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SUMMARY 

One of t h e most t h o r o u g h l y s t u d i e d r e a c t i o n s i n o r g a n i c 

c h e m i s t r y i s t h e n u c l e o p h i l i c d i s p l a c e m e n t r e a c t i o n on c a r b o n , 

of t h e t y p e : 

R - X f Y: y R-Y-f^X: 

Many i n v e s t i g a t i o n s have b e e n c a r r i e d o u t on t h e i n f l u e n c e of t h e 

R g r o u p on t h e r e a c t i v i t y of R-X. F o r example , i t i s v e i l known 

t h a t t h e s u b s t i t u t i o n of a l p h a - m e t h y l g r o u p s t e n d t o i n h i b i t Sj^2 

r e a c t i v i t y a n d t o enhance S^l r e a c t i v i t y . The s u b s t i t u t i o n of a n 

a l p h a - h a l o g e n h a s a l s o b e e n found t o i n h i b i t Sj^2 r e a c t i v i t y ; however 

i t was somewhat s u r p r i s i n g t o f i n d t h a t b e t a - h a l o g e n compounds were 

r e p o r t e d t o a c c e l e r a t e t h e S ^ R e a c t i v i t y . On t h e o t h e r hand , gamma-, 

d e l t a - , a n d e p s i I o n - h a l o compounds we re r e p o r t e d t o b e of a b o u t t h e 

same r e a c t i v i t y a s t h e u n s u b s t i t u t e d compounds. As a r e s u l t , i t 

was of i n t e r e s t t o s t u d y q u a n t i t a t i v e l y t h e i n f l u e n c e of b e t a - , 

gamma-, d e l t a - , and e p s i I o n - h a l o g e n s on t h e S ^ r e a c t i v i t y of o t h e r 

h a l o g e n s . 

A s t u d y of t h e r e a c t i o n s of t h e e t h y l e n e h a l i d e s w i t h many of 

t h e n u c l e o p h i l i c r e a g e n t s p r e v i o u s l y u s e d i n d i c a t e d t h a t e l i m i n a t i o n 

r e a c t i o n s w e r e o c c u r r i n g t o a l a r g e e x t e n t . T h u s , t h e c o n c l u s i o n s 

t h a t b e t a - h a l o g e n s i n c r e a s e d t h e S 2 r e a c t i v i t y w e r e found t o b e b a s e d 
N 

on d a t a f o r e l i m i n a t i o n r e a c t i o n s r a t h e r t h a n f o r s u b s t i t u t i o n r e ­

a c t i o n s . I n o r d e r t o o b t a i n a c c u r a t e d a t a f o r t h e i n f l u e n c e of h a l o g e n s 

on 3J2. r e a c t i v i t y , n u c l e o p h i l i c r e a g e n t s were s o u g h t wh ich wou ld p r o d u c e 

x 



d i s p l a c e m e n t s on c a r b o n r a t h e r t h a n on hydrogen o r h a l o g e n . I t 

was f o u n d . however , t h a t no s u b s t i t u t i o n r e a c t i o n s c o u l d b e measured 

i n t h e e t h y l e n e i o d i d e s e r i e s : t h e v a r i o u s e t h y l e n e h a l o b r o m i d e s 

on t h e o t h e r hand , w e r e found t o r e a c t w i t h sodium t h i o p h e n o l a t e i n 

m e t h a n o l a t a c o n v e n i e n t r a t e t o form s u b s t i t u t i o n p r o d u c t s . 

The r e a c t i o n r a t e s we re measu red by j i i p e t t i n g measured 

vo lumes of s o l u t i o n s of t h e h a l o g e n compounds and sodium t h i o p h e n o l a t e 

t o g e t h e r i n a r e a c t i o n f l a s k . At a measured i n t e r v a l of t i m e 2 . 0 m l . 

of a c e t i c a c i d was a d d e d , and t h e u n r e a c t e d t h i o p h e n o l a n a l y z e d by 

t i t r a t i o n a g a i n s t s t a n d a r d i o d i n e u s i n g t h e i o d i n e c o l o r a s a n end 

p o i n t . S i n c e many of t h e h a l o g e n compounds we re l i g h t s e n s i t i v e , 

t h e r e a c t i o n v e s s e l s we re s h i e l d e d from t h e l i g h t i n o r d e r t o p r e v e n t 

i n t e r f e r e n c e . 

The r e s u l t s a r e t a b u l a t e d a s f o l l o w s : 

x i 



T a b l e 1 . A l k y l H a l i d e P l u s T h i o p h e n o l a t e I o n 

A l k y l 
4 

k x 1 0 

- 1 - 1 
1 . mole s e c . 

e . u . 0°C 
0 

2 0 C 3 4 . 6 ° c 
a 

k c a l e . u . 

Ch^CHgBr 3 . 7 9 

i 0 . 0 6 
3 9 . 1 

to. 6 0 

1 8 2 

* 3 

1 8 . 1 - 1 0 

CH^CHgCIL^Br 2 . 5 6 

± 0 . 0 3 

2 5 . 6 

t 0 . 3 0 

1 1 2 

1 2 

1 7 . 7 - 1 2 . 3 

CHgCH^CHgCHgBr 2 . 7 7 

1 0 . 0 3 

2 6 . 9 

t 0 . 3 

1 2 1 

± 1 

1 7 . 7 - 1 2 . 3 

C ^ C H g C H p B r 3 - l 4 

1 0 . 0 2 

7 7 . 8 

1 0 . 4 
1 7 . 1 - 1 3 . 7 

FCHgCHpBr 0 . 4 0 3 

i 0 . 0 0 6 

4 . 9 5 

1 0 . 0 4 t 0 . 2 

1 9 . 4 - 9 . 6 

ClCHgCIL^Br 0 . 4 8 6 

i 0 . 0 0 6 

5 . 6 l 

t o . 0 3 

2 8 . 5 

± 0 . 5 

1 9 . 1 - 1 0 . 6 

BrGHgCHpBr 0 . 4 4 6 a 

i 0 . 0 1 

4 . 9 9 a 

i 0 . 1 5 

2 4 . 3 a 

± 1 

1 8 . 7 - 1 2 

FCHpCHpCHgBr 1 . 8 6 

+ 0 . 0 2 

Ab 
5 2 . b 

± 0 . 4 

1 7 . 9 - 1 2 

ClCIL^CHgCHgBr 2 . 5 4 

+ 0 . 0 4 

/b 
7 0 . b 

± 0 . 4 0 

1 7 . 8 - 1 1 . 8 

BrCHgCHgCH I 2 1 . 8 

+ 0 . 4 

1 9 1 

t 4 

1 6 . 7 - 1 1 . 3 

ICHgCHgCHgl 
a 

2 0 . 1 

t 0 . 3 

1 8 1 

± 2 

1 6 . 9 - 1 0 . 7 

ClCHgCHgC^I 1 5 . 7 

± 0 . 1 

1 3 8 

± 1 

1 6 . 8 - 1 1 . 8 

x i i 



FCHoCHoCH I 1 1 . 2 10k 1 7 - 2 - 1 1 . 0 
^ 2 ± 0 . 2 + x 

ClCHoCHoCH^CBLI 2 3 - 8 20k 1 7 . 2 - 1 1 . 8 
2 d ^ ^ ± 0 . 1 ± U 

CICh^CH^CHgCH CHpI 2 2 . 9 1 9 5 1 6 . 5 - 1 2 
± 1 . 6 t 1 

CHoChACH I 1 4 . 7 123 1 6 . 6 - 1 2 . 4 
3 ^ 2 ± 0 . 3 t 1 

^ h e s e r a t e c o n s t a n t s c o n t a i n a s t a t i s t i c a l f a c t o r of o n e - h a l f 

° T h e s e r a t e c o n s t a n t s w e r e d e t e r m i n e d a t 2 9 . 8 ° C . 

x i i i 



From t h e d a t a t a b u l a t e d above i t can i m m e d i a t e l y b e s e e n t h a t 

a h a l o g e n i n t h e b e t a p o s i t i o n d e c r e a s e s t h e r e a c t i v i t y a s compared 

t o t h e r e a c t i v i t y of t h e e t h y l h a l i d e . F o r t h e b e t a s u b s t i t u e n t t h e 

r a t e s v a r y t h u s : 

H » C 2 H 5 A . C H ^ ^ C 1 ^ . B r A- F 

I t i s a l s o r e a d i l y o b s e r v a b l e t h a t a s u b s t i t u e n t f u r t h e r removed from 

t h e r e a c t i o n s i t e h a s l i t t l e i n f l u e n c e on t h e S 2 r e a c t i v i t y . 
N 

An e f f o r t was made t o f i n d t o what e x t e n t t h e o r d e r of r e ­

a c t i v i t i e s o b s e r v e d e a r l i e r b y Thomas i n t h e r e a c t i o n b e t w e e n sodium 

m e t h o x i d e a n d v a r i o u s of t h e m e t h y l e n e h a l i d e compounds was due t o 

s t e r i c o r e l e c t r o n i c e f f e c t s . S i n c e t h e p r e v i o u s s t u d i e s were c a r r i e d 

o u t u s i n g i o n i c n u c l e o p h i l i c r e a g e n t s , i t was t h o u g h t d e s i r a b l e t o s t u d y 

t h e k i n e t i c s of t h e r e a c t i o n s b e t w e e n t h e same h a l o g e n compounds and 

a n u c l e o p h i l i c r e a g e n t of n e u t r a l c h a r g e t y p e . The r e a g e n t c h o s e n wh ich 

p o s s e s s e d t h e d e s i r e d p r o p e r t i e s was t r i e t h y l a m i n e i n n i t r o b e n z e n e . 

The r e a c t i o n k i n e t i c s were c a r r i e d o u t b y p i p e t t i n g m e a s u r e d 

vo lumes of t r i e t h y l a m i n e and t h e h a l o g e n compound i n t o a c o n d u c t i v i t y 

c e l l , and t h e c e l l r e s i s t a n c e m e a s u r e d from t i m e t o t i m e . U t i l i z i n g t h e 

r e s i s t a n c e of t h e s o l u t i o n f o u n d , t h e c o n c e n t r a t i o n of t h e p r o d u c t s 

formed c a n b e e a s i l y d e t e r m i n e d b y u s e of a p l o t c o r r e l a t i n g r e s i s t a n c e 

of t h e s o l u t i o n and p r o d u c t c o n c e n t r a t i o n . 

The r e s u l t s a r e t a b u l a t e d a s f o l l o w s : 
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T a b l e 2 . A l k y l I o d i d e P l u s T r i e t h y l a m i n e 

A l k y l k x 1 0 1 . mole s e c . 

I o d i d e 2k.8°C 

CH^ 3 ^ , 2 0 0 f * 6 0 0 

C1CH2. 3 9 - 3 t 0 . 5 

IOH 6 . 7 8 J : 0 . 0 8 

xv 



The d e c r e a s e i n S 2 r e a c t i v i t y c a u s e d b y t h e s u b s t i t u t i o n 

of a h a l o g e n f o r an a l p h a - h y d r o g e n of an a l k y l h a l i d e r e s u l t s f rom 

t h e i n c r e a s e d d i f f i c u l t y o f bond c l e a v a g e . W i t h i n t h e g r o u p of a l p h a -

h a l o s u b s t i t u e n t s , however , t h e v a r i a t i o n of r e a c t i v i t y a p p e a r s t o b e 

due l a r g e l y t o t h e s i z e of t h e s u b s t i t u e n t . 
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THE W E C T OF HAMGEN ATOMS ON THE IffiACTIVITY 

OF OTHER HALOGEN ATOMS IN THE SAME MOLECULE. 



