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PART I LITERATURE REV IE?/

INTRODUCTION

The c l a s s i c  r e s e a r c h e s  o f  B e r th e lo t  and  S t .  G i l le s  

on  th e  l i m i t s  o f  e s t e r i f i c a t i o n  w ere  among th e  f i r s t  i n v e s t i ­

g a t io n s  o f  homogeneous e q u i l i b r i a .  From th e s e  and su b se q u e n t 

s t u d i e s  th e r e  a ro s e  th e  Law o f  Iflass A c tio n , w hich has been  

m ore a p p r o p r i a t e l y  te rm ed  th e  Law o f  I fo le c u la r  C o n c e n tra t io n .

N ext oame a  s e r i e s  o f  i n v e s t i g a t i o n s  o f  th e  e f f e c t  

o f  v a r io u s  c a t a l y s t s  on th e  r a t e  o f  e s t e r i f i c a t i o n .  The 

in c r e a s e d  v e l o c i t y  o f  e s t e r i f i c a t i o n  an d  h y d r o ly s is  in  th e  

p re s e n c e  o f  a c id s  was a t t r i b u t e d  to  th e  in c r e a s e  in  h yd rogen  

io n  c o n c e n t r a t i o n .  I t  was a l s o  fo u n d  t h a t  th e  v e l o c i t y  was 

in c r e a s e d  b y  th e  a d d i t i o n  o f  n e u t r a l  s a l t s  a n d  t h i s  s o - c a l l e d  

" n e u t r a l  s a l t  e f f e c t "  was e x p la in e d  by  A rrh e n iu s  a s  due to  

one o r  more o f  th r e e  c a u s e s :  ( 1 ) th e  in c r e a s e  i n  th e  i o n i z a t i o n  

o f  th e  a c i d ,  (2 ) th e  in c r e a s e d  i o n i z a t i o n  o f  th e  w a te r ,  (3 )  th e  

s h i f t  i n  e q u i l ib r iu m  " i n a c t i v e  — a c t i v e  " m o lecu le s  to  th e  

r i g h t  on  th e  a d d i t i o n  o f  n e u t r a l  s a l t s .

However, th e  r e s u l t s  o f  many r e s e a r c h e s  have shown 

t h a t  th e  o r i g i n a l  id e a  o f  A rrh e n iu s  an d  O stw a ld , b a s e d  on  th e  

e l e c t r o l y t i c  d i s s o c i a t i o n  th e o r y  , t h a t  H+ an d  OH io n s  a r e  the  

so l e  c a t a ly s  t s  i n  su c h  r e a c t  ions a s  cane s u g a r  in v e rs  io n  and  

e s t e r  h y d r o ly s i s ,  i s  in a d e q u a te .  The v e l o c i t y  is  n o t  a lw ays
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p r o p o r t i o n a l  to  the  H "^or OH io n  c o n c e n t r a t i o n .  The new m ethod 

o f  a p p ro a c h  w h ich  i s  m a in ly  d ue  to  B ro n s te d , i s  to  re c o g n iz e  

t h a t  th e  n e t  a c t i o n  t h a t  o c c u rs  to  th e  s u b s t r a t e  i s  e i t h e r  th e  

a c c e p ta n c e  o r  lo s s  o f  a  p ro to n  (H^) o r  i t s  t r a n s f e r e n c e  from  

one p o s i t i o n  i n  th e  m o lecu le  t o  a n o t h e r .  H ence, i n  th e  p re s e n c e  

o f  m o le c u le s  w h ich  a r e  r e a d y  a c c e p to r s  o f  p ro to n s  a n d  o f  o th e r s  

t h a t  a r e  re a d y  d o n o rs  th e  p r o t o t r o p i c  change i s  f a c i l i t a t e d ,  and  

th e  r e a c t i o n  c a t a ly z e d .

A lth o u g h  th e  l i t e r a t u r e  c o n ta in s  much o f  im p o rta n c e  

o n  th e  s u b je c t s  o f  e s t e r i f i c a t i o n  a n d  h y d r o ly s i s ,  th e r e  i s  s t i l l  

no e x p la n a t io n  o f  c a t a l y s i s ,  w h ich  i s  u n i v e r s a l l y  a c c e p te d .  H ence, 

t h i s  r e s e a r c h  was u n d e r ta k e n  i n  th e  a t te m p t  to  a d d  a n o th e r  d ro p  

to  th e  a l r e a d y  l a r g e  q u a n t i t y  o f  w a te r  -  o r  e t h y l  a c e t a t e  -  w h ich  

has  gone u n d e r  th e  b r id g e .

The o b je c t s  o f  t h i s  i n v e s t i g a t i o n  w ere f o u r f o l d  s -

(1 )  To re v ie w  i n  so  f a r  a s  p o s s ib le  th e  f a c t s

and  t h e o r i e s  o f  e s t e r i f i c a t i o n  c a t a l y s i s ,

(2 ) To d e te rm in e  w h e th e r  c e r t a i n  n e u t r a l  s a l t s

d i s p la c e  th e  l i m i t  o f  e s t e r i f i c a t i o n ,  an d  t h e r e f o r e  change th e  

e q u i l ib r iu m  as e x p re s s e d  b y  th e  o r d in a r y  mass a c t i o n  e x p r e s s io n ,

(3 ) To d e te rm in e  a l s o  th e  e x t e n t  to  w h ich  th e s e

n e u t r a l  s a l t s  a l t e r  th e  r a t e  o f  e s t e r i f i c a t i o n ,

(4 ) To a t te m p t  a n  i n t e r p r e t a t i o n  o f  th e s e  r e s u l t s

in  th e  l i g h t  o f  r e c e n t  t h e o r i e s  o f  c a t a l y s i s .
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RAHT.Y TffiSEABOHES PIT LIMITS OF ESTERIFICATION.

E th y l  a c e t a t e  b e lo n g s  to  t h a t  s e r i e s  o f  o r g a n ic  s a l t s ,  th e

e s t e r s ,  w h ich  e a r l y  i n t e r e s t e d  c h e m is ts .  The f i r s t  p r e p a r a t i o n  o f

(15e t h y l  a c e t a t e  i s  a t t r i b u t e d  to  L a u ro g a a is  i n  1759 . The com­

p o s i t i o n  a n d  s t r u c t u r e  o f  e t h y l  a c e t a t e  was much in  q u e s t io n  d u r in g  

th e  e a r l y  p e r io d  o f  o rg a n ic  c h e m is try  when th e  E t h e r in  T heory , th e  

N ucleus T h eo ry  a n d  th e  Type T h eo ry , e t c .  w ere a l l  p ro p o se d  to  e x p l a in  

th e  s t r u c t u r e  o f  o r g a n ic  com pounds.

The fo rm a t io n  o f  e th y l  a c e t a t e ,  i . e .  th e  p ro b lem  o f  e s t e r ­

i f i c a t i o n ,  was one o f  th e  f i r s t  e x p e r im e n ta l  i n v e s t i g a t i o n s  o f

homogeneous e q u i l ib r iu m  in  th e  l i q u i d  p h a s e .  B e r th e lo t  an d  Pean  de 

( 2 )
S t»  G rille s  tn  t h e i r  c l a s s i c a l  r e s e a r c h  on th e  r e a c t i o n  be tw een  

a c e t i c  a c i d  an d  e t h y l  a l c o h o l  p ro v e d  i t  to  be r e v e r s i b l e  an d  showed 

t h a t  t h e i r  d a t a  c o u ld  be r e p r e s e n te d  b y  th e  e q u a t io n  -

K = mo I s  e s t e r  x  mo Is  w a te r  
moIs a c i d  x  moIs a lc o h o l

w here K r e p r e s e n t s  th e  e q u i l ib r iu m  c o n c e n t r a t io n s  o f  th e  fo u r  

c o n s t i t u e n t s .

B e r th e lo t  an d  P ean  de S t .  G rille s  m ixed  a lc o h o l  an d  a c e t i c  

a c i d  in  v a ry in g  p r o p o r t io n s  i n  s e a le d  g l a s s  tu b e s  and  h e a te d  th e

-  1 -
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tu b e s  u n t i l  no f u r t h e r  change i n  c o m p o s itio n  o c c u re d ,  i . e .  u n t i l  

e q u i l ib r i u m  was e s t a b l i s h e d .  They th e n  a n a ly z e d  th e  m ix tu re s  f o r  

a c e t i c  a c i d ,  and  c a l c u l a t e d  th e  c o m p o s itio n  o f  th e  e q u i l ib r iu m  

m ix tu re  fro m  t h i s  m e asu re m en t. Suppose Id ) r e p r e s e n t s  th e  num ber 

o f  m ols o f  a l c o h o l  t a h e n ,  ( b ) th e  num ber o f  mols o f  a c e t i c  a c i d ,  

an d  (x )  th e  number o f  m ols o f  e s t e r  a n d  w a te r  fo rm e d . T h e ir  r e s u l t s  

show  t h a t  a t  e q u i l ib r iu m  th e  p r o p o r t io n s  o f  th e  c o n s t i t u e n t s  a r e  r e ­

p r e s e n te d  b y  th e  e q u a t io n  -

K =  x ?_______
( a  -  x )  (b -  x )

w here K h as  th e  n u m e ric a l v a lu e  o f  4 . 0 .  T his v a lu e  f o r  K was o b ta in -
o

e d  a f t e r  h e a t in g  m ix tu re s  f o r  500 h o u rs  a t  a  te m p e ra tu re  o f  100 0 .

The v a lu e  i s  a p p ro x im a te ly  th e  same a t  a l l  te m p e r a tu r e s ,  b u t th e  

tim e  r e q u i r e d  to  a t t a i n  e q u i l i b r i u m  v a r i e s  g r e a t l y  w i th  te m p e r a tu r e .  

Thus a t  2 5° C. th e  r e a c t i o n  was fo u n d  to  be in c o m p le te  a f t e r  c o n t in u ­

in g  f o r  240  d a y s .

From th e  above in v e s t i g a t i o n s  we l e a r n  t h a t  th e  c o m b in a tio n  

o f  a l c o h o ls  and  a c id s  i s  a lw ay s in c o m p le te ,  in  c o n t r a s t  to  th e  

c o m b in a tio n  o f  in o r g a n ic  b a se s  a n d  a c id s  w here th e  p ro c e s s  c o n t in u e s  

p r a c t i c a l l y  to  c o m p le tio n . T here  i s  a  f i x e d  l i m i t  tow ards w h ich  th e  

p r o p o r t io n s  o f  a l c o h o l ,  a c i d ,  e s t e r  a n d  w a te r  t e n d .  On m ix in g  one 

m o le c u le  o f  e t h y l  a l c o h o l  w i th  one m o lecu le  o f  a c e t i c  a c i d ,  o n ly  

th e  l i m i t i n g  p r o p o r t io n  o f  6 6 .5 70 o f  a l c o h o l  and  66.5%  o f  a c id  e n t e r

-  2 -
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into  com bination; and we f i n a l l y  obta in  a system  whose com position is

A lc o h o l -V- A cid  E s t e r  W ater
l / 5  m o l. l / 3  m o l. 2 / 3  m o l. 2 / 3  m o l.

For e q u iv a le n t  am ounts o f  e t h y l  a lc o h o l  an d  a c e t i c  a c id ,  

B e r th e lo t  fo u n d  th e  f o l lo w in g  v a lu e s  o f  th e  l i m i t :

In  th e  c o ld  110 y e a rs  ) 6 5 . 27b
At 100° (200 h o u rs  ) 6 5 .670
"  170° ( 42 " ) 6 6 ,5/i>
” 200° I 24  "  ) 6 7 .3 ^

B e r t h e l o t 's  r e s e a r c h e s  have a n  im p o r ta n t  b e a r in g  o n  th e

(3 )
fo r m u la t io n  o f  th e  Law o f  Mass A c tio n  an d  a s  Idoureu s a y s ,  "The 

s o - c a l l e d  " la w  o f  m ass a c t io n "  was f i r s t  r e c o g n iz e d  b y  B e r th e lo t  

in  th e  c o u rse  o f  h i s  r e s e a r c h e s  on e s t e r i f i c a t i o n  (1 8 6 2 ) , and  e x ­

p r e s s e d  s h o r t l y  a f te rw a rd s  in  i t s  f i n a l  fo rm  by  th e  S w ed ish  c h e m is ts  

G u ld b erg  a n d  Waage" (1864) .

M enschu tk in  c o r r o b o r a te d  much o f  B e r t h e l o t 's  w o rk .

His e x p e r im e n ts  c o n s i s te d  in  h e a t in g  g l a s s  tu b e s  o f  a b o u t 1 c . c .  

c a p a c i t y ,  c o n ta in in g  m ix tu re s  o f  a l c o h o l  an d  d i f f e r e n t  o r g a n ic  a c id s  

in  m o le c u la r  p r o p o r t i o n s ,  in  a  b a th  o f  g ly c e r in  m a in ta in e d  a t  a  

te m p e ra tu re  o f  1 5 3 -1 5 4 °• The amount o f  e s t e r  th u s  fo rm ed  in  a  g iv e n  

tim e was e s t im a te d  b y  w ith d ra w in g  a  tu b e  fro m  th e  b a th ,  c o o l in g  i t  

q u ic k ly  an d  d e te rm in in g  th e  r e s i d u a l  a c i d  b y  t i t r a t i o n  w ith  b a r y ta  

w a te r .  The r e s u l t s  a re  g iv e n  i n  th e  f o l lo w in g  form  -

-  3 -
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( l )  The i n i t i a l  ra te  o f  e s t e r i f i c a t i o n  (th a t  i s  the

p r o p o r t i o n  o f  e t h e r  fo rm ed  in  th e  f i r s t  h o u r ,  e x p re s s e d  in  p e r c e n t ­

age o f  th e  t o t a l  t h e o r e t i c a l  am ount) an d

(2) th e  l i m i t  o f  e s t e r i f i c a t i o n ,  s i m i l a r l y  e x p r e s s e d .  

The m ost im p o r ta n t d a ta  a re  :

In jt .iaL-HaJiS. Limit:,

I fe th y l A c e ta te  5 7 .2 5  7 1 .4 5
E th y l "  4 6 .6 0  6 9 .6 1
P ro p y l ** 4 6 .5 9  7 0 .9 0
I s o b u ty l  "  4 5 .4 0  7 5 .4 6
O c ty l "  4 6 .5 6  8 2 .2 4
C e ty l 18 -  8 7 .1 7
A l ly l  *' 5 6 .8 0  6 1 .8 8
B enzyl " 5 7 .7 7  6 3 .9 7
s t y r y l  "  5 7 .2 1  64 .5 8

Ife n sc h u tk in  s a i d  t h a t  th e  l i m i t  o f  e s t e r i f i c a t i o n  o f  p r im a ry
m

s a t u r a t e d  a lc o h o ls  ( o m i t t in g  m e th y l a l c o h o l )  in c r e a s e s  w i th  th e  

m o le c u la r  w e ig h t ,  b e in g  a b o u t two g r e a t e r  f o r  e a c h  h ig h e r  hom ologue.

B oth  B e r th e lo t  and  lifen sch u tk in  s t r e s s  th e  f a c t  t h a t  an  

e x c e s s  o f  one c o n s t i t u e n t  in  th e  e s t e r i f i c a t i o n  w i l l  in c re a s e  th e  

am ount o f  th e  o th e r  com bined . Thus when 2 m o le c u la r  w e ig h ts  o f  

e t h y l  a lc o h o l  a r e  ta k e n  w ith  1 m o leO u lar w e ig h t o f  a c e t i c  a c i d  th e  

l i m i t  i s  8 2 When 10 m o le c u le s  o f  a l c o h o l  a r e  ta k e n  w i th  1 

m o le c u le  o f  a c i d ,  th e  e s t e r i f i c a t i o n  i s  n e a r l y  c o m p le te , and  con­

v e r s e l y  a lm o s t a l l  o f  th e  a l c o h o l  i s  e s t e r i f i e d  by  a  la r g e  e x c e s s  

o f  a c i d .  T h is  means t h a t  th e  m a s s - a c t io n  c o n s ta n t  i s  m a in ta in e d ,  

an d  t h a t  t h e r e f o r e  in  th e  p re se n c e  o f  e x c e s s  a l c o h o l  a  h ig h e r  p e r -

-  4 -
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c e n ta g e  o f  a c i d  i s  tr a n s fo rm e d  to  e s t e r .

The f a c t  t h a t  th e  l i m i t  o f  e s t e r i f i c a t i o n  v a r ie s  o n ly

s l i g h t l y  w i th  change o f  te m p e ra tu re ,  e . g .  &5»Z:/o a t  10° G. and  

" o66,5%  a t  170 C ., i l l u s t r a t e s  a  g e n e r a l  p r i n c i p l e ,  When a  r e a c t ­

io n  i s  acco m p an ied  by  o n ly  a  s m a ll  th e rm a l change t h e r e  s h o u ld  be

o n ly  a  v e ry  s l i g h t  d is p la c e m e n t o f  th e  e q u i l ib r iu m  when th e

(5 )te m p e ra tu re  i s  v a r i e d  '  . T h is fo llo w s  from  a  c o n s id e r a t io n  o f

th e  v a n ' t  H o ff ’’r e a c t i o n  is o c h o re ” ; -  d ( In K c) =
dT

When Qv, th e  h e a t  a b s o rb e d , when no e x t e r n a l  w ork i s  

p e rfo rm e d , i s  s m a ll  th e  e x t e n t  o f  change i n  KQ i s  l ik e w is e  s m a l l .

The m easure o f  th e  r a t e  o f  e s t e r i f i c a t i o n  by  e l e c t r i c

( 6 )c o n d u c t iv i t y  m easurem ents was made b y  M. N egreano . He 

v e r i f i e d  r e s u l t s  o f  p re v io u s  i n v e s t i g a t o r s ,  show ing  th e  l i m i t  o f  

e s t e r i f i c a t i o n  to  be a p p ro x im a te ly  z / z  when e q u iv a le n t  am ounts o f  

a lc o h o l  and  a c i d  w ere u s e d .
/ 7 )

In  1877 v a n ' t  H off t r e a t e d  th e  s u b j e c t  o f  e s t e r i ­

f i c a t i o n  fro m  a  m a th e m a tic a l v ie w p o in t and  a r r i v e d  a t  th e  co n - 

c lu s  io n s  s -

(1 )  W ith in  c e r t a i n  l i m i t s  th e  maximum o f  e t h e r  

( e s t e r )  fo rm ed  i s  in d e p e n d e n t o f  te m p e ra tu r e .

(2 )  The d i f f e r e n t  a c id s  behave a p p ro x im a te ly  in  

th e  same m anner; f o r  i n s t a n c e ,  i f  th e  same number o f  m o le c u le s  o f
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two d i f f e r e n t  a c id s  a r e  ad ded  to  th e  same q u a n t i t y  o f  a l c o h o l ,  th e  

same am ount o f  e a c h  i s  c a p a b le  o f  fo rm in g  e t h e r .  The d i f f e r e n t  

a l c o h o ls  behave in  th e  same w ay.

(3 ) -Alcohol and  a c i d  behave n e a r l y  s i m i l a r l y ,  v i z . ,  

a  c e r t a i n  q u a n t i t y  o f  a c id  m o le c u le s  b e in g  b ro u g h t in  c o n ta c t  w i th  

a  d o u b le  q u a n t i t y  o f  a l c o h o l ,  th e  c irc u m s ta n c e s  b e in g  th e  same in  

b o th  c a s e s ,  th e n  ta lc in g  a c i d  i n s te a d  o f  a l c o h o l ,  o r  v ic e  v e r s a ,  

s i m i l a r  q u a n t i t i e s  o f  e t h e r  w i l l  be fo rm ed .

(4 ) A q u a n t i t y  o f  e t h e r  ad d ed  a t  th e  commencement 

in f lu e n c e s  th e  new fo rm a t io n  o f  t h i s  s u b s ta n c e  in  a lm o s t th e  same 

m anner a s  a  c o r re s p o n d in g  g r e a t e r  a d d i t i o n  o f  w a te r .

(5 )  The maximum q u a n t i t y  o f  e t h e r  fo rm ed  i s  in d e p en d ­

e n t  o f  n e u t r a l  b o d ie s  ( e . g .  a c e to n e )  a d d ed  to  th e  m ix tu r e .  I t  i s  

a l s o  in d e p e n d e n t o f  th e  w hole volume o c c u p ie d  by  th e  m ix tu re .

N

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



EFFECT OF CATALYSTS ON ESTERIEIGATIQK.

( 8 )S a b a t i e r  say s  t h a t  c a t a l y s t s  f o r  e s t e r i f i c a t i o n  in  

l i q u i d  sy stem s a re  c h i e f l y  th e  m in e ra l  a c i d s ,  h y d ro c h lo r ic  and  

s u l p h u r i c ,  and  s e v e r a l  s a l t s ,  ammonium s a l t s ,  a l k a l i n e  b i s u lp h a t ­

e s ,  z in c  c h l o r i d e ,  an d  sodium  a c e t a t e  m ixed  w i th  w a te r ,

( 9 )B e r th e lo t  had. fo u n d  th a t  a  l i t t l e  h y d r o c h lo r ic  o r  

s u lp h u r ic  a c i d  c a u se d  a n  a b u n d a n t fo rm a tio n  o f  e t h y l  a c e t a t e .

Thus w i th  h y d r o c h lo r ic  a c i d  he o b ta in e d  th e  fo l lo w in g  r e s u l t s  by 

a d d in g  to  a  m ix tu re  o f  e q u a l m o le c u le s  o f  e t h y l  a lc o h o l  an d  

a c e t i c  a c id  (106 g . ) ,  s m a l l  q u a n t i t i e s  o f  HOl -

Amount o f  E s te r  Formed 
HOI ad d ed  ______A f te r  6 Hours_____

0 .6 7  g .  = 0 .0 1 7  m ole 9 .6 $
4 .7 7  g .  r  0 .1 2 5  ” 7 3 .6 $

1 1 .8 4  g .  = 0 .3 3  " 7 5 .8 $

These e x p e r im e n ts  w ere p e rfo rm e d  a t  o r d in a r y  te m p e ra tu r e .  

W ith o u t th e  HOI p r e s e n t ,  th e  l i m i t  o f  6 6 .6 $  i s  a t t a i n e d  o n ly  a f t e r  

s e v e r a l  y e a r s .  B e r t h e lo t  e x p la in e d  th e  e l e v a t i o n  o f  the  l i m i t  by  

th e  t a k in g  p a r t  o f  th e  h y d r o c h lo r ic  a c i d  in  th e  e q u i l ib r iu m ,  in  

w h ich  i t  in c r e a s e s  th e  t o t a l  amount o f  a c i d  r e l a t i v e  to  th e  a l c o h o l .  

S im i la r  r e s u l t s  w ere o b ta in e d  w i th  s u lp h u r ic  a c i d .  Here th e  e x ­

p l a n a t io n  i s  th e  fo rm a tio n  o f  a c i d  e t h y l  s u lp h a t e ,  w hich  r e a c t s  

w i th  a c e t i c  a c id  to  fo rm  e t h y l  a c e t a t e  an d  r e g e n e r a te  s u lp h u r ic
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a c i d ,  which, th e n  r e p e a t s  th e  o p e r a t io n .

A n o th e r p a p e r  ^ ^ o f  B e r t h e l o t 's  shows th e  in f lu e n c e  o f  

v a r io u s  m e t a l l i c  o h lo r id e s  on  th e  u n io n  o f  a l c o h o l  an d  a c e t i c  a c i d .  

