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Abstract : Several polyspiroacetals were synthesized by interfacial polyconc nsation from 3, 9-bis(4-
hydroxyphenyl)-2, 4, 8, 10-tetraoxaspiroundecane [SAB] with aliphatic acid chloride. The majority of
1), and
the inherent viscosities were ranged from 0.15 to 0.29d1/g. The Tg's were detectable at 60~125¢C,

these polymers were soluble in polar solvents like m-cresol and phenol/tetrachloroethane (1 :

whose values decreased with increasing aliphatic chain length. 5% Weight loss in TG curves were
detected at 305~333C in N» gas atmosphere. X-ray diffractograms showed that all of the polymer

are crystalline at room temperature.
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Fig. 6(A). DSC thermograms of samples poled at
varioustemperatures: (a) 25C, (b) 90T, (¢) 120T
(poling condition, 0.5MV / cm for 30 minutes).
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Fig. 6(B). DSC thermograms of samples annealed
at various temperature for 30 minutes: (a) 90T,
(b) 120°C.

E2|H #1497 A1% 1990 2¥

A= A5 Ad AR o] BolRAlE T, 0] AREL
3o oo A8 Ago s Aolsto gyt
& Curie £58 7= Zo gz Mzrdnt P

25 1345 71

297 hstA e 7w
= =4

FRrdd AP er &
w3 Aoz Yztdn

Fig. 6(A) (b) 2] 0.5MV / ecmZ 90C o A 3087+
23 J$9 Fig. 6(B)(a)o] 90TColA 3083+
EHe g 44 BF7}F ol F peakE Holi gtk
90T = Curie H°] FGo sgst= 2ol o]
Lo A= oln] Holg oA FFH4d AAYo)

o5
O

"R o] old ] ZFREd dHQ o] &3t
Ik oleid e 2 2xE S W 4H3] AR
WA A ew dojatA] Raoh Ardd APo
2 Holgd 22 120CAA 5 e €

299 v IR 2 W Curie 2 2 & 27|
o oldl olf 2 Q13le] o]F peak7} 4!
A o] AS e BI AAS 713 A9
A % AEY O & curle T2 e
120Col Al =zt Al B4 olfet

Ao WzhEn)

i

o » M oxX
0, ok
—

b

o
L

-
N
-
ol
haad

my o>
o rlo

O
50
T 401
5
N O
>
§ 30
o
o
5
x 201
& O
1.0 -
! i 1 Q
0 30 60 90 120

Poling temperature(C )

Fig. 7. Effect of the poling temperature on the
piezoelectric stress constant(ey) ( poling'condition,
0.5MV / cm for 30 minutes).



SES

Dean-Stark trapo] £ 2€ 500mle} 37 EgkxFo
Y3 et 5ot BRste #HFES AAGAY. o
719l 15g(0.11 mole) o] et ) Ee] &3 Fe}-3]=
ZA =g 5] = 27.5g(0.25 mole)-& #7}stx, o]
£ 77t Zo] AAL w7hR] of 2U3F F7A]
71 & o33l Dowex 505 A Azl Az
200mie} WS Fof HMAIZ g YA A L2
WAAANES Wdoz ZH e T 40CAHA T
Azxstdoh olu 582 80% U §HL oF 253C
At

IR(KBr), cm': 1470-1490(CH, bending), 1410
(tert, C-H), 1220, 1175, 1155, 1110, 1070, 1050
(C-O stretching, spiroacetal £4 &4ul), 8 3325
(—OH stretching), 1610, 1520(phenyl C=C)
'H-NMR(CDCl,, TMS), & ppm : 3.5-4.0(8H, m,
—CH,—), 46-4.8(2H, d, —CH—), 547(2H, s,
—OH), 6.78-6.87(4H, m, Ar-CH), 7.27-7.35(4H,
m, Ar-CH)
YAEA 1 CoHyOp A4HL: C 6627 1 H 5.85,
Agk . C 65 63 H 5.88

o4t dstEe] ¥4 L =t d FRE =9 ¥
Atdlzidl e Y #ZelEv AlEEE
acid®} hexadecanedioic acidol] Z}z} 4~5vfake] E|
S FReolnd Hrista 1~2 wge] ey &
A3}el] 90~100Co A 1~24]7F 8533 & p)ulkg-o
Ejloyd F2alo]=F 90Co]ste] &£xdA Fi+skaL
vholR] el Ryl ofa)A Falskglth.

