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요 약. 갇광성 관능기를 갖는 중합채, 이를테면 polyglyceryl 아uhalate(PG), bisphenol A-epichL 
or사】ydwin 죽중합체 (BE) 및 polyvinyl ale사iol(PVA) 의 naphthoquinone-1,2-diazide-5~sulfonyl esters 
(PGND, BEND 및 PVAND) 를 합성 하였다. 빙 점 강하법 으로 측정 한 모체 수지 들의 분자량은 PG 의 경 

우 6502120(), EE 는 780〜1320이 었 다. PG, BE 및 PVA 를 naphthoquinone-1, 2-diazide-5^sulfonyl 
사血ride로 ester화 시켜 얻은 PGND, BEND 및 PVAND는 적외선 흡수 spectra 및 원소분석등으로 

확인하였다. PGND, BEND 및 PVAND의 원소분석의 계산치와 실측치가 잘 일치하고 있는 점으 

로 보아 모체수지인 PG, BE 및 PVA의 중합도는 ester화 된 경우에도 변하지 않는다는 것을 알 수 

있었다.

쇼ESTR쇼CT. Polymers with photosensitive functional groups, the naphthoquinone-1, 2-diazide—5— 
sulfonyl esters (PGND, BEND and PVAND) of polyglyceryl phthalate (PG), bisphenol x4-epichloro- 
hydrin polycondensate(BE) and polyvinyl ale사W(PVA), were prepared. The molecular weights of 
the starting materials were determined by the cryoscopic method, i. e., in the range of 650〜1200 for 
PG and 780〜1320 for BE. PGND, BEND and PVAND were prepared by esterification of PG, BE 
and PVA with naphthoquinone-l3 2-cliazlde-5~sulfonyl 시iloride, and the replacements of such a 
functional groups were confirmed by the infrared absorption spectra and elemental analyses. The good 
agreement between the observed values of elemental analyses (PGND, BEND and PVAND) and the 
calculated values, indicated that 사degree of polymerization did not change in the course of esterifica

tion of PG, BE and PVA.

compounds,intermediates of dyestuffs, by 
INTRODLCEGN thermal or photochemical reactions have been

Many studies on the decomposition of diazo reported in recent years. o-Quinonediazides5~6 are
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usually insoluble in water, and decomposed to 
carbonium ion by light exposure, to cyclic diazo
ketones by Wagner-Meerwein rearrangement, 
and then to indene carbonic acid, which is soluble 
in aqueous alkali solution by hydrolysis with 

water.
o-Quinonediazides used as photosensitive materials 

for plate making have attracted attention as 
positive-positive type. There are few patents on 
the preparation of the light sensitive compounds 
by using o-quinonediazides such as 2, 3, 4-trio- 
xybenzophenone~Z»^ (naphthoquinone-1,2-diazide 
-5, 5-sulfonyl ester)7, naphthoquinone-1, 2~dia- 
zide-5-sulfanilide8, and diallyl ester9 derived from 
naphthoquinone~l, 2-diazide sulfonic acid and 
aminoisophthalic acid. However, there were no 
reported attempts to obtain the photodegradative 
polymers by introducing o-quinonediazide into 
솨le polymers, except a patent10 on the esterifica
tion of novolak resin with photosensitive group.
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This type of photosensitive materials based on 
novolak ester, i,e., Azoplate-Shipley AZ series 
(U.S.A.) has been commercialized.

We have prepared the photosensitive polymers 
introducing o-quinonediazide into the backbone 
resins like polyglyceryl phthalate (PG), bisphenol 
A and epichlorohydrin polycondensate (BE), and 
polyvinyl ale사!。l(PVA) in order to investigate 
their photosensitivities. They were synthesized 
by esterification of naphthoquinone-1,2-diazide- 
5-sulfonyl chloride (NDSC) with PG (A), BE(B) 
and - ----------------------------  for PG with NDSC),
BEND (ester for BE with NDSC) and PVAND 
(ester for PVA with NDSC). They may also 
be called PGND-1, 2…，BEND-1, 2…，and PVAN 
D-l, 2•■- according to the types of the backbone 
resins used such as PGT, 2…,EE-l, 2…，and 
PVA—1,2….The numbers denote the molecular 
weight of the backbone resins.