In  th e s e  e x p e r im e n ts  62 1J z  p a r t s  o f  g l a c i a l  a c e t i c  a c i d  were m ixed  

w i th  100  p a r t s  o f  a b s o lu te  a lc o h o l  an d  th e  m ix tu re  p la c e d  in  a  

f l a s k  w i th  5 gram s o f  m e ta l l i c  c h l o r i d e .  The f l a s k s  were f r e q u e n t ­

l y  sh a k e n  a n d  from  tim e  to  tim e  th e  amount o f  a c i d  in  th e  

s o l u t i o n  was e s t im a te d  o n  a  sam ple o f  th e  l i q u i d ,  b y  means o f  

b a r y t a  w a te r .  Some o f  h i s  r e s u l t s  r e p o r t e d  in  t e r n s  o f  w e ig h t o f  

a c i d  c o n v e r te d  in to  a c e t i c  e t h e r  a r e  : -

S a l t  U sed A f te r  2 Months

KCl 4 6 .4
KBr 5 2 .2
NaCl 4 7 .3
BaOlg 5 2 .4
BaClg +  2 HgO 5 3 ,7

% C l2  6 3 .6
CaClg 6 4 .7
GaOlg + 6 HgO 7 7 .6

SrClg 7 0 .6

SrGlg-t 6 HgO 6 9 .5
CuClg 7 7 .0

H is c o n c lu s io n s  w ere t h a t  s m a l l  q u a n t i t i e s  o f  su c h  s a l t s  

a c c e l e r a t e d  th e  e t h e r i f i c a t i o n ,  th e  r a t e  b e in g  more m arked when 

th e  more e a s i l y  decom posab le c h lo r id e s  w ere u s e d ;  (d eco m p o sab le , 

e i t h e r  b y  w a te r  w i th  th e  fo rm a t io n  o f  h y d r o c h lo r ic  o r  o x y c h lo r ic
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a c id .,  o r  by  a o e t i c  a c i d ,  w i th  th e  p ro d u c t io n  o f  h y d r o c h lo r ic  a c i d  

a n d  a c i d  a c e t a t e . )
<13 )

R e id ' ' s a y s  ” I t  i s  c u r io u s  how many c h e m is ts  have g iv e n  

e n t i r e l y  d i f f e r e n t  e x p la n a t io n s  f o r  th e  a c t i o n  o f  h y d ro c h lo r ic  and  

s u lp h u r ic  a c i d s .  A ll  th e  f a c t s  go to  show  t h a t  a l l  a c id s  a c t  a lilo e  

a n d  t h a t  w h a te v e r e x p la n a t io n  i s  g iv e n  in  one ca se  m ust f i t  a l l  

o th e r s '* .

The r e l a t i v e  in f lu e n c e  o f  hydrogen  brom ide and  h y d ro g en

c h lo r id e  on  th e  e s t e r i f i c a t i o n  o f  e t h y l  a lc o h o l  w i th  b e n z o ic  a c id

(12)h as  b een  s tu d i e d  by  P h e lp s  and  Eddy * They c la im  t h a t  th e

am ount o f  e s t e r  p ro d u ced  i s  n o t  p r o p o r t i o n a l  to  th e  c o n c e n t r a t io n  

o f  th e  h y d ro g en  io n s .  A lth o u g h  i n  a l l  c a s e s  th e  e s t e r i f i c a t i o n  

p ro c e e d s  more c o m p le te ly  a s  th e  am ount o f  th e  c a t a l y t i c  a g e n t i s  

in c r e a s e d  u p  to  a  c e r t a i n  l i m i t ,  a n y  f u r t h e r  in c re a s e  c a u se s  a  

r e d u c t io n  in  th e  q u a n t i t y  o f  e s t e r  p ro d u c e d . This i s  th o u g h t by 

them  to  be due to  th e  f a c t  t h a t  a l l  th e  c a t a l y s t s  em ployed  have 

a  s t r o n g  a f f i n i t y  f o r  w a te r ,  and  c o n s e q u e n t ly ,  when th e y  a r e  

p r e s e n t  i n  la rg e  q u a n t i t i e s ,  a b s o lu t e  a lc o h o l  i s  n o t  a b le  to  e f f e c t  

d e h y d ra t io n  a s  th o ro u g h ly  as  i s  n e c e s s a r y  f o r  co m p le te  

e s t e r i f i c a t i o n .

113)P h e lp s  and  h i s  co-w orlcers a l s o  s tu d ie d  th e  e f f e c t  

o f  th e  h y d ro g en  s u lp h a te s  o f  K, NH4 , Na, p y r id in e  and a n i l i n e  on 

th e  e s t e r i f i c a t i o n  o f  b e n z o ic  and  s u o c in ic  a c i d s .  None o f  th e s e
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s u lp h a t e s  is  so  e f f i c i e n t  a s  s u lp h u r ic  a c i d .  .The c a t a l y t i c  a c t i o n

o f  m e t a l l i c  c h lo r id e s  was a l s o  i n v e s t i g a t e d ,  b u t l i t t l e  a t te m p t was

made to  e x p la in  th e  r e s u l t s .

( 1 4 )Bodroux has e x p la in e d  th e  c a t a l y t i c  a c t i o n  o f  m in e ra l  

a c id s  by th e  te m p o ra ry  fo rm a t io n  o f  an  a d d i t i o n  compound o f  th e  

m in e ra l  a c id  w i th  th e  o r g a n ic  a c id  c o n s id e re d  as an  a n h y d r id e  o f  

th e  o r th o  a c i d  : -

/P
H A+R.C = R . 0 __0H

\ m  v a

.OH  .  OH
th e n  R .C .— OH ■+■ R’OH = H A +R .C ^— OH

^O R *

an d  f i n a l l y  by  th e  im m ediate  lo s s  o f  w a te r  : -

^ (0H ,2R . 0 . 'I  m HxO +  R . 000R’
V  OR’ ^

Many d i r e c t i o n s  f o r  e s t e r i f i c a t i o n  s p e c i f y  th e  s a t u r a t i o n

o f  th e  m ix tu re  o f  a l c o h o l  and  a c i d  w i th  h y d ro g en  c h l o r i d e .  However,

( l 'i  JE m il F is c h e r  a n d  S p e ie r  i n v e s t i g a t e d  t h i s  s u b j e c t  an d  showed 

t h a t  th e  u s e  o f  s m a ll  q u a n t i t i e s  o f  th e  m in e ra l  a c id s  i s  more 

c o n v e n ie n t and  q u i t e  s a t i s f a c t o r y .  F is c h e r  show ed t h a t  l i m i t e d  

q u a n t i t i e s  o f  h y d r o c h lo r ic  o r  s u lp h u r ic  a c id  w ere s u f f i c i e n t  n o t  

o n ly  f o r  e s t e r i f i c a t i o n  o f  a l i p h a t i c  a c i d s ,  b u t  a l s o  to  a  la r g e
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num ber o f  ty p e s  o f  a c i d s ,  e i t h e r  a l i p h a t i c  o r  a r o m a t ic .  The y ie ld s  

o b ta in e d  a re  a p p ro x im a te ly  75% o f  t h e o r e t i c a l ,  when em p loy ing  1 to  

Z% o f  m in e ra l  a c i d .

INFLUENCE OF STRUCTURE ON THE RATE OF ESTERIFICATION

f 1 6 1S udborough  an d  L loyd  'h av e  d e te rm in e d  e t h e r i f i c a t i o n

c o n s ta n t s  o f  S u b s t i t u t e d  A c e tio  A c id s .  They u s e d  a  la rg e  e x c e s s

o f  a l c o h o l  an d  t r e a t e d  th e  r e a c t i o n  a s  m o n o m o lecu la r. n/E 0  HC1

was u s e d  as  c a t a l y s t .  T h e ir  r e s u l t s  c o n f irm  th e  w ork o f  

(17 )K is tia k o w sk y  v ' t h a t  th e  v e l o c i t y  c o n s ta n t  o f  h y d r o ly s is  o f  an  

e s t e r  RCOOCgHg b y  a  s o l u t i o n  o f  hyd ro g en  c h lo r id e  in  a  m ix tu re  o f

w a te r  and  a lc o h o l  i s  i d e n t i c a l  w i th  th e  e s t e r i f i c a t i o n  c o n s ta n t  o f

th e  a c i d  RCOOH when an  aqueous a l c o h o l i c  s o l u t i o n  o f  h y d ro g en

c h lo r id e  o f  e x a c t ly  th e  same c o n c e n t r a t io n  i s  em ployed .

( 1 8 )S udborough  an d  G i t t i n s  have o b ta in e d  e s t e r i f i c a t i o n  

c o n s ta n t s  o f  th e  norm al f a t t y  a c i d s ,  by  th e  m ethod above d e s c r ib e d .  

T h e ir  v a lu e s  o f  E r e p r e s e n t  v e l o c i t y  c o n s ta n ts  f o r  e s t e r i f i c a t i o n  o f  

th e  r e s p e c t iv e  a c id s  w i th  m e th y l a l c o h o l  a t  15° C. They w ere o b t a i n ­

ed  fro m  th e  e q u a t io n  f o r  a  m o le c u la r  r e a c t i o n ,  k  e q u a ls  l / t  l o g .

a  ,  w here ( t )  r e p r e s e n t s  tim e e x p re s s e d  in  h o u r s .  The a c i d  
a  -  x

c o n te n t  o f  th e  r e a c t i o n  m ix tu re  was o b ta in e d  fro m  t i t r a t i o n  o f  s m a ll  

p o r t io n s  w i th  s ta n d a r d  b a r y t a  s o lu t i o n  a t  v a r io u s  i n t e r v a l s .
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The f o l lo w in g  v a lu e s  w ere o b ta in e d :

A cid  E ( a t  1 5 °0 . w i th  Hfethvl A lc o h o l)

Form ie HCOOH 1124
Ace t  ic CH3G0GH 104
P ro p io n ic CHgCH^OOOH 9 1 .9

n - B u ty r ic CHglCHglgCOOH 5 0 .0

n - V a le r ic GHglCHg JgCOOE 5 3 .5

n-Hexo io CHgtCHg)^COOH 5 1 .5

n-H epto  io CHg(CHg JgGOOH 5 2 .5

n -O c to ic CHgtCHglgCOOH . 5 4 .6

n-Nono ic ch3 ( ch2 )7cooh 5 3 .6

D ecoic GHgtCHgJgGOOH 5 1 .8

L a u rie CHglQHg^gOQH 5 2 .9
M y r is t ic

g V c V i e o o o e
5 2 .5

P a lm i t ic CHglCHgJ^OOH 4 9 .7

S t e a r i c
W i d 0 0 0 0

5 3 .7

The r e s u l t s  as  th e  a u th o rs  s a y  " c l e a r l y  show th e  

i n h i b i t i n g  e f f e c t  p ro d u c e d  b y  in t r o d u c in g  s m a l l  r a d i c l e s ,  s u c h  as  

m e th y l and  e t h y l ,  in to  th e  fo rm ic  a c i d  m o le c u le .  E q u a l ly  c l e a r  

i s  th e  f a c t  t h a t  b u ty r i c  a c i d  onw ard th e  r a t e s  a re  v e ry  n e a r l y  th e  

same f o r  th e  d i f f e r e n t  a c i d s ,  so  t h a t  an  in c r e a s e  in  th e  l e n g th  o f  

th e  no rm al c h a in  p ro d u ces  l i t t l e  o r  no e f f e c t  on  th e  r a t e  o f  

e s t e r i f i c a t i o n " .

M ichae l and  W o lg a s t^ 1 9 ^ s tu d ie d  th e  r e l a t i o n  be tw een  th e  

s t r u o t u r e  o f  th e  a l i p h a t i c  a lc o h o ls  a n d  t h e i r  r a t e  o f  e s t e r i f i c a t i o n .  

They c r i t i c i z e  I fe n s c h u tk in ’s r e s u l t s ,  b e c a u se  th e  p e rc e n ta g e s  o f
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a lc o h o l  e s t s r i f i e d  i n  th e  f i r s t  h o u r ,  w h ich  he term ed, th e  " i n i t i a l  

v e l o c i t i e s "  a r e  n o t  p r o p o r t i o n a l  to  th e  r a t e s  o f  e s t e r i f i c a t i o n ,  

s in c e  i n  many c a se s> a n  a p p r e c ia b le  q u a n t i t y  o f  w a te r  i s  formed, in  

t h a t  t im e .  T h e ir  m ethod c o n s i s t e d  in  d e te rm in in g  a t  d e f i n i t e  

i n t e r v a l s  th e  d e c re a se  o f  th e  a c i d  t i t r a t i o n  o f  a n  a l c o h o l i c

s o l u t i o n  c o n ta in in g  a  known am ount o f  a c i d .  The r e s u l t s  a r e
5

sum m arized  a s  f o l lo w s ,  th e  v a lu e s  g iv e n  b e in g  f o r  k  x  10 , i n

w h ich  k  i s  th e  c o n s ta n t  o f  th e  r e a c t i o n  c a l c u l a t e d  from  th e  e q u a t io n  

o f  th e  s e c o n d  o r d e r ,  k  e q u a ls  l / t  .  x /A  ( a  -  x ) ,  A b e in g  th e  

num ber o f  g ram  m o le c u le s  o f  a c i d  to  w h ich  1 l i t e r  o f  a l c o h o l  i s  ad d ­

e d , ( a )  th e  number o f  c . c .  o f  N /lO  ammonia r e q u i r e d  to  n e u t r a l i z e  

2 g .  o r  2 c . c .  a t  th e  b e g in n in g ,  a  -  x  th e  am ount r e q u i r e d  to  

n e u t r a l i z e  th e  same q u a n t i t y  a t  tim e  ( t ) .  The v a lu e s  o f  k  a r e  e i t h e r  

means o f  th e  s e r i e s  o b ta in e d  from  a n y  one e x p e r im e n t ,  o r ,  in  c a s e s  

w here a  r e g u la r  in c r e a s e  o r  d e c re a s e  in  th e  v a lu e  fo u n d  f o r  s u c c e s s ­

iv e  tim es  was o b s e rv e d , th e  v a lu e s  w ere e x t r a p o l a t e d  g r a p h i c a l l y ,  

f o r  t  e q u a ls  0 .
o

E s t e r i f i c a t i o n  w i th  A c e t ic  A c id  a t  50 v -

M ethyl a l c o h o l  808 e q u a ls  (k  x  105 )
E th y l  a l c o h o l  159
n - b u ty l  a l c o h o l  234
C e ty l a l c o h o l  436

They a l s o  r a n  e x te n s iv e  e x p e rim e n ts  o n  e s t e r i f i c a t i o n  o f  

t r i c h l o r a c e t i c  a c i d .  They c o n c lu d e d  t h a t  th e  v e l o c i t y  o f  e s t e r i ­

f i c a t i o n  in c r e a s e s  a s  th e  c a rb o n  c h a in  becom es lo n g e r .  B fenschutk in
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had  s a i d  t h a t  th e  v e l o c i t y  o f  e s t e r i f i c a t i o n  was c o n s ta n t  from  e t h y l  

a l c o h o l  o n w ard s . The in c re a s e  i s  n o t  an  a d d i t iv e  o n e , b u t  a  

c o n s t i t u t i v e  in f lu e n c e  d ep en d in g  on th e  p o s i t i o n  o f  th e  m e th y l g ro u p .

The E s t e r i f i c a t i o n  Law, d is c o v e r e d  b y  V ic to r  Mayer 

in  1894 an d  e x p e r im e n ta l ly  e s t a b l i s h e d  b y  him  and  o t h e r s ,  i s  u s u a l l y  

s t a t e d  -  " I f  i n  a  s u b s t i t u t e d  b e n z o ic  a c i d  b o th  o f  th e  hy d ro g en  

atom s n e x t  to  th e  c a rb o x y l g ro u p  a r e  r e p la c e d  by  r a d i c l e s ,  th e  r e s u l t  

in g  a c i d  c a n n o t be e s t e r i f i e d  b y  means o f  a lc o h o l  an d  a c id ” .

However, R o sa n o ff  a n d  P ra g e r  ^ ^  c la im  t h a t  d io r t h o ­

s u b s t i t u t e d  a ro m a tic  a c i d s ,  w h ic h  a r e  g e n e r a l l y  assum ed to  be u n -  

e s t e r i f i a b l e ,  c a n  be e s t e r i f i e d  q u a n t i t a t i v e l y  a t  h ig h e r  te m p e ra tu re s  

and  s t a t e  t h a t  th e  law  s h o u ld  be "A ro m atic  a c id s  w i th  one o r  b o th  

p o s i t i o n s  n e x t  to  th e  c a rb o x y l o c c u p ie d  by  s u b s t i t u t i n g  g ro u p s ,  

com bine w i th  a l c o h o ls  more s lo w ly ,  th o u g h  to  no l e s s  e x t e n t  th a n  

a c id s  o th e rw is e  c o n s t i t u t e d " .

IONIZATION THEORTES Ott ESTERIFICATION CATALYSIS.

Many in v e s t i g a t o r s  have  a t te m p te d  to  c o r r e l a t e  th e  

c a t a l y t i c  e f f e c t  a n d  th e  te n d e n c y  o f  th e  m o le c u le s  to  fo rm  com­

pounds w i th  th e  c a t a l y s t .  K a s t le ^ 2 2  ̂ e x p la in e d  th e  c a t a l y t i c  

e f f e c t  o f  th e  h y d ro g en  io n  b y  a ssu m in g  th e  fo rm a t io n  o f  an  i n t e r ­

m e d ia te  p ro d u c t be tw een  h y d ro g en  io n  an d  c a t a ly z e d  m o lecu le  an d
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l a t e r  a  s p l i t t i n g  o f  th e  p ro d u c t fo rm ed .

( 2 3 )
E u le r  assum es t h a t  " a l l  s u b s ta n c e s ,  w i th o u t  e x c e p t­

io n ,  a r e  s p l i t  u p  in to  io n s ,  a l th o u g h  th e  p a r t  io n iz e d  i s  f r e q u e n t ­

l y  a  v e r y  s m a ll  f r a c t i o n  o f  th e  w hole  a l l  r e a c t io n s  a r e

io n  r e a c t i o n s  . . . . . .o n ly  c o l l i s i o n s  b e tw een  io n s  a re  c h e m ic a l ly

f r u i t f u l ” . He d e f in e s  a  c a t a l y t i c  a g e n t  a s  a  s u b s ta n c e  w h ich  

m o d if ie s  th e  v e l o c i t y  o f  c h e m ic a l r e a c t io n s  by  c h a n g in g  th e  

c o n c e n t r a t i o n  o f  th e  io n s  o f  th e  r e a c t i n g  s u b s t a n c e s .

In  th e  h y d r o ly s is  o f  e t h y l  a c e t a t e ,  E u le r  assum es t h a t  

th e  e t h y l  a l c o h o l ,  a c e t i c  a c i d ,  e t h y l  a c e t a t e ,  a n d  w a te r  a r e  a l l  

more o r  l e s s  d i s s o c i a t e d ,  a n d  t h a t  f o r  e q u i l ib r iu m :  -

°H* g0H* = K1°H2 0 ? GC H 0 , gH* *  GC2HgOH ;

804 c0H3G0* °0H ' = ^CHgCOOH • and

° C2H5 ° *  ° CH3C0* = K4°0H3C00C2H5 , Jhen

^GHgCOOOgHg K1°H2 0 = K2 gC2H50H °CH3OOOH o r

GC2H5 0* CCH3 C0*°H‘ COH' "  ^ C2H5 0 * ° H* CgH3G°  C° H'

W eg sch e id e r^ 2 4  ̂ s a y s  t h a t  th e  l a s t  e q u a t io n  i s  a  " s e l f -  

e v id e n t  i d e n t i t y ” ,  u n le s s  we m ate th e  a s s u m p tio n  t h a t  t h e r e  a r e  

d i f f e r e n t  k in d s  o f  H* , OH’ and  o th e r  io n s .

E u le r  made d e te rm in a t io n s  o f  th e  c o n s ta n ts  o f  h y d r o ly s is
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Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



f o r  th e  m e th y l, e t h y l ,  and. p ro p y l- e s t e r s  o f  fo rm ic ,  a c e t i c  

p r o p io n ic ,  c h l o r a c e t i c  and  h y d ro c h lo r ic  a c i d s .  I t  was fo u n d  t h a t  

th e  m e th y l e s t e r s  w ere l e a s t ,  th e  e t h y l  e s t e r s  m ost h y d ro ly z e d , 

said t h a t  th e  h y d r o ly s is  was g r e a t e r  th e  g r e a t e r  th e  d i s s o c i a t i o n  

c o n s ta n t  o f  th e  a c i d ,  'When K is  th e  e q u i l ib r iu m  c o n s ta n t  o f  th e  

r e a c t i o n  and  k  an d  k '  th e  v e l o c i t y  c o n s ta n ts  o f  th e  two

o p p o s i te  com ponent r e a c t i o n s ,  th e n  K e q u a ls  k / k ' .  The c a t a l y t i c  

a g e n t ,  E u le r  c la im s ,  has no e f f e c t  on th e  r a t i o  k / k ' ,  b u t  a l t e r s  

th e  a b s o lu te  v a lu e  b o th  o f  k  and  k 1 in  th e  p r o p o r t io n  I s  1 •+• kH 

w here H is  th e  c o n c e n t r a t io n  o f  th e  h y d ro g en  io n s  y ie ld e d  by  th e  

c a t a l y t i c  a g e n t .  S in c e  th e  r a t i o  k / k '  i s  u n a l t e r e d  by  th e  

c a t a l y t i c  a g e n t ,  th e  f r e e  e n e rg y  o f  th e  r e a c t i o n  I = RT lo g  k /k*  ) 

i s  a l s o  u n a l t e r e d .

A cree a n d  Johnson  s t a t e  t h a t  th e  v e l o c i t y  o f

c a t a ly z e d  e s t e r i f i c a t i o n  and  e s t e r  h y d r o ly s is  a r e  u s u a l l y  n e a r l y  

p r o p o r t i o n a l  to  th e  c o n c e n t r a t io n  o f  c a t a l y s t ,  w here th e  l a t t e r  

i s  a  p o w e rfu l a c i d ,  an d  to  th e  c o n c e n t r a t io n  o f  th e  c a rb o n y l 

compound ( e s t e r  o r  c a rb o x y l ic  a c i d ) ,  a n d  t h a t  th e  a c t i v i t y  o f  th e  

c a t a l y s t  i s  ro u g h ly  p r o p o r t i o n a l  to  i t s  s o - c a l l e d  d e g re e  o f  

d i s s o c i a t i o n  a s  g iv e n  b y  c o n d u c t iv i t y  m easu rem en ts .

S t i e g l i t a  s tu d ie d  th e  c a t a l y s i s  o f  e s t e r s  a n d  o f

im id o e s te r s  by  a c i d s .  He sa y s  t h a t  in  c o n s id e r in g  how an  a c i d  can  

a f f e c t  th e  d e c o m p o s itio n  o f  an  e s t e r  by  w a te r ,  "we a r e  l e d  to  r e -
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c a l l  th e  m ost fu n d a m e n ta l p r o p e r ty  o f  a c i d s ,  t h a t  o f  com bin ing  

w ith  b a s e s  and  o x id e s  to  fo rm  io n iz a b le  s a l t s ” . R e a so n in g  th u s  

he assum es t h a t  p e rh a p s  a n  e s t e r  l i k e  m e th y l a c e t a t e  may have 

b a s ic  f u n c t io n s  an d  t h a t  s a l t  fo rm a tio n  w i th  th e  a c i d  may be 

th e  e x p la n a t io n  o f  c a t a l y s i s  in  th e  h y d r o ly s is  o f  th e  e s t e r .  