CHAPTER 1 

INTRODUCTION 

P e r h a p s one of t h e mos t t h o r o u g h l y s t u d i e d r e a c t i o n s i n 

o r g a n i c c h e m i s t r y i s t h e o n e - s t e p b i m o l e c u l a r d i s p l a c e m e n t r e a c t i o n 

on c a r b o n w h i c h i s more commonly known a s t h e S j j 2 r e a c t i o n . 1 Many 

i n v e s t i g a t i o n s have l e d c h e m i s t s t o b e l i e v e t h a t t h e r e a c t i o n o c c u r s 

a c c o r d i n g t o t h e scheme shown b e l o w i n w h i c h an a t t a c k i s made b y 

t h e n u c l e o p h i l i c r e a g e n t , Y , 

Y + R ^ - X ^ ^ y . - g l - x J^y X > Y-C-R 

on t h e c a r b o n a tom i n a l i n e c o - l i n e a r w i t h t h e g r o u p b e i n g d i s ­

p l a c e d i . e . X. I n t h i s d i s c u s s i o n i t w i l l b e assumed t h a t t h e f o r ­

m a t i o n o f t h e t r a n s i t i o n s t a t e , t h e s t r u c t u r e shown i n b r a c k e t s , i n ­

v o l v e s a p a r t i a l f o r m a t i o n of t h e Y-C bond a n d s i m u l t a n e o u s l y a p a r t i a l 

r u p t u r e of t h e C-X b o n d , b o t h of w h i c h a r e i n a l i n e p e r p e n d i c u l a r t o 

t h e p l a n e of t h e c a r b o n a n d i t s s u b s t i t u e n t s . T h i s t r a n s i t i o n s t a t e 

t h e n g i v e s a p r o d u c t of i n v e r t e d c o n f i g u r a t i o n . 

C o n s i d e r a b l e e v i d e n c e i s a v a i l a b l e c o n c e r n i n g t h e e f f e c t of a n 

a l p h a - a l k y l g r o u p r e l a t i v e t o a l p h a h y d r o g e n on t h e S ^ 2 r e a c t i v i t y ; 

however t h e d a t a a r e i n s u f f i c i e n t f o r a l l o w i n g one t o t h e o r i z e w i t h 

r e g a r d t o t h e i n f l u e n c e o f s u b s t i t u e n t s on S 2 r e a c t i v i t y . S i n c e t h e 
N 

a l k y l g r o u p s a r e e l e c t r o n d o n o r s , i t was t h o u g h t n e c e s s a r y t o have 

^Tor a d i s c u s s i o n of t h e S „ 2 r e a c t i o n s e e C. K. I n g o l d , 
S t r u c t u r e a n d Mechanisms i n O r g a n i c C h e m i s t r y , C o r n e l l U n i v e r s i t y 
P r e s s , I t h a c a , New York , 1 9 5 3 , C h a p t e r V I I . 
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i n f o r m a t i o n c o n c e r n i n g t h e i n f l u e n c e of e l e c t r o n w i t h d r a w i n g g r o u p s 

"before a l o g i c a l c o n c l u s i o n c o u l d b e r e a c h e d . I n t h i s l a b o r a t o r y 

a r e c e n t s t u d y h a s b e e n made c o n c e r n i n g t h e i n f l u e n c e of s u b s t i t u t i n g 

a h a l o g e n a tom f o r one of t h e a l p h a - h y d r o g e n a toms o f a m e t h y l h a l i d e 

( l ) . I t was found t h a t t h e a l p h a - h a l o g e n d i m i n i s h e d t h e r e a c t i v i t y 

b y a l a r g e f a c t o r . 

At t h i s p o i n t , i t was t h o u g h t d e s i r a b l e t o l e a r n w h e t h e r a 

d e c r e a s e a l s o o c c u r e d i n c a s e s w h e r e a h a l o g e n was s u b s t i t u t e d i n 

^ e ^ ^ J i f b S A M M A J
 o r d e l t a p o s i t i o n f o r a c o r r e s p o n d i n g hyd rogen 

a t o m . S u r p r i s i n g l y enough , however , s e v e r a l r e p o r t s have b e e n made 

t o t h e e f f e c t t h a t s u c h s u b s t i t u t i o n s s e r v e d t o i n c r e a s e t h e r e ­

a c t i v i t y (2-5)• The d a t a , however , f rom w h i c h mos t of t h e s e s t a t e ­

m e n t s w e r e d e r i v e d c o n c e r n e d r e a c t i o n s w h i c h i n v o l v e d r a t h e r s t r o n g 

b a s e s a s t h e n u c l e o p h i l i c r e a g e n t . F o r e x a m p l e , T r o n o v a n d 

G e r s h e v i c h s t u d i e d t h e k i n e t i c s of t h e r e a c t i o n b e t w e e n v a r i o u s 

(1) C. H. Thomas, P h . D. T h e s i s , G e o r g i a I n s t i t u t e of T e c h n o l o g y , 1953* 

( 2 ) E . R. A l e x a n d e r , P r i n c i p l e s o f I o n i c O r g a n i c R e a c t i o n s , 
J o h n Wi ley a n d S o n s , I n c . , New York , N . Y . , 1950, p . 89. 

( 3 ) M. J . S . Dewar, The E l e c t r o n i c T h e o r y of O r g a n i c C h e m i s t r y , 
Oxford U n i v e r s i t y P r e s s , London, 1949> P« 71 • 

( 4 ) A . E . Remick, E l e c t r o n i c I n t e r p e r t a t i o n s of O r g a n i c C h e m i s t r y , 
2nd, E d . , J o h n Wi l ey a n d S o n s , I n c . , New York , N. Y . , 1949, p . 3 9 4 . 

(5) B . V. T ronov a n d A. I . G e r s h e v i c h , J . R u s s , P h y s , Chem. S o c , 
59, 727 ( 1 9 2 7 ) ; C . A . , 2 2 , 3389 ( 1 9 2 5 ) . 



b r o m i n e d e r i v a t i v e s of p r o p a n e and sodium m e t h o x i d e ( 5 ) . T a y l o r 

a l s o found t h a t t h e r e a c t i o n r a t e b e t w e e n e t h y l e n e b r o m i d e and 

e t h a n o l i c a l k a l i was g r e a t e r b y a f a c t o r of two o r t h r e e t h a n t h a t 

of e t h y l b r o m i d e ( 6 ) . S i m i l a r r e s u l t s w e r e o b s e r v e d by o t h e r i n ­

v e s t i g a t o r s u s i n g v a r i o u s 1 , 2 - d i h a l o compounds and s t r o n g l y b a s i c 

n u c l e o p h i l i c r e a g e n t s ( 7 - 9 ) « I* 1 t h e r e a c t i o n s of s u c h p o l y h a l o g e n 

compounds w i t h s t r o n g b a s e s one m i g h t s u s p e c t t h a t c o n s i d e r a b l e d e -

h y d r o h a l o g e n a t i o n was o c c u r i n g . F o r e x a m p l e , i t was found b y 

L e s p i e a u a n d B o u r g u e l t h a t 1 , 2 , 3 - t r i b r o m o p r o p a n e g i v e s a n 8 0 p e r 

c e n t y i e l d o f 2 , 3 - d i b r o m o p r o p e n e upon r e a c t i o n w i t h sodium h y d r o x i d e 

(10). 

A l t h o u g h sodium t h i o s u l f a t e i s n o t a s t r o n g b a s e , S l a t o r 

found t h a t e t h y l e n e i o d i d e was more r e a c t i v e b y a f a c t o r of a p p r o x i m a t e l y 

2 0 t o w a r d sod ium t h i o s u l f a t e t h a n e t h y l i o d i d e ( l l ) . P r e v i o u s 

t h e o r i s t s , howeve r , have n o t r e g a r d e d t h e f a c t t h a t S l a t o r a l s o found 

e t h y l b r o m i d e t o b e c o n s i d e r a b l y more r e a c t i v e t o w a r d t h e same r e a g e n t 

( 5 ) B . V. T ronov a n d A. I . G e r s h e v i c h , J . R u s s . P h y s . Chem. S o c , 
5 9 , 7 2 7 ( 1 9 2 7 ) ; C. A . , 2 2 ^ 3 3 8 9 

( 6 ) w. T a y l o r , J , Chem. S o c , l$lk ( 1 9 3 5 ) . 

( 7 ) B . V. T ronov a n d L . V. L a d u i g i n a , J . R u s s . P h y s , Chem. S o c , 
6 2 , 2 1 6 5 ( 1 9 3 0 ) ; C. A . , 2 5 , 3 9 5 7 ( 1 9 3 1 7 ^ 

( 8 ) P . P e t r e n k o - K r i t c h e n k o a n d V. Opo t sky , B e r . , 5 9 1 1 , 2 1 3 1 ( 1 9 2 6 ) . 

( 9 ) A. L . B e r n o u l l i and V/. Kambl i , H e l v . Chem. A c t a , l o , I I 8 7 ( 1 9 3 3 ) . 

( 1 0 ) R. L e s p i e a u a n d M. B o u r g u e l , O r g a n i c S y n t h e s i s , C o l l e c t i v e Volume I 
2 n d . , E d . , J o h n Wi ley a n d S o n s , I n c . , New York , N. Y . , 1 9 4 1 , p . 2 0 9 . 

( 1 1 ) A . S l a t o r , J . Chem. S o c , 8 5 , 1 2 8 6 ( 1 9 0 4 ) . 



t h a n e t h y l e n e b r o m i d e . T h u s , i t i s b e l i e v e d t h a t no r e l i a b l e c o n ­

c l u s i o n s c a n b e drawn from t h e d a t a c i t e d above s i n c e one i s d u b i o u s 

c o n c e r n i n g t h e e x t e n t of o c c u r e n c e of e l i m i n a t i o n i n t h e s e r e a c t i o n s . 

I t w a s , t h u s , d e c i d e d t o m e a s u r e s u b s t i t u t i o n r e a c t i o n s on 

some b e t a - , gamma-, and d e l t a - h a l o a l k y l h a l i d e s . S p e c i f i c a l l y i t 

was d e s i r e d t o compare t h e r e l a t i v e i n f l u e n c e of t h e v a r i o u s s u b -

s t i t u e n t s on t h e r e a c t i v i t y o f b o t h a l k y l i o d i d e s a n d b r o m i d e s . 

T h u s , t h e v a r i o u s e t h y l e n e , t r i m e t h y l e n e , a n d t e t r a m e t h y l e n e 

b r o m i d e s a n d i o d i d e s w e r e c h o s e n a s t h e compounds t o b e s t u d i e d . 

The a l p h a - s u b s t i t u t e n t h a s b e e n found t o i n c r e a s e t h e S ^ 2 

r e a c t i v i t y i n t h e o r d e r ( l ) : 

H » F > CI > I > Br 

I t i s , t h u s , o b s e r v e d t h a t t h e o r d e r i s r o u g h l y one of d e c r e a s i n g 

s i z e a n d i n c r e a s i n g e l e c t r o n e g a t i v i t y of t h e s u b s t i t u e n t s . 

