ
PSA 1I-2, 3, 4, 57} §dA4 Al&e) ¢l PSA 11-19]
ARt 2 84S el o fasks Zo)
7F AeAE AAR FA8e] i Sa)do) 7
A¥vhe S WAE 5 9ok
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Table 1. 'H-NMR absorption peaks of monomers and polymers containing bis-benzene-spiroacetal moiety

Calculation (ppm)

Found (ppm)

Structure
a b c d e a b c d e
Ny 33-39
H,N @ >@NH2 652|703| * |555(355|660|720| * |4954| (6H)
@ o O 0 6.5-7.2 44-49
[P-ASA] 2H)
N 3542
HZN©<8’ >< NH,  |652]|7.03|664]|555|355)|650|7.10]6.70|5055| (6H)
@ © 6.2-7.1 4650
(b)
[m-ASA] (2H)
© 0 o0 0 36-39
HO@<«“H 677|713 | * |555(355 (680|770 * | 55 | 6H)
0 0 6.8-7.70 46-47
[SAB] (2H)
@& e 3.54-4.07
HO OH 6.68 | 6.76 | 6.70 | 5.55 | 3.55 6.97-7.45 577 | (6H)
OCH, 0= 0 CH, 4.37-5.10
[VSA] (2H)
@ 0 NG 3.65-3.8
'HNO@X&NHCO‘ % | % [ % (555(355| 7380 ¥ | 55 (6H)
49
 © 2H
[P-m-ASA]J (2H)
(@) () (e) (l“) 3.6-4.3
,0@<(d) X >@oc— 707|727 | * |555|355| 74 | 81| % | 56 | (6H)
0 49
[PSA-liL] (2H)

106 /#BRGInTREEE H4E 535 (19929)
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Table 2. Solubility” of Copolyesters PSA 1-1, 2, 3, 4, §
w PSA 11 PSA 12 PSA I-3 PSA 14 PSA I-5
Solvents
H,SO, ++ ++ + + + + -+
DMF - = +— - = - = - =
DMSO -— ++ - - = - =
m-Cresol - = ++ - — +— - —
THF -— -— - = -— - =
Ce¢HsCl -— - - +— - =
CHCl +- ++ —-— ++ ——
1:1 phenol+TCE +— ++ +— ++ +—
TCE +— ++ + - ++ - —
94 4+ goluble, + —: partially soluble or soluble by heating, ——: insoluble or swelling
Table 3. Solubility? of PSA 1I-1, 2, 3, 4, 5 (after Rhee & Lee)®
Solvents PSA 1I-1 PSA 1I-2 PSA 1I-3 PSA 114 PSA 115
H;S0, + + ++ ++ ++ + +
DMF - = - = - = - -
DMSO - —— - - = -—
m-Cresol - — +- ++ ++ + —
NMPY - = -—— - = -— -—
Ce¢HsCl - - — - -— -
m-CsH,Cl, - = —-— -— —— —-—
Acetone - -— - = —-= —-—
Phenol/TCE® (1:1) - ++ ++ ++ + -
@4 +: soluble; + —, partially soluble or soluble by heating, ——, insoluble or swelling. "NMP (N-methyl-2-
pyrrolidone). “TCE (Tetrachloroethane).
Table 4. Solubility” of PSA III-1, 2, 3, 4, 5 (after Lee & Rhee)™
Solvents PSA 1II-1 PSA 1II-2 PSA 11I-3 PSA TII-4 PSA 1II-5
H,SO» ++ ++ + + + + ++
Acetone - = -— - — —— - —
Methanol - = -— - — -— - —
THF + + ++ + + ++ + +
DMF + — + - + - + — + -
CHCl, ++ ++ + + + + + +
Phenol/CCl; (1:1 by Vol.) ++ ++ ++ ++ + +
@4+ +: soluble; + —, partially soluble or soluble by heating, — —, insoluble or swelling. "Polymers partially

decompose in this solvent.

gk §A4 Aol EF4d) e 4%E Table
4ol FEAJFx 9J=d], H,S0, THF, DMF, CHCl,,
phenol/CCly 5 ©fkqt WFo] AR Lo ot
s de] tds] Fshet

J. of Kor.

Table 5= F4 @ A& 293 {9dr1£9
gngrt 870 &, -(CHas 2 -(CHp)-CHzg 7=

FEA =T %" FA2 g zol] Abs wlwst
gk Zo|h
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Table 5. Solubility” of polymers containing spiroacetals