However, th e  b a s ic  p r o p e r t i e s  o f  m ost s im p le  e s t e r s  may be so  w eak 

t h a t  a  q u a n t i t a t i v e  e s t i m a t io n  o f  th e  c o n d i t io n s  o f  e q u i l ib r iu m  

o f  i t s  s a l t s  c a n n o t be made. Hence S t i e g l i t z  s t u d i e d  th e  de­

c o m p o s itio n  o f  iroido e s t e r s ,  RO(;NB)OR', a c i d  e s t e r s  w h ic h  show 

d e f i n i t e  b a s i c  fu n c t io n s  an d  c la im e d  th e  r e s u l t s  w ere  a n a lo g o u s  

to  th e  c a s e  o f  o r d in a r y  e s t e r s .  The d e c o m p o s itio n  o f  m e th y l-  

im ido b e n z o a te  by w a te r  a c c o rd in g  to  th e  schem e: -

p ro c e e d s  v e r y  s lo w ly  w ith o u t c a t a l y s t s ,  b u t  i s  g r e a t l y  a c c e l e r a t ­

e d  i n  th e  p re s e n c e  o f  a c i d .  S t i e g l i t z  assum es th e  c a t a l y t i c  

e f f e c t  to  be due to  th e  fo rm a t io n  o f  a  p o s i t i v e  io n :  -

3 5

+

6 5 SOCH,3

w h ich  th e n  r e a c t s  s p o n ta n e o u s ly  w i th  th e  s o l v e n t :  -
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Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



H ence S t i e g l i t z  s a y s  t h a t  th e  c a t a l y t i c  e f f e c t  o f  th e

h y d ro g en  io n  i s  i n t e r p r e t e d  in  a c c o rd a n c e  w i th  th e  i o n i z a t i o n  

th e o r y  and  a  s i m i l a r  e x p la n a t io n  h o ld s  f o r  o r d in a r y  e s t e r  hy­

d r o l y s i s .  He c la im s  t h a t  m e th y l a c e t a t e  fo rm s an  oxonium  b ase  

w i th  w a te r  in  th e  same way t h a t  ammonia com bines w i th  w a te r  to  

fo rm  ammonium h y d ro x id e ,

(CH 00) 00H +• HOH

( 1 )

The oxonium  b ase  io n iz e s

(OH 0 0 ) - 0 —OH 
8 A 3

f o r  w h ich  we have

0e s t e r  p o s . io n x  0,OH

C om bining ( U  and (2 )  we have

C
b ase  e s t e r  H 

k '

(3 )
e s t e r  p o s . io n
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Then, i f  a s  was shown f o r  th e  im id o e s te r s ,  i t  i s  o n ly  th e  

p o s i t i v e  io n s  w h ich  w i l l  r e a c t  w i th  w a te r  to  g iv e  a c e t i c  a c i d  and  

m e th y l a l c o h o l ,  we w ou ld  have f o r  th e  v e l o c i t y  o f  t h i s  r e a c t i o n  o f  

s a p o n i f i c a t i o n ,

&  = *S *  ° e s t e r  p o s . io n *  °H x  °0H 
d t

S in c e  f o r  w a te r ,  Cg x  Cqh *  ^w x Cg q ( 5 )

S u b s t i t u t i n g  th e  v a lu e s  o f  (3 ) and  (5 )  in  ( 4 ) ,  we h a v e , 

dx s  K& x  h  b a s e  x  ® e s te rx  x  x  ^Ho0 =
a t kT  ' 2

K x  C x  G x  C
S e s t e r  JLO H

a s  r e p r e s e n t i n g  th e  v e l o c i t y  o f  th e  d e c o m p o s itio n  o f  m e th y l a c e t a t e  

b y  w a te r  in  th e  a b se n c e  o f  a n y  a c i d ,

V;hen h y d r o c h lo r ic  a c id  i s  added  to  th e  m ix tu re  o f  m e th y l 

a c e t a t e  an d  w a te r ,  we o b ta in  th e  h y d ro c h lo r id e  o f  th e  oxonium  b a s e ,  

b u t  th e  s a l t  i s  a lm o s t c o m p le te ly  h y d ro ly z e d ,

01 OH
(OH3CO)— 6 - 0 %  +  HOH (CH30 0 ) —6 —CHg +  HCl

6  6

By r e a s o n in g  a s  a b o v e - S t i e g l i t z  sa y s  t h a t  th e  v e l o c i t y  

o f  th e  d e c o m p o s itio n  o f  m e th y l a c e t a t e  i n  th e  p re s e n c e  o f  hy­

d r o c h lo r i c  a c i d  i s  r e p r e s e n te d ,

-  19 -

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



&K. = KS x  Ge d t e r  x  C*H x  Gj^o

S i m i l a r l y ,  c o n s id e r in g  th e  r e v e r s e  p ro c e s s  o f  e s t e r -  

i f i c a t i o n  in  th e  p re se n c e  o f  h y d r o c h lo r ic  a c i d ,  th e  v e l o c i t y  is  

r e p r e s e n t e d  b y ,

dx = Kg x  Ca o e t i c  a c i d  x  Cfc x  CGH oh
d t  3

The a d d i t i o n  o f  h y d ro c h lo r ic  a c i d  w ould  t h e r e f o r e ,  

th ro u g h  s a l t  a n d  io n  fo rm a t io n ,  a c c e l e r a t e  th e  r e a c t io n s  in  the  

r e v e r s e d  d i r e c t i o n s  i n  th e  same p r o p o r t i o n s ,  a n d  th e r e f o r e  n o t

m e a su ra b ly  a f f e c t  th e  f i n a l  c o n d i t io n  o f  e q u i l i b r i u m .

(27)A cree  in  com m enting on  S t i e g l i t z ' s  a r t i c l e

’’S tu d ie s  in  C a t a ly s i s ” c la im s  t h a t  e v e r y  one o f  h is  fu n d am e n ta l 

a s su m p tio n s  a n d  " e s p e c i a l l y  S t i e g l i t z ’s k e y n o te ,  a c c e l e r a t i o n  

th ro u g h  s a l t  an d  io n  fo rm a t io n ,  had  a l r e a d y  b een  made by

K a s t le  ^2 8  ̂ ,  E u le r^ 2 9 ^, A oree^3 0  ̂ ,  B re d ig ^ 3^ ,  and  L apw orth^3 2 !

(33)Lowry in  d i s c u s s in g  th e  m echanism  o f  h y d r o ly s is  and

e s t e r i f i c a t i o n  a p p l ie s  th e  e l e c t r o n i c  th e o ry  o f  v a le n c y  in  

f o r m u la t in g  th e  a d d i t io n  com pounds. In  e x p la in in g  e s t e r i f i c a t i o n  

he s a y s  " th e  c o n d e n s a t io n  o f  th e  a lc o h o l  and  a c i d  t h e r e f o r e  a p p e a rs  

to  in v o lv e  (1 )  t h e  r e p r e s s io n  o f  th e  i o n i z a t i o n  o f  th e  o rg a n ic  

a c i d ,  w i th  a  developm ent o f  i t s  kB to n i c  f u n c t i o n s ,  th e  a d d i t i o n  

o f  a  p r o to n  to  th e  a l c o h o l ,  th e re b y  g iv in g  to  th e  a l c o h o l  th e
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p r o to n -  d o n a t in g  fu n c t io n s ,  o f  an  a c id ,  (3 ) th e  c o o r d in a t io n  o f  

p r o to n  o f  t h i s  com plex w i th  th e  c a rb o n y l oxygen o f  th e  a c i d  as 

a  p r e l im in a r y  to  (4 ) th e  a d d i t io n  o f  th e  p ro to n -d o n a t in g  

com plex o f  th e  a lc o h o l  to  th e  c a rb o n y l g ro u p  o f  th e  a c i d ,  a c c o rd ­

in g  to  th e  norm al r u le s  f o r  th e  a d d i t i o n  o f  a  h y d r id e  su ch  as 

HCH to  an  a ld eh y d e  o r  k e to n , (5 ) th e  e l im in a t io n  o f  th e  p ro to n  o f  

th e  c a t a l y s t ,  and  o f  a  m o lecu le  o f  w a te r ,  from  th e  in te rm e d ia te  

c o n d e n s a t io n  p r o d u c t .

Jiowry sa y s  t h a t  some o f  th e s e  in te rm e d ia te  compounds 

have been  i s o l a t e d .  Thus an  a d d i t i o n  compound o f  sod ium

34)m ethox ide w i th  e t h y l  b e n z o a te  has b een  i s o l a t e d  b y  von Pechmann( ,

an d  an  u n s ta b le  a d d i t io n  compound o f  e t h y l  a c e t a t e  w i th  h yd rogen  

b ro m id e , ra .p . e  36° , has been  i s o l a t e d  by Maass and  M c I n t o s h ^ ,

io n i c  th e o ry  and  th e  a s s o c i a t i o n  h y p o th e s i s ,  t h a t  " th e  p ro d u c t io n  

o f  com plex io n s  i s  a t  th e  b o tto m  o f  a  l a r g e  number o f  o rg a n ic  r e ­

a c t i o n s ” . L apw orth  o f f e r s  two p o s s ib le  r e a c t io n s  :

A n o th e r v iew  (36 ) Q^  e s t e r i f i c a t i o n  i s  to  r e p r e s e n t  th e

m echanism  as a  p ro c e s s  o f  a s s o c i a t i o n  -

L apw orth
(37) has p ro p o se d  a  com prom ise betw een  th e
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o r  th e  a l t e r n a t i v e  -

j ?  + PH*
(2 )  CH„C +• H CHrrO—  a  slow  r e a c t i o n  fo llo w e d

3 b n  5 tm

by  th e  more r a p id  changes -

OH __ OH jDGpH,-
C H _ 0 -  t  CPH_0 CHJ —  OG_H ^  CH,0 *  V  HpO

OH 2 5 3 \)H 2  5 3 ^  ^

w h ich  h a rm o n izes  w i th  th e  f a c t  t h a t  th e  v e l o c i t y  o f  h y d r o ly s is  

o f  e t h y l  a c e t a t e  is  d i r e c t l y  p r o p o r t i o n a l  to  th e  c o n c e n t r a t i o n  o f  

hyd ro g en  io n s .

(38 )K e n d a ll s t a t e s  t h a t  " th e  h y p o th e s is  o f  th e  c a t a l y t i c

a c t i v i t y  o f  th e  u n d i s s o c ia te d  m o lecu le  vfoich p u r p o r t s  to  e x p la in  

why th e  sp e e d  o f  r e a c t io n s  su c h  a s  e s t e r  c a t a l y s i s  i s  n o t  e x a c t l y  

p r o p o r t i o n a l  to  h y d ro g en  io n  c o n c e n t r a t io n  may be d is c a r d e d  in

f a v o r  o f  a  v iew  w hich  r e c o g n iz e s  s e v e r a l  ty p e s  o f  hyd ro g en  io n
j. +■ ~t~

( e . g . ,  H , (HtKgO) ) ,  (H(R.COOR)) e a c h  p o s s e s s in g  a  d i f f e r e n t

c a t a l y t i c  a c t i v i t y .

The a c t i o n  o f  a c id s  as c a t a l y t i c  a g e n ts  may be

( 3 9 )e x p la in e d  on th e  b a s i s  o f  "onium'* compound fo rm a t io n

T his in v o lv e s  th e  fo rm a t io n  o f  an  in te r m e d ia te  com plex in  w h ich

a n  oxygen  a tom  seems to  be q u a d r iv a l e n t .  The th e o r y  assum es th e
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c a t a l y t i c  e f f e c t  to  be due to  u n io n iz e d  a c i d  m o le c u le s .  The 

h y d r o ly s i s  a n d  e s t e r i f i c a t i o n  o f e t h y l  a c e t a t e  i s  th u s  fo rm u la t­

ed  s -

_  H Cl 
CH3 C 0 0 C 2 H5+-HC1 CHgCO 0  C gH g ^

+
3

o '  ^ 0 1
-t- /  0

H H
c? h5° h

CH COOH +• H C l ^ C H  CO 0  H 
3 3  H " \3 1

A cco rd in g  to  F a lk  and  N e lso n  t h i s  schem e a c c o u n ts

f o r  th e  f o l lo w in g  f a c t s  : -

1 .  “The h yd rogen  c h lo r id e  b e a r s  th e  same r e l a t i o n  to

th e  a c i d  a n d  th e  e s t e r .  I t  t h e r e f o r e  c a t a ly z e s  th e  r e a c t i o n  in

b o th  d i r e c t i o n s .

2 .  The onium  compound f o rm a t io n  depends on  th e  

s t r e n g t h  o f  th e  a c i d  c a t a l y s t .  T h is  i s  m easu red  b y  th e  d e g re e  to  

■which i t  b re a k s  u p  in  s o l u t i o n  to  form  i o n s y a  p h y s ic a l  p r o p e r ty  

s i m i l a r  to  th e  ch em ica l p r o p o r ty * o f  onium  a d d i t i o n ,  w hich c o n t r o l s  

th e  r a t e  o f  r e a c t i o n  w i th  w ater"  o r  a l c o h o l .

3 .  I n c r e a s in g  th e  c o n c e n t r a t i o n  o f  w a te r  f a v o r s  th e

p r o d u c t io n  o f  a c i d ;  in c r e a s in g  th e  c o n c e n t r a t i o n  o f  a l c o h o l  f a v o r s  

th e  p ro d u c t io n  o f  e s t e r . ”
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A rrh e n iu s  and  th e  e a r l y  s u p p o r te r s  o f  th e  i o n i z a t i o n  

th e o r y  em p h asized  th e  p a r a l l e l i s m  betw een  th e  e l e c t r i c a l  con­

d u c t i v i t y  o f  an  a c i d  s o l u t i o n  and  i t s  c a t a l y t i c  a c t i v i t y  in  

e s t e r  h y d r o ly s i s .  But more a c c u r a te  m easurem ents show ed t h a t  

d i r e c t  p r o p o r t i o n a l i t y  c o u ld  n o t  be c la im e d . I t  was found  t h a t  

th e  r a t e  o f  h y d r o ly s i s  in c re a s e d  more r a p i d l y  th a n  th e  h y d ro g en -

io n  c o n c e n t r a t i o n ,  a n d  i t  a l s o  in c re a s e d  w i th  th e  e s t e r  co n -
*

c e n t r a t i o n .  So o th e r  t h e o r i e s  have b een  o f f e r e d  to  a c c o u n t f o r

th e s e  d iv e rg e n c e s .

B ro n s te a  has r e c e n t l y  re v ie w e d  th e  th e o r i e s  o f

A cid  a n d  B a s ic  C a ta ly s i s  an d  showed th e  f a i l u r e  o f  some o f  th e

o ld e r  th e o r i e s  to  a d e q u a te ly  e x p la in  th e  phenom ena.

A r r h e n iu s ' v iew s on th e  s u b je c t  o f  a c i d  c a t a l y s i s  do

n o t d i s t i n g u i s h  b e tw een  hydrogen  io n s  in  th e  f r e e  a n d  in  th e

( 4 £ )h y d r a te d  s t a t e .  A cco rd in g  to  Lapw orth  th e  c a t a l y t i c  e f f e c t

in  a c i d  c a t a l y s i s  i s  due s o l e l y  to  th e  n o n -h y d ra te d  o r  non­

s o lv a t e d  hyd ro g en  io n .  The s o lv a t e d  h y d r io n  i s  su p p o sed  to  be 

i n a c t i v e .  He s a y s  t h a t  th e  a d d i t i o n  o f  w a te r  to  a  m ix tu re  o f  

a l c o h o l  and  a c i d  c a u se s  a  r e d u c t io n  in  th e  number o f  hydrogen  

io n s  w hich  a c c o u n ts  f o r  th e  r e t a r d i n g  e f f e c t  o f  w a te r  in  e s t e r ­

i f i c a t i o n .
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Lapworth la te r  o f f e r s  an exp la n a tio n  o f  the

p r o p e r t i e s  o f  a c i d s ,  n o t  n e c e s s a r i l y  in v o lv in g  th e  c o n c e p tio n  

o f  hydrogen  i o n s .  From t h i s  s ta n d p o in t  th e  p r o p e r t i e s  o f  a c id s  

when d i s s o lv e d  in  s o lv e n t s  c o n ta in in g  b a s e s  may m e re ly  depend 

on ( l )  th e  e x t e n t  to  w h ich  th e y  com bine, ( 2 ) th e  m anner in  

w h ioh  th e y  a r e  p a r t i t i o n e d  b e tw een  th e  b a s e s ,  and  ( 3 ) th e  d e g re e  

to  w hich th e  r e s u l t i n g  s a l t s  a r e  d i s s o c i a t e d .

The m ost im p o r ta n t e x p e r im e n ta l  b a s i s  o f  L a p w o rth 's  

th e o r y  c o n s i s t s  o f  show ing  th e  e f f e c t  o f  s m a l l  q u a n t i t i e s  o f  

w a te r  i n  r e t a r d i n g  th e  h y d ra z o b e n z e n e -b e n z id e n e  r e a r ra n g e m e n t ,  

an d  th e  b ro m in a tio n  o f  k e to n e s  in  n o n -aq u eo u s s o l u t i o n s .  He e x ­

p l a in s  th e  e f f e c t  b y  assu m in g  t h a t  m ost o f  th e  h y d r io n s  i n  

aqueous s o l u t i o n  a r e  h y d r a te d  a n d  form  a  com plex HgO"*” . T here i s

•f-
th e n  su p p o se d  to  be a n  e q u i l ib r iu m  betw een  t h i s  oxonium  io n  HgO

an d  HgO an d  H+ as  e x p r e s s e d  b y  the  e q u a t io n  -

H g O ^  ^  HgO +  H +

The d im in u tio n  o f  H ^ i o n s  (on  a d d i t i o n  o f  HgO) i s  now e x p la in e d ,

w i th  c o n se q u e n t f o rm a t io n  o f  oxonium  io n s  w hich  a re  assum ed  to  be 

c a t a l y t i c a l l y  i n a c t i v e .

To s u p p o r t  h i s  v iew s on  f r e e  h y d r io n s ,  L apw orth  

has  i n v e s t i g a t e d  th e  v a r i a t i o n s  in  e le c t r o m o tiv e  f o r c e  i n  c e l l s  

o f  t h i s  ty p e  -
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H HC1
I a lc o h o l

HC1
a lc o h o l  f- HgO

The q u a n t i t y  o f  w a te r  was s m a ll  com pared to  th e  am ount 

o f  a l c o h o l ,  b u t  g r e a t  a s  com pared to  th e  a c i d .

The e le c t r o m o t iv e  fo rc e  o f  su c h  a  c e l l  i s  g iv e n  b y  th e

e q u a t io n  -

E e q u a ls  RT. lo g .  P , w here P an d  P* a r e  th e  " a v a i l -
F P»

a b i l i t i e s * *  o f  th e  a c i d  in  th e  two l i q u i d s .  The '’a v a i l b i l i t y ’* o f  

th e  a c i d  i s  p e rh a p s  synonymous w i th  th e  p r e s e n t  '’a c t i v i t y ” .

The f a l l  in  a v a i l a b i l i t y  due to  th e  a d d i t i o n  o f  w a te r  

i s  r e p r e s e n te d  : -

P* =  £ _
P r  +• w

w here P ' i s  th e  a v a i l a b i l i t y  o f  th e  a c i d  in  m o is t s o l u t i o n ,  P 

t h a t  o f  th e  a c i d  in  an h y d ro u s a l c o h o l s ,  w i s  th e  c o n c e n t r a t io n  

o f  w a te r  i n  gram  m o le c u le s  p e r  l i t e r ,  and  r  a  c o n s t a n t .

G o ld s c h m id t^ * ^  e x p la in s  th e  c a t a l y t i c  e f f e c t  o f  a c id s  

a s  due to  th e  f o rm a t io n  o f  h y d ro g en  io n  a l c o h o la t e  C^RgOH^*- .

From t h i s  v ie w , th e  a n t i - c a t a l y t i c  e f f e c t  o f  w a te r  depends upon 

th e  p a r t i a l  d e c o m p o s i tio n  o f  th e  a l c o h o la t e  a c o o rd in g  to  th e  

schem e : -
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W + ¥  . * = *  °2E5OH -,- H30 +

In  G o ld s c h m id t 's  work th e  a l c o h o l  was p r e s e n t  in  la r g e  e x c e s s  and

hence can  be c o n s id e re d  p r e s e n t  i n  c o n s ta n t  c o n c e n t r a t i o n .  Hence

th e  r e a c t i o n  v e l o c i t y  was i n t e r p r e t e d  b y  means o f  th e  u n im o le c u la r

e q u a t io n  K r  JL lo g  a  . U s in g  &Mb m ethod  G oldschm id t show - 
t  a  -  x

e d  t h a t  a s  an  a p p ro x im a tio n  i t  c o u ld  be s t a t e d  t h a t  th e  r e a c t i o n  

c o n s ta n t  v a r i e d  p r o p o r t i o n a t e l y  to  t h e  h y d ro g en  io n  c o n c e n t r a t i o n ,  

and  t h a t  th e  a c t i v i t y  o f  d i f f e r e n t  a c i d  c a t a l y s t s  was i n  d i r e c t  

r e l a t i o n  to  th e  s t r e n g t h  o f  th e  a c i d  a s  d e te rm in e d  by  th e  h y d ro g en  

io n  c o n c e n t r a t i o n  from  c o n d u c t iv i t y  d a t a .  T hus, in  o r d e r  o f  

d im in is h in g  c a t a l y t i c  pow er, cams h y d r o c h lo r i c ,  p i c r i c ,  t r i ­

c h l o r o a c e t i c ,  t r i n i t r o b e n z o i o ,  t r i c h l o r o b u t y r i c ,  a n d  d i c h lo r o -  

a c e t i c  a c i d s .  As s t a t e d  above th e  a c t i v e  a g e n t  in  e s t e r i f i c a t i o n
4-

, w h ile  th e  io n  h y d r a te  H^O i s  c o n s id e r -

e d  n o n - a c t iv e .

The f a l l i n g  c o n s t a n t ,  K, o b ta in e d  from  th e  o r d in a r y  u n -

im o le c u la r  e q u a t io n  an d  c a u se d  b y  th e  r e t a r d i n g  in f lu e n c e  o f  th e

w a te r  fo rm ed  i n  th e  r e a c t i o n  was c o r r e c t e d  b y  u s in g  a n  e q u a t io n

k . c . t .  =. n  -r r  + a  • lo g  a  -  x  , in  w h ich
a  -  x

c e q u a ls  th e  H io n  c o n c e n t r a t i o n  in  a b s o lu te  a l c o h o l ,  
t  M tim e in  h o u r s ,
n  " i n i t i a l  c o n c e n t r a t i o n  o f  a d d e d  w a te r ,
r  "  e q u i l ib r iu m  c o n s ta n t  o f  h y d r o ly s is  o f  th e

a l c o h o la t e  io n ,  
a  ’* o r i g i n a l  c o n c e n t r a t i o n  o f  a c i d  u n d e rg o in g

e s t e r i f i c a t i o n ,
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x  e q u a ls  c o n c e n t r a t i o n  o f  a c i d  e s t e r i f i e d  a n d  th e r e f o r e  
o f  w a te r  fo rm ed  in  th e  r e a c t i o n .

B ro n s te d ^ 4^ ^  shows t h a t  on th e  b a s i s  o f  G o ld sc h m id t 's

v iew s th e r e  c a n  be o b ta in e d  a  r e l a t i o n  : -

0 „ r  +  w
X.

w here r  r e p r e s e n t s  th e  d i s s o c i a t i o n  c o n s ta n t  o f  th e  oxonium  io n  

in  a l c o h o l i c  s o l u t i o n s .  T h is  le a d s  to  an  e x p r e s s io n

I f  th e  h y d r io n  a l c o h o la t e  fu n c t io n s  as th e  c a t a l y s t :  Icq and  lc

b e in g  th e  v e l o c i t y  c o n s ta n t s  in  a l c o h o l i c  s o lu t i o n s  w ith  and

w ith o u t w a te r  r e s p e c t i v e l y .  The e x p r e s s io n s  o f  L apw orth  and

G oldschm id t show t h a t  th e  a ssu m p tio n s  o f  th e  f r e e  h y d r io n  o r

th e  a c t iv e  a l c o h o la t e  io n  as  th e  a c t i v e  c a t a l y s t ,  l e a d  to  th e

same fo rm u la  f o r  th e  a n t i  c a t a l y t i c  e f f e c t  o f  w a te r .  H ence, th e

e x p e r im e n ta l  f a c t s  c a n n o t o f f e r  a  c h o ic e  b e tw een  th e  two t h e o r i e s .

