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Abstract—Neutral salts have negative or positive effects on the rates of many chemical
reactions and also on the rates of acidic and alkaline hydrolysis of carboxylic esters.

The direction of neutral salt effects on the hydrolysis of ester depends on the charge of es-
ters. Neutral salts accelerate alkaline hydrolysis of esters with negative charge, but decelerate
alkaline hydrolysis of esters with positive charge, and have little effect on the alkaline hydrolysis
of neutral esters.

It is expected that the rate of the alkaline hydrolysis of Poly(ethylene terephthalte) (PET),
polymeric solid carboxylic polyester with carboxyl end group at the polymer end, is also influen-
ced positively by neutral salts.

In the present work, to clarify the mechanism of the neutral salt effect on the alkaline hydro-
lysis of PET, many salts with different anions like NaF, NAC], NaBr, Nal were added to the
aqueous alkaline solutions. Then PET was hydrolyzed with aqueous solutions of many salts in
alkali metal hydroxides under various conditions.

Some conclusions obtained from the experimental results were summarized as follows.

The reaction rate of the alkaline hydrolysis of PET was increased by the addition of neutral
salts and In k was increased nearly linearly with the square root of ionic strength of reaction
medium. This fact suggested that the ionic strength effect by Debye-Huckel and Bronsted theory
was exerted on the reaction.

The specific salt effect was also observed. The reaction rate was increased with the decrease
in the nucleophilicity of anions of neutral salts, ie., in the order of F*<{Cl"<Br <I".

It was thought that the reaction rate was increased in the order of F~<{Cl"<{Br <I" because
the comptetion of anions with OH™ for carbonyl carbon became weaker with the decrease in
the nucleophilicity and with the increase in the size of anions.
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Fig. 1. Graph of(—X)"? against time. PET
was hydrolysed with 1.0N salts in 0.7
N NaOH at 100C. X : dissolved we-
ight fraction of PET.
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Fig. 2. Graph of(1—X)"* against time. PET
was hydrolysed with 1.0N salts in 0.7
N NaOH at 80T. X : dissolved weight
fraction of PET.
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Fig. 3. Graph of(1—X)"? against time. PET
was hydrolysed with 1.0N salts in 0.7
N NaOH at 60T, X : dissolved weight
fraction of PET.

Table 1. Rate constants(10°k gem™*hr™') for
alkaline hydrolysis of PET with 0.7
N NaOH in presence of 1.0N neu-

tral salts
Sait Temperature(C)
100 80 60
None 5.1080 1.0300 0.2600
NaF 6.5410 1.2120 0.2850
NaCl 75370 15030 0.3430
NaBr 7.6350 1.5050 0.3450
Nal 8.0930 1.7220 0.3530
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Table 2. Rate constants(10°k gcm™*hr™') for
alkaline hydrolysis of PET with 0.7
N NaOH in presence of neutral sa-
Its at 100T.

Concentration(N)
0 0.1 0.3 0.5 0.7 1.0
NaF  5.1080 53400 58390 6.1330 63550 65410
NaCl 5.1080 5.3820 6.0570 65310 7.1220 7.5370
NaBr 5.1080 53990 6.2800 6.6850 7.3150 7.6350
Nal 5.1080 5.6000 6.4770 6.9320 7.6440 8.0930
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Fig. 4. Graph of In k against square root of
ionic strength. PET was hydrolysed
with aqueous solutions of various sa-
Its in 0.7N NaOH at 100TC,
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Table 3. Activation parameters for alkaline
hydrolysis of PET with aqueous sol-
utions of 1.0N sailts in 0.7N NaOH

* ¢ 3 *
Salt (i) G (o) Gy (o)
None 18513 80 17812 -16.29 23562
100 17772 -16.04 23755
NaF 19479 80 18778 -13.23 23448
100 18738 -12.96 23572
NaCl 19219 80 18518 -1354 23298
100 18478 -13.38 23468
Nal 19464 80 18763 -12.58 23204
100 18723 -12.58 23415
NaBr 19262 80 18561 -1342 23298
100 18521 -13.19 23439
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Table 4. Conductivity of aqueous 0.5N

NaOH solution with various salts at
30T

Conductivity (mho/cm)
Salt

Concentration of salt(N)
0 0.1 0.3 0.5 0.7 1.0

NaF 1009 1024 1109 1205 1259 1285
NaCl 1009 1065 1183 1328 1442 1620
NaBr 1009 107.1 1207 1354 1467 1674
Nal 1009 107.7 1213 1358 1481 1685
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Table 6. Conductivity of aqueous 0.5N LiOH
solution with various salts at 30T

Conductivity(mho/cm)
Salts

Concentration of salt(N)
0 0.1 0.3 0.5 0.7 1.0

LiCl 919 941 1063 1186 1283 1445
NaCl 919 950 109.7 1203 1332 1514
KCl 919 1011 1156 1360 1523 1740
CsCl 919 101.1 1201 1378 1584 179.3
NaF 919 920 922 961 1041 1152
NaBr 919 951 1104 1210 1339 1517
Nal 919 960 1105 1223 1342 1521

Table 7. Equivalent conductivity of aqueous
0.5N LiOH solution with various
salts at 30C

Equivalent conductivity(mho * cm?/mol)

Salts ;
Concentration of salt(N)

0 0.1 03 05 07 1.0

LiCl 1838 1568 1329 1186 1069 96.3
NaCl 1838 1583 1371 1203 111.0 100.9
KCl 1838 1685 1445 1360 1269 116.0
CsCl 1838 1692 1501 1378 1320 1195
NaF 1838 1533 1153 961 868 768
NaBr 1838 1585 1380 1210 1116 101.1
Nal 1838 160.0 1381 1223 1118 1014
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