Solvents PSA -2 PSA I3 PSA I-4 PSA II-3 PSA III-2 PVPA® Pm-ASA® Pp-ASA?®
H,SO, + + + 4+ ++ + + ++

DMF + - - - - + - - ++ ——
DMSO ++ —— —— -— —— ——

m-Cresol ++ - +- ++ ++ ++ ++
THF - - - - ++ + - -
CsHsCl —-— - + - -— ++

CHCl; ++ - = ++ - + + - = ++ -
Phenol/TCE(1:1, 6:4) ++ +— ++ -— ++ ++
Phenol/CCL{(1:1 by Vol) ++

Pyridine +— +—
NMP ++ +-
94+ +: soluble; + —, partially soluble or soluble by heating, — —, insoluble or swelling.

oty

0 O ] 0 S7
» {°< oY (after Hirose)®. © {NH@CNN-@Q%—}; (after Choi & Lee)*
Y

o

CHLCH,

. Hjo4
OO0 e Ot & e

C0Y

=& Hirose 5% 9sid vhHEe]
-OCH; 2& Z7HAE Eole -+

Ayl wigel W, SAed] &

Al

A=
s

] alA

C FEFAY
8=

ol

28ty ZATFF(rigid polymer backbone)ell H]
ATz o] B ojaE 2P ojufe]=T

2o A% T VR4S VAL ojeirkA e
zolq WEolal FYAST FAMS WL

Q74 EaRe SwuelA o Be Fo
2 J}x Foeld B4 $AE S Addt
=z

Apgel] =9l% A-HPSA 1I-

(1) fredd ko

%

4

P
TAPE
e HAEd] =YD ATPSA M-2)7h Sa4e)

$530ch

@ FFgo FA9 uEgdde 7348 A
ZIUKPSA 12, 4), WA 8TEE FHA ] FAbdl
%ol(parad] $X & metad) $IHF)sted A& F
A1 Abel(chain packing)§ 3= 74-%7HPm-ASA)
Zaol -OCH, 2& 2 27Hs =dshe 3+
(PVSA) Bt gaiidol $5atdnt. 22 e
Ao FAAES] vy} 1/1al APSA [3), 3/U(PSA
[2) =& 1/3(PSA l4)oz whEisjel FAAL
go] jm=d] A AFE Lsiie] Fich

108 /@&RGE M TEGE #4458 H35E (19929)

(3) FANES ¢ =g AS o2HEA
(PSA 1II-2)7} ofule)=A|(Pp-ASA)H et §-3)4d°]
Zgitt o] Aol AY AL Svie] AAEA F
oJei7lA] Mgt & Aot of7|A AR 3
Tje] §718v] AAES ol 2B oufol =
Zg AeEs gafal) Yo et dst7Ert
23 dBFErt ALE vk oputei=nt 2w H
W o o 2EAZLE S8iAde) Bk Fuim 3be
4 Qleh

3.4.2 @5 M3

Table 6& 341014 =g wpe} e EAS
=3 PSA I II, II series®t PVSA, Pm-ASA, Pp-
ASA®] o]x} Ho]e%(Ty), &3&%(T,), ¥ilLx
(DT, T) 52 & e BE Zoltk

oul o 2 mEAre] T,he izt Aked] rigi-
ditysh AaEAZE dekn FAAR vk A
w8x19] Zde] -OCH 7 TFo] &Astd &3
o] gEAje] Erhate] T Hoixloh®

Hirose 5%& ol®d EASd #4& 7
PVSA(Table 5)& #4% F ~vg ofdE T2
Alel]
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Table 6. Thermal properties® of polymers having spiroacetal moiety
Transition] PSA 1 series(C) PSA 1I series(C) PSA 1III series(C) PVSA |Pm-ASA |Pp-ASA
TEMP. (1112|1314 15 |12 {m3[malis| 1 {2 [ -3 [ [ mes | € | (©) | (©)
T, 15| — | — | — | — | = |125]115} 75 | 60 | 117 | — - — - 90 89 254
Tom 253/230)195(202|2609] — | — 1253]220(175| — | 228 | 224 | 208 | 182 - - -
IDT® 335 | 313 | 304 | 302 | 303 | 254 295 292
T,(5%)° >300 333(305|316|325(323| 370 | 367 | 360 | 359 | 350 >300

aMeasured by DSC & TGA at a heating rate of 10C /min under nitrogen atmosphere. PInitial decomposition tempera-

ture. 95% weight loss.