(47 )However, T a y lo r a n d  R id e a l  s t a t e  t h a t  "L ap w o rth ’s  th e o r y  i s  

a p p l ic a b le  w ith o u t  m o d i f ic a t io n  to  a l l  th e  v a r io u s  a c i d  e a t l a y t i c  

p ro c e s s e s  h e re  c o n s id e re d ,  w h i l s t  G o ld sc h m id t 's  v iew  r e q u i r e s  

a d ju s tm e n t to  m eet p a r t i c u l a r  c a s e s " .

B ro n s te d  c o n s id e r s  t h a t  c a t a l y s i s  due to  f r e e  h y d r io n  

i s  im p ro b a b le . An a rg u m en t ad v an c ed  f o r  t h i s  b e l i e f  i s  b a s e d  on

JL _
*0

X
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(48)
son® w ork o f  F a ja n s  who fo u n d  th e  enorm ous h e a t  e f f e c t  o f  

2 3 2 ,0 0 0  c a l o r i e s  p e r  g ram  io n  when th e  f r e e  h y d r io n  u n i t e d  

w i th  w a te r .  U s in g  t h i s  q u a n t i t y  a s  a  m easure  o f  th e  a f f i n i t y  

o f  th e  h y d r io n  f o r  w a te r ,  B ro n s te d  c a l c u l a t e s  th e  c o n c e n t r a t io n  

o f  f r e e  h y d r io n  in  an  a c i d  s o l u t i o n  to  be a s  low  a s  10“ . 

H ence, he s a y s  " th e  c a t a l y t i c  e f f e c t  m ust c o n s e q u e n t ly  be 

a s s ig n e d  to  th e  h y d r io n  h y d ra te  o r  th e  oxonium  io n s ,  w h ile  in  

a l c o h o l i c  s o lu t i o n s  th e  h y d r io n  a l c o h o la t e  s h o u ld  be c o n s id e r ­

ed  a s  th e  a c t i v e  c a t a l y s t " •

(49)R ice  has a d o p te d  L apw orth*s v iew s o f  f r e e  h y d r io n

c a t a l y s i s  in  h i s  v iew s on " c h e m ic a l a c t i v i t y " .  He assum es t h a t

th e  r e a c t i v i t y  o f  th e  m o le c u le s  i s  in d e p e n d e n t o f  th e  medium i n

w h ich  th e  r e a c t i o n  p ro c e e d s .  He d i s t i n g u i s h e s  betw een  a

c a t a l y t i c a l l y  n e u t r a l  p o in t  an d  a  s t o i c h io m e t r i c  n e u t r a l i t y ;

and  c la im s  t h a t  i t  i s  n o t  u n t i l  th e  h y d ro g en  io n  c o n c e n t r a t io n

has a  v a lu e  a b o u t P. 5 t h a t  th e  c o n c e n t r a t io n s  o f  th e  u n h y d ra te dh

io n s  become e q u a l .  When t h i s  p o in t  i s  r e a c h e d  th e r e  i s  a  

minimum o f  c a t a l y t i c  a c t i v i t y .
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S f e l l o r ^ ^  g iv e s  a s  g e n e r a l  c h a r a c t e r i s t i c s  o f  c a t a l y t i c  

r e a c t i o n s  th e  fo l lo w in g  " a r t i c l e s  o f  f a i t h "  -

(1 )  "The c a t a l y s t  h as  th e  same ch em ica l c o m p o s itio n  a t  

th e  b e g in n in g  as  a t  th e  e n d  o f  th e  r e a c t i o n .

(2 )  A s m a ll  q u a n t i t y  o f  th e  c a t a l y t i c  a g e n t i s  s u f f i c i e n t  

to  e f f e c t  th e  t r a n s f o r m a t io n  o f  a n  i n d e f i n i t e l y  la r g e  q u a n t i t y  o f  

t h e  r e a c t i n g  s u b s ta n c e .

(3 )  A c a t a l y t i c  a g e n t  is  in c a p a b le  o f  s t a r t i n g  a  r e ­

a c t i o n ;  i t  can  o n ly  m o d ify  th e  v e l o c i t y  o f  th e  r e a c t i o n .

(4 )  A c a t a l y t i c  a g e n t  ca n n o t a f f e c t  th e  f i n a l  s t a t e  o f

e q u i l i b r i u m . .

(5 )  The v e l o c i t y  o f  tv© in v e r s e  r e a c t io n s  i s  a f f e c t e d  

b y  th e  c a t a l y s t  to  th e  same e x t e n t .

(6 ) The s t a t e  o f  e q u i l ib r i u m  i s  in d e p e n d e n t o f  th e

n a t u r e  a n d  q u a n t i t y  o f  th e  c a t a l y t i c  a g e n t .

(7 )  The phenomenon o f  c a t a l y s i s  i s  u n i v e r s a l . "

A r t i c l e  (4 ) i s  g e n e r a l l y  assum ed  to  be c o r r e c t  b eca u se

o th e rw is e  i t  m igh t c o n c e iv a b ly  be p o s s i b l e  to  a l lo w  s u b s ta n c e s  to

r e a c t  a l t e r n a t e l y  w i th  and  w ith o u t  th e  c a t a l y z e r ,  and  so u t i l i z e
>

th e  p ro c e s s  to  p e rfo rm  v o r k .  T h is  w ould  be in  r e a l i t y  a  

p e r p e t u a l  m o tio n  p r i n c i p l e ,  w h ich  is  d e n ie d .
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I f  we c o n s id e r  a  g e n e r a l  r e a c t i o n  in v o lv in g  a  m oles o f  

A a n d  b m oles o f  B to  fo rm  c m oles o f  C a n d  d m oles o f  D, u n d e r  

th e  in f lu e n c e  o f  x  m oles o f c a t a l y s t  X,

aA-FbB-f-xX -  cG-t-cLD-f-xX 

we may e x p r e s s  th e  e q u i l ib r iu m  c o n d i t io n s  in  te rm s o f  c o n c e n tr a t io n s

Gqc x  Cj)d x  ^xx  ^ c °  X
K «■   —c

V  *  ° Bb ^  V  V  *  ° b»

p ro v id e d  t h a t  we a r e  d e a l in g  w ith  v e ry  d i l u t e  s o lu t i o n s  in  w h ich  

th e  law s o f  d i l u t e  s o l u t i o n s  h o ld .  I t  is  e v id e n t  t h a t  th e  

e q u i l ib r iu m  c o n d i t io n s  re m a in  unchanged  i n  th e  c a ta ly z e d  p r o c e s s ,  

b e c a u se  the  c a t a l y s t  i s  p r e s e n t  in  e q u a l c o n c e n t r a t io n s  on b o th  

s id e s  o f  th e  e q u a t io n  and  th e s e  v a lu e s  c a n c e l .

S in ce  a c t u a l  sy stem s d e v ia te  from  th e  id e a l  c o n d i t io n s ,  

i t  i s  now c u s to m ary  to  em ploy th e  c o n c e p t o f  a c t i v i t y .  The 

a c t i v i t y  o f  a  s p e c ie s  may be d e f in e d  by  th e  e q u a t io n ,

F = RT ln a  +  C 
A A A

w here  F is  th e  m o la l f r e e  e n e rg y  o f  th e  s u b s ta n c e  A u n d e r  g iv e n
JX

c o n d i t io n s ,  i s  i t s  a c t i v i t y ,  and  G^ i s  a  c o n s ta n t  w hich  may

be a r b i t r a r i l y  d e f in e d .  The in c r e a s e  in  f r e e  e n e rg y  vhen a  sub ­

s ta n c e  ch an g e s  fro m  one s e t  o f  c o n d i t io n s  A to  a n o th e r  A ' i s  g iv e n
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b y  th e  e x p r e s s io n ,

F Af " F A = A  F = M i n  aA’ A A A'

w here a  and  a  r e p r e s e n t  th e  a c t i v i t i e s  in  th e  i n i t i a l  and  
A A'

f i n a l  s t a g e s  r e s p e c t i v e l y  and  F r e p r e s e n t s  th e  in c re a s e  in  f r e e
A

e n e rg y  accom panying  th e  ch an g e . The c o n d i t io n  f o r  e q u i l ib r iu m  

is  t h a t  F = 0 .

Y£hen th e  r e a c t i o n  aA 4-bB = cC + dD  i s  a t

e q u i l ib r iu m ,

aF  -f- bF = cF +  dF
A B C D

Wow b y  s u b s t i t u t i n g  f o r  e a c h  f r e e  e n e rg y  te rm  i t s  c o r re s p o n d in g

a c t i v i t y  e q u i v a l e n t ,  aR T lna , -f-aO A +• bRTlna bQ -
A A B B

cR T lna +- c£5_ •+• dRTlna_-f- dC o r  aC , -f- bC_— cC./i-dO_ =G C D L> A B D D

a® x  a dR T ln a  G D

a\  1  ab B

o r  s in c e  th e  q u a n t i t i e s  on th e  l e f t  hand

- j  ,, a® x
s id e  a r e  c o n s t a n t s ,  = G D , w h ich  r e p r e s e n t s  th e

a a  x  a b 
A B

e q u i l ib r iu m  c o n s ta n t  Ka  a t  a n y  g iv e n  te m p e ra tu re  in  te rm s o f  th e

a c t i v i t i e s  o f  th e  r e a c t i n g  s u b s ta n c e s .  I t  i s  e v id e n t  t h a t  t h i s  

e q u i l ib r iu m  c o n s ta n t  w i l l  be unchanged  in  th e  p re se n c e  o f  any
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s r ib s ta n c e  o c c u r r in g  (as  a  c a t a l y s t )  on  b o th  s id e s  o f  th e  e q u a t io n .  

However, in  homogeneous sy stem s i t  is  p o s s ib le  t h a t  th e  

e q u i l ib r iu m  c o n c e n t r a t io n s  may be m o d if ie d  b y  th e  p re s e n c e  o f  a  

c a t a l y s t .  For exam ple th e  m in e ra l a c id  c a t a l y s t  may a f f e c t  th e  

a c t i v i t y  o f  w a te r  (an d  p o s s i b ly  th e  o th e r  c o n s t i t u e n t s ) ,  so  t h a t  

th e  m o le o u la r  c o n c e n t r a t io n  o f  w a te r  may be q u i t e  d i f f e r e n t  from  

t h a t  i n  th e  a b se n c e  o f  a  c a t a l y s t .  " I t  is  to  t h i s  v a ry in g  e f f e c t ,
( K1 J

s t a t e  R id e a l  and  T ay lo r ' o f  a  c a t a l y t i c  a g e n t  on th e  a c t i v i t i e s  

o f  th e  in d i v id u a l  r e a c t i n g  s p e c ie s  t h a t  m ost o f  th e  a b n o rm a lt ie s  

in  th e  d e te rm in a t io n  o f  e q u i l i b r i a  i n  th e  p re se n c e  o f  c a t a l y s t s  

a r e  to  be . a t t r i b u t e d .  The e f f e c t  i s  p a r t i c u l a r l y  a p t  to  o c c u r  in  

e q u i l i b r i a  w h ich  in v o lv e  e l e c t r o l y t e s  e i t h e r  a s  r e a c t a n t s  o r  a s  

c a t a l y s t s " .

T here  a r e  a  num ber o f  exam ples to  be fo u n d  in  th e  

l i t e r a t u r e  w h ich  show  an  a p p a re n t  d is p la c e m e n t o f  e q u i l ib r iu m  

c o n s ta n t s  by means o f  added  e l e c t r o l y t e s .  Thus Jones a n d  Lap- 

w o r th ^ ^ ^  found t h a t  th e  h y d r o ly s is  c o n s ta n t  o f  e t h y l  a c e t a t e  c o u ld  

be c h a rg e d  by  a d d in g  v a ry in g  am ounts o f  h y d r o c h lo r ic  a c i d  a s  

c a t a l y s t .  The v a lu e  o f  f o u r  f o r  th e  e s t e r i f i c a t i o n  c o n s ta n t  o f  

B e r th e lo t  and  S t .  G rilles c o u ld  be in c re a s e d  to  n in e ,  w i th  in c r e a s ­

ing  c o n c e n t r a t io n s  o f  h y d r o c h lo r ic  a c i d .  The phenomenon is  t o  be

a s c r ib e d  to  th e  in f lu e n c e  o f  th e  a c i d  on  the a c t i v i t y  o f  w a te r .

( 5 3 )Foma an d  A lbon ico  exam ined  th e  a c t i o n  o f  n e u t r a l
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s a l t s  on  th e  v e l o c i t y  o f  fo rm a tio n  and  s a p o n i f i c a t i o n  o f  e s t e r s .  

They fo u n d  th e  o rd e r  o f  in f lu e n c e  o f  th e  c a t i o n s  t o  be K, Na, L i ,  

Ca, Mg, i . e .  d e c r e a s in g  w i th  th e  e l e c t r o a f f i n i t y  o f  th e  c a t i o n s .  

The o r d e r  o f  th e  a n io n s  was a p p a r e n t ly  s m a l le r  b u t  n o t  t o  be 

n e g l e c t e d .  In  t h e i r  s tu d y  o f  th e  e f f e c t  o f  a n io n s ,  LiNOg and

L iB r w ere  u s e d  a s  n e u t r a l  s a l t s  a n d  HBr a n d  HNOg as  c a t a l y s t s .

E d g ar and  S c h u y l e r ^ ^  s t u d i e d  th e  e s t e r i f i c a t i o n  

e q u i l i b r i a  i n  th e  g a se o u s  p h ase  and  fo u n d  h ig h  v a lu e s  r a n g in g  

fro m  347 to  559 f o r  th e  e q u i l ib r iu m  c o n s ta n t s  in  th e  v a p o r  phase 

a t  75° 6 .  T hey m en tio n  r e c e n t  w ork by  M iss T obin  ( D i s s e r t a t i o n ,  

B ryn Mawr C o lle g e , 1920) w h ich  in d i c a t e s  t h a t  th e  c o n s ta n t  f o r  

th e  l i q u i d  ph ase  is  more n e a r l y  3 .7  th a n  th e  v a lu e  4 .0  g iv e n  by 

e a r l i e r  i n v e s t i g a t o r s .  T h is  v a lu e  c o r re s p o n d s  more c l o s e l y  to  

r e s u l t s  o f  o u r  d e te r m in a t io n .

S c h le s i n g e r ^ * ^  i n v e s t i g a t e d  th e  in f lu e n c e  o f  L iC l, 

N aC l, KC1 an d  CaCljj on  th e  e q u i l ib r iu m  b e tw een  EtOAc and  i t s  

s a p o n i f i c a t i o n  p ro d u c ts  a t  100° C, u s in g  0 .2  N orm al HC1 as  a 

c a t a l y s t .  H is e q u i l i b r i u m  c o n s ta n t s  e x p r e s s e d  a s

K -  104  x  m i l l im o ls  HAo x  m i l l  imp Is  EtOH.
m il l im o ls  EtOAc x  m il l im o ls  HgO

show v a lu e s  d e c re a s in g  w i th  in c r e a s in g  s a l t  c o n c e n t r a t i o n .  tThen 

N aCl, L iC l and  CaClg r e s p e c t i v e l y ,  w ere u s e d , th e  e q u i l ib r iu m

c o n s ta n t  c o u ld  be  c a l c u l a t e d  w i th  s t i f f i c l e n t  a c c u ra c y  fro m  the  

l i n e a r  e q u a t io n  K •» 3045 — 2 1 .2 1 7  c (c  b e in g  th e  s a l t
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c o n c e n t r a t i o n  in  m i l l i - e q u i v a l e n t s  p e r  m o l. o f  w a t e r ) .

S c h le s in g e r  em p h asizes  th e  f a c t  t h a t  th e s e  e q u i l ib r iu m  

d is p la c e m e n ts  a r e  n o t c o n t r a d i c t i o n s  o f  the seco n d  lav; o f  therm o­

d y n a m ic s . He i s  i n c l i n e d  to  t r a c e  th e  e q u i l ib r iu m  d is p la c e m e n t to  

a  l o s s  o f  w a te r  c o n te n t  th ro u g h  f o rm a t io n  o f  h y d r a te s ,  b u t  is  

a p p a r e n t ly  u n a b le  to  e x p l a in  why » w hich  ta lces u p  b o th

a lc o h o l  an d  w a te r ,  s h o u ld  a c t  s i m i l a r  t o  NaGl vfcich  b in d s  o n ly

w a te r .  He s u g g e s ta  a  p o s s ib le  r e l a t i o n  to  th e  th e o ry  o f  a c t i o n
(56)

o f  n e u t r a l  s a l t s  as o u t l i n e d  b y  Debye an d  JfoAulay . I t  i s  

d i f f i c u l t ,  how ever, to  s e e  how th e  rem oval o f  w a te r  due to  th e  

fo rm a t io n  o f  s a l t  h y d r a te s ,  w i l l  e x p la in  th e  changes in  th e  

n u m e r ic a l  v a lu e  o f  th e  e q u i l ib r iu m  o o n s ta n t .
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NEUTRAL SALT EFFECT

(57 )A rrh e n iu s  s tu d i e d  th e  in f lu e n c e  o f  n e u t r a l  s a l t s

on  th e  r a t e  o f  h y d r o ly s i s  o f  e t h y l  a c e t a t e .  T h is in f lu e n c e  as

a  r u l e  i s  s m a l l .  He u s e d  an  e q u a t io n  -  dC = k.G .C., f o r
d t

th e  r a t e  o f  s a p o n i f i c a t i o n ;  w here t  i s  th e  t im e ,  0 th e  con­

c e n t r a t i o n  o f  th e  b a s e ,  an d  t h a t  o f  th e  s a l t .  The u n i t s  a r e

seco n d s  and  gram  e q u iv a le n t s  p e r  c u b ic  c e n t im e te r .  Some o f  th e  

r e s u l t s  a r e  a s  f o l l o w s :  -

D e v ia t io n
T em p era tu re  

2 4 .4  0 .

S a l t C o n c e n tr a t io n A verage k . in  c/o

0 .0 2 5 n o rm al K OH 6 .3 0
1 ft k u o 3 5 .1 5 -  1 8 .3
1 t t KCl 5 .7 4 -  8 .9
1 M KBr 5 .2 1 -  1 7 .3
1 t t KI 4 .6 0 -  2 7 .0
1 tt

W *
5 .8 8 -  8 .2

1 t t

w *
5 .9 0 -  8 .0

1 t t 6 .7 2 6 .6

H ere we s e e  t h a t  h a lo g e n s  d e p re s s  th e  v a lu e  o f  k ,  

w h ile  s u lp h a te s  r a i s e  th e  v a l u e . The in f lu e n c e  o f  KI i s  g r e a t e r  

th a n  t h a t  o f  KBr, w hich  is  g r e a t e r  th a n  t h a t  o f  KOI, th e  t h r e e  

b e in g  v e ry  n e a r l y  i n  th e  r a t i o  3 :  2 :  1 .  Ammonium s a l t s  showed 

ab n o rm al e f f e c t s ;  th e  v a lu e s  o f  k  b e in g  l a r g e ,  and v a r y in g  d i s ­

t i n c t l y  w i th  th e  am ount o f  s a l t  i n  so l u t i o n .
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A rrh e n iu s  ^ o f fe re d  s e v e r a l  e x p la n a t io n s  f o r  t h i s  

e f f e c t .  He a t t r i b u t e d  th e  in c r e a s e  in  v e l o c i t y  to  one o r  more 

o f  th r e e  c a u s e s  s -

(1 )  The in c r e a s e  in  th e  i o n i z a t i o n  o f  th e  a c i d .

(2 ) The in c r e a s e d  i o n i z a t i o n  o f  th e  w a te r .

13) The s h i f t  in  th e  e q u i l ib r iu m  " i n a c t i v e  
a c t iv e '*  m o le c u le s ,  to  th e  r i g h t  on th e  
a d d i t i o n  o f  n e u t r a l  s a l t s .

E u l e r 's  th e o ry ^ ^ ^ w h ic h  i s  m e re ly  a n  e n la rg e m e n t o f  

t h a t  o f  A r rh e n iu s ,  a c c o u n ts  f o r  th e  " s a l t  e f f e c t "  on th e  b a s i s  

o f  a n  in c r e a s in g  d i s s o c i a t i o n  o f  w a te r .

Numerous o th e r  p o s t u l a t e s  have b e e n  ad v an ced  to  e x p la in  

th e  n e u t r a l  s a l t  e f f e c t .  Lamble an d  Lewis ^ ^   ̂ o f f e r  th e  s u g g e s t­

io n  t h a t  c a t a l y s i s  i s  a  " r a d i a t i o n  phenom enon." A cco rd in g  to  

t h i s ,  r e a c t i o n s  a r e  c a t a ly z e d  by  th e  a b s o r p t io n  o f  r a d i a t i o n  

w h ich  th e  h y d ro g en  io n  e m its  due to  i t s  v i b r a t i o n  to  an d  f r o  be­

tw een  two n e ig h b o r in g  m o le c u le s .  They a t te m p te d  to  t e s t  A r r h e n iu s ’ 

id e a  o f  th e  e x i s t e n c e  o f  " a c t i v e "  and " i n a c t i v e "  m o le c u le s , b y  

assu m in g  t h a t  i f  Such form s e x i s t ,  th e n  a  c a t a l y s t  m e re ly  a c t s  in  

s h i f t i n g  th e  e q u i l ib r iu m  b etw een  th e  two fo rm s . D e te rm in a tio n s  o f  

th e  v e l o c i t y  o f  h y d r o ly s is  o f  m e th y l a c e t a t e  w ere made a t  d i f f e r e n t  

te m p e ra tu re s  w i t h  d i f f e r e n t  am ounts o f  c a t a l y s t .  T h e ir  r e s u l t s
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show t h a t  t h e r e  i s  no te n d e n c y  f o r  th e  te m p e ra tu re  c o e f f i c i e n t  o f  

a  s t r o n g l y  c a ta ly z e d  r e a c t i o n  to  be l e s s  th a n  t h a t  o f  a  w eak ly  

c a t a ly z e d  r e a c t i o n .  H ence, th e y  assum e th e  non  e x i s t e n c e  o f  s o -  

c a l l e d  " a c t i v e "  a n d  " i n a c t i v e "  m o le c u le s .

A cree^ ® ^ ^su g g ests  t h a t  " r e a c t i v e "  and  " l e s s  r e a c t iv e "  

d o u b le  s a l t s  a r e  fo rm ed  betw een  th e  a d d e d  s a l t  a n d  th e  r e a c t i n g  

s u b s t a n c e .  T hese compounds s p e e d u p  o r  r e t a r d  th e  r e a c t i o n .

Changes i n  s o l v a t i o n ,  v i s c o s i t y ,  vapor p r e s s u r e  o r  o sm o tic  p r e s s u r e  

a r e  a l s o  c o n s id e re d  to  p l a y  a  p a r t ;  and  th e  g e n e ra l  e f f e c t  i s  a s ­

c r ib e d  to  a  change i n  th e  therm odynam ic p o t e n t i a l  c a u s e d  by a  

change i n  th e  f i e l d  s u r ro u n d in g  th e  r e a c t i n g  s u b s ta n c e s .

