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ABSTRACT: The 9-acridinealdehyde acetal of poly(vinyl alcohol) [abbreviated as 
acetal (I)] and the 3-pyrenealdehyde acetal of poly(vinyl alcohol) [abbreviated as acetal 
(II)] were synthesized from poly(vinyl alcohol) and 9-acridinealdehyde or 3-pyrenealde­
hyde, with hydrochloric acid as a catalyst, in dioxane-water binary solvents at an 
elevated temperature. 

The degree of acetalization did not exceed 34.2% and 54.15% for acetals (I) and 
(II), respectively. The statistical calculation of the maximum degree of acetalization 
with polyacenealdehydes was made by extending the method of Flory for the form­
alization of poly(vinyl alcohol); here the steric hindrance caused by the bulky polyacene 
ring was also taken into account. The results of the calculation agreed fairly well with 
the experimental results. 

The permittivities of the films of the acetylated acetals (I) and (II) and their charge­
transfer complexes with tetracyanoquinodimethane(TCNQ) were measured at room tem­
perature. It was found that the permittivities of both of the acetylated acetals (I) and 
(II) increased by complexation with TCNQ. 
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Polymers having rather high permittivities 
have been reported by many authors. They are 
mostly polar polymers having polar side groups, 
the permittivities of which are mainly due to 
dipole orientation. Recently, Saito, et a[.,1 re­
ported that the permittivity of the p-amino­
styrene-methylacrylate copolymer increased 
when complexed with chloranil. On the other 
hand, we could not find any increase in the 
permittivities of such polymers as the 9-anthral­
dehyde acetal of poly(vinyl alcohol) or poly-N­
vinylcarbazole by complexation with tetracyano­
quinodimethane(TCNQ). 2 In the present study 
new polymers such as the 9-acridinealdehyde 
acetal of poly(vinyl alcohol) (I) and the 3-
pyrenealdehyde acetal of poly(vinyl alcohol) (II) 
were synthesized, and their permittivities and 
charge-transfer complexes with TCNQ were ex­
amined. Also, a calculation of the maximum 
degree of acetalization of poly(vinyl alcohol) 

with polyacenealdehyde was made by taking 
account of the steric hindrance caused by the 
bulky polyacene ring, and was compared with 
the experimental results. 

EXPERIMENTAL 

Materials 
Commercially available poly(vinyl alcohol) 

(Kurare poval 105, saponification degree 99%, 
average polymerization degree 500) was washed 
with methanol several times and dried under 
reduced pressure. 9-Acridinealdehyde was syn­
thesized as described in the literature4 and re­
crystallized from methanol, mp 146-147°C. 3-
Pyrenealdehyde was synthesized from pyrene by 
means of the Vilsmeier's reaction and recrystal­
lized from benzene-n-hexane, mp 126-127°C.5 

Commercially available tetracyanoquinodi­
methane(TCNQ) was recrystallized from aceto-
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nitrile and sublimed. Dioxane, acetic anhydride, 
and other reagents were purified as usual. 

Synthesis of the 9-Acridinealdehyde Acetal of 
Poly(vinyl alcohol) 
PV A (2.2 g) and the hydrochloric acid salt of 

9-acridinealdehyde (4.0 g) were dissolved in 100 
ml of dioxane-water (60 : 40), and 8 ml of hydro­
chloric acid (12N) was added with stirring at 
80cc. The yellow solution turned to red. After 
48 hr the solution was poured into a large 
amount of water, and neutralized with an 
aqueous solution of sodium acetate. The pre­
cipitated polymer was filtered, washed first with 
water, then with methanol, and dried under 
reduced pressure to give a pale green solid with 
melting range 234-251 cc. 

Synthesis of the 3-Pyrenealdehyde Acetal of Poly­
(vinyl alcohol) 
PVA (I.I g) and 3-pyrenealdehyde (3.0 g) were 

dissolved in 100 ml of dioxane-water (80 : 20), 
and 8 ml of hydrochloric acid (12N) was added 
with stirring at 70cc. After 24 hr the solution 
was poured into a large amount of water and 
was treated in a manner similar to that des­
cribed above. The 3-pyrenealdehyde acetal of 
poly(vinyl alcohol) thus obtained was a white 
fibrous mass with melting range 190-212cC. 

Acetylations of the Acetals 
Since the acetals (I) and (II) were insoluble 

in ordinary organic solvents, acetylations of these 
acetals were carried out using the method of 
W. 0. Herrman. 6 

The acetal (0.5 g) and sodium acetate (2.5 g) 
were refluxed in acetic anhydride (50 ml) for 
4 hr. The reaction solution was poured into a 
large excess of water and the precipitated poly­
mer was filtered, washed with water, repre­
cipitated from acetone-water, dried, and repr.e­
cipitated further from methylene chloride-n­
hexane and dried under reduced pressure. 