I n a n e f f o r t t o d i s t i n g u i s h b e t w e e n t h e s i z e and e l e c t r o ­

n e g a t i v i t y f a c t o r s i t was t h o u g h t d e s i r a b l e t o s t u d y t h e r e ­

a c t i v i t y of t h e m e t h y l e n e h a l i d e s e r i e s t o w a r d a n u c l e o p h i l i c r e a g e n t 

of n e u t r a l c h a r g e t y p e . A r e a c t i o n p r e v i o u s l y s t u d i e d by s e v e r a l 

( l ) C H. Thomas, P h . D. T h e s i s , G e o r g i a I n s t i t u t e of Tech 
n o l o g y , 1 9 5 3 -



w o r k d e r s u s i n g a t e r t i a r y mine a s t h e n u c l e o p h i l i c r e a g e n t a p ­

p e a r e d t o s a t i s f y t h e c o n d i t i o n s d e s i r e d ( 1 2 - 1 5 ) • The r e a c t i o n 

i s t h e v e i l known M e n s c h u t k i n r e a c t i o n which i n v o l v e s t h e r e ­

a c t i o n o f a t e r t i a r y amine w i t h a n a l k y l h a l i d e t o form a 

q u a t e r n a r y ammonium s a l t . 

( 1 2 ) H. C . Brown a n d H. R. E l d r e d , J . Am. Chem. S o c . , 7 1 , 4 5 5 
( 1 9 ^ 9 ) . 

( 1 3 ) H. C. Brown and W. H. B o n n e r , i b i d . , 7 5 , ik ( 1 9 5 3 ) -

( 1 4 ) C N. Hinshe lwood e t a l , J . Chem. S o c . , 8 6 0 ( 1 9 3 8 ) . 

( 1 5 ) V/. C . D a v i e s e t a l , i b i d . , 4 l 2 ( 1 9 3 9 ) -



CHAPTER I I 

PROCEDURE 

E x p e r i m e n t a l 

K i n e t i c Runs on t h e R e a c t i o n of C-hVSNa and R - X . — S t a n d a r d 
o ? 

t h i o p h e n o l a t e i o n s o l u t i o n s we re p r e p a r e d b y w e i g h i n g t h i o -

p h e n o l a c c u r a t e l y i n t o a v o l u m e t r i c f l a s k a n d a d d i n g a two p e r 

c e n t e x c e s s of s t a n d a r d sodium m e t h o x i d e . A b s o l u t e m e t h a n o l was 

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

S o l u t i o n s o f t h e h a l o g e n compounds w e r e p r e p a r e d i n a s i m i l a r 

manner b y a c c u r a t e l y w e i g h i n g them i n a v o l u m e t r i c f l a s k a n d 

d i l u t i n g t o volume w i t h a b s o l u t e m e t h a n o l . 
o 

The r e a c t i o n s s t u d i e d a t t e m p e r a t u r e s o t h e r t h a n 0 C w e r e 

c a r r i e d o u t i n a f a s h i o n d e s c r i b e d i n t h i s a n d t h e f o l l o w i n g 

p a r a g r a p h . One h u n d r e d m i l l i l i t e r v o l u m e t r i c f l a s k s , whose n e c k s 

a n d s t o p p e r s had b e e n p a i n t e d b l a c k , w e r e u s e d a s t h e r e a c t i o n 

v e s s e l s . The r e a c t i o n s we re c a r r i e d o u t i n a c o n s t a n t t e m p e r a t u r e 

b a t h t o w h i c h s e v e r a l b o t t l e s of S c r i p t b l a c k i n k h a d b e e n a d d e d . 

I n a n e f f o r t t o p r e v e n t l i g h t c a t a l y s i s t h e p a i n t e d f l a s k s w e r e 

immersed w i t h a b o u t o n e - h a l f of t h e p a i n t e d n e c k s submerged . 

The r e a c t i o n s we re s t a r t e d b y p i p e t t i n g m e a s u r e d vo lumes of 

t h e s o l u t i o n s of t h e h a l o g e n compounds a n d sodium t h i o p h e n o l a t e 

t o g e t h e r i n a r e a c t i o n f l a s k . The i n i t i a l t i m e was o b s e r v e d when 

t h e p i p e t c o n t a i n i n g t h e l a t e r r e a c t a n t was o n e - h a l f d e l i v e r e d ; a 

s t o p w a t c h was u t i l i z e d f o r o b s e r v i n g t h e t i m e t o t h e n e a r e s t o n e - f o u r t h 

m i n u t e . At a m e a s u r e d i n t e r v a l of t i m e 2.0 m l . of g l a c i a l a c e t i c a c i d 



to 

was added t o one of t h e r e a c t i o n f l a s k s i n o r d e r t o s t o p t h e r e ­

a c t i o n b y c o n v e r t i n g t h e sodium t h i o p h e n o l a t e t o u n r e a c t i v e t h i o -

p h e n o l . The t h i o p h e n o l c o n c e n t r a t i o n was t h e n d e t e r m i n e d by 

t i t r a t i o n a g a i n s t s t a n d a r d i o d i n e u s i n g a f a i n t i o d i n e c o l o r a s 

t h e end p o i n t ( l 6 ) . 
o 

The p r o c e d u r e f o l l o w e d f o r t h e r e a c t i o n s a t 0 C was 

m o d i f i e d somewhat a s a m a t t e r of c o n v e n i e n c e . T h e s e r e a c t i o n s 

w e r e c a r r i e d o u t by w e i g h i n g i n t o 1 0 0 m l . v o l u m e t r i c k f l a s k 

c o n t a i n i n g 5 0 ml* of m e t h a n o l t h e d e s i r e d amount of h a l o g e n compound. 

The r e a c t i o n v e s s e l s w e r e t h e n p l a c e d i n a o n e - g a l l o n Dewar f l a s k 

c o n t a i n i n g a n i c e w a t e r s l u r r y a n d a l l o w e d t o e q u i l i b r a t e , a f t e r 

wh ich 5 0 m l . of a sodium t h i o p h e n o l a t e s o l u t i o n , p r e p a r e d a s d e s ­

c r i b e d a b o v e , was p i p e t t e d i n t o t h e f l a s k c o n t a i n i n g t h e h a l o g e n 

compound, a n d t h e s o l u t i o n d i l u t e d t o volume w i t h c o l d m e t h a n o l . 

The r e a c t i o n v e s s e l s w e r e t h e n s h a k e n and a l l o w e d t o s t a n d f o r a b o u t 

1 0 m i n u t e s i n o r d e r t o e q u i l i b r a t e . Two 1 0 m l . s a m p l e s we re w i t h ­

drawn from e a c h v e s s e l and a l l o w e d t o f low i n t o f l a s k s c o n t a i n i n g 

m e t h a n o l and two m l . of a c e t i c a c i d . The s o l u t i o n was a n a l y z e d f o r 

t h i o p h e n o l b y t h e method d e s c r i b e d a b o v e . S i n c e m e r c a p t a n s i n b a s i c 

s o l u t i o n s a r e o x i d i z e d e a s i l y ( 1 7 ) • 

( 1 6 ) p . K l a s o n and T . C a r l s o n , B e r . , 3 9 , 7 3 8 ( 1 9 0 6 ) . 

( 1 7 ) J . Xan e t a l , J . Am. Chem. S o c , 6 3 , 1 1 3 9 ( 1 9 U 1 ) . 



a s t r e a m of n i t r o g e n was d i r e c t e d a t t h e t o p of t h e r e a c t i o n 

f l a s k w h i l e s a m p l e s we re b e i n g w i t h d r a w n i n o r d e r t o m a i n t a i n 

a n i n e r t a t m o s p h e r e above t h e s o l u t i o n . I t was a l s o found t h a t 

b e s t r e s u l t s w e r e o b t a i n e d b y k e e p i n g t h e Dewar f l a s k i n a r e ­

f r i g e r a t o r when s a m p l e s we re n o t b e i n g w i t h d r a w n a n d b y c o o l i n g 

t h e p i p e t s i n a r e f r i g e r a t o r b e f o r e u s e . 

K i n e t i c Runs on t h e R e a c t i o n of R^N and R - X . — S t a n d a r d s o l u t i o n s 

of t r i e t h y l a m i n e were p r e p a r e d b y w e i g h i n g t r i e t h y l a m i n e i n t o a 

v o l u m e t r i c f l a s k and d i l u t i n g t h e c o n t e n t s t o volume w i t h n i t r o ­

b e n z e n e . S o l u t i o n s of known c o n c e n t r a t i o n of t h e h a l o g e n compounds 

w e r e p r e p a r e d i n a s i m i l a r m a n n e r . F l a s k s c o n t a i n i n g e a c h r e a c t a n t 

we re t h e n p l a c e d i n a c o n s t a n t t e m p e r a t u r e b a t h and a l l o w e d t o 

e q u i l i b r a t e f o r a t l e a s t one h o u r . F o l l o w i n g e q u i l i b r a t i o n , 

m e a s u r e d vo lumes of e a c h r e a c t a n t we re p i p e t t e d i n t o a c o n d u c t i v i t y 

c e l l , a n d t h e c e l l s h a k e n . The i n i t i a l t i m e was r e c o r d e d when t h e 

p i p e t c o n t a i n i n g t h e s econd r e a c t a n t was o n e - h a l f d e l i v e r e d . Ca re 

was t a k e n a t a l l t i m e s t o m a i n t a i n t h e volume of t h e r e a c t i o n 

m i x t u r e a t 3 0 m l . i n o r d e r t o have t h e s o l u t i o n s u r f a c e w e l l above 

t h e c e l l e l e c t r o d e s . 

At i n t e r v a l s t h e c o n d u c t i v i t y c e l l was p l a c e d i n t h e b r i d g e 

c i r c u i t , a n d t h e b r i d g e a d j u s t e d u n t i l a n u l l p o i n t was o b t a i n e d . 

From t h e r e s i s t a n c e o b s e r v e d t h e c o n c e n t r a t i o n of p r o d u c t formed 

was found b y t h e u s e of a c u r v e c o r r e l a t i n g t h e c o n c e n t r a t i o n of 

q u a t e r n a r y ammonium s a l t and c o r r e s p o n d i n g r e s i s t a n c e s . 

R e a c t i o n of E t h y l e n e I o d i d e w i t h Sodium T h i o s u l f a t e . — I n an e f f o r t 

t o a n a l y z e t h e g a s e v o l v e d d u r i n g t h e c o u r s e of t h e r e a c t i o n b e t w e e n 



sodium t h i o s u l f a t e and e t h y l e n e i o d i d e i n 5 0 p e r c e n t a q u e o u s 

e t h a n o l , a s o l u t i o n was p r e p a r e d i n a one l i t e r t h r e e - n e c k f l a s k 

c o n t a i n i n g 5 - 2 grams ( 0 . 0 1 8 4 mo le ) of e t h y l e n e i o d i d e and 2 0 grams 

( 0 . 0 8 mo le ) of sodium t h i o s u l f a t e i n 5 0 0 m l . of s o l v e n t . The g a s 

e v o l v e d was a l l o w e d t o p a s s t h r o u g h a c o n d e n s e r w i t h an a t t a c h e d 

" c o l d n o s e " , and i n t o a two l i t e r b o t t l e c o n t a i n i n g w a t e r s a t u r a t e d 

w i t h p o t a s s i u m c a r b o n a t e . When t h e r e a c t i o n was c o m p l e t e , t h e 

m i x t u r e was r e f l u x e d u n t i l t h e d i s s o l v e d g a s e s c e a s e d t o b e g i v e n 

o f f . The m i x t u r e was t h e n c o o l e d , and r e f l u x e d a g a i n i n o r d e r t o 

c o r r e c t f o r t h e e x p a n s i o n of t h e s o l v e n t and i t s a t m o s p h e r e . The 

g a s volume was t h e n measu red t o b e 3 0 0 m l . a t 7 3 8 mm. and 2 9 ° C ; t h e 

volume of g a s c o l l e c t e d c o r r e s p o n d e d t o a 64 p e r c e n t y i e l d . 