EXPERIMENTAL

Synthesis of Naphthoquinone-1,2-diazide- 
5-sodium sulfonate (NDSS) and its Chlorinated 
Derivative

Cupric Sulfate, 2-amino-l-naphthol-5~sulfonic 
acid, sodium nitrite and chlorosulfonic acid were 
reagent grades and used without further purifica
tion. Acetone of the commercial-grade was 
redistilled.

Preparation of NDSS. Sodium salt of naph- 
thoquincne-1, 2~diazide-5-sulfonic acid was pre
pared according to the method of Reverdin11. 
Twenty eight grams of 30% aqueous cupric 
sulfate solution was added to 47.8g (0.2mole) of 
2-amino-l-naphthol-5-sulfonic acid dissolved in 
200mZ distilled water. After adding of 12g of 
sodium nitrite, the solution was stirred vigorously 
for 60 minutes at 4〜5 °C. The resulting yellowish 
brown reaction mixture was acidified with 10 mZ 
of Q.l N HC1 and NDSS was separated by salting 
out with 10 효 of sodium chloride. The crude 
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NDSS was washed two times with methanol and 
then dried in vacuum to give 54.8g(yield 85 %) 
of yellowish needles, m. p. 144^146 °C (lit11., 
m. p 145° C).

Anal. Found: C, 44.25； H, 1.86； N, 
10.29； Calcd. for C10H5N2O4SNa: C, 44.11； 
H, 1.84； N, 10.33 %

Chlorination of NDSS. Into a three-necked 
round bottom flask equipped with a mechanical 
stirrer, a thermometer, and a reflux condenser 
was placed 210 g(1.80 mole) of chlorosulfonic 
acid and 16.3 g (0.06 mole) of NDSS was added 
to it. The mixture was then heated at 65〜67 °C 
for 4 hours, cooled to 20 °C, and then poured 
onto crushed ice. The precipitate was separated 
by filteration. After washing with cold water, 
dried at 20〜25 °C under the reduced pressure. 
It was purified by dissolving it in 200 mZ of 
acetone, precipitating it in the cold distilled 
water, followed by filteration. The final product 
was dried in vacuum to give 13g(yield 82 %) 
of yellowish solid, m p 147〜148 °C (lit.,12 
148 °C).

Preparation of Backbone Resins
Polyglyceryl Phthalate (PG) . Phthalic anhy

dride and glycerine were reagent grades and used 
without further purification. Methanol of the 
commercial-grade was redistilled.

PG was prepared by the method of Kienle.13 
In the case of PG-1, 148g (1 mole) of phthalic 
anhydride and 96 g(l mole) of 95% glycerine 
were charged to a 500 mZ of four-necked round 
bottom flask equipped with a mechanical stirrer, 
a thermometer, a reflux condenser and a nitrogen 
in-let tube, and heated to 199^203 °C under a 
stream of nitrogen. At 20 minutes intervals, a 
1 〜2 g sample of the melt was taken out by 
means of a suction tube and immediately poured 
onto a glass plate. After cooling to room temper- 
ature the acid number of the sample was deter
mined. The condensation was continued for a 
given time until the acid number reach 33. The 
colourless transparent PG-1 was purified by 
dissolving it in acetone and precipitating it in a 5 
to 1 solution of methanol. After separation, it 
was washed with methanol, and dried in vacuum 
to give a white powder PG-1. Other PG resins 
were prepared by a method similar to that used 
to obtain PG-1, and the preparation conditions, 
molecular weight of the products, melting point, 

Table 1. Polymerization o£ Phthalic anhydride with Glycerine and Bisphenol A with 

Epichlorohydrin.