W ilson^® *^ c o n c lu d e d  t h a t  rem oval o f  s o lv e n t  b y  h y d r a t io n  

o f  th e  s a l t  a c o o u n ts  f o r  th e  r i s e  i n  th e  h y d ro g en  io n  c o n c e n t r a t i o n .  

H is c o n c lu s io n s  came as  a  r e s u l t  o f  some r e s e a r c h e s  on  a c i d i t y  o f
JfigJ

chrome ta n n in g  s o l u t i o n s .  M anning ,  o n  th e  c o n t r a r y ,  s t a t e s  

t h a t  h y d r a t io n  o f  th e  s o l u t e  i s  n o t  l i k e l y  th e  cau se  o f  th e  ch an g ­

in g  hydrogen  io n  c o n c e n t r a t i o n ,  b e c a u se  s t u d i e s  o f  r e a c t io n  

v e l o c i t i e s  o f  h y d r o ly s i s  o f  e t h y l  fo rm a te  in  % 0  a lo n e  an d  in

aqueous s o l u t i o n s  o f  s u c r o s e ,  g lu c o se  a n d  v a r io u s  s a l t s  show t h a t  

th e  n o n - e l e c t r o l y t e s  e x e r t  l i t t l e  o r  no in f lu e n c e  on  th e  r a t e  o f  

h y d r o ly s i s .  In  o th e r  w ords h y d r a t io n  o f  th e  s o l u t e  does n o t  

a f f e c t  k .
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(64)
T a y lo r  em p h asizes  th e  f a c t  t h a t  th e  a c t i v i t y  o f  

th e  u n d i s s o o ia t e d  m o lecu le  a s  -well a s  th e  h y d ro g e n  io n  m ust be 

c o n s id e r e d  in  a c i d  c a t a l y s i s ,  A k e r l o f ^ ^  h o w ev er, c o n c lu d e s  

t h a t  th e  h y p o th e s i s  o f  th e  c a t a l y t i c  a c t i v i t y  o f  th e  n o n - io n iz e d  

m o le c u le  i s  i n c o r r e c t .  H is c o n c lu s io n s  r e s u l t  fro m  a  s tu d y  o f  

n e u t r a l  s a l t  a c t i o n  on  v e l o c i t y  o f  h y d r o ly s is  a t  c o n s ta n t  a c id  

c o n c e n t r a t i o n .  The h yd rogen  io n  a c t i v i t y  o f  t h e  c a t a l y s t  in  

v a r io u s  r e a c t i o n  m ix tu re s  has been  d e te rm in e d  b y  means o f  E .M .F . 

m e a su re m e n ts . A r e l a t i o n s h i p  b e tw een  r e a c t i o n  v e l o c i t y  a n d  

h y d r io n  a c t i v i t y  i s  g iv e n  K -  0 .  a .  f .  (n  i V a -  in  w h ich  K i s

th e  r e a c t i o n  v e l o c i t y  , n  th e  a c i d  t i t r e  and  a  th e  h y d r io n  

a c t i v i t y .  The fo rm u la  i s  c la im e d  to  h o ld  f o r  a l l  c o n c e n t r a t io n s  

o f  c a t a l y s t ,  a n d  i s  n o t i n f lu e n c e d  by th e  n a tu r e  o r  c o n c e n t r a t i o n  

o f  th e  a d d e d  s a l t .

A k e r lo f  p ro p o se s  a  h y p o th e s is  t h a t  th e  w a te r  s h e a th  o f  

th e  h y d ro g en  io n  i s  ch an g ed  b y  th e  a d d i t i o n  o f  n e u t r a l  s a l t s ,  

w h ich  a c c o u n ts  f o r  t h e  c o n c e n t r a t io n  o f  h y d ro g en  io n  re m a in in g  

c o n s ta n t  w h ile  i t s  a c t i v i t y  c h a n g e s . The v a r io u s  n e u t r a l  s a l t  

a c t i o n s  a r e  c o n t r o l l e d  b y  th e  v a r io u s  f o r c e s  w i th  w h ich  th e

d i f f e r e n t  io n s  a t t r a c t  th e  w a te r  m o le c u le s .
(65)

D har s a y s  th e  e f f e c t  o f  n e u t r a l  s a l t s  i s  h ig h l y  

s p e c i f i c ,  some a c c e l e r a t i n g  and  o th e r s  r e t a r d i n g  th e  s p e e d  o f  r e ­

a c t i o n .  He c la im s  t h a t  n e i t h e r  th e  o r d e r  o f  th e  r e a c t io n s  n o r
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th e  te m p e ra tu re  c o e f f i c i e n t  i s  a f f e c t e d  by  th e  p re s e n c e  o f  

n e u t r a l  s a l t s .  H is a r t i c l e  c o n ta in s  a  c h a r t  sum m arf.zing many 

o f  th e  e x p e r im e n ts  on th e  in f lu e n c e  o f  s a l t s  o n  r e a c t i o n  r a t e .

L . E . Bow e^® ) s tu d i e d  cane s u g a r  in v e r s io n  and  e s t e r  

h y d r o ly s i s  b y  h y d ro c h lo r ic  a c i d  in  th e  p re s e n c e  o f  c o n c e n tr a te d  

a l k a l i  h a l id e s  and  a l s o  d e te rm in e d  e l e c t r o m e t r i c a l l y  th e  hy ­

d ro g en  io n  a c t i v i t y  ( te rm e d  a p p a re n t  hydrogen  io n  c o n c e n t r a t i o n ) .  

S in c e  s u g a r  in v e r s io n  is  c a ta ly z e d  by a c i d ,  th e  r a t e  o f  in v e r s io n  

i s  u s e d  a s  a  m easure  o f  th e  hyd ro g en  io n  c o n c e n t r a t i o n .

E x p erim en ts  •mere c o n d u c ted  on th e  in c r e a s e  i n  th e  r a t e  o f  in v e r s io n  

upon  a d d i t i o n  o f  th e  n e u t r a l  s a l t s  N aCl, Na Br a n d  H a l.  He found  

a  p a r a l l e l i s m  betm een  s p e e d  a n d  hydrogen  io n  a c t i v i t y .  However, 

in  th e  h y d r o ly s is  o f  e t h y l  a c e t a t e  th e  a d d i t i o n  o f  n e u t r a l  s a l t

h as  a  much s m a l l e r  e f f e c t .  The w ork was done u n d e r  th e  d i r e c t i o n  

( 6V)o f  B a n c ro f t  who say s  t h a t  n e u t r a l  s a l t  a c t i o n  i s  due to  a  

s h i f t  i n  th e  m a te r  e q u i l ib r iu m .  L iq u id  w a te r  i s  assum ed to  be 

m a in ly  (H20 )£  " d i h y d r o l " ; b u t  th e  a d d i t i o n  o f  s a l t s  may b au se  th e

fo rm a t io n  o f  more m o lecu le s  o f  **mo no hydro  1” (HgO) • T h is  am ounts

to  a  change i n  s o l v e n t ,  i n  w hich c o n c e n t r a t i o n s ,  r e a c t i o n  v e l o c i t i e s ,  

i o n i z a t i o n ,  e t c .  w i l l  be d i f f e r e n t  from  th o s e  in  th e  o r i g i n a l  

s o l v e n t .  T h is  i s  r e a l l y  a  v iew  p ro p o se d  b y  S t i e g l i t i ^ ® ^  b a s e d  on 

A r r h e n iu s ' i n t e r p r e t a t i o n s  p r e v io u s ly  m e n tio n e d .
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REGENT V im S  ON THE INFLUENCE OF 

STRONG ELECTROLYTES ON REACTION VELOCITY .

The r e l a t i o n s h i p  b e tw een  i o n i z a t i o n  and. r e a c t io n  v e l o c i t y

o f  h y d r o ly s i s ,  e s t a b l i s h e d  b y  O stw ald  and  A r rh e n iu s ,  -which h o ld s

f o r  w eak a c id s  and  s a l t s  w ith  a  common io n ,  does n o t  h o ld  f o r

s t r o n g  a c id s  and n e u t r a l  s a l t s  w ith  a  common io n .  The r e a c t io n

v e l o c i t y  in  th e  p re se n c e  o f  s t r o n g  a c id s  in c re a s e s  a t  a  g r e a t e r  '

r a t e  th a n  th e  c o n c e n t r a t i o n  o f  th e  a c i d ,  and  in  p re s e n c e  o f  a  s a l t

o f  common io n  th e r e  i s  a n  in c r e a s e d  v e l o c i t y ,  w hereas th e  conmon

io n  e f f e c t  w ould  demand a  d e c re a s e d  v e l o c i t y  due to  a  d e c re a se  in
(69)

h y d ro g en  io n s .  T a y lo r  g iv e s  th e  f o l lo w in g  d a ta  on  th e  r a t e  o f  

h y d r o ly s i s  o f  e t h y l  a c e t a t e  a t  25° C. -

C 0 .2 5  0 .1 0  0 .0 5  0 .0 2 5  0 .0 1  n .
k (c .K C l)  x  105 7 1 .6  2 6 .3  1 3 .6  7 .0  2 .9
k (c .H C l 1 .On KOI) x  10 8 5 .7  3 4 .4 5  16 .9  8 .7  3 .6

V a rio u s  e m p ir ic a l  fo rm u lae  have b een  p ro p o se d  to  a c c o u n t fo r  su ch  

r e s u l t s .

A rrh e n iu s  s u g g e s te d  t h a t  th e  v e l o c i t y  c o u ld  be e x p re s s e d  

b y  an  e q u a t io n ,

k  e  a (H .)  -f- b (H . )2

•A no ther fo rm u la  w hich  c o n s id e r s  th e  c a t a l y t i c  e f f e c t  a s  due n o t
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o n ly  to  hydrogen  io n , b u t  a l s o  to  th e  u n d is s o c ia te d ,  m o le c u le  was 

u s e d  by  S n e th la g e ,

k  = n H# \  +  n mKm’

w here n  r e f e r s  t o  th e  c o n c e n t r a t io n  an d  K to  th e  c a t a l y t i c  a c t i v ­

i t y  o f  h y d ro g en  io n .  Howpver i n  s t r o n g  a c id s  th e  io n i c  and  m ole­

c u l a r  c o n c e n t r a t io n s  a r e  unknown, and  so th e  above e q u a t io n s  c a n  

o n ly  be a p p l i e d  to  weak a c i d s .

The more r e c e n t  v iew  o f  r e a c t i o n  v e l o c i t y  a t te m p ts  to  

e x p r e s s  r e s u l t s  in  t e r n s  o f  th e  a c t i v i t i e s  o f  th e  c a t a l y s t .  Work 

in  t h i s  f i e l d  h as  been  done by  & ? n e d ^ ® ^ ,  A k e r l o f ^ ^  , Lewis 172 ), 

B r a y ^ 3  ̂ and  L iv in g s  to n  , an d  B r o n s t e d ^ 5  ̂ .

Thus in  a  r e a c t i o n  v e l o c i t y  e q u a t io n  w here th e  con­

c e n t r a t i o n  o f  th e  r e a c t i n g  s p e c ie s  i s  0^ and  th o se  o f  th e  c a t a l y s t

s p e c ie s  a r e  a n d  0g th e  r e a c t i o n  v e l o c i t y  e q u a t io n  i s  e x p re s s e d ,

dx r  k . C . G . C . f . f  
d t  . 3 A B A B

w here and  fg  a r e  th e  a c t i v i t y  c o e f f i c i e n t s  o f  th e  c a t a l y s t  

s p e c i e s .
(76}E arn ed  and  S e lz  s u c c e s s f u l l y  a p p l i e d  s u c h  a n  e q u a t io n  

to  th e  v e l o c i t y  o f  change o f  a c e t y l  c h lo ra m in o b e n zen e  to  c h l o r -  

a c e t a n i l i d e  in  p re s e n c e  o f  HOI. L ik ew ise  B ray  a n d  L iv in g s to n  show­

ed  i t s  a p p l i c a t i o n  to  th e  d e c o m p o s itio n  o f  h y d ro g en  p e ro x id e  in  th e
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p re s e n c e  o f  HBr. In  th e s e  c a s e s  A i s  th e  H io n  a n d  B th e  

h a lo g e n  ( - )  i o n .

B ro n s te d  assum es t h a t  s u c h  r e a c t io n s  in v o lv e  two s t e p s ,  

th e  s lo w  fo rm a t io n  o f  a n  u n s ta b le  in te r m e d ia te  com plex , fo llo w e d

b y  a  r a p i d  d e c o m p o s itio n  to  th e  f i n a l  r e a c t i o n  p r o d u c ts ;  th u s  -

Slow  Fas t

A +  B AB  > C

He th e n  fo rm u la te s  th e  v e l o c i t y  e q u a t io n  on th e  a s s u m p tio n  t h a t  

th e  v e l o c i t y  i s  d e te rm in e d  b y  th e  r a t i o  o f  th e  a c t i v i t i e s  o f  th e  

r e a c t a n t s  to  t h a t  o f  th e  p r o d u c ts ,

dx «  k  0 . 0 n .  f A f B
d t  A B f AB

B ro n s te d  assum es th e  fo l lo w in g  : -

"The p r o b a b i l i t y  o f  a  m o le c u la r  s y s te m  p a s s in g  from  

i t s  n o rm al s t a t e ,  in to  a  s t a t e  c h a r a c t e r i z e d  b y  g r e a t  im­

p r o b a b i l i t y ,  i s  p r o p o r t i o n a l  to  th e  r a t i o  b e tw een  th e  a c t i v i t y  

c o e f f i c i e n t s  in  th e  norm al a n d  th e  im p ro b ab le  s t a t e . "

ACTIVITY AND NEUTRAL SALT ACTION.

Im p o r ta n t a p p l i c a t i o n s  o f  th e  new v e l o c i t y  th e o r y  have 

b een  made by  B ro n s te d  to  some r e s u l t s  o f  H olm berg on h y d r o ly s is  o f  

h a lo g e n a te d  o rg a n ic  compounds in  a l k a l i n e  s o l u t i o n s  i n  p re s e n c e
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and  a b se n c e  o f  n e u t r a l  s a l t s .

H olm berg f i r s t  s tu d ie d  th e  r e a c t i o n  betw een  a l k a l i e s  

and  d ib ro s s s u c c in ic  a c i d ,  a  r e a c t i o n  w h ich , s t o i c h i o m e t r i c a l l y  

a n d  k i n e t i c a l l y ,  p ro c e e d s  a c c o rd in g  to  th e  schemB,

The v e l o c i t y  c o n s ta n ts  o f  th e  p r o c e s s ,  w i th  v a ry in g  c o n c e n t r a t io n s  

o f  th e  r e a c t a n t s  a n d  a l s o  in  th e  p re s e n c e  o f  s a l t s ,  show a  n a rk e d  

d ependence on  t t e  t o t a l  i o n i c  c o n c e n t r a t i o n .  Holm berg c a l l e d  th e  

phenomenon c a t io n  c a t a l y s i s ,  s in c e  th e  v e l o c i t y  w ith  u n changed  

c a t i o n  a p p a r e n t ly  depends on  th e  t o t a l  io n  c o n c e n t r a t i o n ,  a n d  n o t  

u pon  th e  n a tu r e  o f  th e  a n i o n s .  He a l s o  show ed t h a t  v a r i a t i o n  o f  

th e  c a t i o n ,  e s p e c i a l l y  a  change t o  c a lc iu m  a n d  b a riu m  s a l t s ,  p ro ­

d u ced  a  la r g e  in c r e a s e  i n  th e  v e l o c i t y .

B ro n s te d  showed t h a t  th e s e  r e s u l t s  c o u ld  be i n t e r p r e t e d  

b y  h i s  a c t i v i t y  th e o r y  o f  s a l t s .  He fo rm u la te s  t h e  r e a c t i o n  by 

th e  e q u a t io n

w h ere  S r e f e r s  to  th e  d ib ro m s u c o in ic ,  OH to  th e  h y d ro x y l io n ,  an d  

(SS.CH) to  a  t r i v a l e n t  oom plex fo rm ed  by th e  a s s o c i a t i o n  o f  two 

a n i o n s .  In  te rm s  o f  B r o n s te d 's  a c t i v i t y  th e o ry  o f  r e a c t i o n  v e l o c i t y ,

iHBrCOO
IHBrOOO +  0H~ iBrOOO - f  Br “+H gO

S 4- OH ( S .  OH)
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th e  v e l o c i t y  i s  e x p r e s s e d ,

k  x  (0 a ------- ) x  (C0H - )  x  ("2^1 )

1 f s  1

w here fj_ t fg  ,  and  f g  ,  r e f e r  to  th e  a c t i v i t y  c o e f f i c i e n t s  o f  

th e  s e v e r a l  io n s ,  s u b s c r i p t s  in d i c a t i n g  v a le n c ie s  o f  th e  io n s .
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PART I I  -  EXPERIMENTAL

PRELIMINARY EXPERIMENTS.

B efo re  a  s a t i s f a c t o r y  p ro c e d u re  was a d o p te d , s e v e r a l  

p r e l im in a r y  e x p e rim e n ts  w ere r u n .  I t  was f i r s t  th o u g h t p o s s ib le  

to  e s t e r i f y  a  f a i r l y  la rg e  m ix tu re  o f  a lc o h o l  a n d  a c id  i n  a  

500 o . c .  ro u n d  b o tto m ed  f l a s k  h e a te d  on a  w a te r  b a t h ;  th e  f l a s k  

b e in g  c o n n e c te d  w ith  a  r e f l u x  c o n d e n s e r .  The id e a  was to  p e r io d ­

i c a l l y  w ith d raw  c e r t a i n  f r a c t i o n s  o f  th e  m ix tu re  an d  a n a ly z e  f o r  

th e  f r e e  a c e t i c  a c i d .  However, th e  l o s s e s  o f  c o n s t i t u e n t s  th ro u g h  

v o l a t i l i z a t i o n  w ere so g r e a t ,  no m a t te r  how w e l l  r e f lu x e d ,  t h a t  

t h i s  c o u rse  was ab andoned .

I t  was a ls o  deemed a d v is a b le  to  s e e  w h e th e r  s t i r r i n g  

had  any  c o n s id e r a b le  in f lu e n c e  on  th e  r a t e  o f  e s t e r i f i c a t i o n .  A 

w ide m outhed f l a s k  o f  500 c . c .  c a p a c i t y  was c o n n e c te d  w ith  an 

e l e c t r i c  s t i r r e r ,  w hich p a s s e d  th ro u g h  a  m e rc u ry  s e a l .  The ex ­

p e rim e n t was c o n d u c te d  a t  room te m p e ra tu r e ,  an d  p o r t io n s  o f  th e  

e s t e r i f i c a t i o n  m ix tu re  sam p led  p e r i o d i c a l l y .  The r e s u l t s  i n d i c a t ­

e d  t h a t  th e  r a t e  o f  e s t e r i f i c a t i o n  i s  n o t  a p p r e c ia b ly  In f lu e n c e d
(77)

b y  s t i r r i n g .  A s i m i l a r  r e s u l t  was o b ta in e d  by  H uber and  R e id  

i n  a  s tu d y  o f  th e  in f lu e n c e  o f  r a t e  o f  s t i r r i n g  on  r e a c t i o n  v e l o c i t y .  

They fo u n d  t h a t  th e  s a p o n i f i c a t i o n  o f  e t h y l  b e n z o a te  was in d ep en d ­

e n t  o f  th e  sp e e d  o f  s t i r r i n g .
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DETERMINATION OF EQUILIBRIUM CONSTANTS.

The m ethod f i n a l l y  a d o p te d  was e s s e n t i a l l y  th e  same as  

t h a t  em ployed  by B e r th e lo t  a n d  S t .  G i l l e s ,  a n d  o t h e r  e a r l y  i n v e s t ­

i g a t o r s ,  and  more r e c e n t l y  by  S c h le s in g e r  ^7 8 ^. i t  has b een  b r i e f ­

l y  d e s c r ib e d  i n  a  r e c e n t  p a p e r  by  G a n te lo  an d  B i l l i n g e r  . The

d e t a i l e d  p ro c e d u re  was a s  f o l lo w s :  -

W eighed q u a n t i t i e s  o f  a c e t i c  a c i d ,  e t h y l  a lc o h o l  and  

w a te r  (o r  s a l t  s o l u t i o n )  w ere m ixed  to g e th e r  in  a  w eig h ed  f l a s k .  

From t h i s  m ix tu re  sm a ll g la s s  tu b e s  w ere f i l l e d  an d  s e a le d  by  

means o f  a  b l a s t  lam p. The tu b e s  w ere made from  s o f t  g l a s s  tu b in g  

o f  9 mm. b o re ,  a n d  1 mm. w a l l .  E ach  tu b e  was a p p ro x im a te ly  6 cm. 

i n  l e n g th .  The tu b e s  w ere w e ig h ed  b e fo re  an d  a f t e r  f i l l i n g  to  

o b ta in  th e  w e ig h t o f  sam ple t a k e n .

The m ethod o f  f i l l i n g  th e  tu b e s  was to  f i t  up  th e  w eighed  

f l a s k  as  a  w ash b o t t l e  w i th  a  c a p i l l a r y  j e t ;  th e n  by  ireans o f  a  

c u r r e n t  o f  a i r ,  d r i e d  b y  p a s s in g  th ro u g h  c a lc iu m  c h l o r i d e ,  i t  was 

p o s s ib le  to  f o r c e  th e  l i q u i d  in to  th e  s m a l l  t u b e s .  Each tu b e  had  

a  num ber s c r a t c h e d  on i t  f o r  i d e n t i f i c a t i o n .

The a c e t i c  a c i d ,  e t h y l  a l c o h o l  an d  n e u t r a l  s a l t s  u s e d  

w ere a l l  c . p .  ch em ica ls  w h ich  w ere t e s t e d  f o r  i m p u r i t i e s .  The 

a c i d  c o n ta in e d  99 . 39fo o f  a c e t i c  a c i d  by  w e ig h t an d  th e  a l c o h o l  

9 5 .7 5 % by  w e ig h t .  The s a l t s  w ere a l l  th o ro u g h ly  d r i e d  b e f o r e  u s in g .
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The s e a le d  tu b e s  w ere p la c e d  i n  a  b a th  o f  c a rb o n  t e t r a ­

c h lo r id e  w h ich  was t e p t  r e f l u x i n g  by a  s im p le  h e a t e r .  The h e a t e r  

c o n s i s t e d  o f  a  1 0 0 -w a tt in c a n d e s c e n t  lam p in  a  can  in s u l a t e d  w ith  

s h e e t  a s b e s t o s .  By t h i s  a r ra n g e m e n t i t  was p o s s ib le  to  Iceep th e

tu b e s  c o n ta in in g  th e  e s t e r i f i c a t i o n  m ix tu re  a t  a  te m p e ra tu re  o f  
o

78 . Two p h o to g ra p h s  a r e  in c lu d e d  w h ich  show a  b a t t e r y  o f  h e a t ­

e r s  a n d  f l a s k s .

E s t e r i f i c a t i o n  i n  th e  a b s e n c e  o f  a  m in e ra l  a c id  c a t a l y s t  

i s  s lo w , e v en  a t  t h i s  te m p e ra tu r e ,  a n d  i t  was n e c e s s a r y  to  c o n t in u e  

th e  h e a t in g  f o r  from  t h i r t y  to  f o r t y  d a y s .  Then fro m  tim e  to  tim e 

a  tu b e  was ta k e n  from  th e  b a th ,  c o o le d  in  i c e ,  th e  c a p i l l a r y  end  

b ro k e n  a n d  th e  c o n te n ts  p la c e d  i n  ic e  c o ld ,  f r e s h l y  b o i l e d  w a te r .