U s i n g a b r o m i n e s o l u t i o n wh ich c o n t a i n e d some m e r u r i c 

i o n s i n an O r s a t a r r a n g e m e n t , a d e r i v a t i v e was made of t h e g a s 

wh ich was assumed t o b e u n s a t u r a t e d . A f t e r t h e g a s was a b s o r b e d , 

t h e a b s o r b i n g s o l u t i o n was t r e a t e d w i t h an a q u e o u s s o l u t i o n of 

sodium t h i o s u l f a t e i n o r d e r t o d i s c h a r g e t h e b r o m i n e , and t h e r e ­

s u l t i n g s o l u t i o n e x t r a c t e d s e v e r a l t i m e s w i t h m e t h y l e n e c h l o r i d e 

i n o r d e r t o remove a l l o r g a n i c p r o d u c t s . D i s t i l l i n g t h e e x t r a c t e d 

s o l u t i o n u n d e r vacuum t o remove t h e s o l v e n t gave a s m a l l volume of 

a n o r g a n i c l i q u i d . A y i e l d of one t o two m l . of a l i q u i d b o i l i n g 

i ° 

o v e r a r a n g e of 1 3 0 - 1 3 2 ) - C was o b t a i n e d upon d i s t i l l i n g t h e above 

l i q u i d . 

A d e r i v a t i v e was p r e p a r e d by m i x i n g t h e d i s t i l l e d p r o d u c t , 

t h o u g h t t o b e e t h y l e n e b r o m i d e , w i t h sodium t h i o p h e n o l a t e i n m e t h a n o l . 



The r e a c t i o n m i x t u r e was a l l o w e d t o r e a c t f o r a b o u t two d a y s i n 

a c o n s t a n t t e m p e r a t u r e b a t h a t 3 5 ° C a f t e r wh ich t h e sample was 

removed and p l a c e d i n w a t e r i n o r d e r t o p r e c i p i t a t e t h e d e r i v a t i v e . 

The w h i t e s o l i d was f i l t e r e d and t h e n r e c r y s t a l l i z e d from e t h a n o l . A 

m e l t i n g p o i n t of 6S-6<^°C was o b t a i n e d wh ich c o r r e s p o n d e d t o t h a t of 

l , 2 - b i s - ( p h e n y l m e r c a p t o ) - e t h a n e ( l S ) . One migh t t h e n c o n c l u d e t h a t 

t h e l i q u i d o b t a i n e d was e t h y l e n e b r o m i d e and t h e g a s e v o l v e d e t h y l e n e . 

R e a c t i o n o f E t h y l e n e Bromide w i t h Sodium T h i o p h e n o l a t e . — F o u r hundred 

n i n e t y m i l l i l i t e r s of a s o l u t i o n c o n t a i n i n g 2 1 . 3 8 3 grams of e t h y l e n e 

b r o m i d e ( 0 . 1 1 4 m o l e ) , 3 9 * 3 5 4 grams ( 0 . 3 5 7 m o l e ) of t h i o p h e n o l , and 

1 0 0 m l . of 3 « 6 4 N ( 0 . 3 6 4 m o l e ) of sodium m e t h o x i d e w e r e p l a c e d i n 

a c o n s t a n t t e m p e r a t u r e b a t h a t 3 5 ° C . As a p r e c a u t i o n a g a i n s t l i g h t 

c a t a l y s i s t h e f l a s k wh ich was u s e d a s t h e r e a c t i o n v e s s e l had p r e ­

v i o u s l y b e e n p a i n t e d . A f t e r t h r e e days t h e s o l u t i o n was removed f rom 

t h e b a t h , d i l u t e sodium h y d r o x i d e a d d e d , and t h e n f i l t e r e d . Whi le 

b e i n g f i l t e r e d , t h e p r o d u c t , p a r t of wh ich had s e p a r a t e d d u r i n g t h e 

c o u r s e of t h e r e a c t i o n , was m a i n t a i n e d u n d e r an a t m o s p h e r e of n i t r o g e n 

i n o r d e r t o p r e v e n t o x i d a t i o n of t h e e x c e s s t h i o p h e n o l ( l 7 ) « The r e ­

s i d u e was washed s e v e r a l t i m e s w i t h d i l u t e sodium h y d r o x i d e s o l u t i o n 

and t h e n w i t h w a t e r . A f t e r s e v e r a l r e c r y s t a l l i z a t i o n s from e t h a n o l a 

r e s i d u e was o b t a i n e d wh ich m e l t e d a t 6 8 . 5 ° C ; t h e p r o d u c t e x p e c t e d , 

1 , 2 - b i s - ( p h e n y l m e r c a p t o ) - e t h a n e , was r e p o r t e d t o m e l t a t 6 9 ° C ( l 8 ) . 

( 1 3 ) E. V. B e l l and G. M. B e n n e t t , J . Chem. S o c , 3 1 8 9 ( 1 9 2 3 ) . 

( 1 9 ) J . Xan e t a l , J . Am. Chem. S o c , 6 3 , 1 1 3 9 ( 1 9 ^ 1 ) . 



The c r y s t a l s were p l a c e d on a w a t c h g l a s s i n a d e s i c c a t o r o v e r 

c a l c i u m c h l o r i d e and a l l o w e d t o r e m a i n f o r one week . The d r y ma­

t e r i a l was found t o we igh 2 6 . 9 grams c o r r e s p o n d i n g t o a y i e l d of 

9 6 p e r c e n t . A d e r i v a t i v e was p r e p a r e d "by d i s s o l v i n g some of t h e 

a b o v e m a t e r i a l i n g l a c i a l a c e t i c a c i d , a d d i n g 3 0 Pe** c e n t hyd rogen 

p e r o x i d e , and a l l o w i n g t h e s o l u t i o n t o d i g e s t f o r s e v e r a l h o u r s . The 

r e s u l t i n g s o l u t i o n was p o u r e d i n t o a l a r g e volume of w a t e r t o p r e ­

c i p i t a t e t h e p r o d u c t and t h e n f i l t e r e d . A r e s i d u e was o b t a i n e d 

wh ich a f t e r r e c r y s t a l l i z a t i o n f rom e t h a n o l gave a m e l t i n g p o i n t of 

1 8 0 - l 8 l C. T h i s m e l t i n g p o i n t c o r r e s p o n d s t o t h a t of 1 , 2 - b i s -

( p h e n y l s u l f o n y l ) - e t h a n e ( 1 9 ) * t h e p r o d u c t e x p e c t e d from a t w o - s t e p 

s u b s t i t u t i o n r e a c t i o n on e t h y l e n e b r o m i d e . 

R e a c t i o n of E t h y l e n e Bromide and Sodium H y d r o x i d e . - - I n a n e f f o r t t o 

d e t e r m i n e t h e e x t e n t of s u b s t i t u t i o n i n t h e r e a c t i o n b e t w e e n sodium 

h y d r o x i d e and e t h y l e n e b r o m i d e , 1 5 . 0 0 m l . of 0 . 0 2 7 5 M e t h y l e n e 

b r o m i d e c o n t a i n i n g d i p h e n y l a m i n e i n d i o x a n e were p i p e t t e d i n t o 1 0 0 m l . 

v o l u m e t r i c f l a s k s wh ich c o n t a i n e d 1 5 . 0 0 m l . of 0 . 0 5 7 3 N sodium h y ­

d r o x i d e i n w a t e r . At i n t e r v a l s s amp le s were removed and t i t r a t e d w i t h 

s t a n d a r d h y d r o c h l o r i c a c i d . The r e s u l t s i n T a b l e i n d i c a t e t h a t 

s u b s t i t u t i o n o c c u r e d t o an e x t e n t of a b o u t two p e r c e n t . 

R e a c t i o n of D i i o d o m e t h a n e w i t h T r i e t h y l a m i n e . — T e n m l . of d i i o d o -

me thane ( 0 . 1 2 5 m o l e ) and 2 5 m l . of t r i e t h y l a m i n e ( 0 . 2 5 mo le ) were e a c h 

a d d e d t o two 1 0 0 m l . v o l u m e t r i c f l a s k s . To one f l a s k we re added 2 5 m l . 

of n i t r o b e n z e n e and t o t h e o t h e r 2 5 m l . of m e t h l e t h y l k e t o n e . 

( 1 9 ) H. Gi lman and N. J . B e a b e r , J . Am. Chem. S o c , 1 + 7 , 1 I + 5 1 ( 1 9 2 5 ) . 



The c r u d e p r o d u c t o b t a i n e d from t h e n i t r o b e n z e n e s o l u t i o n 

w e i g h e d h'J grams a s opposed t o ^ 5 - 5 grams e x p e c t e d from a r e a c t i o n 

b e t w e e n one moie of t r i e t h y l a m i n e and one moie of d i i o d o m e t h a n e . 

The p r o d u c t was r e c r y s t a n i z e d s e v e r a l t i m e s from a m i x t u r e of m e t h a n o l 

a n d e t h y l a c e t a t e u s i n g e t h e r t o p r e c i p i t a t e and d r y t h e s a l t ; t h e 

m e l t i n g p o i n t o b s e r v e d , w i t h d e c o m p o s i t i o n , was l t J 2 ° C . The p r o d u c t 

o b t a i n e d from t h e m e t h y l e t h y l k e t o n e s o l u t i o n was a l s o found t o m e l t , 

w i t h d e c o m p o s i t i o n , a t l 8 2 ° C a f t e r s e v e r a l r e c r y s t a l l i z a t i o n s . Weighed 

s a m p l e s of t h e p r o d u c t were a n a l y z e d f o r i o n i c i o d i d e by t i t r a t i o n 

a g a i n s t s t a n d a r d s i l v e r n i t r a t e u s i n g d i c h l o r o f l u o r s c e i n a s t h e i n ­

d i c a t o r i n t h e a b s e n c e of s u n l i g h t . The p e r c e n t i o n i c i o d i d e was 

found t o b e 3 3 • 6 , ?>k,&, ?>k.2. and ^k.G a s compared t o t h e t h e o r e t i c a l 

v a l u e of 3 ^ - ' ^ f o r a one s t e p r e a c t i o n ( a v a l u e of $k.0 p e r c e n t i s 

c a l c u l a t e d f o r t h e i o n i c i o d i d e i n a two s t e p r e a c t i o n ) . The low 

v a l u e , 3 3 o c c u r e d w i t h a sample wh ich r e q u i r e d o n l y 1 . 8 7 m l . of 

0 . 1 0 3 4 N s i l v e r n i t r a t e . 