The acetylated 9-acridinealdehyde acetal of 
poly(vinyl alcohol) thus obtained was a pale 
yellow powder with melting range 134-144cC. 
It was easily soluble in acetone, methanol, and 
methylene chloride, but insoluble in benzene or 
n-hexane. Elementary analysis-Found: C, 
65.72; H, 6.10; N, 2.55. Calcd for A.D. 34.2%: 
C, 65.91; H, 6.11; N, 2.51%. IR (solid film, 
cm-1): vcH 3030, 2910, and 2850; vc=o 1720; 
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ocH 1420 and 1360; vc-o-c 1240; vo-c-o 1120 and 
1020; oc-o 940; OCH 710 (acridine ring). NMR 
(hexadeuterio acetone): -r 8.60 (multiplet, CH2 in 
acetal ring); i-8.20 (multiplet, CH2); , 7.95 
(singlet, -O-CO-CH3); , 6.30 (multiplet, 

g)CH-acridine); , 5.10 (multiplet, -CH-0-

CO-); , 1.2-2.3 (multiplet, acridine ring 
protons). 

The acetylated 3-pyrenealdehyde acetal of 
poly(vinyl alcohol) was a white powder with 
melting range 112-124 cc, and was easily soluble 
in acetone, methylene chloride, and tetrahydro­
furan, but insoluble in n-hexane. Elementary 
analysis-Found: C, 64.53; H, 6.29. Calcd for 
A.D. 20.4%: C, 64.52; H, 6.46%. IR (solid film, 
cm-1); vcH 3050, 2920, and 2850; vc=o 1720; 
ocH 1430 and 1360; vc-o-c 1240; vo-c-o 1120 and 
1020; oc=o 940; ocH 850 and 720 (pyrene ring). 
NMR (hexadeuterio acetone): , 8.65 (multiplet, 
CH2 in acetal ring); i-8.18 (multiplet, CH2); 

,7.95 (singlet, -O-CO-CH3); ,6.30 (multiplet, 

g)CH-pyrene); , 5.10 (multiplet, -CH-0-

CO-); , 1.80 (multiplet, pyrene ring protons). 

Electrical Measurements 
Measurements of the permittivities and the 
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Figure 1. Absorption spectra of the acetylated 
acetals (I) and (II) and their charge-transfer com­
plexes with TCNQ in solid films: --, the acetyl­
ated acetal (I); ----, the acetylated acetal (1)­
TCNQ; -·-·-, the acetylated acetal (II); ······, the 
acetylated acetal (Il)-TCNQ. 
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dielectric losses were carried out with a G. R. 
Capacitance Bridge Type 1615A at room tem­
perature. The films of the acetylated acetals 
were prepared from methylene chloride solutions 
by means of the solvent cast method, and the 
films of the charge-transfer complexes with 
TCNQ were likewise prepared from methylene 
chloride solutions containing 5-wt% TCNQ 
with respect to the acetylated acetals. The 
absorption spectra of the charge-transfer com­
plexes of the acetylated acetals with TCNQ 
show charge-transfer bands with maxima at 
around 710 nm for the acetylated acetal (II) and 
.at around 580 nm for the acetylated acetal (I) 
in the film state. They are shown in Figure 1. 

RESULTS AND DISCUSSION 

Syntheses of the 9-Acridinealdehyde Acetal (I) 
and the 3-Pyrenealdehyde Acetal (II) of Poly­
(vinyl alcohol) 
The results of the acetalization of poly(vinyl 

.alcohol) with 9-acridinea'.ldehyde or 3-pyrene­

.aldehyde carried out under various reaction 
,conditions are summarized in Table I. The 
characterizations of the acetals formed are des­
,cribed in the experimental section. When water 
was used as a solvent, the reaction system 
rapidly became heterogeneous, resulting in very 
low degrees of acetalization, as shown in the 
:reaction of 9-acridinealdehyde. When the re­
action was carried out in a dioxane-water 
(60: 40) binary solvent at 80°C, the reaction 
system was homogeneous throughout the reac­
tion; at 60°C, however, it became heterogeneous 
during the reaction. Under homogeneous reac­
tion conditions the degree of acetalization of 
the poly(vinyl alcohol) with the 9-acridinealde­
hyde reached 32.6%. Reacetalization of the 
acetal could increase the degree only slightly, 
to 34.2%. In the case of 3-pyrenealdehyde the 
degree of acetalization did not exceed 54.15% 
under any reaction conditions examined. The 
relatively low degree of acetalization of poly­
(vinyl alcohol) has also been found with 9-
.anthraldehyde, i.e., 43.8%, 2 These values are 
much lower than the theoretical value of the 
maximum degree of acetalization, 86.46%, re­
ported by Flory3 for the formalization of poly­
{vinyl alcohol). It is thought that the steric 
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hindrance caused by the bulky polyacene ring 
is responsible for the relatively low degree of 
acetalization. Therefore, we carried out a cal­
culation of the maximum degree of acetalization 
with the polyacenealdehyde by modifying the 
method reported by Flory, 3 namely, by taking 
account of the steric hindrance caused by the 
bulky polyacene ring. 