The m ix tu re  was t r a n s f e r r e d  to  a  v o lu m e tr ic  f l a s k  a n d  a n  a l i q u o t

p o r t i o n  ta k e n  f o r  t i t r a t i o n  a g a i n s t  s t a n d a r d  b a r iu m  h y d ro x id e  

s o l u t i o n .  By means o f  th e  t i t r a t i o n  v a lu e  th e  c o n c e n t r a t io n  o f  

a c e t i c  a c i d  was known in  th e  r e s u l t i n g  m ix tu re ,  an d  from  th e  kno?m 

i n i t i a l  c o n c e n t r a t io n s  i t  was p o s s ib le  to  c a l c u l a t e  th e  c o n c e n t r a t io n  

o f  a l l  f o u r  c o n s t i t u e n t s  i n  th e  e q u i l ib r iu m  m ix tu r e . C o n c e n tra t io n s  

w ere f i g u r e d  i n  te rm s o f  m il l im o ls  o f  th e  c o n s t i t u e n t s  a n d  th e  

e q u i l i b r i u m  c o n s ta n t  was th e n  e x p r e s s e d  as

Ke  = M illim o ls  o f  OHgCOOCgHs X M ill im o ls  o f  Hg0
M ill im o ls  o f  CHgCOOH X M illim o ls  o f  CgHgOH

Tvhen s e v e r a l  s u c c e s s iv e  sam p les gave a p p ro x im a te ly  e q u a l  v a lu e s  o f
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K-g th e  e q u i l ib r iu m  was assum ed  to  have been  r e a c h e d .

The s a l t s  u se d  w ere h ig h  g rad e  p r o d u c ts ;  th e  sodium  

c h l o r i d e ,  brom ide an d  a c e t a t e  w ere Kahlbaum p r o d u c ts ,  w h ile  th e  

sod ium  th io c y a n a te ,  io d id e  an d  n i t r i t e  w ere o b ta in e d  from  Ooleman 

an d  B e l l .  In  th e  c a se  o f  th e  e s t e r i f i c a t i o n  in  p re s e n c e  o f  

sod ium  io d id e ,  th e r e  was alw ays a  l i g h t  brown c o l o r a t i o n  i n d i c a t ­

in g  th e  p re se n c e  o f  f r e e  i o d i n e .  Yfhen sodium  th io c y a n a te  was u se d  

th e r e  was a  p in k i s h  t in g e  i n  th e  r e a c t i o n  m ix tu re ,  p ro b a b ly  due to  

. a  t r a c e  o f  i r o n .  I t  i s  i n t e r e s t i n g  to  n o te  t h a t  th e s e  two c a s e s  

show th e  g r e a t e s t  d e p a r tu r e  fro m  a  l i n e a r  r e l a t i o n s h i p  in  t h e i r  

e f f e c t  on  th e  e q u i l ib r iu m  c o n s t a n t s .  T his i s  e v id e n t  b y  com paring  

th e  c u rv e s  f o r  sod ium  io d id e  a n d  th io c y a n a te  w i th  th e  c u rv e s  f o r  

th e  o th e r  s a l t s .

E ig h t  t a b le s  o f  r e s u l t s  a re  in c lu d e d  in  th e  d a t a .  T able 

Number One c o n ta in s  th e  e q u i l ib r iu m  d a t a  f o r  e s t e r i f i c a t i o n  w i th  

no ad d ed  s a l t .  The m ix tu re  s t a r t e d  w i th  c o n s i s te d  o f  50 c . c .  o f  

a l c o h o l ,  50 c . c .  o f  a c e t i c  a c i d  an d  25 c . c .  o f  w a te r .  These 

q u a n t i t i e s  w ere p i p e t t e d  a n d  th e n  w eig h ed  in  th e  m ix in g  f l a s k  and  

th e  m o ia l c o n c e n t r a t io n  f i g u r e d  from  th e  a n a l y s i s .  T ab les  Number 

Two to  Seven i n c lu s iv e ,  c o n ta in  th e  d a ta  f o r  e s t e r i f i c a t i o n  in  the  

p re s e n c e  o f  ad d ed  s a l t s  in  v a r io u s  c o n c e n t r a t i o n s .  I t  w i l l  be 

o b s e rv e d  t h a t  th e  m o la l c o n c e n t r a t io n s  o f  a l c o h o l ,  a c i d  a n d  w a te r  

a r e  n o t a lw ay s  th e  sam e, b u t  th e  r e l a t i v e  p r o p o r t io n s  a r e  a p p ro x im a te -
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l y  th e  sam e, b eca u se  th e  volum es p i p e t t e d  w ere  a lw ays in  th e  r a t i o  

2 ,  2 and  1 f o r  a l c o h o l ,  a c id  and  w a te r  r e s p e c t i v e l y .

T ab le  Number E ig h t g iv e s  r e s u l t s  when e s t e r i f i c a t i o n  was 

p e rfo rm e d  in  a  m ix tu re  o f  a l c o h o l ,  a c e t i c  a c i d  a n d  a  s o l u t i o n  o f  

0 .0 2 0  Normal HC1. The r e l a t i v e  volum es u s e d  in  t h i s  c a s e  w ere th e  

same a s  i n  th e  p re v io u s  e x p e r im e n ts ,  nam ely  2 volum es o f  a l c o h o l  

to  2 o f  a c e t i c  a c i d  to  1 volume o f  th e  aq ueous s o l u t i o n  o f  0 .1  

Normal HC1.

The co m p a ra tiv e  e f f e c t s  o f  th e  s e v e r a l  s a l t s  i s  shown 

g r a p h i c a l l y  on  th e  c u rv e  s h e e t  No. 1 in c lu d e d .  H ere th e  v a lu e s  o f  

Eg a r e  p l o t t e d  a s  o r d in a t e s  a g a i n s t  th e  c o r re s p o n d in g  v a lu e s  o f

s a l t  c o n c e n t r a t io n  as  a b s c i s s a e .
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C o n s ta n t T en ro e ra tu re  B aths — C o n s is t in g  o f  500 c . c .  
S o x le t  F la s k s  a t t a c h e d  to  c o n d e n s e r s .  E ach  f l a s k  
was h e a te d  by a  100 w a tt  in c a n d e s c e n t  b u lb  in  a  t i n  
can  i n s u l a t e d  w ith  a s b e s to s .

A p p a ra tu s  p h o to g ra p h e d  a t  n i g h t .
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TABLE I .

ESTERIFICATION WITH MO ADDED SALT.

O oncn. HAc C oncn. ETOH C oncn. ® 2® 
Kg I n i t i a l  F in a l  I n i t i a l  F in a l  I n i t i a l  F in a l

8 6 6 .9  4 5 9 .8  8 4 8 .4  4 4 1 .3  1 4 3 0 .4  1837.
7 8 6 6 .9  4 5 8 .6  848 .4  4 3 9 .7  1 4 3 0 .4  1838 .

3 708 8 6 7 ,8  4 5 8 *4 8 4 7 *6 4 3 8 ,2  1 4 3 3 .0  1842 .
8 6 7 .8  4 6 1 .5  8 4 7 .6  4 4 1 .3  1 4 3 3 .0  1839 .

N ote -  The i n i t i a l  c o n c e n t r a t io n  r e f e r s  to  th e  
c o n c e n t r a t i o n ,  e x p re s s e d  in  m i l l im o ls ,  
in  th e  o r i g i n a l  m ix tu re  b e fo re  r e a c t i o n  
o c c u r s .  The f i n a l  c o n c e n t r a t io n  r e f e r s  
to  th e  c o n c e n t r a t io n  a f t e r  e q u i l ib r iu m  
i s  e s t a b l i s h e d .

TABLE I I

ESTERIFICATION IN PRESENCE OF N aO l.

N e u tr a l
S a l t
C oncn. Run **

C oncn. 
I n i t i a l

HAc
F in a l

C oncn.
I n i t i a l

ETOH
F in a l

C oncn. 
I n i t i a l

H20
F in a l

0 .096 N. A
B

3 .8 7 2
3 .9 3 1

3 .9 0 2 170 .9
170 .9

9 1 .5
9 1 .0

1 6 3 .4
1 6 3 .4

8 4 .0
8 3 .5

2 9 6 .2
2 9 6 .2

3 7 5 .5
3 7 6 .0

0 .2 0 0 N. A
B

4 .0 8 9
4 .0 7 4

4 .0 8 2 8 6 5 .3
8 6 5 .3

4 4 4 .7
4 4 5 .2

848 .4  
8 4 8 .4

42 7 .8
4 2 8 .3

1 429 .2
1 429 .2

1849.8  
1849 .3

0 .285 N. A
B

4.221
4 .2 4 9

4 .2 3 5 8 6 6 .7
8 6 6 .7

4 4 3 .5
4 4 2 .6

8 5 7 .7
8 5 7 .7

4 3 4 .5
4 3 3 .6

1 4 9 9 .0
1 4 9 9 .0

19 2 2 .2
1923 .1

0 .4 0 0 N. A
B

4 .4 1 3
4 .4 6 3 4 .4 3 8 8 6 6 .8

8 6 6 .8
4 3 5 .4
4 3 3 .9

848 .8 
8 4 8 .8

4 1 7 .5
4 1 6 .0

1428 .7
1 4 2 8 .7

1 8 6 0 .0
1861 .5
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BunRun

A 3.6 8 6
B 3 .7 2 3

C 3 .7 5 5
I) 3 .6 6 1

Concn.
ETAc
F in a l

4 0 7 .1
40 8 .3

4 0 9 .4  
4 0 6 .3

Concn.
ETAc
F in a l

7 9 .3  
79 .8

4 2 0 .6
4 2 0 .1

4 2 3 .2  
4 2 4 .1

4 3 1 .3  
43 2 .8
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TABLE I I I .

ESTERIFICATION II'I PRESENCE OF M a i.

N e u tra l  
S a l t  
C oncn. Run

Av.

3 l
C oncn.
I n i t i a l

HAc
F in a l

C oncn.
I n i t i a l

ETOH
F in a l

Concn. 
I n i t i a l

h2 o

F in a l

Concn.
ETAc
F in a l

0 .0 9 5 N. A
B

3.839
3 .857

3 .848 170 .9
170 .9

9 1 .2
9 1 .1

16 3 .6
1 6 5 .6

8 3 .9
8 3 .8

2 9 0 .2
2 9 0 .2

36 9 .8
369 .9

7 9 .6
7 9 .7

0 .1 8 9 N. A
B

4 .0 5 3
4 .0 5 9 4 .0 5 6 170 .9

170 .9
9 0 .3
9 0 .2

t

16 3 .6
163 .6

8 3 .0
8 2 .9

2 9 6 .5
2 9 6 .5

37 7 .0
37 7 .1

8 0 .5
8 0 .6

0 .2 8 9 N. A
B

4 .1 2 8
4 .1 5 9 4 .1 4 3 17 0 .8

17 0 .8
8 9 .3
8 9 .2

163 .2
163 .2

8 1 .7
8 1 .6

2 8 9 .3
2 8 9 .3

37 0 .7
370 .8

8 1 .4
8 1 .5

0 .3 8 0 N. A
B

4 .1 9 2
4 .1 7 9

4 .1 8 6 17 0 .5
17 0 .5

8 9 .0
8 9 .1

162 .8
162.8

8 1 .3
8 1 .4

2 9 2 .0
2 9 2 .0

3 7 3 .4
3 7 3 .3

8 1 .4
8 1 .3

TABLE IV.

ESTERIFICATION IN PRESENCE OF NaCNS.

N e u tr a l
S a l t
C oncn. Run *3*

Av. Cone.
I n i t i a l

HAc
F in a l

C oncn. 
I n i t i a l

ETOH
F in a l

Concn.
I n i t i a l

h2 o

F in a l

Concn
ETAc
F in a l

0 .0 9 5 N. A
B

3 .8 9 3
3 .9 3 9 3 .9 1 6 170 .9

170 .9
9 1 .4
9 1 .1

1 6 3 .1
1 6 3 .1

8 3 .6
8 3 .3

2 9 5 .7
2 9 5 .7

37 5 .1
3 7 5 .4

7 9 .4
7 9 .7

0 .1 8 8 N. A
B

3 .9 2 7
4 .0 1 8 3 .973 171 .8

17 1 .8
9 1 .5
9 0 .9

1 6 3 .3  
163 . o

8 3 .0
8 2 .4

2 9 1 .7
2 9 1 .7

371 .9
37 2 .5

8 0 .2
8 0 .8

0 .2 8 1 N. A
B

4 .1 1 4
4 .0 4 6 4 .0 8 0 1 7 1 .3

17 1 .3
9 0 .2
9 0 .6

1 6 3 .2
16 3 .2

8 2 .1
8 2 .5

29 5 .2
2 9 5 .2

376 .2
375.8

8 1 .0
8 0 .6

0 .3 6 8 N. A
B

4 .3 1 9
4 .3 0 7 4-.313 17 0 .6

1 7 0 .6
8 8 .3
8 8 .4

163 .6
163 .8

8 1 .5
8 1 .6

2 9 5 .8
29 5 .8

3 7 8 .0
3 7 8 .0

8 2 .2
8 2 .2
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TABLE 7 .

ESTERIFICATION IN PRESENCE OF N a A e.

N e u tra l  
S a l t  
C oncn. Run ke

Av.

ke
C oncn.
I n i t i a l

HAc
F in a l

Concn.
I n i t i a l

ETOH
F in a l

C oncn. 
I n i t i a l

k2 o

F in a l

Concn
ETOAc
F in a l

0 .0 9 7 N. A
B

3.488
3.466 3 .4 7 7 17 0 .9

170 .9
9 3 .8
9 4 .0

1 6 3 .6
163 .6

8 6 .5
8 6 .7

2 9 0 .5  
29 0 .5

367 .5
3 6 7 .4

7 7 .0
76 .9

0 .1 9 0 N. A
B

3 .5 5 6
3 .547 3 .5 5 2 170 .8

17 0 .8
9 3 .4
9 3 .5

163 .1
163 .1

8 5 .7
8 5 .8

29 0 .7  
2 9 0 .7

36 8 .1
3 6 8 .0

7 7 .4
7 7 .3

0 .2 8 3 N. A
B

3 .6 0 4
3 .6 0 4 3 .6 0 4 17 0 .8

17 0 .8
9 3 .3
9 3 .3

163 .5
163 .5

8 6 .0
8 6 .0

2 9 5 .3
2 9 5 .3

372 .8
372 .8

7 7 .5
7 7 .5

0 .376 N. A
B

3.621
3 .6 8 3

3 .6 5 2 1 7 0 .3
1 7 0 .3

9 3 .1
9 3 .5

1 6 2 .4
1 6 2 .4

8 5 .2
8 5 .6

2 9 5 .5
2 9 5 .5

372 .7
3 7 2 .3

7 7 .2
76 .8

TABLE V I.

ESTERIFICATION IN PRESENCE OF NaBr.

N e u tra l
S a l t
C oncn. Run

Av. C oncn. 
I n i t  i a l

HAc
F in a l

Concn. 
I n i t i a l

ETOH
F in a l

C oncn. 
I n i t i a l

H2 0
F in a l

Concn,
ETOAc
F in a l

0 .0 9 6 N. A
B

4.059
4.077

4 .0 6 8 17 0 .7
1 7 0 .7

8 9 .5
8 9 .4

1 6 3 .5
16 3 .5

8 2 .3
8 2 .2

2 8 7 .3  
28 7 .3

3 6 8 .5
3 6 8 .6

8 1 .2
8 1 .3

0 .1 9 1 N. A
B

4 .0 9 4
4.111

4 .1 0 3 170 .7
17 0 .7

8 9 .6
8 9 .3

16 3 .1
163 .1

8 1 .9
8 1 .7

2 9 0 .1
2 9 0 .1

37 1 .3
3 7 1 .4

8 1 .2
8 1 .4

0 .2 8 9 N. A
B

4 .2 5 4
4 .2 5 7

4 .2 5 6 170 .9
170 .9

8 8 .7
8 8 .6

1 6 3 .3
1 6 3 .3

8 0 .9
8 1 .0

289 .7  
2 8 9 .7

3 7 2 .1
37 1 .9

8 2 .4
8 2 .3

0 .3 8 2 N. A
B

4.461
4 .4 9 9

4 .4 8 0 171 .1
17 1 .1

8 7 .4
8 7 .2

163 .9
163 .9

8 0 .2
8 0 .0

29 0 .5  
2 9 0 .5

37 4 .2
3 7 4 .4

8 3 .7
8 3 .9
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TABLE V I I .

ESTER IF IC  AT IOK IN PRESENCE OF NaNOa.

N e u tra l
S a l t
C oncn. Run

Av.

ke
C oncn. 
I n i t i a l

HAc
F in a l

C oncn. 
I n i t i a l

ETOH
F in a l

C oncn. 
I n i t i a l

h2 o

F in a l

Concn
ETOAc
F in a l

0 .0 9 3 N. A 3 .6 4 8 3 .6 4 0 3 4 1 .7 1 8 6 .4 328 .2 17 2 .9 599 .9 7 5 5 .2 1 5 5 .3
B 3 .6 3 2 3 4 1 .7 18 6 .6 328 .2 1 7 3 .1 59 9 .9 7 5 5 .0 1 5 5 .1

0 .1 8 4 N. A 3 .7 5 2 3 .7 1 0 338 .6 1 8 3 .3 3 2 6 .7 1 7 1 .4 6 0 3 .9 75 9 .2 1 5 5 .3
B 3 .6 6 8 33 8 .6 184 .5 3 2 6 .7 1 7 2 .6 6 0 3 .9 7 5 8 .0 1 5 4 .1

0 .2 7 9 N. A 3 .8 2 9 3 .7 7 9 3 4 0 .2 182 .5 3 2 8 .0 17 0 .3 5 9 7 .6 7 5 5 .3 15 7 .7
B 3 .729 3 4 0 .2 183 .9 3 2 8 .0 17 1 .7 5 9 7 .6 75 3 .9 15 6 .3

0 .3 6 7 N. A 3 .9 7 6 3 .9 2 4 337 .9 179 .7 3 2 7 .1 160 .9 6 0 4 .7 7 6 2 .9 15 8 .2
B 3 .8 7 1 337 .9 181 .1 327 .1 1 7 0 .3 6 0 4 .7 7 6 1 .5 156 .8

TABLE V I I I .

ESTERIFICATIDN IN PRESENCE OF HOI.

Concn.
HOI £ v * C oncn. HAc. C oncn. ETOH C oncn. H2 °  ETOAc
C oncn. Run E E I n i t i a l  P in a l  I n i t i a l  F in a l  I n i t i a l  F in a l  F in a l

0 .0 2 0  N. A 3 .6 9 5  3 67 ? 339 .9  18 4 .7  3 2 7 .0  1 7 1 .8  5 9 9 .5  7 5 4 .7  1 5 5 .2
B 3 .6 6 0  * 33 9 .9  1 8 5 .1  3 2 7 .0  1 7 2 .2  5 9 9 .5  7 5 4 .3  154 .8
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NoC u rv e !S h e e t
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DETERMINATION OF REACTION VELOCITY CONSTANTS.

The g e n e r a l  p ro c e d u re  in  m e a su rin g  th e  r e a c t io n  v e l o c i t y  

c o n s ta n t s  was s i m i l a r  to  t h a t  d e s c r ib e d  u n d e r  th e  d e te rm in a t io n  o f  

e q u i l ib r iu m  c o n s t a n t s . However, in  th e  l a t t e r  case  i t  was n e c e s s a r y  

t o  ta k e  sam p les f r e q u e n t ly  in  th e  e a r l y  s ta g e s  o f  th e  e s t e r i f i c a t i o n  

and  r e c o r d  th e  tim e  i n t e r v a l  betw een  s t a r t  and  tim e  o f  rem oving 

sam p les . S in ce  th e  r e a c t i o n  r a t e  i s  v e ry  s low  a t  room  te m p e ra tu re ,  

th e  a c t u a l  s t a r t i n g  tim e  was n o t  ta k e n  u n t i l  th e  m ix tu re s  w ere s e a l -  

e d  i n  tu b e s  an d  th e  tu b e s  im m ersed i n  b o i l i n g  c a rb o n  t e t r a c h l o r i d e .  

The tim e o f  s to p p in g  was ta k e n  when th e  tu b e s  we r e  w ith d raw n  from  

th e  h e a t in g  f l a s k ,  and  im m ersed i n  ic e  w a te r ,  p r i o r  to  t i t r a t i o n .

Thus th e  tim e  r e c o r d e d  in  t h e  ta b le s  r e p r e s e n t s  th e  tim e d u r in g  w h ich  

th e  sam p les  w ere a t  th e  te m p e ra tu re  o f  b o i l i n g  ca rb o n  t e t r a c h l o r i d e  

( 7 8 °  G o )

The m ethod o f  c a l c u l a t i n g  th e  v e l o c i t y  c o n s ta n t s  i s  t h a t  

g iv e n  b y  P a r t in g to n ^ ® ^  • The r e a c t i o n  i s  r e v e r s i b l e  an d  th e r e f o r e  

th e  v e l o c i t i e s  o f  b o th  d i r e c t  and  r e v e r s e  r e a c t io n s  m ust be c o n s id e r ­

e d .

in  th e  e q u a t io n  s -

OHgCOOH +  OgHgOH CHgCOOCgHg -f- H2 0

L e t a ,  b , c ,  d ,  d e n o te  th e  i n i t i a l  c o n c e n t r a t io n  in  mols p e r  l i t e r  o f  

a c i d ,  a lc o h o l ,  e s t e r ,  and  w a te r ;  and l e t  th e  am ount o f  change a f t e r  a

-  5 7  -
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tim e  t  be c a l l e d  x .

The v e l o c i t i e s  o f  th e  d i r e c t  and r e v e r s e  r e a c t io n s  a re

d x i r  k ^ a  -  x ) lb  -  x ) ,  dx2 ~ k 2 lc  4 - x )  (d  +  x )  ;
d t  d t

h ence  th e  v e l o c i t y  o f  e s t e r i f i c a t i o n  is

dx = dx^ -  dx2 = Z q (a  -  x )  (b -  x )  -  k 2 ( c *f x ) ( d  -f- x )
d t  d t  d t

To i n t e g r a t e  t h i s  e q u a t io n  we p u t

_____________________ dx____________________   — d t .
k-  ̂I a  -  x ) ( b -  x ) c x ) (d  +  x )

The d en o m in a to r  on  th e  l e f t  can  be w r i t t e n

{k̂ ab -  k^cd) +• ^) +  kg(c + d) J x  -Hk  ̂ - kg ) x  ̂ J

o r  d iv i d in g  b y  kg an d  p u t t i n g  k^  /  kg -  K,

(Zab -  d) -  [  K (a  +  b ) - f - (d  d) J x  + ( K  -  1 ) x 2 ;

2w hich  i s  o f  th e  fo rm  Lx -t-mx-}-n.

To f a c t o r i z e  t h i s  e x p r e s s io n  we p ro c e e d  as f o l lo w s :  -  

L e t a ,  /3  be th e  r o o t s  o f  th e  q u a d r a t i c  e q u a t io n  

Lx2-̂ - mx -f-n r  0 .

T hen , a  -  -  m +  \ /  m -  4 In  ,
2 L

(3  -  -  m — \!  m -  4 In  .
2 L

On com paring  th e s e  r e s u l t s  w ith  th e  e x p re s s io n  to  be f a c t o r i z e d ,  i t

i s  s e e n  t h a t  L -  K -  1,
m -  -  IK l a  -k- b ) +  (o' +  d) ) = -  Q s a y ,
n -  Kab -  cd ;

-  58 -
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th e n c e  a  = -  y } j Q + \/ -  4(K  -  1) (Kab -  cd ) j

f i  = t T k ^ T )  J Q ^  *  " 4(K  '  11 (Kab " cd) )

P u t \ I  Q2 -  4(K  -  1) (Kab -  cd) = P

T h e re fo re  a  -  0. +  P_._.. , /S  -  Q ~  P •
2 (K -  1) 2 (K -  1)

Thus (Kab -  cd ) -  (K (a  +*b) +  (c  +  d )x  -f  (K -  1) x 2 = ( x - a ) ( x -

Now, t o  s p l i t  i n t o '-p a r t i a l  f r a c t i o n s ,  assum e

________ 1_________  = A -f- B t
(x  -  a )  (x  ~ /3  ) x  -  a  x  -  /3

a n d , b y  th e  u s u a l  m e th o d s , i t  i s  fo u n d  th a t

A = (K -  1} /  P , B = -  (K -  1) /  P .