Exp. Product 
No.

Materials Conditions
Acid 
Value

Yield
(%)

m p
(°C)

Mol.
wt.

Solvent*

(mol) (mol)
Temp.

(°C)
1 ime 

(min.)

1 PG-1

Phthalic 
anhydride

1

Glycerine

1 199〜203 300 33 70 96 〜104 1200 Ac, Dx, Py

2 PG-2 1 1 고98〜200 260 34 65 87 〜93 1120 ff

3 PG-3 1 1 204〜208 230 30 31 85 〜90 850 it

4 PG-5 1.5 1 185〜190 190 36 38 70 〜74 650 ft

5 PG-4 1 1 190〜194 210 35 52 80 〜85 720 if

6 BE-1
Bisphenol A Epichlorohydrin

1-3 1.6
L
89 〜92 120 72 78 〜84 1320 Ac, Dx, Mk, Ch

7 BE-3 1.3 1.3 80 〜87 90 52 64 〜68 820 u

8 BE-2 1-0 1.5 93 〜97 120 68 67〜72 950

9 BE-4 1.5 2.0 96—101 70 40 55 〜59 780 〃

*Ac :Acetone, Ch : Chloroform, Dx ::Dioxane, Mk : Methyl, Ethyl Ketone, Py : Pyridine
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and solubility, etc. were summarized in Table 
1.

The yields indicate the percentage of the 
amount of product to the total amount of reactants 
after a reprecipitation. The molecular weights of 
PG and BE resins are the average molecular 
weights determined by the cryoscopic method 
using acetone as a solvent.

Bisphenol -4'Epichlorohydrin Polyconden
sate (BE). Bisphenol A of reagent grade was 
recrystalEzed from dilute acetic acid solution, and 
epichlorohydrin of commercial-grade was redistilled 
at 110 °C under 760 mmHg.

BE was prepared by Wegler^ method.14 In the 
case of EE~1, 296.4 g (1.3 mole) of bisphenol A 

and 738 g of 10 % NaOH solution were charged 
to a 2 Z four-necked round bottom flask equipped 

with a mechanical stirrer, a thermometer, a 
dropping funnel, and a reflux condenser, and 
then heated to 45° C with vigorous stirring. One 
hundred and forty eight grams (1.6 mole) of 

epichlorohydrin was added to the solution. The 
temperature was raised to 89〜92 °C over a period 
of 20 minutes and then kept constant for 100 
minutes. The clear aqueous upper layer was 
carefully siphoned off, and the resin was slunied 
by vigorous stirring with 300 mZ of distilled 
water. After settling, the aqueous layer was 
again siphoned off. This washing procedure was 
repeated several times until the washing water 
became neutral. After separation, the resin was 
dried at 60 °C under 23〜30 mmHg, and the 
crushed BE resin was purified by dissolving it in 
200 mZ of acetone and precipitating it in a 5 to 
1 solution of methanol. As a result, a white 
syrupy condensate was precipitated. After a 
reprecipitation, it was washed with methanol 
twice and dried to give a white powder BE-1. 
Other BE resin were prepared using a method 
similar to that used to obtain BE-1, and the 
preparation conditions, molecular weight of the 
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products, melting point, and solubility, etc, 
were summarized in Table 1.

Esterification of PG, BE and PVA with

NDSC

Esterification was carried out according to the 
method of Shim and Kikuchi.15 In the case of 
the esterification o£ PG-1, 10 g of PG-1 and 26 
mZ of purified pyridine were placed in a three
necked round bottom flask equipped with a 
mechanical stirrer, a reflux condenser, a thermo
meter, and a calcium chloride tube, and refluxed 
for one hour. After the addition of an additional 
10 mZ of pyridine, the reactant was cooled to 40° 
C, and then 11g of NDSC was added to the 
solution. This reaction was carried out for 6 hours 
at 53〜55°C・ The reaction product was purified' 
by dissolving it in 4 times of acetone, filtering 
through the glass fiber, and then precipitating it 
in a large amount of distilled water to give a 
yellowish syrupy ester. After washing the preci
pitate with distilled water, it was dried in a 
vacuum.