Calculations of the Maximum Degree of Acetaliza­
tion by Taking Account of Steric Hindrance 
Caused by Bulky Polyacene Rings 
The following four cases should be considered 

when one takes account of the steric hindrance 
caused by the bulky polyacene ring: case (1), 
one aldehyde occupies three hydroxyl groups; 
case (2), one aldehyde occupies four hydroxyl 
groups; case (3), one aldehyde occupies five 
hydroxyl groups; and case (4), one aldehyde 
occupies six hydroxyl groups. 

The average number of the unreacted hydroxyl 
groups per molecule at the end of the reaction 
will be termed Sn. The subscript n means that 
the polymer originally contained n hydroxyl 
groups in the chain. 

Case (1): Obviously, S0 =0, S1 =l, S2 =2, and 
S3=1. When n=4, the first reaction may occur 
in any one of the following three ways: 

or 

where O and • represent the unreacted and 
reacted hydroxyl groups, respectively, and the 
three hydroxyl groups covered by the polyacene 
ring· are surrounded with a solid line. Hence 
S4 =(2S1+s1 +3)/3. When n=5, the first reac­
tion may occur in any one of the following 
four ways: 

il 11, l I l d l l il 
l l iI I l I , or l l il l l i 

Hence S5 =(2S1+2s2+s2 +4)/4 . 
Continuing in this manner, one can obtain 

the general equation 

Sn=[2(S1+s2 +Sa+ · · · 

+sn-aHSn--a+(n-l)]/(n-1). 
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Table I. Acetalization of poly(vinyl alcohol) with 9-acridinealdehyde or 3-pyrenealdehyde 

Exptl no. PVA, mol/1 Aldehyde (mol/1) Acid (mol/1) Solvent Temp, °C Time, hr 
Elementary analyses Acetalization :-< 
N,% C,% H,% degree 0 

"' ::c: 
0.10 9-Ac• 0.10 HCl 0.80 Water 60 48 0.31 - 3.9 ;;; 

0 
2 0.10 9-Ac 0.10 H2SO4 0.40 Water 60 48 0.51 - 6.1 . 
3 0.20 9-Ac 0.30 HCI 1.60 Dioxane-Water 60 48 0.40 - 5.0 

(60: 40) -< 
4 0.20 9-Ac 0.30 H2SO4 1.60 Dioxane-Water 60 48 0.61 - 7.7 0 

(60: 40) 0 
-,: 

5 0.20 9-Ac 0.30 HCI 2.40 Dioxane-Water 80 48 2.20 - - 32.6 > 
(60: 40) :!:: 

:' 
6• 9-Ac 0.30 HCl 2.40 Dioxane-Water 80 48 2.55 - - 34.2 

:-< (60: 40) 
7 0.25 3-Pyb 0.13 HCI 2.00 Dioxane-Water 70 4 62.53 8.22 9.8 1:/l 

::c: 
(60: 40) ;;; 

8 0.50 3-Py 0.50 HCI 2.00 Dioxane-Water 70 24 68.23 7.34 20.4 0 ., 
(60: 40) :' 

9 0.35 3-Py 0.13 HCl 2.40 Dioxane-Water 70 24 - 72.74 6.41 32.15 !» 
t:I (80: 20) 0. 

l(')d 3-Py 0.13 pTSA• 0.01 DMF 40 8 - 78.14 5.66 54.15 ;i:: 
"Cl a:: 0 • 9-Acridinealdehyde. '< s b 3-Pyrenealdehyde. > 
(I) .., 

0 Reacetalization of the acetal obtained from exptl no. 5 . > 
d Reacetalization of the acetal obtained from exptl no. 9. 

-< 0 p-Toluene sulfonic acid. 