St o] M (ANSSEH)

100ml 9] Zi+57] NaOH 0.006mole§ 3o]al 2
glthe- of 7ol SAB 0.003mole ¥} Abol% Zul) 2]
BTMACZ £2K001g) %7}ale] 2204 wuty)
t}, SABEZ 93] L3471 3 wnbalEA] of 7]
o] 4} 33+ 0.003mole & 5mle] CHCly £+ (,Cl4°ﬂ
o ‘T‘A}'ﬂp AHEEA A AE] F vk A 5
S WRkg & AAtsia] AL WA DA He XS
o wEgt SR Jgjal gk R 2~33) 4l
of fata] 50Col A 24A1%F WE ARSI S

golabll 817) 91a14] e Wee) WERE U

1% ]

dodecanedioic

450

o1 BA - H2Y

=2 6

3HA #-A| stk

.0

ZAn o o4

=

A

™

| o SEHL 2y
teral SAB+ Scheme 104 H.+= ule} Zo] p-
=

sz Ee) ALl Ee)Be] Yol
H

o
ﬂ’

J

lﬂ

ol

bo gk ~dzolge TP £
ol ~H|Z(PSA)= SABs} Hdlzg g2 Z2alol=
L oe) Aleold 2E AEE olndsEel AW

Sl o3 A

Scheme 1

Howg 2 o

HOHaC CH.OH  +H*, 80~390°C
HO@-CHO N >l ' —_—
H0B2C” > CHL0H

DMS0/Benzene
o —-@-<D<E>—©— ot
[SAB]
NaOH, BTMAC
[saB} + Cloc - R - COC} ——mr">

Ha0/CCl.
0 -— 8
b-@< KO -

PSA

o7l R = —@— (PSA-T)

(CHz)n (n=4 : PSA-4, n=8 : PSA-8,

n=10 : PSA-10, n=14 : PSA-14)

Fig. 1& @49 vrapd e IR A9 EYS el
dlosloloh, of 7]4 B 2y opAld a1eje] C—0
AZ2Fo) o)gk F4 07} 1000—1250cm™ Alo]ol A
3~47) ZA)3Fa1, 3325cm ol 4] IL“*]?H e
21%0], 1610 @ 1520cm el ] Wizl 2] 9] o] F
of 54 &F79g 2ok g Fig. 2004 ?%&J
NMR Zz=HEgo] ojapd  gzolHlgr argle]
—CH,— & 35~40ppmol*, —CH-% 4.6~48
ppmytitoll A BadFo 2y flsh: Gabd v g
ReE e 5 Arh

r\.

Polymer(Korea) Vol. 14, No. 5, October 1990



Transmittance(arb, unit)

1500 1000 500

Wavenumbers(cm~1)

4000 30002000

Fig. 1. IR spectrum of monomer SAB(KBr pellet).
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Fig. 3. IR spectra of polyesters containing spiroace-
tals : (A) PSA-14, (B) PSA-10. (C) PSA-8, (D)-PSA-4,
and (E) PSA-T.

Table 1. Synthesis and Characterization of Polyspiro-

acetals
Poly-  Yield C% H% Tinh
mers (%) Calc. Found Calc. Found (dl/g)
PSA-14 75 70.73 70.65 7.80 7.88 0.24
PSA-10 82 69.13 67.70 7.11 751 0.29
PSA-8 85 68.22 67.42 6.71 6.96 0.21
PSA-4 90 66.17 64.20 577 582 0.15
(66.41)" (5.69)
PSA-T 89 68.35 67.42 4.67 4.77 0.16
(68.42) (4.59)
"Values in parenthesis indicate the samples dried 7
days at 100C
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Table 3. Thermal Properties of Several Polyspiro-

acetals
5% 107  Residua!
Polymers Tg Tm  Weight Weight Weight at
(C)  (C) -loss(C) -loss(T) 600C(%)
PSA-14 60 175 323 337 27
PSA-10 75 220 325 339 21
PSA-8 115 253 316 331 18
PSA-4 125 - 305 318 30
PSA-T - — 333 358 19

Zz| 14 AH535 19903 10¥

Fed sz 34 ¢ 84

BEHE ZHEAARE ¥E 3339 B g g2 2
FAo mE Eaige] W) gEoz sAdgn
(Table 1). TGA ZMANAM 5% Fahztai= 305~
325CelM, 10% FR7die 318~358CH L2
A %3 AUAAS BAo) Fletcher52'2 5,5
29 2-1,3-t)%4te] dady 2uge 23
o|EHog ALY HIF Ao} vlms)
* zumopg 1l kA oUA|7) 1,3
L4984k 1L,3-0848 2 1, 2-go EA)og
T 2o} 2 gh(ek 20.3Kcal/mole) & 2HE the A
glsirt, ol ArAne BATNA Qo
s gotHEs Edshe A F5F AU
Az,

B

[
-

5
2ot T odo i R

o
oX

2 S F= Ao

S s

AW AT Ay ZAES TP o
BALEAEE AR 2ol e (smetic) 2 H4a}
€ Ao Bad v Iy, 028 ~gje] o g
R0 Ze) 28 ByBFO} XA HERUY ¥
gl o3 AAY £ A v, BTN FAE
THA A ARE dDsly] o8 X-A BEa
3 skt Fig, 60 29 X-M sRITHES
uw b ve gAzZudd vay oes 57

Intensity (arb, unit)

Fig. 6. Wide angle X-ray diffraction patterns of poly-

esters containing spiroacetals.