The e x p r e s s io n  i s  now in t e g r a b l e  : -

_______ dx_________  = (K - l)  dx -  (K - l)  dx  = kg d t
(x  -  a )  (x  - f 3 )  P (x  -  a )  P (x  - / ?  )

I n t e g r a t i n g  we o b t a i n :  -

K - l  ( lo g  (x  -  a )  -  lo g  ( x  ~ / 3 ) ) -  k 2 t  -  C
P

To f i n d  0 p u t  x  -  0 , t  -  0 ,  Then C -  K - l  . lo g  a
~ ~ p  73

H ence, K - l  ( log . x  -  _a  ) -  t  = K -  .1 . lo g  &.
P ( x  - / *  ) P / 3

o r  k 2 r  1  • K -  .1 lo g  ^ ( x  -_ .a j
t  P  a ( x  - / 3  )

-  59 -
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S u b s t i t u t i n g  th e  v a lu e s ,  a  r  Q. 4» P and /$  -  Q. -  P
2 (K - l)  2 (K - l)

K 2 -  1  . K -  l .-log (Q -P) . (x  -  J
t  p „ -HMfp) ______2 .iK: 1 ) '

(„ _ 5L=-P  )
2 (K - i)  )

= 1  • K -  I  lo g  (Q-P) (2 (K - l)x  -"Q  -  P) 
t  P (Q fP) (2 (K - l)x  - Q - P )

o r  k? -  1  • g  ~ .1. lo g  (Q-P) (Q+P -  2(K  -  1) x ) 
* t  P (QfP) (Q -P -  2(K  -  1) x

From th e  r e l a t i o n s h i p  k-^ r  Kg , i t  i s  now p o s s ib le  to  d e te rm in e

k 2

th e  v a lu e s  f o r  k^ , b e c a u se  the  v a lu e s  o f  Kg w ere  p r e v io u s ly  o b ta in e d ,

an d  th e  v a lu e s  o f  kg  a r e  o b ta in e d  fro m  th e  above e q u a t io n .

The v a lu e s  n e c e s s a r y  in  th e  e q u a t io n  f o r  kg a r e :  -

a  e q u a ls  mols o f  a c e t i c  a c i d  i n i t i a l l y  
b " " '* a l c o h o l  i n i t i a l l y
c ** " " e s t e r  n
d " " '* v /a te r  "
x  " arotJunt o f  change a f t e r  tim e ( t ) .

F or an y  one m ix tu re  th e  v a lu e s  f o r  Q and  P  w i l l  be th e  same th ro u g h ­

o u t  th e  c o u rse  o f  th e  r e a c t i o n ,  s in c e  th e y  d ep en d  o n ly  on the v a lu e s

o f Kg and th e  i n i t i a l  c o n c e n t r a t io n s :  -

Q *  K ( a f b )  -  (c f  d)

P = V* Q* -  4(K- -  1) (Kab -  c d )

60 -
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The o n ly  v a r i a b l e s  th e n  in  th e  e q u a t io n  f o r  k>, a r e  ( t )  and  (x ) f o r

a  p a r t i c u l a r  m ix tu r e .  The tim e  was r e c o rd e d  in  m in u te s .  I t  s h o u ld  

be n o te d  t h a t  th e  lo g a r i th m  i s  to  th e  b ase  ( e ) ,  and  s h o u ld  be 

m u l t i p l i e d  b y  2 .3 0 5  to  change to  th e  b ase  10 .

The c u rv e s  show ing  th e  r e l a t i o n s h i p  b e tw een  a v e ra g e  

v a lu e s  o f  k^ and  s a l t  c o n c e n t r a t io n  a r e  shown on Ourve S h e e t No. 2 .

For th e  a v e ra g e  v a lu e  k-  ̂ , th e  a v e ra g e  o f  th e  l a s t  t h r e e  v a lu e s

was ta k e n ,  b e c a u se  th e  v a r i a t i o n  seem ed  m ich l e s s  th a n  in  th e  

i n i t i a l  s ta g e s  o f  th e  r e a c t i o n .

TABLE IX.

REACTION VELOCITY CONSTANTS FOR ESTERIFICATION 
________________ WITH NO ADDED SALT.________________

Time
M inu tes kg (k^ = (kg x  5 .7 0 5 )

32 .000114 .000421
122 .000114  .000422
171 .000108 .000399
242 .000101 .000392
301 .000102 .000379
359 .000104 .000386

A verage .000386
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TABLE X.

REACTION VELOCITY CONSTANTS FOR ESTERIFICATION
___________________ IN PRESENCE OF N a C l._________________

N e u tra l
S a l t
C oncn.

Time in  
l l in u t  es *2 = (k2 x  3 .9 0 2 )

0 .1 0 1  N. 25 .000162 .000633
80 .000176 .000685

151 .000163 .000637
200 .000157 .000613
260 .000155 .000606
365 .000161 .000629

A verage .000616

(k l = (kgX 4 .0 8 2 )

0 .2 0 0 73 .000261 .001070
138 .000228 .0009 31
198 .000222 .000906
230 .000221 .000903
288 .000215 .000878
408 .000186 .000759

A verage .000846

(1C1
= (k2 x  4 .2 3 5 )

0 .3 0 0  N. 68 .000277 .001173
100 .000277 .001173

, 133 .000259 .001095
199 .000248 .001051
227 .000237 .001003
262 .000228 .000963

A verage .001006

I k l = (k2 x  4 .4 3 8 )

0 .4 0 0 N . 69 .000296 .001293
100 .00027 3 .001212
133 .000262 .001165
161 .000254 .001129
191 .000246 .001092
229 .000239 .001060

A verage ,001090
-  62 -
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TABLE X I .

REACTION VELOCITY CONSTANTS FOR ESTERIFICATION
____________________IN  PRESENCE OF NaONS.________________

N e u t r a l  
S a l t  
Concn .

Time in  
M inutes k 2 ( k l it 3 .9 1 6 )

0 .1 0 0  N. 133 .000130 .000509
165 .000123 .000482
210 .000118 .000460
240 .000111 .000436
272 .000109 .000428
304 .000105 .000412

A verage .000425

il tF K 3 .9 7 3 )

0 .2 0 1  N. 68 .000147 .000583
106 .000133 .000529
117 .000133 .000527
182 .000117 .000463
221 .000113 .000441
245 .000109 .000426

A verage .000443

(k l = 4 .0 8  )

0 .2 3 8  N. 98 .000181 .000742
137 .000119 .000485
174 .000116 .000474
263 .000113 .000452
297 .000105 .000429
329 .000108 .000440

A verage .000441

(k l = (k 2 x 4 .3 1 3 )

0 .4 0 3  N. 89 .000131 .000567
124 .000122 .000527
165 .000116 .000501
201 .000121 .000520
238 .000121 .000521
278 .000120 .000519

A verage .000520
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TABLE X I I

REACTION VELOCITY CONSTANTS FOR ESTERIFICATION
__________________ IN PRESENCE OF N a l .___________________

N e u tr a l
Sa I t  
C oncn,i

Time in  
M inutes k 2 {H = k2 x 3 .8 4 8 )

0 .1 0 0 N. 22 .000156 .000602
42 .000176 .000679

111 .000143 .000551
141 .000140 .000539
171 .000135 .000518
202 .000133 .000513

A verage .000523

= k2 X
4 .0 5 6 )

0 .2 0 1 N. 62 .005170 .002100
129 .000287 .001170
418 .000161 .000653
435 .000137 .000557
496 .000145 .000587
525 .000143 .000581

A verage .000575

(k l = *2 x 4 .1 4 3 )

0 .3 0 1 N. 30 .000480 .001989
61 .000299 .001241
90 .000247 .001022

200 .000147 .000609
221 .000175 .000727
319 .000160 .000663

A verage .000  683

(fc -  k  x 4 .1 8 6 )
1 2

0 .4 0 0 N. 60 .000239 .001005
88 .000218 .000913

114 .000266 .000675
184 .000244 .000605
320 .000229 .000504
347 .000244 .000602

A verage .000583
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TABLE X I I I

REACTION VELOCITY CONSTANTS FOR ESTERIFICATION
__________________ IN PRESENCE OF N a B r .__________________

N e u tra l
S a l t
Concn •

Time in  
M inutes k 2 t k l = * 2  x 4 .0 6 8 )

0 .0 9 9 N. 53 .000184 .000748
74 .000174 .000707

104 .000167 .000679
129 .000166 .000677
154 .000157 .000637
175 .000162 .000659

A verage .000658

1*1 = k 2 X 4 .1 0 3 )

0 .2 0 8 N. 108 .000225 .000925
133 .000223 .000915
166 .000215 .000883
197 .000205 .000842
225 .000208 .000854
259 .000199 .000820

A verage .000839

{kl
*  * 2 X 4 .2 5 6 )

0 .2 9 9 N. 19 .000216 .000919
38 .000284 .001207
61 .000274 .001168
83 .000265 .001128

108 .000233 .000989
126 .000266 .001134

A verage .001083

s  * 2 x 4 .4 8 0 )

0 .4 0 0 N. 141 .000289 .001296
175 .000288 .001288
207 .000274 .001229
242 .000289 .001297
271 .000281 .001289
297 .000284 .001270

A verage .001275
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TABLE XIV

BEACTION VELOCITY CONSTANTS FOR ESTERIFICATION
IN  PRESENCE OF NaCgH gO g.

N e u tr a l
S a l t
C oncn.

Time in  
M inutes * 2

(k.j — kg x 3 .4 7 7 )

0 .0 9 9  N. 91 .0000203 .0000704
315 .0000214 .0000742

1126 .0000199 .0000692
1368 .0000191 .0000663
1597 .0000189 .0000659
2752 .0000175 .0000607

A verage .0000643

(k i
= k  x  3 .5 5 2 )

0 .2 0 0  N. 1362 .0000201 .0000865
1582 .0000196 .0000713
2649 ,0000192 .0000682
2826 .0000194 .0000687
3054 .0000181 .0000643

A verage .0000671

(k i
= kg x  3 .6 0 4 )

0 .2 9 8  N. 942 .0000189 .0000686
1158 .0000187 .0000672
1391 .0000182 .0000656
2395 .0000189 .0000681
2575 .0000166 .0000597
2864 .0000164 .0000591

A verage .0000623

= kg x  3 .6 5 2 )

0 .4 0 0  N. 1056 .0000173 .0000632
1235 .0000184 .0000672
1524 .0000183 .0000669
2379 .0000179 .0000636
2679 .0000164 ,0000597
2877 .0000174 .0000636

A verage .0000623

-  65 -

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



TABLE XV.

REACTION VELOCITY CONSTANTS FOR ESTERIFICATION 
IN PRESENCE OF NaNOg.

Neut r a l
S a l t Time in
C oncn. M inu tes (k l = kg x  3 .6 4 )

0 .1 0 1  N. 1354 .0000214 .0000779
1893 .0000211 .0000768
4365 .0000185 .0000673
5654 .0000178 .0000648
6585 .0000188 .0000683

A verage .0000668

= k £ x  3 .7 1 )

0 .2 0 0  N. 1215 .0000187 .0000692
2223 .0000178 .0000609
5223 .0000159 .0000588
6612 .0000147 .0000545
8082 .0000149 .0000554
9462 .0000132 .0000489

A verage .0000529

(*1 = k 2 x  3 .7 8 )

0 .3 0 0  N. 1393 .0000214 .0000807
1639 .0000210 .0000792
1785 .0000207 .0000783
2906 .0000198 .0000747
3179 .0000193 .0000730

A verage .0000753

(k l
= k  x  3 .9 2 )

0 .3 9 4  N. 1020 .0000191 .0000748
4020 .0000154 .0000603
5400 .0000151 .0000591
6870 .0000146 .0000571
8250 .0000139 .0000548

17280 .0000121 .0000475

A verage .0000531
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N e u tra l
S a l t
Ooncn.

0 .0 2 0  N.

TABLE X V I.

REACTION VELOCITY CONSTANTS FOR EETERIFICATION
__________________ IN PRESENCE OF HC1.___________________

Time in  
M inutes (iCj* kg x  3 .6 7 8 )

41
57
71
86

101
118
132
150

.000925

.000915

.000830

.000841

.000818

.000806
,000794
.000782

.005400
.003365
.003051
.003090
.003005
.002963
.002919
.002875

A verage .002919
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PART I I I

DISCUSSION OF RESULTS.

The v a l u e  o f  th e  e q u i l i b r i u m  c o n s t a n t  f o r  t h e  e s t e r i f i c a t i o n

o f  e t h y l  a c e t a t e  was fo u n d  to  be 3 .7 0 5 . T h is  c o rre sp o n d s  w i th  a

(81 )v a lu e  3 .7  fo u n d  by E u le r  , and a  l i k e  v a lu e  by T obin  (s e e  page 3 4 ) ,  

b u t  d i f f e r s  s l i g h t l y  from  th e  v a lu e  4 .0  g iv e n  by B e r th e lo t  and  S t .  

G r i l le s .

An e x a m in a tio n  o f  Curve S h e e t Mo. 1 shows th e  r e l a t i o n  be­

tw een  a p p a re n t  d is p la c e m e n t o f  the e q u i l ib r iu m  c o n s ta n ts  and  th e  

c o n c e n t r a t io n s  o f  th e  r e s p e c t iv e  n e u t r a l  s a l t s .  These e q u i l ib r iu m  

c o n s ta n t s  have been  c a l c u l a t e d  b y  th e  c l a s s i c a l  m ethod , in  w hich  th e  

Law o f  Ifess A c tio n  a p p l ie d  to  e q u i l ib r iu m  i s  e x p re s s e d  by  th e  e q u a t io n ,

C x 0
Kg =_______EtAc_________ H2 °

°HAc X °ET0H

The o r d e r  o f  th e  a n io n s  in  d i s p l a c in g  th e  e q u i l ib r iu m  i s  

B r S  C l > C M S ;^  I  MO ^  was th o u g h t t h a t  p e rh a p s  th e
fa  b  O M

o r d e r  w ould be s i m i l a r  to  th e  o r d e r  o f  the  H o fm e is te r  s e r i e s ,  w h ich  

a f f e c t  th e  s w e l l in g  o f  g e l a t i n e  in  th e  o rd e r  S O ^ ^  Cl ^  NO^ ^  B r ^

I ^ C M S .  W hile th e r e  i s  sons s i m i l a r i t y  in  th e s e  two s e r i e s ,  th e y  

a r e  n o t  p a r a l l e l .  The e f f e c t  o f  a l l  o f  th e  s a l t s  i s  g r e a t e r  w i th  in ­

c r e a s in g  c o n c e n t r a t i o n .  NaNOg a t  low  c o n c e n t r a t i o n ,  and  NaCgHgOg a t
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a l l  tb© c o n c e n t r a t io n s  i n v e s t i g a t e d  gave v a lu e s  o f Kg l e s s  th a n  

th e  norm al 3 .7  o b ta in e d  in  ab sen ce  o f  s a l t s .

PERCENTAGE OF ESTER BORMED WITH VARIOUS SALT CONCENTRATIONS

S a l t
O oncn. NaBr NaCl NaCNS N al NaNOg NaCgHg*

0 .1  N. 4 9 .7 4 4 8 .5 1 48 .8 0 4 8 .7 5 4 7 .4 5 4 7 .1 2
0 .2 4 9 .8 3 4 9 .6 2 4 9 .2 3 4 9 .3 3 4 7 .6 2 4 7 .4 4
0 .3 5 0 .4 5 4 9 .4 5 49 .5 1 4 9 .8 4 4 7 .8 7 4 7 .4 8
0 .4 5 1 .1 2 5 0 .8 3 50 .20 5 0 .0 1 4 8 .1 3 4 7 .3 0

E s t e r  fo rm ed  w i th  no Added S a l t  e q u a ls  48%
E s te r  form ed  in  p re se n c e  o f  0 .0 2  N-HC1 e q u a ls  47.5%

The a c t u a l  in c re a s e  in  p e rc e n ta g e  e s t e r  fo rm ed  w ith  s a l t s  

n e v e r  am ounted  to  more th a n  a b o u t 3% g r e a t e r  th a n  in  th e  a b s e n c e  o f 

them . T his in c r e a s e d  v a lu e  is  c o n s id e r a b le ,  h o w ever, when we con­

s i d e r  th e  r e l a t i v e l y  la r g e  amount o f  w a te r  p r e s e n t  in  t h e  r e a c t io n  

m ix tu r e .  The r a t i o  o f  th e  s e v e r a l  c o n s t i t u e n t s  i n i t i a l l y  p r e s e n t  

i n  th e  r e a c t i o n  m ix tu re  was s -  1 mol a c id s  0 .9 7  mol a l c o h o l :  1 .7  

moIs w a te r .

V iew ed fro m  th e  d e v ia t io n  in  th e  e q u i l ib r iu m  c o n s ta n ts  

fro m  th e  norm al v a lu e  3 .7 ,  th e  r e s u l t s  show a  much w id e r  v a r i a t i o n .
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PERCENTAGE DEVIATION OF THE EQUILIBRIUM CONS TAFTS 
_____________ FROM THE NORMAL S . 7 .____________________

S a l t
G oncn. NaBr NaOl NaCNS N al NaN02 NaCgHgO;

0 .1  N. 9 .9 2 5 .4 0 5 .8 4 4 .0 2 -  1 .6 3 -  6 .0 3
0 .2 1 0 .9 0 10 .28 7 .3 7 9 .1 4 0 .2 7 -  4 .0 0
0 .3 15 .01 14 .48 1 0 .3 0 1 2 .0 0 2 .1 8 -  2 .5 9
0 .4 2 1 .1 0 1 9 .9 0 1 6 .5 7 13 .1 8 6 .0 5 -  1 .3 0

An e x a m in a tio n  o f th e  cau se o f  th e d isp la c e m e n t o f  a n

e q u i l ib r i u m  in  te rm s o f  th e  c l a s s i c a l  m ass a c t i o n  e x p r e s s io n ,  

show s t h a t  in  g e n e r a l  d is p la c e m e n t i s  p o s s i b le  when any  one o f  th e  

c o n d i t io n s  su ch  as  te m p e r a tu r e ,  p r e s s u r e  o r  c o n c e n t r a t io n  c h a n g e s .

In  th e  ca se  o f  th e  p r e s e n t  i n v e s t i g a t i o n  th e  l a t t e r  

c o n d i t io n  -  was th e  o n ly  v a r i a b l e  w h ich  we b e l i e v e  may have been  

a l t e r e d ,  b e c a u se  th e  te m p e ra tu re  was k e p t  a p p ro x im a te ly  c o n s ta n t  

b y  th e  d e v ic e  m en tio n ed  in  th e  e x p e r im e n ta l  m ethod , and  the  

p r e s s u r e  was f a i r l y  u n ifo rm  b e c a u se  the tu b e s  w ere f i l l e d  w i th  

l i q u i d ,  in  s o  f a r  a s  p r a c t i c a b l e ,  b e fo re  b e in g  s e a l e d .  (H ow ever, 

in  th e  ca se  o f  th e  m ix tu re s  c o n ta in in g  sod ium  n i t r i t e  th e r e  was 

c o n s id e r a b le  p r e s s u r e  d e v e lo p e d  an d  a  number o f  f i l l e d  tu b e s  b ro k e  

in  h e a t i n g . )

When we s a y  t h a t  th e  c o n c e n t r a t i o n  may have been  a l t e r e d  

we do n o t  mean t h a t  t h e r e  was a n y  v a r i a t i o n  in  th e  p r o p o r t io n  o f  

th e  a c t u a l  am ounts o f  a l c o h o l ,  a c i d  and  w a te r  i n i t i a l l y  p r e s e n t  in  

th e  s e v e r a l  m ix tu re s ,  b u t  t h a t  th e  e f f e c t i v e  w a te r  c o n c e n t r a t io n  

may have b een  c h a n g e d . T h is  may be a c c o u n te d  f o r  i n  e i t h e r  o f  two
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ways -

(1 )  I t  i s  w e l l  known t h a t  l i q u i d  w a te r  e x i s t s  in  s e v e r a l  

fo rm s HgO, (H 2°)2  » » e1;c*» hydro 1, d ih y d r o l ,  p o ly h y d ro l .

T here  is  a t  a i l  tim es  o f  c o u rse  an e q u i l ib r iu m  e x i s t i n g  betw een  th e s e

s e v e r a l  p o ly m e riz e d  form s o f  w a te r .  But i t  i s  p o s s i b le  t h a t  th e

a d d i t i o n  o f  s a l t s  c a u se s  a  s h i f t  in  t h i s  w a te r  e q u i l ib r iu m .

(67)B a n c ro f t  c o n s id e r s  th e  g r e a t e r  p e p t i z in g  a c t i o n  o f  p o ta s s iu m  

io d id e  o v e r  p o ta s s iu m  c h lo r id e  on g e l a t i o n  in  w a te r  to  th e  w a te r

e q u i l ib r iu m  b e in g  s h i f t e d  in  th e  d i r e c t i o n  o f  more h y d ro l ,  vtfiich is

th e  r e a l  p e p t i z in g  a g e n t .  T h is  goes b a c k  to  one o f  th e  e x p la n a t io n s  

o f f e r e d  by A rrh e n iu s  t h a t  t h e r e  is  a  change from  i n a c t iv e  to  a c t i v e  

m o le c u le s .

(2 ) A n o th e r , and  in  some r e s p e c t s  more e a s i l y  g r a s p e d  

e x p la n a t io n  i s  t h a t  th e  e q u i l ib r iu m  d is p la c e m e n t i s  due to  a  l o s s  

o f  w a te r  c o n te n t  th ro u g h  fo rm a t io n  o f  h y d r a te s .  S e ttle s  in g e r  has 

s u g g e s te d  t h i s  id e a ,  b u t  in  h i s  in v e s t i g a t io n s  he w orked  w i th  CaCl.,

as  w e l l  as  NaOl, and  fo u n d  t h a t  th e  fo rm e r s a l t  w h ich  ta k e s  u p  b o th  

a lc o h o l  a n d  w a te r  a c t s  s i m i l a r  to  NaCl w h ich  ta k e s  u p  o n ly  w a te r .

I f  th e  fo rm a t io n  o f  h y d ra te s  in  s o l u t i o n  i s  th e  cau se  o f  

th e  d is p la c e m e n t ,  th e n  th e  r e s u l t s  in d i c a te  th e  o r d e r  o f  h y d r a t io n  

o f  th e  r e s p e c t iv e  a n io n s ,  s in c e  th e  same c a t i o n  sod ium  was u s e d  

th ro u g h o u t .