I n v e s t i g a t i o n of t h e R e v e r s a l of t h e M e n s c h u t k i n R e a c t i o n . - - I n 

o r d e r t o e x p l a i n d e c r e a s e s o b s e r v e d i n some of t h e r a t e d a t a f o r t h e 

f o r m a t i o n of q u a t e r n a r y ammonium s a l t s , t h e r e a c t i o n b e t w e e n t r i e t h y l ­

amine and c e r t a i n h a l o g e n compounds we re i n v e s t i g a t e d f o r a p o s s i b l e 

r e v e r s a l . I n v e s t i g a t i o n s were c a r r i e d o u t b y d i s s o l v i n g a s a m p l e , 

t a k e n from a r e a c t i o n m i x t u r e wh ich had p r o c e e d e d u n t i l t h e r e s i s t a n c e 

of t h e s o l u t i o n no l o n g e r changed , i n an a q u e o u s a c e t o n e s o l u t i o n . 

A n a l y s i s of t h e t r i e t h y l a m i n e was t h e n c a r r i e d o u t b y t i t r a t i o n a g a i n s t 

s t a n d a r d h y d r o c h l o r i c a c i d u s i n g e q u a l vo lumes of b r o m c r e s o l g r e e n i n 



a c e t o n e and m e t h y l r e d i n w a t e r a s t h e i n d i c a t o r . Upon t i t r a t i n g 

5 . 0 0 m l . s a m p l e s o b t a i n e d from t h e r e a c t i o n of t r i e t h y l a m i n e w i t h 

m e t h y l i o d i d e , 0 . 4 3 7 m i H i e q u i v a l e n t of t r i e t h y l a m i n e was found 

a s compared t o 0 . 4 3 9 e x p e c t e d i f no r e v e r s a l o c c u r e d . A s i m i l a r 

a n a l y s i s on t h e s o l u t i o n o b t a i n e d from t h e r e a c t i o n of b r o m o i d o -

me thane showed 0 . 0 2 1 3 m i H i e q u i v a l e n t of t r i e t h y l a m i n e p r e s e n t a s 

compared w i t h 0 . 0 2 1 6 e x p e c t e d . F u r t h e r e v i d e n c e a g a i n s t r e v e r s i ­

b i l i t y was o b t a i n e d b y p r e p a r i n g a s o l u t i o n of t r i e t h y l i o d o m e t h y l a m -

monium i o d i d e i n n i t r o b e n z e n e and a l l o w i n g i t t o s t a n d f o r t e n days 

a t 6 o . 8 ° C . Samples were removed and t i t r a t e d w i t h s t a n d a r d h y ­

d r o c h l o r i c a c i d ; however no b a s e was o b s e r v e d t o b e p r e s e n t . 

C a l i b r a t i o n of t h e C o n d u c t i v i t y C e l l s . - - T h e g r e a t e s t p r o b l e m e n ­

c o u n t e r e d i n u s i n g a c o n d u c t o m e t r i c method was t h a t od d e t e r m i n i n g 

t h e r e l a t i o n s h i p b e t w e e n m e a s u r e d r e s i s t a n c e and p r o d u c t c o n c e n t r a t i o n . 

The most c o n v e n i e n t method c o n s i s t e d of a l l o w i n g a s o l u t i o n t o r e a c t 

u n t i l t h e r e s i s t a n c e no l o n g e r c h a n g e d . Measured volumes of s o l v e n t 

w e r e t h e n a d d e d t o t h e r e a c t i o n c e l l and t h e c o r r e s p o n d i n g r e s i s t a n c e s 

o b s e r v e d . Such a p r o c e d u r e had m e r i t s i n t h a t t h e c o n c e n t r a t i o n of 

q u a t e r n a r y ammonium s a l t was known a t t h e end of t h e r e a c t i o n from 

t h e q u a n t i t i e s of r e a c t a n t s a d d e d . The d a t a o b t a i n e d we re t h e n p l o t t e d , 

a n d t h e unknown c o n c e n t r a t i o n s r e a d d i r e c t l y from t h e p l o t . 

S i n c e some d e c o m p o s i t i o n of p r o d u c t was o b s e r v e d w h i l e a w a i t i n g 

c o m p l e t i o n of t h e r e a c t i o n , a somewhat more l a b o r i o u s b u t more a c ­

c u r a t e method was d e v i s e d . I n t h i s c a s e t h e p u r e p r o d u c t s e x p e c t e d 

f rom t h e r e a c t i o n s w e r e s y n t h e s i z e d , and s e v e r a l s o l u t i o n s of known 



" s a l t " c o n c e n t r a t i o n p r e p a r e d . Then t h e n e c e s s a r y c o n d u c t i v i t y 

m e a s u r e m e n t s v e r e made and t h e p r e v i o u s method c o n t i n u e d . 

D e t e r m i n a t i o n of t h e pK^ of T h i o p h e n o l i n A b s o l u t e M e t h a n o l . — 

U s i n g t h e method of K o l t h o f f , a s p e c t r o p h o t o m e t r i c d e t e r m i ­

n a t i o n of t h e pK^ of t h i o p h e n o l i n a b s o l u t e m e t h a n o l v a s c a r r i e d 

o u t . The pIC f o r b r o m c r e s o l p u r p l e v a s r e p o r t e d t o b e 11 .3 i n 

m e t h a n o l b y K o l t h o f f (20). T h u s , u s i n g e q u a l vo lumes of 0.024-2 N 

sodium t h i o p h e n o l a t e and 0.0151 M t h i o p h e n o l , a v a l u e of 11 .2 v a s 

o b t a i n e d f o r t h e pK of t h i o p h e n o l . I n a s i m i l a r manner e q u a l 
a 

vo lumes of 0.0121 N sodium t h i o p h e n o l a t e and 0.04-92 M t h i o p h e n o l 

g a v e a v a l u e o f 1 1 . 1 . 

(20) I . M. K o l t h o f f and L. S . G u s s , J . Am. Chem. S o c , 60, 
2516 (1938) 
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P r e p a r a t i o n and P u r i f i c a t i o n of R e a g e n t s 

M e t h a n o l . — T o a b o u t f o u r l i t e r s of commerc ia l m e t h a n o l i n a f i v e 

l i t e r r o u n d - b o t t o m f l a s k was added 10 grams of magnesium m e t a l 

t u r n i n g s (21), and t h e m i x t u r e a l l o w e d t o r e a c t , u n d e r r e f l u x , 

u n t i l a l l of t h e magnesium had d i s a p p e a r e d . The d r y m e t h a n o l was 

t h e n d i s t i l l e d and s t o r e d u n d e r n i t r o g e n . 

E t h y l e n e C h l o r o b r o m i d e . — E t h y l e n e c h l o r o b r o m i d e o b t a i n e d a s a sample 

from Dow Chemica l Co . was t w i c e f r a c t i o n a t e d , and t h e f r a c t i o n 

b o i l i n g a t 106°C was c o l l e c t e d a n d s t o r e d u n d e r n i t r o g e n . The 

r e f r a c t i v e i n d e x a t 20°C was o b s e r v e d t o b e 1.4899«^" 

Sodium T h i o s u l f a t e . — E i m e r a n d Amend C. P . Grade sodium t h i o s u l f a t e 

was d i s s o l v e d i n f r e s h l y b o i l e d w a t e r a n d d i l u t e d t o t h e d e s i r e d 

c o n c e n t r a t i o n w i t h t h e b o i l e d w a t e r . A f r e s h s o l u t i o n was p r e p a r e d 

f o r e a c h r e a c t i o n i n o r d e r t o a v o i d d i f f i c u l t i e s due t o d e c o m p o s i t i o n 

of t h e sodium t h i o s u l f a t e . 

T h i o p h e n o l . — M a t h e s o n Company t h i o p h e n o l was u s e d w i t h o u t f u r t h e r 

p u r i f i c a t i o n . However, t i t r a t i o n of we ighed s ample s of t h e t h i o ­

p h e n o l a g a i n s t s t a n d a r d i o d i n e i n d i c a t e d t h a t t h e t h i o p h e n o l was 

99-6 p e r c e n t p u r e . 

Sodium M e t h o x i d e . — F r e s h l y c u t sodium was a d d e d t o a p o l y t h e n e 

b o t t l e c o n t a i n i n g m e t h a n o l i n wh ich a s t r e a m of n i t r o g e n was p l a y e d 

o v e r t h e s u r f a c e of t h e m e t h a n o l w h i l e t h e r e a c t i o n was i n p r o g r e s s . 

(21) L . F . F i e s e r , E x p e r i m e n t s i n O r g a n i c C h e m i s t r y , P a r t I I , 
2nd e d . , D. C. Hea th and C o . , New Y o r k . , N. Y . , l ° A l , p . 359. 

1 
A l l of t h e r e f r a c t i v e i n d e c e s r e p o r t e d h e r e i n we re m e a s u r e d 

w i t h an Abbe r e f r a c t o m e t e r ( m a n u f a c t u r e d b y t h e Bausch and 
Lamb C o . ) u t i l i z i n g t h e D l i n e of sod ium. 



A b s o l u t e m e t h a n o l was t h e n added t o b r i n g t h e s o l u t i o n t o a p p r o x i ­

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

t h e n e c o n t a i n e r u n d e r n i t r o g e n . 

T r i m e t h y l e n e Ch lo robromide .—Dow Chemica l Company t r i m e t h y l e n e 

c h l o r o b r o m i d e was f r a c t i o n a t e d t h r o u g h a Todd Column h a v i n g an i n ­

s i d e d i a m e t e r of 1.2 cm, a l e n g t h of t h r e e f e e t , and p a c k e d w i t h o n e -

e i g h t h i n c h s i n g l e t u r n g l a s s h e l i c e s . The f r a c t i o n a t i o n was 

c a r r i e d o u t u n d e r n i t r o g e n , and t h e f r a c t i o n b o i l i n g a t l44°C (740 mm.) 

was c o l l e c t e d and s t o r e d i n brown b o t t l e s i n t h e r e f r i g e r a t o r . The 

r e f r a c t i v e i n d e x a t 24.5°C was found t o b e 1 . 4 8 4 1 , t h e d e n s i t y a t 

t h e same t e m p e r a t u r e was o b s e r v e d t o b e 1.5599* The m o l a r r e ­

f r a c t i o n was t h e n found b y e x p e r i m e n t t o b e 2 8 . 9 a s compared w i t h 

2 3 . 7 c a l c u l a t e d . " 1 " 

T r i m e t h y l e n e B r o m i d e . - - E a s t m a n Kodak Whi te L a b e l t r i m e t h y l e n e 

b r o m i d e was f r a c t i o n a t e d u n d e r n i t r o g e n and t h e f r a c t i o n b o i l i n g 

1 6 7 - 1 6 8 C c o l l e c t e d . The i n d e x of r e f r a c t i o n a t 2 5 ° was o b s e r v e d t o 

b e 1 . 5 2 0 9 . 