BE, and PVA (viscosity average DP, 1400； 
saponification value, 80 %) obtained from Nippon 
Gosei Kagaku Co. Ltd., were esterified according 
to the procedure similar to that of PG-1. Esteri
fication conditions, melting points, the degree of 
esterification, etc. of PG, BE, and PVA with 
NDSC were summarized in Table 2.

Determination of Acid and Esterification 
Values

Determination of Acid Value. One gram of 
the sample was placed in a 250 mZ Erlenmeyer 
flask with 75 mZ of acetone, and then stirred until 
the sample was dissolved. The solution was titrated 
with 0. IN KOH solution using alcoholic phen
olphthalein solution as an indicator. The blank 
test was run on the solvent (acetone). The ac거 

value was determined as follows:

* (7」3) "x0.lx56.il

x0.lx56.il
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Table 2. Esterification of PG, BE, and PVA with NDSC.

Exp.
No.

Products

Reaction Materials Reaction Conditions EV

(%)

Yield

(%)

m p

(°C)Backbone 
Resins (g)

NDSC
(g)

Pyridine 
(mZ)

Temp.
(°C)

Time 
(hr.)

1 PGND-1 PG-1 10 11 36 53 〜55 6 86 60 83 〜89
2 PGND-2 PG-2 10 12 35 54 〜57 6 80 56 &)〜87
3 PGND-3 PG-3 5 10 20 52 〜56 6 78 54 78 〜84
4 PGND-4 PG-4 5 7 20 51 〜57 6 82 52 76 〜81
5 BEND-1 BE-1 10 11 35 51 〜56 6 79 62 97 〜107
6 BEND-2 BE-2 10 12 35 56 〜58 6 76 56 98—105
7 BEND-3 BE-3 5 10 20 53〜56 6 75 52 98〜103
8 PVAND-1 PVA-1 10 12 30 5〜8 6 61* 55 94〜102
9 PVAND-2 PVA-2 5 10 20 5〜9 6 60* 54 96〜101

•Estimated from the consit으ration of the data of the saponification value of PVA.

AV : acid value, T : milliliters of 0. IN KOH 
solution required for the titration of sample and 
solvent, B • milliliters of 0. IN KOH solution 
required for the titration of solvent, f : factor of 
0. IN KOH solution and W : weight of sample 
in grams.

Determination of Esterification Value. One 
gram of sample was placed in a 250 mZ of Erlen- 
meyer flask with 20 mZ of 0.1 N alcoholic KOH 
solution, and refluxed for 3 hours. After cooling 
the above soiution to room temperature, it was 
titrated with 0.1 N HC1 solution using alcoholic 
phenolphthalein solution as an ^indicator. The 
blank test was run on 0. IN alcoholic KOH 
solution. The esterification value was determined 
as follows:

踏= 业二登으滲丄스WL-a

EV : esterification value, B : milliliters of 
0.1 N HC1 solution required for blank test, T : 
milliliters of 0.1 N HC1 solution required for 
back titration, f : factor cf 0. IN HC1 solution, 
W : weight of sample in grams and A : acid value 
for the sample.

ANALYTICAL METHODS

Infrared Spectra. Beckman IR—4 infrared 
spectrophotometer was used for the study. The 

measurements were made at room temperature 
using the pressed potassium bromide disk (cone. 
5 %) technique.

Elemental Analyses. The backbone resins of 
PG-1, BE-1 and PVA-1, and the esters of PG

ND-1, BEND-1 and PVAND-1 were analyzed 
by the Coleman Carbon and Hydrogen Analyzer, 
and the Coleman Nitrogen Analyzer.

