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A 6  S TRACT 

The r a t e  cons tan ts  o f  t h e  h y d r o l y s i s  o f  t h e  methy l  e s t e r  i n  

3N HC1 as f u n c t i o n  o f  temperature was determined and found t o  

be i n  t h e  range o f  1.3 x t o  1.2 x 10-1 h-’ a t  40 and 

60 C r e s p e c t i v e l y .  The r a t e  cons tan ts  were determined by  GLC 

on Pola-pack-Q and b y  a r a d i o t r a c e r  technique. 

I N  TRODU CT I O N  

CH2NHCH 2 CH~NHCHZCH~NH-CO @COOCH1 

Scheme I 

.-- 
*To whom i n q u i r i e s  should be d i r e c t e d .  
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378 THEODORAKLS AND TERACOSTU 

The [ [ 2 - [ 4- (me t h  oxyc arb  on y 1 1 ) b enz am i d  01 d i e t h y 1 ] t r i am i n 03 
methy la ted  p o l y s t y r e n e  ( I )  i s  an i n s o l u b l e  po l ymer i c  m a t r i x  and 

t h e r e f o r e  t h e  r a t e  o f  h y d r o l y s i s  o f  t h e  methy l  e s t e r  can be 

measured o n l y  de te rm in ing  t h e  q u a n t i t y  of methy l  a l c o h o l  r e -  

leased i n  the  s o l u t i o n .  Gas chromatography has been used t o  

determine q u a n t i t a t i v e l y  t h e  m e t h l y  a l coho l  formed d u r i n g  

h y d r o l y s i s  r e a c t i o n  (1,2) .  A l s o ,  r a d i o t r a c e r  techniques may be 

used f o r  t h e  same purpose. I n  t h i s  i n v e s t i g a t i o n  t h e  r a t e  o f  

h y d r o l y s i s  o f  methy l  e s t e r  i n  the  presence o f  3N HC1 was d e t e r -  

mined by bo th  GLC and a r a d i o t r a c e r  technique.  The GLC proce-  

dure used i n  t h i s  i n v e s t i g a t i o n  has been r e p o r t e d  p r e v i o u s l y  

(293)  

EXPERIMENTAL 

The syn thes i s  o f  ( I )  i s  descr ibed i n  d e t a i l e d  i n  another  

paper .  B r i e f l y ,  t h e  s y n t h e t i c  scheme invo lved t h e  r e a c t i o n  o f  

popcorn ch lo romethy la ted  p o l y s t y r e n e  (7.9% C1) w i t h  d i e t h y l e n e -  

t r i a m i n e  which has been descr ibed p r e v i o u s l y  (4,5). The p o l y -  

s t y rene  d i e t h y l e n e t r i a m i n e  (5.1%N) was then reac ted  w i t h  1,4 

benzene d i c a r b o x y l i c  a c i d  t o  fo rm ( I )  which i n  t u r n  reac ted  w i t h  

CH30Na i n  methanol t o  fo rm t h e  methy l  e s t e r .  The e lementa l  

ana lys i s  showed t h a t  the  po lymer ic  m a t r i x  con ta ined one methy l  

e s t e r  group f o r  every  f o u r  s t y r e n e  groups. The 14C l a b e l e d  

e s t e r  was prepared by the  same s y n t h e t i c  scheme u s i n g  

The s p e c i f i c  a c t i v i t y  o f  t h e  polymer 1 4 ~ ~ 3 ~ ~ a  2 . 
was 3 Y C  i / g .  
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HYDROLYSIS RATE CONSTANTS 3 79 

The gas chromatography procedure t h a t  was used i n  t h i s  in- 

v e s t i g a t i o n  has been descr ibed p r e v i o u s l y  (2 ) .  B r i e f l y ,  a 

c o i l e d  s t a i n l e s s  s t e l l  column (210 cm x 3 mm i .d.) packed w i t h  

Pola-pack Q (150-200 mesh)' was placed i n  a gas chromato- 

graph'  w i t h  a f lame i o n i a t i o n  de tec to r .  The column was pre- 

cond i t i oned  a t  230 C f o r  24 hours and d u r i n g  the  ana lys i s  it was 

kep t  a t  160 C. The i n j e c t i o n  p o r t  and f lame i o n i z a t i o n  d e t e c t o r  

were kep t  a t  190 C. The f l o w  r a t e s  f o r  he1 ium, hydrogen and a i r  

were 60, 45, and 200 ml/min, r e s p e c t i v e l y .  