T r i m e t h y l e n e C h l o r o i o d i d e . — T r i m e t h y l e n e c h l o r o i o d i d e was p r e p a r e d 

b y r e f l u x i n g t r i m e t h y l e n e c h l o r o b r o m i d e and sodium i o d i d e i n a c e t o n e 

f o r a b o u t f i v e h o u r s . The sodium b r o m i d e wh ich had p r e c i p i t a t e d was 

f i l t e r e d , t h e a c e t o n e d i s t i l l e d , and t h e o r g a n i c m a t e r i a l r e m a i n i n g 

washed w i t h a q u e o u s sodium t h i o s u l f a t e . The m a t e r i a l was d r i e d o v e r 

CaSO^ and f r a c t i o n a t e d . The f r a c t i o n b o i l i n g a t 7 1 C (35 mm.) was 

"'"Molar r e f r a c t i o n s r e p o r t e d h e r e i n were c a l c u l a t e d from a t o m i c 
r e f r a c t i o n s l i s t e d i n Handbook of C h e m i s t r y , 6 t h . E d . , Handbook 
P u b l i s h e r s I n c . , Sandusky , Ohio , 1946 , p . 1 0 2 5 . 
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c o l l e c t e d and s t o r e d i n t h e u s u a l manne r . The r e f r a c t i v e i n d e x was 

found t o b e 1.54-75 a t 20.5°C; t h e d e n s i t y a t t h e same t e m p e r a t u r e 

was 1.9393' The m o l a r r e f r a c t i o n o b s e r v e d was 33-5 a s compared w i t h 

t h e c a l c u l a t e d v a l u e of 33'7. 

T r i m e t h y l e n e I o d i d e . — T r i m e t h y l e n e i o d i d e was p r e p a r e d b y t h e method 

of M. T . B o g e r t and E . M. Slocum (22). The m a t e r i a l was f r a c t i o n a t e d 

u n d e r vacuum and t h e m a t e r i a l b o i l i n g 110°C (19 mm) was c o l l e c t e d . 

The r e f r a c t i v e i n d e x m e a s u r e d a t 25°C was 1.64-02; t h e d e n s i t y a t t h e 

same t e m p e r a t u r e was found t o b e 2.5531- The m o l a r r e f r a c t i o n c a l ­

c u l a t e d was 4l .7 a s compared w i t h 4l.8 o b s e r v e d . 

T r i m e t h y l e n e B r o m o i o d i d e . - - T r i m e t h y l e n e b r o m o i o d i d e was p r e p a r e d 

f rom t h e r e a c t i o n of sodium i o d i d e and t r i m e t h y l e n e b r o m i d e i n a c e ­

t o n e i n t h e same manner d e s c r i b e d f o r t h e p r e p a r a t i o n of t r i m e t h y l e n e 

c h l o r o i o d i d e . The f r a c t i o n c o l l e c t e d b o i l e d a t 88°C (17.5 m m . ) . 

The r e f r a c t i v e i n d e x a t 25°C was found t o b e 1.5810,and t h e d e n s i t y 

a t t h e same t e m p e r a t u r e was 2.2804. The m o l a r r e f r a c t i o n was o b ­

s e r v e d t o b e 36A a s compared w i t h 36.6 c a l c u l a t e d . 

P r o p y l I o d i d e . - - E a s t m a n Kodak Whi t e L a b e l p r o p y l i o d i d e was f r a c t i o n a t e d 

and t h e f r a c t i o n b o i l i n g 102°C (740 mm.) c o l l e c t e d . The r e f r a c t i v e 

i n d e x a t 20°C was o b s e r v e d t o b e 1.5051 a s compared w i t h t h e v a l u e 

1.5051 r e p o r t e d i n t h e Chemica l Rubber Handbook (23). 

(22) M. T . B o g e r t and E . M. Slocum, J . Am. Chem. S o c , 46, 763 
(1924). — 

( 2 3) Handbook of C h e m i s t r y and P h y s i c s , 32nd. E d . , Chemica l Rubber 
P u b l i s h i n g C o . , C l e v e l a n d , Ohio , 1950, p . 1088. 



T r i m e t h y l e n e F l u o r o b r o m i d e . — T r i m e t h y l e n e f l u o r o b r o m i d e was p r e p a r e d 

a c c o r d i n g t o t h e method of F . W. Hoffmann (2h). The m a t e r i a l was 

f r a c t i o n a t e d , and t h e m a t e r i a l b o i l i n g b e t w e e n 1 0 1 . 5 ° and 1 0 2 ° C , 

( 7 4 0 mm.) was c o l l e c t e d . The r e f r a c t i v e i n d e x , 1 . 4 2 9 5 a t 2 3 ° C was 

found t o a g r e e w i t h t h a t r e p o r t e d b y Hoffmann. 

T r i m e t h y l e n e F l u o r o i o d i d e . — T r i m e t h y l e n e f l u o r o i o d i d e was p r e p a r e d b y 

t h e r e a c t i o n of sodium i o d i d e and t r i m e t h y l e n e f l u o r o b r o m i d e i n a c e t o n e 

a c c o r d i n g t o t h e method d e s c r i b e d f o r t h e p r e p a r a t i o n of t r i m e t h y l e n e 

c h l o r o i o d i d e . The m a t e r i a l was f r a c t i o n a t e d and t h e f r a c t i o n b o i l i n g 

a t 46°C ( 3 9 nun*) c o l l e c t e d . The r e f r a c t i v e i n d e x was o b s e r v e d t o 

b e 1 . 4 9 9 1 a t 2 0 ° C , and t h e d e n s i t y 1 . 9 & 5 5
 a"k same t e m p e r a t u r e . 

The m o l a r r e f r a c t i o n was o b s e r v e d t o b e 2 8 . 1 a s compared w i t h 2 8 . 8 c a l ­

c u l a t e d . 

T e t r a m e t h y l e n e C h l o r o i o d i d e . — T e t r a m e t h y l e n e c h l o r o i o d i d e o b t a i n e d from 

Columbia O r g a n i c Chemica l Company was f r a c t i o n a t e d u n d e r n i t r o g e n , and 

t h e m a t e r i a l b o i l i n g a t 9 1 ° C ( l 6 mm) was c o l l e c t e d . The r e f r a c t i v e i n d e x 

a t 2 5 . 3 ° C was I . 7 8 5 O . The m o l a r r e f r a c t i o n was found by e x p e r i m e n t t o b e 

3 8 . 3 a s compared w i t h 3 8 . 3 c a l c u l a t e d . 

Hexy l B r o m i d e . - - H e x y l b r o m i d e o b t a i n e d f rom t h e Eas tman Kodak Company 

was f r a c t i o n a t e d , a n d t h e f r a c t i o n b o i l i n g a t 1 5 6 ° C ( 7 4 0 mm.) was c o l ­

l e c t e d . The r e f r a c t i v e i n d e x , 1 . 4 4 7 8 a t 2 0 ° C c o r r e s p o n d e d t o t h a t 

r e p o r t e d i n t h e Chemica l Rubber Handbook ( 2 5 ) 

( 2 4 ) F . W. Hoffmann, J . Org. Chem., l 4 , I O 5 6 ( 1 9 4 0 ) . 

( 2 5 ) Handbook of C h e m i s t r y and P h y s i c s , 3 2 n d . E d . , Chemica l Rubber 
P u b l i s h i n g 6 o . , C l e v e l a n d , Ohio , p . 9 2 8 . 
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Pentamethylene Chloroiodide.—Pentamethylene chloroiodide obtained 

from the Columbia Organic Chemical Co. was fractionated and the fraction 

boiling at 85°C (5 mm.) was collected. The refractive index at 20°C 

was 1.5304. 

Ethylene Bromide.—Eastman Kodak White Label ethylene bromide was 

twice fractionated through a Todd Column; the fraction boiling at 

131°C (738 mm.) was collected and stored under nitrogen. The index of 

refraction at 21.5°C was found to be 1.5379* 

Vinyl Bromide.—Approximately 20 grams (0.106 mole) of ethylene bromide 

was added to a 500 ml round-bottom flask containing four grams of KOH 

and 29 ml. of ethanol. The solution was refluxed for one hour using an 

ice water condenser to condense the vapors; the vinyl bromide was then 

distilled into a receiver which was cooled by an ice-brine solution. 

The product was then fractionated through a Todd Column, and the 

fraction boiling at about 6°C collected and a small amount of diplewyla-

mine added to inhibit polymerization. 

Ethylene Iodide.—Into a flask containing a slurry of iodine in ethanol 

was slowly passed ethylene at a rate such that most of the ethylene 

was absorbed. After the ethylene was no longer absorbed, the contents 

of the flask was diluted with water, the iodine color discharged with 

bisulfite, and the white crystals filtered. The product was immediately 

recrystallized from hot ether since its decomposition was catalyzed by 

iodine. The ethylene iodide obtained melted at 82°C, and was stored 

under nitrogen in a brown container. 



2 1 

E t h y l e n e F l u o r o b r o m i d e . - - E t h y l e n e f l u o r o b r o m i d e was p r e p a r e d b y t h e 

method of Hoffmann ( 2 4 ) i n w h i c h e t h y l e n e b r o m i d e was r e a c t e d w i t h 

p o t a s s i u m f l u o r i d e i n e t h y l e n e g l y c o l . S i n c e t h e p r o d u c t formed was 

t h e l o w e s t b o i l i n g component , i t was c o l l e c t e d a s i t was fo rmed . The 

p r o d u c t o b t a i n e d was f r a c t i o n a t e d t h r o u g h t h e Todd Column, and t h e 

F r a c t i o n b o i l i n g 7 0 . 5 - 7 1 ° C ( 7 3 ^ mm.) was c o l l e c t e d and s t o r e d u n d e r 

n i t r o g e n . The i n d e x of r e f r a c t i o n a t 25°C was found t o b e 1 . 4 2 2 6 . 

n - P r o p y l B r o m i d e . - - n - P r o p y l b r o m i d e was p r e p a r e d a c c o r d i n g t o t h e 

p r o c e d u r e i n Organ ic S y n t h e s i s ( 2 6 ) . Two f r a c t i o n a t i o n s gave a p r o d u c t 

w h i c h b o i l e d 7 0 . 5 - 7 0 . 9 ° C (738mm.) . The i n d e x of r e f r a c t i o n a t 15°C 

was found t o b e 1 . 4 3 7 0 . 

E t h a n o l . - - U . S. P . a b s o l u t e e t h a n o l was u s e d w i t h o u t f u r t h e r t r e a t m e n t . 

E t h y l B r o m i d e . - - M e r c k r e a g e n t g r a d e e t h y l b r o m i d e was t w i c e f r a c t i o n a t e d . , 

and t h e f r a c t i o n b o i l i n g a t 38 .4°C was c o l l e c t e d and s t o r e d u n d e r 

n i t r o g e n . The i n d e x of r e f r a c t i o n a t 20°C was found t o b e 1 . 4 2 3 9 ' 

N i t r o b e n z e n e . - - E a s t m a n Kodak Whi te L a b e l n i t r o b e n z e n e was f r a c t i o n a t e d 

o v e r p h o s p o r o u s p e n t o x i d e t h r o u g h a Todd Column. The f r a c t i o n b o i l i n g 

a t 8 9 . 5 C ( 12 mm.) was c o l l e c t e d . The r e f r a c t i v e i n d e x a t 2 9 . 5 C was 

found t o b e 1 . 5 4 7 3 . 

Methy l I o d i d e . - - E a s t m a n Kodak Whi te L a b e l m e t h y l i o d i d e was f r a c t i o n a t e d 

t h o r o u g h a Todd Column Column u n d e r an a t m o s p h e r e of n i t r o g e n . The 

f r a c t i o n b o i l i n g 42 .5 °C ( 7 3 ^ mm.) was c o l l e c t e d and s t o r e d i n a brown 

b o t t l e . The r e f r a c t i v e i n d e x a t 20°C was o b s e r v e d t o b e 1 . 5 3 0 5 . 