QL0 QO

@ @ii)

£ Zshe vsd P20 A0S ving A,
@), Gi)e T4 144, 153T)7} PVSA(90T )Er}
60C AE 2}o]7} dlgel = WAl we]4te] -OCH;2
ke elalA (i), (D &¥E ofdE 732
7y o) Zrha sbeich Lyt Table 60 Rolzl
o3 34 Fd4 PSA I2& -OCHy7| ¢l 7
ZQd] Tz} 115C & 25T & zholylol $ich

o)ol] ulal A Hiroser} 28k 60C 2} 2= 734 0]
2ok Brldle 2 2 U8 2 7 g

Fig. 12%= PSA 11 series9] 2} U9 fadA}

2] Zolo| whE T,9 H3le} Pp-ASA series
2] 249 i wE T, WsE v2d 2
PSA 1-1
] N PSA 1-2
»
@
CT, '\—\\ \’\K/ PSA 1-3
g \ sl
E \\ / PSA 1-4
< g
\K PSA I-5
-50 0 50 100 150 200 250 300 350 400

Temperature (C)
Fig. 9. DSC curves PSA I series (heating rate 10°C).

_PSAn-s
\mv ©
. \\\i&)
;_? (A) \/(-") ©)
o PSA 11-3
: T
£ T
=
_PSA 1.,
Y
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Temperature (C)

Fig. 10. DSC curves of PSA II series (heating rate
10°C)(after Rhee & Lee).

PSA 1.1
PSA ML - 2
. W
o
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(@ M“‘V
ié B C D
e PSA 11l-4
= —
A
B C D
L
A B c D
T T T T T T T T T T
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Temp. In T
Fig. 11. DSC curves of PSA III series (heating rate
10°C)(after Lee & Rhee).
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300
250 O --O: Pp-ASA series?
A - A PAS 11 series
200
o
e 150 |
Loen .
paY
1o
\&\~
0 e
1 L 1 A L 1 A

4 6 8 0 12 14 1 I‘B
m-+1

Fig. 12. T, depending on the length of side alkyl
chains in Pp-ASA series and on the length
of flexible spacers in PSA II series.

OR
@ {NH@NH—CO-@co}n
— R

R: -(CHp).-CH;
m=3, 7, 9, 11, 13, 15, 17

300
250t
2001
o
& 1ot
D---1) Pp-ASA series?®
001
A— I\ PSA II series
sol- O— O PSA III series
i i i [ { 1 | i
4 6 8 10 12 14 5 18

m+1
Fig. 13. T,. depending on the length of side alkyl
chains in Pp-ASA series and PSA III spa-
cers, and on the length of flexible spacers
in PSA 1I series.

@) {NHNH-COQEO);
R

-(CHz),,-CH; m=9~17

110 /BEREMTBESE H4E 534 (19929)

00

sk A - A PET/PBT copolymers
O --O: SAB/BP copolymers

1 2 L |

1C0 20 8] 40 20
mole % PET or SAB

Fig. 14. Melting points of PET/PBT and SAB/BP
copolymers.
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et o]2igk ZFE Chois} Lee 54-& <e]uy
Agle) fEAlo] Wsly] wlEQl AL linear al-
kaneol x| #A=E = d47 2 Anea stk
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gked, 4RBAE e v ke @ AHe
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A2k Zolol] g T,o) WalAEe
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PSA III % Pp-ASA series 25 &40l A9qte
ZAHY7] Wgel] 477 vie} e A Ao dAke
WAE 4 ¢l9l e} Fig 12004 2337 8} gle T
A8 Ze AAE Hyoh

°olF ZAFAENE Fdrbgel Fdlo] slg Wiy
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Fig. 15. Wide angle X-ray diffraction patterns of
PSAC I-1, 2, 3, 4, S.
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Fig. 16. X-ray diffraction patterns of PSA-II series
at room temperature (after Rhee & Lee).
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Fig. 17. X-ray diffraction patterns of PSA-III series
at room temperature (after Lee & Rhee).
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Fig. 18. Relationship between layer spacing (d value)
obtained from WAX diffractograms and car-
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ries) and flexible side group (PSA III series).
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Fig. 19. The stick model structure of spiroacetal
moiety analysed by computer-aided modeling.
(A) Linear model structure
(B) Non-linear model structure
(C) Model compound

O
@® crgcrgco-o@(ﬁXco-cwc%
©

Fig. 20. Space-filling model (A) and stick moael (B)
of PSA-II-4 repeating unit (after Lee &
Rhee) (C) Model Compound.
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