One gram o f  t he  r e s i n  was placed i n  a beaker w i t h  3N HC1 

(50 m l )  under continuous s t i r r i n g .  One m l  samples were w i t h -  

drawn from the  m i x t u r e  a t  0, 0.5, 1, 2, 3, 6, 9, 12, 18, 24, and 

48 hours. T e r t i a r y  butano14 ( i n t e r n a l  standard) was added t o  

each sample, and 0.5 ~1 o f  it was i n j e c t e d  i n t o  the gas chroma- 

tograph. The samples were t e s t e d  i n  t r i p 1  i ca te .  The peak 

he igh ts  o f  the methyl a lcoho l  and i n t e r n a l  standard were mea- 

sured and t h e i r  r a t i o  was used t o  c a l c u l a t e  t h e  concen t ra t i on  

o f  methyl a lcoho l  b y  reference t o  a standard curve which was 

obtained b y  ana lys i s  o f  samples c o n t a i n i n g  known q u a n t i t i e s  o f  

methyl a lcoho l  and i n t e r n a l  standard. 

The r a d i o a c t i v e  samples were counted i n  a l i q u i d  s c i n t i l l a -  

t i o n  ~ p e c t r o m e t e r . ~  Three hundred 1 o f  t h e  sample were 

placed i n  a l i q u i d  s c i n t i l l a t i o n  v i a l  w i t h  s o l u b i l  i z e r  NCS (1.2 

m l )  and 18.5 m l  o f  to luene s c i n t i l l a t i o n  c o c k t a i l  (0.2 mM POPOP 

27 mM PPO). A l l  samples were co r rec ted  f o r  coun t ing  e f f i c i e n c y  

using the channels r a t i o  technique and t e s t e d  i n  t r i p l i c a t e .  
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380 THEODORAKIS AND TERACOSTU 

RESULTS AND D I S C U S S I O N  

Both the gas chromatographic techn ique and t h e  rad ioassay  

gave good es t imates  of t h e  h y d r o l y s i s  r a t e  cons tan ts  as i t  i s  

shown i n  Table 1. 

The t o t a l  q u a n t i t y  o f  t h e  methy l  a l c o h o l  l i b e r a t e d  over  t h e  

48 hours  p e r i o d  o f  the  exper iment  was used as the  i n i t i a l  con- 

c e n t r a t i o n ,  A & .  S ince t h e  c o n c e n t r a t i o n  o f  t h e  water  i s  

v e r y  h igh,  t h e  h y d r o l y s i s  i s  descr ibed by  a p s e u d o - f i r s t  o rde r  

r e a c t i o n .  The apparent pseudo-f i r s t  o rde r  r a t e  cons tan ts  a t  

d i f f e r e n t  temperatures i n  t h e  presence o f  3N HC1 i s  shown i n  

Tab le  1. 

hyd ro l ys  i s  was unimpeded. Since t h e  p o l y s t y r e n e  r e s i n  c ross -  

l i n k e d  w i t h  0.2% d iv iny lbenzene  c o n t r a c t s  i n  t h e  presence of 

aqueous media, t he  re lease  from t h i s  m a t r i x  w i l l  depend on the  

r a t e  o f  h y d r o l y s i s  o f  t h e  methy l  e s t e r  bond which can be des- 

The r e l e a s e  o f  CH30H f rom t h e  po lymer i c  m a t r i x  a f t e r  

TABLE 1 

Apparent Pseudo-F i r s t  Order Rate Constants  

o f  H y d r o l y s i s  o f  Methy l  Es te r  Bond 

1___--_1--1- I_----UL_.-__L 

Temperature GL C Rad iomet r ic  Aver age 

A K p p p - ' )  Kap_p_,- 1 L  

40 1.47 x 1.13 x 1.3 x 10'' 

60 1.02 x 10-1 1.41 x 10-1 1.2 x 10-1 
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HYDROLYSIS RATE CONSTANTS 38 1 
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F i g u r e  1. 

I I 1 I I I I I I I I I 

1 2 3 4 5 6 7 8 9 1 0 1 1 1 2  

Time (hr) 

I n f i n i t y  minus p l o t  f o r  t h e  r e l e a s e  o f  methy l  
a l coho l  f rom t h e  r e s i n  i n  t h e  presence o f  3N HC1. 

c r i b e d  b y  p s e u d o - f i r s t  o rder  k i n e t i c s  and t h e  r a t e  o f  r e l e a s e  

o f  methy l  a l coho l  f rom t h e  m a t r i x  which i s  a l s o  desc r ibed  by 

pseudo-f i r s t  o rder  k i n e t i c s  ( 6 ) .  The apparent pseudo-f i r s t  

o rde r  h y d r o l y s i s  r a t e  cons tan t  was determined f rom i n f i n i t y  
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382 THEODORAKIS AND TERACOSTU 

minut  p l o t  ( F i g .  1 ) .  The r a p i d  i n i t i a l  decrease i s  due t o  t h e  

h y d r o l y s i s  o f  methy l  e s t e r s  groups on t h e  s u r f a c e  o f  t h e  polymer 

m a t r i x .  

FOOTNOTES 

1. Water Associates,  I nc .  M i l f o r d ,  MA. 

2. Gas L i q u i d  Chrornatographer Model Var ian  1700. 

3. Packard T r i -Carb  Model 2002, Downers Grove, I L .  

4. F i s h e r  S c i e n t i f i c  Co., 52 Faden Road, S p r i n g f i e l d ,  NJ 07081. 
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