( 2 4 ) F . W. Hoffmann, J . Org . Chem., l 4 , IO56 ( 1 9 4 9 ) . 

( 2 6 ) R. F . Goshorn , T. Boyd, and E. F . D e g e r i n g , Organ ic S y n t h e s i s , 
C o l l e c t i v e Volume I , John Wiley and Sons , I n c . , 2nd. E d . , New York, 
N. Y . , 1 9 4 1 , p . 37-



M e t h y l e n e C h l o r o i o d i d e . - - M e t h y l e n e c h l o r o i o d i d e was p r e p a r e d by t h e 

r e a c t i o n of sodium i o d i d e i n a c e t o n e w i t h m e t h y l e n e c h l o r o b r o m i d e 

i n a manner s i m i l a r t o t h a t d e s c r i b e d f o r t h e p r e p r a t i o n of t r i m e t h y l e n e 

c h l o r o i o d i d e . F r a c t i o n a t i o n t h o r o u g h a Todd Column gave a f r a c t i o n 

b o i l i n g a t 103°C (7^0 mm. ) ' The m a t e r i a l was c o l l e c t e d and s t o r e d 

u n d e r n i t r o g e n ; a r e f r a c t i v e i n d e x of 1 .5828 was o b s e r v e d a t 20°C. 

M e t h y l e n e B r o m o i o d i d e . - - M e t h y l e n e b r o m o i o d i d e was p r e p a r e d by t h e 

a c t i o n of sodium i o d i d e i n a c e t o n e on m e t h y l e n e b r o m i d e a s d e s c r i b e d 

f o r t h e p r e p a r a t i o n of t r i m e t h y l e n e c h l o r o i o d i d e . F r a c t i o n a t i o n t h r o u g h 

a Todd Column gave a f r a c t i o n b o i l i n g a t 44.5 C ( 2 3 mm.) . A r e f r a c t i o n 

i n d e x of 1 .6384 was o b s e r v e d a t 20°C. 

T r i e t h y l a m i n e . - - E a s t m a n Kodak Whi te L a b e l t r i e t h y l a m i n e was f r a c t i o n a t e d 

t h r o u g h a Todd Column o v e r sod ium. A f r a c t i o n was o b t a i n e d which 

b o i l e d a t 89 .5 °C (739 mm.) . The r e f r a c t i v e i n d e x was o b s e r v e d t o b e 

1 .4003 a t 20°C. 

A p p a r a t u s 

The i n s t r u m e n t a r r a n g e m e n t u s e d f o r t h e measurement of e l ­

e c t r o l y t i c c o n d u c t i v i t i e s was a m o d i f i c a t i o n of t h a t d e s c r i b e d i n t h e 

Leeds and N o r t h r u p c a t a l o g u e EN-95 ( 4 2 ) . The p r i n c i p l e d i f f e r e n c e i n 

t h e i n s t r u m e n t a r r a n g e m e n t was t h e u s e of a c a t h o d e - r a y o s c i l l o s c o p e 

a s t h e n u l l p o i n t i n d i c a t o r , a s d e s c r i b e d by J o n e s ( 4 3 ) , r a t h e r t h a n 

t h e u s u a l a u d i o me thod . A d i a g r a m of t h e m o d i f i e d c i r c u i t i s shown i n 

F i g u r e 1 , w h i c h i s l o c a t e d i n Append ix C. 

( 4 2 ) A p p a r a t u s f o r E l e c t r o l y t i c C o n d u c t i v i t y Measu remen t s , Leeds 
and N o r t h r u p Company, C a t a l o g u e number EN-95,- 1 9 5 3 , p . l 6 . 

( 4 3 ) G. J o n e s , K. J . M y s e l s , and W. J u d a , J . Am. Chem. S o c . , 
6 2 , 2919 ( 1 9 4 0 ) . 



-J) 

E x p e r i m e n t a l d e t e r m i n a t i o n s of t h e e l e c t r o l y t i c c o n d u c t i v i t i e s 

w e r e c a r r i e d o u t by ( l ) p l a c i n g t h e c o n d u c t i t i t y c e l l , X, i n t h e b r i d g e 

c i r c u i t , ( 2 ) making an a p p r o x i m a t e s e t t i n g of t h e decade r e s i s t a n c e 

b o x , R, and ( 3 ) v a r y i n g t h e r a t i o arms of t h e s l i d e w i r e f o r a n u l l p o i n t 

i n t h e b r i d g e c i r c u i t . Measurements we re n o r m a l l y c a r r i e d o u t w i t h 

t h e o s c i l l a t o r a d j u s t e d f o r a f r e q u e n c y of 2200 c y c l e s p e r s e c o n d . I n 

g e n e r a l i t was found t h a t t h e c o n d u c t i v i t y was i n d e p e n d e n t of t h e f r e ­

q u e n c y ; however t h e c u r r e n t p h a s e i n t h e c i r c u i t was found t o v a r y w i t h 

t h e f r e q u e n c y . The p h a s i n g d i f f i c u l t i e s were t a k e n c a r e of b y means 

of a c o n d e n s e r i n p a r a l l e l w i t h t h e d e c a d e r e s i s t a n c e b o x . The o s c i l l o ­

s c o p e was a r r a n g e d and u s e d i n t h e manner d e s c r i b e d by J o n e s (4-3). 

S p e c i f i c a t i o n s of t h e a p p a r a t u s a r e l i s t e d a s f o l l o w s : 

Decade r e s i s t a n c e b o x , G e n e r a l Rad io C o . , Model 1V32-L. 

Audio f r e q u e n c y O s c i l l a t o r , H e w l e t t - P a c k a r d , Model 200-CD. 

Ca thode -Ray O s c i l l o g r a p h , Du Mont C o . , Model 304-A. 

V a r i a b l e C a p a c i t o r , Leeds and N o r t h r u p , Model 1 1 3 5 . 

C o n d u c t i v i t y C e l l , S a r g a e n t C o . , No. S -29865 . 

I s o l a t i o n T r a n s f o r m e r s , War S u r p l u s . 

S t u d e n t P o t e n t i a m e t e r , Leeds and N o r t h r u p , Model 7 6 5 1 . 



CHAPTER III 

Discussion 

Previous studies have been made in this laboratory on the 

influence of alpha-halogens upon the SJJ2 reactivity of other halogens 

(l). However, the study of the influence of beta-, gamma-, and delta 

halogens on the SJJ2 reactivity of other halogens in the same molecule 

is complicated in one respect in that elimination reactions may occur 

as well as substitution reactions The literature indicated that 

the existing experimental data was inconclusive with regard to the 

type of reaction occurring (5>6,7,8, and 1 1 ) . 

(I) C. H. Thomas, Ph. D. Thesis, Georgia Institute of Technology, 
1953-

^For a discussion of the mechanism of substitution reactions 
see C. K. Ingold, Structure and Mechanism in Organic Chemistry, 
Cornell University Press, Ithaca, N. Y . , 1953, Chap. VII. 

(II) A. Slator, J. Chem. Soc, 85, 1290 (1904). 

(6) W. Taylor, ibid., 15l4 (1935). 

(8) P. Petrenko-Kritchenko and V. Opotsky, Ber., 59 II, 2131 
(1926). 

(5) B. V. Tronov and A. I. Gershevich, J. Russ. Phys. Chem. 
Soc, 59; 727 (1927); C. A., 22, 3309 (1925). 

(7) B. V. Tronov and L. V. Laduigina, ibid., 62, 2165 (1930); 
C. A., 25, 3957 (1931). 



An i n v e s t i g a t i o n of t h e v a r i o u s p o s s i b l e n u c l e o p h i l i c r e a g e n t s 

was u n d e r t a k e n i n a n e f f o r t t o f i n d one w h i c h gave o n l y t h e d e s i r e d sub 

s t i t u t i o n r e a c t i o n s . S i n c e t h e e t h y l e n e h a l i d e s w e r e e x p e c t e d t o g i v e 

t h e g r e a t e s t d i f f i c u l t y i n t h i s r e s p e c t , t h e y were t h e f i r s t g r o u p of 

compounds t o b e s t u d i e d . The f i r s t n u c l e o p h i l i c r e a g e n t i n v e s t i g a t e d 

was sodium h y d r o x i d e w i t h wh ich a m i x t u r e of d i o x a n e and w a t e r was u s e d 

a s t h e s o l v e n t i n o r d e r t o d i s s o l v e b o t h t h e o r g a n i c and t h e i n o r g a n i c 

compounds i n v o l v e d . One may w r i t e i o n i c r e a c t i o n s w h i c h may o c c u r i n 

t h e c a s e of t h e e t h y l e n e h a l i d e s a s f o l l o w s : 

I n t h e examples a b o v e X and Y a r e b o t h h a l o g e n s a n d i n some c a s e s b o t h 

a r e t h e same h a l o g e n . 

I f t h e r e a c t i o n r a t e of sodium h y d r o x i d e w i t h a v i n y l h a l i d e , 

t h e p r o d u c t of a n e l i m i n a t i o n r e a c t i o n b e t w e e n sodium h y d r o x i d e and 

a n e t h y l e n e h a l i d e , i s n e g l i g i b l e , o n l y one mole of b a s e w i l l b e r e ­

q u i r e d p e r mole of e t h y l e n e h a l i d e i n a n e l i m i n a t i o n r e a c t i o n (example l ) . 

On t h e o t h e r hand , i f t h e h a l o h y d r i n p r o d u c e d from t h e f i r s t s t e p of t h e 

s u b s t i t u t i o n r e a c t i o n (example 2 ) r e a c t s r a p i d l y w i t h sodium h y d r o x i d e 

a s compared w i t h t h e e t h y l e n e h a l i d e , two mo le s of b a s e w i l l b e r e ­

q u i r e d p e r mole of e t h y l e n e h a l i d e . T h u s , one c a n e x p e r i m e n t a l l y 

d e t e r m i n e t h e e x t e n t of e l i m i n a t i o n and s u b s t i t u t i o n by m e a s u r i n g t h e 

q u a n t i t y of b a s e r e q u i r e d i n t h e r e a c t i o n b e t w e e n a n e t h y l e n e h a l i d e 

a n d sodium h y d r o x i d e p r o v i d e d , of c o u r s e , t h e l i m i t a t i o n s c i t e d above 

a r e o b s e r v e d . 

( 1 ) 

^ ChVj CHg ( 2 ) 
0 



An i n v e s t i g a t i o n of t h e l i t e r a t u r e shoved t h a t t h e r a t e 

c o n s t a n t f o r t h e r e a c t i o n of 2 - b r o m o e t h a n o l v i t h sodium h y d r o x i d e i n 

2 5 . 1 p e r c e n t d i o x a n e a t 0°C v a s 4 . 5 3 1 . mole "Snin. ~ 1 ( 2 7 J . I n t h i s 

l a b o r a t o r y t h e r a t e c o n s t a n t f o r t h e r e a c t i o n of e t h y l e n e b r o m i d e v i t h 

sodium h y d r o x i d e i n 50 p e r c e n t d i o x a n e a t 36 .5°C v a s found t o b e 

O .O760 1 . mole "'"min. ^ ( T a b l e 4 7 ) . A c o m p a r i s o n of t h e v a l u e s shovn 

above i n d i c a t e s t h a t t h e h a l o h y d r i n , t h e p r o d u c t formed i n t h e f i r s t 

s t e p of a s u b s t i t u t i o n r e a c t i o n , r e a c t s much f a s t e r v i t h sodium h y ­

d r o x i d e t h a n does e t h y l e n e b r o m i d e . 