453



Aago] vehtlsd o]59] %39l A g (smetic)
goll Z11E ZIAE Lol 7] 9Jaf PSA-14E &
A F YA H o Yol FYAIA A& A5 X-
A AR HE o] B A(Fig. 7) ¥ koA
3| gndo] Azt AH 9 7HsAS AT = AU

oh. BFEO N g dFoME A BAE

olmd Py BAL £ gk o2l olfE 2~
s zobig ©9i7h ddol2 shAlRt Fae)sl 5

T
3
s
3, 431,484
z
2 A
@
hS
B
2 20 40 60

20

Fig. 7. Wide angle X-ray diffraction patterns of poly-
spiroacetal PSA-14 with different histories ; sample
(A) was crystallized from m-cresol and sample (B) was
crystallized by quenching rapidly from molten state.

-

Fig. 8. Space-filling model (A) and strick model (B) of
PSA-4 repeating unit.

454

2 3l7] Y&l PSA-45 HAFBEE o] 83 2
odyg Aa)sle Fig, 8o Aot ¥ ot
A
3

ol

24A35] AR Fejz AAYSE djo] FEA vrEG
7 19.32A0.2 #4A vgarny Z7te

Vete AES Vel 58

Zo: L= ]
A wEaddel 7198 2P 2538 + ek

Al

Z

l‘

I

IN

delsl=el el Ee)Ee] whe-
] wheks) SAB9} o8] Al&ZolE
o AMEFEYA A A
g ZolH g gAstEn) o5 A
oJEH(1:1) Egmiel m-2
g4 PSA-Te= &

e

ﬂ:‘

T

TS
o M2
=
- or

o ff
im
i)
iy
tu
fu

A

e wowy o

&

E70017h Hobd F% F7H3H%
TGA®] 913 A4 o) Wzt 5% -
A 305~325CR 3 &l
48 Bo] Felom X-41 84 9ER wE
o)

=]
o]
gl Aol vnd w& Aoz ek

-
i

&

rl

1
i

3} 7]4 2] (KRICT BS SR-0089-16) 9]
Aol ofs) o] Fo]Zn} oo Z12 7HALe]
. 3 VAX/VMS 502 AE%EE o] &
Bohejo) By S alad F4 3t

upg e ZHAbe) g EEYLh

-
)

2L
o,

42
rfO
)

o g
oiN
o

o & T
rﬂ’.ﬁ‘rx
=

0)~
lo

r

) P
R R o oX rk
=]

=
[

S g

MO
o

1. J. Read, J. Chem. Soc, 101, 2090 (1912).
2. A. Fairbourne and J. W. Woodley, /. Chem. Soc.,
130, 3240 (1926).

Polymer(Korea) Vol. 14, No. 5, October 1990



3.

[

A ZoHg S Egste FeldLHae ¢4 ¢ 24

V. G. Mkhitaryan, J. Gen. Chem., 9, 1923 (1939).
L. S. Abbott, D. Faulkner, and C. E. Hollis, U. S.
Pat. 2,739,972 (1956).

W. E. Conrad, B. D. Gesner, L. A. Levasseur, R.
F. Murphy, and H. M. Conrad, /. Ovg. Chem., 26,
3571 (1961).

H. Orth, Kunststoffe, 41, 454 (1951).

7. B. H. Kress, U. & Pat. 2,785,996 (1957).

10.

11,

12,

13.

S. M. Cohen and E. Lavin, J. Appl. Polym. Sci., 6,
508 (1962).

W. ). Bailey and A. A. Volpe, Polym. Prepr., 8, 92
(1967).

K. Kurita, N. Hirakawa, T. Dobashi, and Y. Iwa-
kura, [ Polym. Sci. Polym. Chem. Ed, 17, 2567
(1979).

A. Akar and N. Talinli, Makromol. Chem., Rapid
Commum., 10, 127 (1989).

P. Komminoth, K. Poppenwimmer, H. Rede), and
T. Robinson, Ger, Offen. 2,151,724 (1972).

A. Miyamoto and H. Matsukawa, Ger. Offen. 2,
343,300 (1974).

E2i A144d #53 19903 10¥

14,

15,

16.

17.

18.

19,

20.

21,

22,

23.

H. Matsukawa and K. Saeki, Ger. Offen. 2,404,412
(1974).

T. Yukuta, T. Oohashi, and H. Yoshii, Japan Kokal
75, 91, 462 (1975).

J. H. Magosch, H. Karl, and J. Rueter, Ger. Offen.
2,448,954 (1976).

J. Heller, D. W. H. Penhale, and S. H. Panburn,
Prog. Biomed. Eng, 5, 175 (1988).

S. Hirose, T. Hatakeyama, and H. Hatakeyama,
Sen-i Gakkaishi, 38, 507 (1982).

K.-S. Lee, J. C. Won, and J. C. Jung. Makromol.
Chem., 190, 1547 (1989).

M. Ballauff, Makromol. Chem., Rapid Commun, 7,
407 (1986).

S. E. Fletcher C. T. Mortimer, and H. D. Spri-
ngall, J. Chem. Soc, 81, 580 (1959).

M. Ballauff and G. G. Schmidt, Mol. Cryst. Liq.
Cryst. 147, 163 (1987).

K. -S. Lee, B. -W. Lee, ]. -C. Jung, and S. -M. Lee,
Polymer(Korea), 13, 47 (1989).

455