·°' 
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Likewise, in the other cases, one can obtain 
the general equation of S,. as follows-
Case (2): 

S,.=[2(S1+s2 +S3+· · · 

+s,._4)+2(n-3)]/(n-3) 

Case (3): 

Sn=[2(S1 +s2 +Sa+ · · · 

+sn-5)+S,._5 +3(n-3)]/(n-3) 

Case (4): 

Sn=[2(S1+s2+sa+ · · · 

+sn-s)+4(n-5)]/(n-5) 

Calculations of Sn and Sn/ n for all cases were 
carried out with the NEAC-2200 Model 700 
electron digital computer at this university; the 
results vs. n and, for comparison, the case re­
ported by Flory without steric hindrance, are 
shown in Figure 2. It is shown in Figure 2 
that every one of the series of Sn/ n converges 
very rapidly beyond n=20; when n=500, the 
values become 0.1359 for Flory's case, 0.4440 
for case (1), 0.5988 for case (2), 0.6805 for case 
(3), and 0.7393 for case (4). 

The degree of acetalization (A.D.) will be 
defined as 

A.D.(%)=100(1-Sn/n). 

10 .----~--------~ 1.0 

9 

8. \ .. -.. --Fl---·--0]393 ------·-.. -··-.. -, l1J389 
7 '-'··-·-----'o"'.s.::cso;.:.s__ / 0.6801 

./~ / W' 

6 \. .. _ .. _________________ ~=~~--------r(~"':(:_~ 0.5984 
N 
'o 
.. 5 

/ / / _./>/ .,,,.,,."' 
/·~./ .,/,,,. 0.5 C 

C 
en 4 

_____ __,0""44"'4:;z..,··,::__/-7"'-'----,10.4431 en 
./·,,/' ,,/' 

3 

./// ,,,.,,. 
./,/_,.,/' 

/:1-;;>/ 
2 ·;/;{ 

.,,-;1//. 
·-- .-,- / 0.1359 :. !::~:~ ....................... : ........................................... :356 

0 100 200 300 400 500 600 700 800 900 1000 

n. 
Figure 2. Sn, Snjn vs. n plots: -~--, 
----, case (2); -·-·-, case (3); 
and ...... , Flory's case. 
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case 
case 

(l); 
(4); 

Thus, the maximum degree of acetalization 
calculated by taking account of the steric hind­
rance caused by bulky polyacene rings is found 
to be 55.60% for case (1), 40.12% for case (2), 
31.95% for case (3), 26.07% for case (4), and 
86.44% for Flory's case, respectively. The ace­
talization with 9-anthraldehyde or 9-acridineal­
dehyde can be regarded as case (2), and that 
with 3-pyrenealdehyde as case (1), from their 
molecular models. The experimental values for 
the degree of acetalization obtained in the present 
study are in fair agreement with the calculated 
ones, although for 9-acridinealdehyde the value 
obtained experimentally is somewhat lower than 
that calculated. The reason is not clear at pre­
sent, but the formation of the salt of 9-acridine­
aldehyde with hydrochloric acid is perhaps re­
sponsible for the lower values of A.D. as com­
pared with that found with 9-anthraldehyde. 

Dielectric Properties 
The results of the permittivities measured at 

1 kHz are summarized in Table II. The fre­
quency dependences of the permittivities and 
dielectric losses measured at room temperature 
are shown in Figure 3. The permittivities of 
the films of the acetylated acetals (I) and (II) 
were found to be almost equal (see samples 1, 
3, and 5 in Table II). The permittivities of 
each of the acetylated acetals increased when 
complexed with TCNQ, the extent of the in­
crease being dependent on the degree of acetal­
ization (see samples 2, 4, and 6). It is suggested 
that the charge-transfer interaction between the 
acridine or pyrene moiety in the acetylated 
acetal and TCNQ is responsible for the increase 

Table II. Dielectric constants and dielectric losses 
measured at 1 kHz at room temperature 

Sample ~ce!al- TCNQ, Di-. tan o, CT band 
No 1zat10n wt% electnc % (lmcTax, nm) 

· degree O constant 0 

1• 5.0 0 2.6 0.78 
2a 5.0 0.15 3.1 0.81 580 
3• 32.6 0 2.7 0.58 
4• 32.6 5.43 4.4 0.73 580 
5b 20.4 0 2.6 0.58 
6b 20.4 4.99 2.9 0.63 710 

• Acetylated 9-arcridinealdehyde acetal of PVA. 
b Acetylated 3-pyrenealdehyde acetal of PV A. 
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Figure 3. Frequency dependences of permittivities 
and dielectric losses of the acetylated acetals (I) 
and (II) and their charge-transfer complexes: e, 
sample (1); O, sample (2); 0, sample (3); ©, 
sample (4); (), sample (5); CD, sample (6). 
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in the permittivities. Further studies are needed 
in order to clarify the mechanism of the in­
crease in the permittivities resulting from the 
charge-transfer complexation. 
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