RESULTS and DISCUSSION

Preparation of PG and BE. PG and BE 
were prepared as a backbone resin, in order to 
synthesize the photosensitive polymers, by intr
oducing the photosensitive group through the 
reaction of secondary hydroxyl group of backbone 
resins with NDSC. The preparation of PG lias 
been well documented, and the authors followed 
the method of Kienle13. The reaction w&s carried 
out at the relatively low temperature of 200° C16 
as shown in Table 1, in order to keep secondary 
hydroxyl group unreacted on the backbone resin 
of PG, since the photosensitive s서e chain has to 
be introduced later by reacting the remaining 
secondary hydroxyl group with NDSC. Also, 
the reaction was carried out with equimolar ratio 
of phthalic anhydride to glycerine, since it has 
known17 that the ester of the backbone resin with 
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a higher degree of polymerization was superior 
in photosensitivity.

The preparation of BE is well known18*19, and 
the authors prepared it according to the Wegler's 
method14. Structure and molecular weight of the 
resulting BE resin are strongly influenced by the 
reaction conditions: A large excess of epi산ilor사” 

ydrin (about 5 moles per mole of bisphenol A) 
favors the formation of terminal epoxy groups; 
on the other hand, the molecular weight of the 
products decreases with increasing epichlorohydr
in. Besides the ratio of the reactants, the reaction 
temperature is also of importance: High tempera
ture promots secondary reactions such as the 
hydrolytic cleavage of epoxy groups, which results 
in the formation of additional hydroxyl groups.

For the purpose of the present study, BE resin 
containing a secondary hydroxyl group was obta
ined with reacting a slight excess of epichloroh
ydrin at the relatively high temperature of about 
90 °C.

As shown in Table 1, BE resins having a 
molecular weight of 950 and 1320 were obtained 
with reacting at the molar ratio of epichlorohyd

rin to bisphenol A, 1.50 and 1.23, respectively.
In the infrared spectra of PG-1 (shown in 

Fig. 1 as dotted line), the absorption band of 
the hydroxyl group at SSOOcm-1 and the secondary 
hydroxyl group15 at 1130 cm-1 were observed.

In the infrared spectra of BE-1 (shown in Fig. 
2 as dotted line), the absorption band of epoxy 
ring20 at 1250 cm-1, 910 cm-1 and 830 cm-1, 
that of secondary hydroxyl group21 at 1110cm-1 
were observed. The presence of a secondary hyd
roxyl group in PG-1 and BE-1 is, therefore, 
confirmed.

Esterification of Backbone Resins. The 
sterification was carried out according to the 
conditions specified in Table 2, since it was 
known that the esterification15 of PG with cinn
amoyl chloride could be applied to the esterifica

IVo. 19, No. 3, 1975
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tion of PG, BE and PVA with NDSC.
The infrared spectra of 놔】e backbone resins 

and the esters, PG-1 and PGND-1, BE-1 and 
BEND-1, and PVA-1 and PVAND—1, are shown 
in Fig. 1, 2 and 3.

In the spectra of PGND-1 as 사)。wn in Fig. 
1 (solid line), 난】e absorption band of o-quinone- 
diazide22 C=N= at 2210 cm-1 and 2170 cm-1, C 
=0 at 1600 cm-1 and sulfonyl ester ―O—SO2一 

at 1160 cm-1, were newly observed, while the ab
sorption band of secondary hydroxyl group of 
PG-1 at 1130 cm'1 was decreased. In the spectra 
of BEND-1 as shown in Fig. 2 (solid line), the 
absorption band of o-quinonediazide C=N= at 
2150 cm-1 and 2220 cm~】，C=O at 1620 cm-1, 
and sulfonyl ester —O~SO2—at 1180 cm-1 were 
newly observed with a slight shift from the ori
ginal position of PGND-1, while the absorption 
band of the secondary hydroxyl group of BE-1 
at 1110 cm-1 was decreased. Similarly, in the 

spectra of PVAND-1 (Fig. 3), the absorption 
band of o-quinonediazide C=N= at 2100 cm-1, 
and 2250 cm-1, C=O at 1610 cm-1, and the 
absorption band of sulfonyl ester ————一at 
1150 cm-1 were newly observed with a slight shift 
from the original position, while the absorption 
band of cecondary hydroxyl group of PVA-1 at 
1100 cm-1 was decreased.