The d is p la c e m e n t o f  an  e q u i l ib r iu m  may be i n t e r p r e t e d  in  

te rm s o f  th e  a c t i v i t y  th e o r y  as  due to  th e  in f lu e n c e  o f  th e  added
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s a l t  in  ch a n g in g  th e  a c t i v i t y  o f  w a te r  and  p ro b a b ly  a l s o  th e  a c t i v i t i e s
( 822)o f  th e  o t h e r  c o n s t i t u e n t s .  Thus McBain a n d  Kam d e te rm in e d  th e  

v a p o r  p r e s s u r e  o f  a c e t i c  a c i d  o v e r  s o lu t i o n s  c o n ta in in g  ad d ed  s a l t  

and c o n c lu d e d  fro m  t h e i r  r e s u l t s  t h a t  " th e  u n d i s s o c ia te d  a c i d  m ust be 

r e g a rd e d  as e x h i b i t i n g  en h an ced  ch e m ic a l p o t e n t i a l  in  th e  p re s e n c e  o f  

su c h  s a l t s  ."  S uch  changes in  c h e m ic a l p o t e n t i a l  w ould  r e s u l t  in  a  

change in  th e  v a lu e  o f  K t th e  a c t i v i t y  e q u i l ib r iu m  c o n s ta n t .£L
(83 ]

T his l a t t e r  id e a  was a l s o  p ro p o se d  by A cree who s t a t e s

th a t  " t h e  therm odynam ic p o t e n t i a l ,  o r  d r iv i n g  fo rc e  b e h in d  e ac h  r e ­

a c t io n  depends n o t  o n ly  on the r e a c t in g  s u b s ta n c e s ,  b u t  a l s o  on th e  

s u r ro u n d in g  f i e l d ;  th e  a d d i t i o n  o f  s a l t  a f f e c t s  th e  f i e l d  and  t h e r e ­

f o r e  th e  therm odynam ic p o t e n t i a l . "

The r e a c t i o n  v e l o c i t i e s  c a l c u l a t e d  a c c o rd in g  to  th e  c l a s s ­

i c a l  m ethod f o r  a  b ir?m o lecu la r r e a c t i o n ,  a r e  shown g r a p h i c a l l y  on  

Curve S h ee t Mo. 2 .  The e f f e c t  o f . t h e  a n io n s  in  in c r e a s in g  the  r e ­

a c t i o n  v e l o c i t y  seems to  be a lm o s t th e  same o r d e r  as t h a t  i n d i c a t e d  

in  th e  d is p la c e m e n t o f  th e  e q u i l ib r iu m ,  e x c e p t  t h a t  h e re  th e  io d id e  

seems to  have a  g r e a t e r  e f f e c t  th a n  th e  th io c y a n a te  io n .  The io d id e  

v a lu e s  m ust be a c c e p te d  w i th  some d o u b t b e c a u se  th e  r e a c t i o n  tu b e s  

c o n ta in in g  th e s e  m ix tu re s  a lw ays showed th e  p re se n c e  o f  f r e e  io d in e ,  

w h ich  no d o u b t a f f e c t e d  th e  r e s u l t s .
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No. 2Curve S h e e t
R e a c tio n  H ate Curves 
I  | -  K-̂  f o r  | NaBr |
I l j  -  " ! NaCl i
I I I .... « ..f - ......."  : N al :
XV -  1’ '* ; NaCNS;
7  -  !» '• i  NaC-HLO.

M ix tu re s

71 NaNO,

io:

1. 20.

1 .10
i i

1 . 0 0

90

80

70.

so.
i t :

17

40
,h no a a a e a  s a l t

3.0.

71
.00

0 . 1 0 O.fiO0 .5 0

N o rm a li ty  <) f  N e u tra l S a l t
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The fo llo w in g ' summary shows th e  p e r c e n t  d e v i a t io n  o f  th e  

v e l o c i t y  c o n s t a n t s ,  from  th e  norm al v a lu e  .0 0 0 5 8 6 .

S a l t
Ooncn. HaBr NaCI H al NaCNS HaNOg I'IaG2K5

0 .1  N. 7 0 .5 59 .5 55 .5 1 0 .1 -  8 2 .6 -  8 5 .2
0 .2 1 1 7 .5 11 9 .0 48 .9 14 .79 -  8 6 .1 -  8 2 .6
0 .5 180 .7 160 .5 7 6 .9 14.28 -  8 0 .5 -  8 5 .7
0 .4 2 5 0 .2 1 8 2 .0 5 1 .0 5 4 .7 0 -  8 6 .4 -  8 5 .7

P e rc e n t  d e v i a t i o n  w i th  0 .2  N. HOI e q u a ls  6 5 5 .

The c a u se  f o r  th e  in c r e a s e d  v e l o c i t i e s ,  i . e .  th e  c a t a l y t i c  

e f f e c t ,  h as  b een  e x p la in e d  b y  v a r io u s  t h e o r i e s .  The g e n e r a l l y  a c c e p t ­

e d  v iew , b a s e d  on th e  o r i g i n a l  id e a  o f  A rrh e n iu s  and  O stw a ld , i s  t h a t  

H+ an d  OH io n s  a r e  th e  s o le  c a t a l y s t s  i n  s u c h  r e a c t io n s  a s  cane s u g a r  

in v e r s io n  an d  e s t e r  h y d r o ly s i s .  H ow ever, th e  v e l o c i t y  o f  th e  r e a c t i o n  

is  n o t  a lw ay s  p r o p o r t i o n a l  to  th e  H+  an d  OH io n  c o n c e n t r a t i o n .  Lap- 

w o rth  b e l i e v e s  t h a t  c a t a l y s i s  is  due to  th e  n o n -h y d ra  te d  h y d r io n .  

G o ld sch m id t a s c r ib e s  th e  c a t a l y t i c  e f f e c t  to  th e  hyd ro g en  io n  a l c h o l a t e .  

Some r e a c t i o n s  seem  to  be c a t a ly z e d  b y  b o th  a n io n  an d  c a t io n  o f  th e  

c a t a l y s t ,  t h a t  i s  th e  v e l o c i t y  o f  th e  r e a c t i o n  i s  p r o p o r t i o n a l  to  th e  

sq u a re  o f  th e  a c i d  c o n c e n t r a t i o n .  T h is  g iv e s  r i s e  to  th e  " d u a l th e o ry "  

o f  c a t a l y s i s .  A num ber o f  th e s e  th e o r i e s  have been  re v ie w e d  in  Tfert I .

l& s t o f  th e  i n v e s t i g a t i o n s  o f  o th e r s  in v o lv in g  th e  s tu d y  o f  

th e  e f f e c t  o f  n e u t r a l  s a l t s  on  e s t e r i f i c a t i o n  r a t e  have b e e n  done in

th e  p re s e n c e  o f  HOI and  th e  in c r e a s e d  v e l o c i t y  h as  b e e n  a t t r i b u t e d  to

( 6 2 )th e  in c r e a s e  i n  h y d ro g en  io n  c o n c e n t r a t i o n .  Thus Y /ilson  say s
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t h a t  rem oval o f  s o lv e n t  b y  h y d r a t io n  i s  th e  cau se  o f  th e  in c r e a s e d

(55)h y d ro g en  io n  c o n c e n t r a t i o n ,  w h ile  A k e r lo f  b e l ie v e s  th e  w a te r

s h e a th  o f  th e  hydrogen  io n  i s  ch an g ed  by  th e  a d d i t i o n  o f  n e u t r a l  
(65A)

s a l t s .  D har say s  th e  e f f e c t  o f  n e u t r a l  s a l t s  i s  h ig h ly  s p e c i f i c ,

some r e t a r d i n g  and  o th e r s  a c c e l e r a t i n g  th e  sp e e d  o f  r e a c t i o n .

Our r e s u l t s  seem  to  c o n f irm  th e  l a s t  s t a t e m e n t .  The

p r e s e n t  i n v e s t i g a t io n s  w ere made in  th e  a b s e n c e  o f  m in e ra l a c i d ,  so

t h a t  i f  t h e  a d d i t io n  o f  n e u t r a l  s a l t s  v a r i e d  th e  h yd rogen  io n

c o n c e n t r a t i o n ,  i t  was th e  h y d ro g e n  io n  c o n c e n t r a t io n  r e s u l t i n g  from

t h e  r e a c t i o n  m ix tu re  a c e t i c  a c i d ,  e t h y l  a lc o h o l  and  w a te r .
(41)B ro n s te d  p o in t s  o u t  t h a t  th e  d i s s o c i a t i o n  o f  a  -^eak 

a c i d  is  more d e p e n d e n t on th e  t o t a l  s a l t  c o n c e n t r a t io n ,  th e  lo w er 

th e  d i e l e c t r i c  c o n s ta n t  o f  th e  s o l v e n t .  H ence, w h a te v e r  d i s s o c i a t i o n  

th e r e  is  o f  a c e t i c  a c id  in  w a te r  s o l u t i o n ,  w ould  be en h an ced  in  an  

e s t e r i f i c a t i o n  m ix tu re  o f  a l c o h o l ,  a c i d ,  w a te r  a n d  the  a d d e d  s a l t .

INTERPRETATION OP RESULTS IN TERM2 OP 
THE ACTIVITY RATE THEORY.________

The s o - c a l l e d  a c t i v i t y  r a t e  th e o ry  has b een  d e v e lo p e d  by 

H a r n e d ^ ^  , W. 0 .  McG. Lewis S c a t c h a r d ^ 4̂  a n d  F a le s  . In

t h i s  c o n c e p t th e  v e l o c i t y  i s  assum ed  p r o p o r t i o n a l  to  th e  a c t i v i t y  o f  

th e  r e a g e n ts ,  and  f o r  th e  b im o le c u la r  p ro c e s s  A ■+* B —^  0 +■ D, we 

r e p r e s e n t :
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v e l o c i t y  -  Y -  k 'a  a
A B ( 1 )

w here the  sym bols a ,  c and  f  s ta n d  r e s p e c t i v e l y  fo r  a c t i v i t y ,

c o n c e n t r a t io n  and  a c t i v i t y  c o e f f i c i e n t

T his d i f f e r s  from  th e  c l a s s i c a l  th e o r y  w h ich  e x p re s s e s

th e

v e l o c i t y ( 2 )

i f  th e  c o n c e n t r a t io n  o f  th e  r e c i p r o c a l  sy s te m  is  c o n s id e re d  to  have 

no e f f e c t  upon th e  v e l o c i t y  w ith  w h ich  A and  B r e a c t .  The l a t t e r  ex ­

p r e s s io n  h o ld s  o n ly  f o r  d i l u t e  s o lu t io n s  in  an  u n c h a n g in g  medium.

a v a i l a b l e ,  in  o rd e r  to  i n t e r p r e t  o u r  r e s u l t s  i n  te rm s o f  th e  a c t i v i t y  

r a t e  th e o r y  th e  f o l lo w in g  m a th e m a tic a l an d  g r a p h ic a l  m ethod v/as 

em ployed .

In  the  two e q u a t io n s  g iv e n  f o r  v e l o c i t y  o f  e s t e r i f i c a t i o n ,  

th e  v e l o c i t y  (V) is  the  sam e. T h e re fo re  we c a n  e q u a te  (1 ) and  (2)

S in c e  a c t i v i t i e s  f o r  th e  r e a c t i o n  c o n s t i t u e n t s  w ere n o t

k l°EtO H *°HAc = k ' f EtOH *°EtOH ’ f HAc *CHAc

o r

EtOH *f HAc
(3 )

Talcing th e  lo g a r i th m  o f  b o th  s id e s  o f  t h i s  e q u a t io n ,

lo g  k  r  lo g  k ' +  lo g  f 3 ( 4 )
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/ c r  |
Now a c c o rd in g  to  Debye an d  iibA uley th e  v a r i a t i o n  o f  th e  a c t i v i t y  

c o e f f i c i e n t  o f  a  n o n - e l e c t r o l y t e  in  an  aqueous s a l t  s o l u t i o n  may be 

r e p r e s e n t e d  by an e q u a t io n ,

lo g  fo. r  k  w here fo  i s  th e  a c t i v i t y  c o e f f i c i e n t  o f  
u

th e  n o n - e l e c t r o l y t e  and k  i s  a  c o n s ta n t  w h ich  depends upon the

(86)p r o p e r t i e s  o f  th e  s a l t  and  th e  n o n - e l e c t r o l y t e  p r e s e n t  , and  u  is  

th e  io n ic  s t r e n g t h  o f  th e  s a l t .  The v a lu e  o f  u  z G. Z2 ,
a

w here c i s  e q u iv a le n t  c o n c e n t r a t io n  and  Z^  and  Z^ a r e  th e  v a le n c e s  o f

th e  two io n s  o f  th e  u n i - u n iv a le n t  s a l t s  em p lo y ed . Hence (u ) i s  e q u a l 

to  (c )  f o r  o u r  c a s e .  Then s u b s t i t u t i n g  in  (4 ) th e  v a lu e  (uk) f o r  

lo g  f  we have

lo g  k  -  lo g  k ' +  uk  + u k
1 EtOH HAc

and  s in c e  (u ) i s  th e  same we can  r e p r e s e n t  th e  l a s t  two te rm s b y  mu 

w here  m is  a  c o n s ta n t  e q u a l  to  (^-tO H  k HAc Hence

lo g  k  = mu -f- lo g  k ' , 
1

w h ich  i s  th e  e q u a t io n  f o r  a  s t r a i g h t  l i n e ,  s i m i l a r  to  th e  f a m i l i a r  

y  = a x  +• b .

U sin g  t h i s  e q u a t io n  th e  v a lu e s  o f  u  ( s a l t  c o n c e n t r a t io n )
5

w ere  p l o t t e d  as  a b s c i s s a e  a g a i n s t  v a lu e s  o f  lo g  (k-^ z  10 ) as

-  7? -
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o r d i n a t e s .  These c u rv e s  a r e  shown on Curve S h e e t No. 3 .

The in t e r c e p t s  on the  y  a x is  s h o u ld  th e n  g iv e  th e  v a lu e s  

o f  lo g  k ' w h ich  i s  th e  v e l o c i t y  c o n s ta n t  o f  th e  a c t i v i t y  th e o r y .  

E x t r a p o la t in g  th e  c u rv e s  to  z e ro  c o n c e n t r a t io n  and o b ta in in g  v a lu e s  

o f  k* we g e t ,

k ’ from  NaBr Curve e q u a ls  .000537 
k* " NaCI " ” .000457
k* ” N al " "  .000467
k* ” NaCNS •* "  .000437

W hile  th e s e  v a lu e s  a r e  n o t  i d e n t i c a l  as sh o u ld  be th e  ca se  a t  ze ro  

s a l t  c o n c e n t r a t i o n ,  th e  th r e e  l a t e r  v a lu e s  a re  q u i t e  c l o s e .  They a re  

som ew hat h ig h e r  th a n  th e  v a lu e  .000386 o b ta in e d  from  th e  o r d in a r y  

v e l o c i t y  m ethod u s in g  c o n c e n t r a t i o n s .

B s r t a in in g  to  t h i s  i n t e r p r e t a t i o n  o f  th e  r e s u l t s  i t  may be 

m e n tio n ed  th a t  H arned  and  S e i t z  t r i e d  to  em ploy an  e q u a t io n

kt  = ______k ______
a H x  a Cl

(w here k  i s  th e  v e l o c i t y  c o n s ta n t  from  th e  o r d in a r y  m onom olecular

e q u a t io n ,  and  %  is  a  c o n s ta n t  a t  a n y  g iv e n  te m p e ra tu re )  to  th e  s tu d y

o f  th e  fo rm a tio n  o f  p a r a c h l o r o - a c e t a n i l i d e  from  a c e ty l- e h lo r o - a m in o  

b e n z e n e . They found  t h a t  th e  e q u a t io n  h e ld  v e ry  w e l l  f o r  HC1 b u t 

f a i l e d  to  h o ld  in  th e  p re s e n c e  o f  th e  n e u t r a l  s a l t s .
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APPLICATION OF BRONSTED1 £. THEORY.

I f  we assume th e  ty p e  o f  m echanism , p ro p o se d  by  B ro n s te d , 

we w i l l  fo rm u la te  an  e s t e r i f i c a t i o n  a s  f i r s t  in v o lv in g  th e  slo w  

fo rm a t io n  o f  a n  u n s ta b le  in te rm e d ia te  com plex , fo llo w e d  by  a  r a p id  

d e c o m p o s itio n  to  th e  f i n a l  r e a c t i o n  p r o d u c ts .

OH pH 002H5
CHgC/ +  H0C2H5 — >  CHg0-0C2H5 — *  C H ^  +  HgO

OH 0

The r e a c t i o n  v e l o c i t y  i s  th e n  fo rm u la te d :

V = k . f  .0  . f  .0  . 1  (1 )
EtOH EtOH HAc Hac r

x

i n  w hich  k  e q u a ls  r e a c t i o n  v e l o c i t y  c o n s t a n t .
c M c o n c e n tr a t io n s  o f  s u b s ta n c e s  i n d i c a t e d .
f  "  a c t i v i t y  c o e f f i c i e n t  o f " ”
f x  '* " ” "  th e  in te rm e d ia te  compound.

S in c e  o u r  d a ta  f u r n i s h e s  o n ly  c o n c e n t r a t io n  v a lu e s ,  i t  was n e c e s s a r y  

in  a p p ly in g  th e  above c o n c e p t to  u s e  a  m ethod s i m i l a r  to  th e  one 

em ployed  f o r  th e  a c t i v i t y  r a t e  th e o ry .  Com paring e q u a t io n  (1 ) w i th  

th e  e q u a t io n

V -  k  C ■ 0 (2 )
_ 1 EtOH HAc

we s e e  t h a t  th e  v e l o c i t i e s  a r e  e q u a l and  hence we can  e q u a te ,
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Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



k l CEtOft*CHAc = k  f EtOH *CEtOE *f HAc *CHac
I x

o r

f  . f
k^ -  k .  EtOH. HAc ( 5 )

f x

How u s in g  th e  p r e v io u s ly  d e s c r ib e d  id e a  o f  Debye and  McAuley t h a t

th e  a c t i v i t y  c o e f f i c i e n t  o f  a  n o n - e l e c t r o l y t e  i s  e x p re s s e d  by  th e

r e l a t i o n ,

lo g  f. -  c o n s ta n t  
u

we w i l l  assum e lo g  = k 'u  = k* 0
lo g  f  -  k "u  = k**C

HAc
lo g  f x  r  k” *u -  k ,MC

I f  we takB th e  lo g a r i th m  o f  e q u a t io n  (3 ) and  th e n  

s u b s t i t u t e  th e  v a lu e s  j u s t  g iv e n ,

lo g  k x = lo g  k . l o g  f Et0H . lo g  f ^  -  lo g  f x

and a f t e r  s u b s t i t u t i o n ,

lo g  k^ -  lo g  k  +  ( k ’ -+• k” — k 'M )C
*

Now l e t  k* — k” 1 ) r  k^ . Then th e  e q u a t io n  becom es,

lo g  k^ -  k^ G +  lo g  k  

w h ich  i s  th e  same a s  th e  e q u a t io n  o b ta in e d  f o r  th e  a c t i v i t y  r a t e  th e o r y .
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B ro n s te d  say s  t h a t  th e  two th e o r i e s  le a d  to  p r a c t i c a l l y  i d e n t i c a l  

r e s u l t s  when th e  c r i t i c a l  com plex i s  u n c h a rg e d , i . e .  when th e  two 

r e a c t i n g  io n s  c a r r y  c h a rg e s  o f  th e  same m ag n itu d e  b u t  o f  o p p o s i te  

s i g n .
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N UM M A RY

1 . The e t h y l  a c e t a t e  e q u i l ib r iu m  depends upon th e  

e q u a l i t y  o f  th e  sum o f  th e  c h e m ic a l p o t e n t i a l s  o f  th e  e th y l  

a l c o h o l  and a c e t i c  a c id  to  th e  sum o f  th e  c h e m ic a l o o t e n t i a l s  o f  

th e  e t h y l  a c e t a t e  and  w a te r .  Any change in  th e  therm odynam ic 

e n v iro n m e n t may change th e  v a lu e  o f  one o r  more o f  th e s e  p o t e n t i a l s ,  

th e r e b y  g iv in g  a  new v a lu e  f o r  th e  e q u i l ib r iu m  c o n s ta n t .

2 .  The v a lu e  o f  th e  e q u i l ib r iu m  c o n s ta n t  f o r  .the
o

e s t e r i f i c a t i o n  o f  e t h y l  a c e t a t e  a t  78 was found  to  be 5 .7 0 5 .

3 . The d is p la c e m e n t o f  th e  e q u i l ib r iu m  c o n s ta n t ,  

in  th e  p re se n c e  o f  s i x  n e u t r a l  s a l t s ,  was m easured  a n d  fo u n d  to  

in c r e a s e  w ith  in c r e a s in g  s a l t  c o n c e n t r a t i o n .  W ith  sodium  c h lo r id e  

th e  e q u i l ib r iu m  c o n s ta n t  in c r e a s e s  l i n e a r l / 7 ,  b u t  i n  th e  o th e r  c a s ­

e s  t h e  e f f e c t  is  more c o m p lic a te d .  Sodium  a c e t a t e  d e p re s s e s  th e  

v a lu e  o f  th e  e q u i l ib r iu m  c o n s ta n t .

4 .  The o rd e r  o f  th e  e f f e c t s  o f  th e  a n io n s  upon th e

e q u i l ib r i u m  c o n s ta n t  is  n o t t h a t  o f  th e  H o fm e is te r  s e r i e s ,  b u t

e a c h  o f  th e  a n io n s  seems to  e x e r c i s e  a  s p e c i f i c  e f f e c t .

5 . The r e a c t i o n  v e l o c i t i e s  w ere c a l c u la te d  a c c o rd in g

to  th e  c l a s s i c a l  m ethod f o r  b im o le c u la r  r e a c t i o n s ,  in  w h ich  th e  

v e l o c i t y  o f  b o th  fo rw a rd  an d  bacK  r e a c t i o n  is  c o n s id e r e d .  Knowing
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th e  v a lu e s  f o r  th e  e q u i l ib r iu m  c o n s ta n t s  (K^,) in  th e  s e v e r a l

T —
m ix tu re s  an d  fro m  th e  r e l a t i o n  = ^1. we o b ta in  th e  v a lu e

k2

o f  r  K ,̂ .kg  , a f t e r  k  is  fo u n d  from  th e  in t e g r a t e d  form

o f  th e  e q u a t io n ,

dx r  (a  -  x )  (b ~ x )  -  kg 1° '+ 'x ) +  x )
i t

•which assum es a  fo rm ,

= 1  • In i log .ta-P.) (.q.t.P - , g(K-l)x).
* t  P (Q+P) (Q-P -  2 ( K - l ) x )

whe r e  3 *= K (a  + b ) ( c +  d )

P -  V  Q2 -  4 (K -1) (Kab -  cd)

6 .  The o rd e r  o f  th e  a n io n s  i n  in c r e a s in g  th e  v e l o c i t y

o f  e s t e r i f i c a t i o n  was a lm o s t the same as  th e  o r d e r  o f  th e  e f f e c t  in  

d i s p l a c in g  th e  e q u i l ib r iu m .  The in c re a s e d  v e l o c i t y  in  th e  p re se n c e  

o f  n e u t r a l  s a l t s  seem s to  be due to  th e  in c r e a s e  in  hyd ro g en  io n  

co n ce n t r a t  i  o n .

7 .  I n t e r p r e t a t i o n s  o f  th e  r e s u l t s  w ere  made in  te rm s 

o f  th e  a c t i v i t y  r a t e  th e o r y ,  and th e  v e l o c i t y  r e a c t i o n  th e o ry  o f  

B ro u s te d .

8 .  In  a d d i t i o n  to  th e  e x p e r im e n ta l  w ork done, w h ich  

in v o lv e d  a p p ro x im a te ly  s i x  h u n d red  e s t e r i f i c a t i o n s  in  s e a l e d  tu b e s ,  

a  f a i r l y  e x h a u s t iv e  s e a r c h  o f  th e  l i t e r a t u r e  o f  p re v io u s  w ork was 

m ade. A b s t r a c ts  o f  t h i s  p h ase  o f  th e  work a re  g iv e n  in  P a r t  I .
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