The results of the elemental analyses of the 
PG~1, PGND-1, BE-1, BEND-1, PVA-1 and 
PVAND-1 are summarized in Table 3.

In the Table 3, the observed values of the 
elemental analyses of backbone resins and esters 
are in good agreement with the calculated values.

From the results of elemental analyses and 
infrared absorption spectra, the esterification me
thod and the determination of the degree of este
rification presented by the authors could be ju아i- 
fied, and also, we could conclude that the degree 
of polymerization did not change in the course 
of esterification of PG, BE and PVA.



204 沈貞燮•姜斗焕

400c 沽 (I ?(牌) 1800 141)() M（）

Wave Number Cm-1

Fig. 1- IR spectra of PG-1 and PGND-1 (solid line：PGND-l, dotted line：PG-1).

4000 3600 2800 2000 1800 14(X) 1UUC

Wave Number Cm"'

Fig. 2. IR spectra of BE-1 and BEND-1 (solid line: BEND-1, dotted line: BE-1).

4000 3000 2000 1500 1000 600

■ Wave Number Cm~；

Fig. 3. IR spectra of PVA-1 and PVAND-1 (solid line: PVAND-1, dotted line： PVA-1).
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Table 3. Elemental analyses for PG-1, PGND-1, BE-1, BEND-1, PVA-1, and PVAND-1.

Polymer Mol. formula
Values for elemental analyses

Found(%) Calculated%%)
C H N C H N

PG-1 HO—(—C“H逆 Ol)rH 5& 52 4.58 58.56 4-60
PGND-lb ho-(-c2ihuo3n2s-)^h 55- 25 3.21 5.61 55.31 3.25 5.65
BE-1 1 .-------------- -- ) o 75.31 7.05 75.35 7.04
BEND-1。 —(—CzsHsiOgNsS—) 67.62 5-24 4.05 67- 79 5.27 3.91
PVA-ld 一 （-아IQ—）L 55. 21 8. 52 54. 96 8.58
PVAND-le —(—C18HQ4N2S—)須- 53.56 3.52 8- 69 53. 77 3.57 8. 87

a Calculated from the data of the degree of polymerization and the degree of esterification, b degree of esterification, 
88(mole %)； c degree of esterification, 79(mole %)； d saponification value, 80 %; e degree of esterification, 61 (mole 

%)-

Determination of Molecular Weight for 
Backbone Resin. As shown in Table 3, the 
molecular weight estimated from the results of 
the calculated and found values of the elemental 
analyses were in good agreement with the mole
cular wighte determined by the cryoscopic meth
od. On the other hand the molecular weight of 
PG calculated by the acid value was greater than 
that determined from the cryoscopic method. 
For example, the molecular weight of PG-1 
determined by the cryoscopic method was 1200, 
but the calculated molecular weight from the acid 
value by the following equation was 1700.

H-[-O-CH2-CH-CH2-OOC CO一〕-nOH

OH

222

If the measured acid value is a,

56.11x1000 56100-18a---  ------------- —n 27=-------------------
222/z + 18 ' 22%

Molecular weight,

M=222n+18= 561 四一 

a

In calculating 나le molecular weight from the 

acid value, such a difference seems to result from 
the assumption that the hydroxyl and carboxyl 
groups are the same in their concentration. There 
are two possibilities of lowering of the acid value 
of a polymer owing; (a) Due to the existence of 

PG with terminal hydroxyl groups; (0) and the 
intramolecular esterification of the carboxyl group.
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