V i n y l b r o m i d e v a s p r e p a r e d and i t s r e a c t i o n r a t e v i t h sodium 

h y d r o x i d e o b s e r v e d . The d a t a , T a b l e 48, i n d i c a t e t h a t a s u b s e q u e n t 

r e a c t i o n of v i n y l b r o m i d e , i f a n y , i s n e g l i g i b l e . The s o l v o l y s i s of 

e t h y l e n e b r o m i d e v a s a l s o shovn n o t t o o c c u r . S i n c e t h e a s s u m p t i o n s 

f o r d i s t i n g u i s h i n g b e t v e e n s u b s t i t u t i o n and e l i m i n a t i o n r e a c t i o n s a p ­

p e a r e d t o b e v a l i d , e x p e r i m e n t s v e r e c a r r i e d o u t i n v h i c h i t v a s found 

t h a t s u b s t i t u t i o n o c c u r s t o an e x t e n t of a b o u t 1.9 p e r c e n t (Tab le 49) . 

I t v a s c o n c l u d e d , t h e r e f o r e , t h a t sodiurr. h y d o r x i d e and o t h e r s t r o n g 

b a s e s , e . g . , sodium a l k o x i d e s , v e r e u n s u i t a b l e f o r u s e i n m e a s u r i n g 

s u b s t i t u t i o n r e a c t i o n s . 

The s e a r c h f o r a n u c l e o p h i l i c r e a g e n t v h i c h v o u l d g i v e p r e ­

d o m i n a n t l y s u b s t i t u t i o n n a r r o v e d t o t v o p o s s i b i l i t i e s : sodium t h i o ­

s u l f a t e and sodium t h i o p h e n o l a t e . 

P r e l i m i n a r y e x p e r i m e n t s u s i n g sodium t h i o p h e n o l a t e i n a b s o l u t e 

m e t h a n o l i n d i c a t e d a c o n v e n i e n t r e a c t i o n r a t e v i t h e t h y l e n e c h l o r o b r o m i d e 

E t h y l e n e i o d i d e , on t h e o t h e r hand , v a s c o m p l e t e l y r e a c t e d v i t h i n one 

m i n u t e a t 0°C a n d v e r y l o v c o n c e n t r a t i o n s . 

( 2 7 ) J . C. Warner and C. L. McCabe, J . Am. Chem., 7 0 , 4031 (1948) 
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E f f o r t s t o s low t h e r a t e "by t h e a d d i t i o n of w a t e r t o t h e r e a c t i o n 

m i x t u r e p r o v e d t o h e f u t i l e . 

S l a t o r had shown i n a p r e v i o u s work t h a t t h e r e a c t i o n r a t e 

of e t h y l e n e i o d i d e w i t h sodium t h i o s u l f a t e was m e a s u r a b l e ( l l ) . 

As a r e s u l t of t h e c o n v e n i e n t r e a c t i o n r a t e , i t was d e c i d e d t o s t u d y 

more t h o r o u g h l y t h e r e a c t i o n of t h e e t h y l e n e h a l i d e s w i t h sodium t h i o ­

s u l f a t e i n 50 p e r c e n t a q u e o u s e t h a n o l . As r e p o r t e d "by S l a t o r , two 

m o l e s of sodium t h i o s u l f a t e we re t o b e r e q u i r e d p e r mole of e t h y l e n e 

i o d i d e ( 1 1 ) ; however a g a s was o b s e r v e d t o b e e v o l v e d d u r i n g t h e 

c o u r s e of t h e r e a c t i o n . An i n v e s t i g a t i o n showed t h e g a s t o b e e t h y l e n e . 

An e x p e r i m e n t s i m i l a r t o t h e one d e s c r i b e d above u s i n g sodium 

t h i o s u l f a t e was a r r a n g e d u s i n g i n s t e a d sodium t h i o p h e n o l a t e a s t h e 

n u c l e o p h i l i c r e a g e n t i n o r d e r t o s e e w h e t h e r a g a s was e v o l v e d i n i t s 

r e a c t i o n w i t h e t h y l e n e i o d i d e . A g a s w h i c h was assumed t o b e e t h y l e n e 

was found t o b e e v o l v e d , a s i n t h e c a s e of sodium t h i o s u l f a t e . The 

r e a c t i o n s a p p e a r , t h e r e f o r e t o i n v o l v e an a t t a c k b y t h e s u l f u r a n i o n 

on i o d i n e r a t h e r t h a n on c a r b o n a c c o r d i n g t o t h e r e a c t i o n scheme: 

At t h i s p o i n t i t a p p e a r e d a d v i s a b l e t o d i s c o n t i n u e e f f o r t s t o 

m e a s u r e a s u b s t i t u t i o n r e a c t i o n w i t h t h e e t h y l e n e i o d i d e s . However, 

p r e l i m i n a r y e x p e r i m e n t s showed t h a t t h e e t h y l e n e b r o m o h a l i d e s d i d n o t 

e v o l v e a g a s i n t h e i r r e a c t i o n w i t h sodium t h i o p h e n o l a t e i n m e t h a n o l . 

S i n c e t h e s e compounds w e r e a l s o found t o r e a c t a t a c o n v e n i e n t r a t e 

w i t h sodium t h i o p h e n o l a t e , t h e p r o b l e m was p u r s u e d a l o n g t h e s e l i n e s . 

(11) A. S l a t o r , J . Chem. S o c , 85, 1290 ( 1 9 0 4 ) . 



Sodium t h i o p h e n o l a t e was c h o s e n r a t h e r t h a n sodium t h i o s u l f a t e a s 

t h e n u c l e o p h i l i c r e a g e n t b e c a u s e of s e v e r a l a d v a n t a g e s of t h e f o r m e r 

r e a g e n t . F o r e x a m p l e , t h e l a t t e r y i e l d s B u n t e s a l t s which a r e s u s ­

c e p t i b l e t o h y d r o l y s i s t o s u l f u r i c a c i d and m e r c a p t a n s w h i c h i n t e r f e r e 

w i t h t h e a n a l y t i c a l m e t h o d . ( 2 8 ) . One may a l s o o b s e r v e oxygen s u b ­

s t i t u t e d p r o d u c t s ( 2 8 ) . 

I n o r d e r t o e s t a b l i s h t h a t t h e r e a c t i o n b e t w e e n t h e e t h y l e n e 

h a l o b r o m i d e s and sodium t h i o p h e n o l a t e was one i n v o l v i n g s u b s t i t u t i o n 

an e x p e r i m e n t was a r r a n g e d i n wh ich t h e p r o d u c t was i s o l a t e d and 

i d e n t i f i e d . S i n c e e t h y l e n e b r o m i d e was t h o u g h t t o b e t h e most JLikely 

of t h e s e r i e s t o u n d e r g o e l i m i n a t i o n r e a c t i o n s , i t was c h o s e n a s t h e 

example t o b e s t u d i e d . A p r o d u c t s e p a r a t e d from t h e r e a c t i o n m i x t u r e 

whose p h y s i c a l p r o p e r t i e s c o r r e s p o n d e d t o l , 2 - b i s ( p h e n y l m e r c a p t o ) ~ 

e t h a n e . T h i s m a t e r i a l was o x i d i z e d and t h e p r o d u c t found t o b e 

1 , 2 - b i s - ( p h e n y l s u l f o n y l ) - e t h a n e . The above compounds were t h o s e e x ­

p e c t e d from a two s t e p s u b s t i t u t i o n r e a c t i o n . Sodium t h i o p h e n o l a t e 

t h e r e f o r e , a p p e a r e d t o y i e l d t h e d e s i r e d s u b s t i t u t i o n r e a c t i o n s w i t h 

t h e e t h y l e n e h a l o b r o m i d e s e r i e s . 

A two p e r c e n t e x c e s s of sodium m e t h o x i d e was u s e d i n t h e p r o ­

c e d u r e f o r m e a s u r i n g t h e k i n e t i c s of t h e r e a c t i o n s i n v o l v i n g sodium 

t h i n o p h e n o l a t e i n o r d e r t o i n s u r e t h a t t h e t h i o p h e n o l was c o m p l e t e l y 

c o n v e r t e d t o i t s a n i o n . I n o r d e r t o f i n d w h e t h e r t h e e x c e s s of t h e 

sodium m e t h o x i d e was s u f f i c i e n t t o i n t e r f e r e i n t h e c o m p a r i s o n of S^2 

r e a c t i v i t i e s an e x p e r i m e n t was a r r a n g e d i n which t h e r e a c t i v i t y of 

e t h y l e n e b r o m i d e t o w a r d sodium t h i o p h e n o l a t e and sodium m e t h o x i d e was 

compared . The t h i o p h e n o l a t e i o n was found t o b e more r e a c t i v e by a 

( 2 8 ) p . M. Dunbar and L. P . Hammett, J . Am. Chem. S o c , 7 2 , 109 ( 1 9 5 0 ) . 



f a c t o r of a b o u t 25 v h i c h i n d i c a t e d t h a t no d i f f i c u l t y s h o u l d b e e n ­

c o u n t e r e d . 

I t v a s a l s o d e s i r a b l e t o knov v h e t h e r t h e t v o m l . of a c e t i c 

a c i d added a s a means of c o n v e r t i n g t h e t h i o p h e n o l a t e i o n t o u n -

r e a c t i v e t h i o p h e n o l v a s s u f f i c i e n t . A s p e c t r o p h o t o m e t r i c d e t e r m i n a t i o n 

of t h e pK f o r t h i o p h e n o l i n a b s o l u t e m e t h a n o l v a s c a r r i e d o u t u s i n g 
a 

b r o m c r e s o l p u r p l e a s t h e i n d i c a t o r . From t h e v a l u e of 1 1 . 1 o b t a i n e d f o r t h e 

pK of t h i o p h e n o l i n a b s o l u t e m e t h a n o l one can shov t h a t t h e c o n c e n t r a t i o n a 

of t h i o p h e n o l a t e i o n v a s r e d u c e d t o a n e g l i g i b l e amount b y t h e a d ­

d i t i o n of t v o m l . of a c e t i c a c i d . K o l t h o f f found t h e pK of a c e t i c 
~ a 

a c i d i n m e t h a n o l t o b e 9*^5 ( 2 0 ) . 

A l l of t h e e x p e r i m e n t a l v a l u e s f o r t h e s p e c i f i c r a t e c o n s t a n t 

i n t h e r e a c t i o n s i n v o l v i n g sodium t h i o p h e n o l a t e v e r e c a l c u l a t e d b y 

t h e u n m o d i f i e d second o r d e r r a t e e q u a t i o n . The maximum a v e r a g e d e ­

v i a t i o n t o l e r a t e d v a s t v o p e r c e n t . Hovever , e t h y l e n e b romide v a s t h e 

o n l y compound s t u d i e d v h i c h d i d n o t conform t o such a s i m p l e e q u a t i o n 

s i n c e b e t a - b r o m o e t h y l p h e n y l s u l f i d e a p p e a r s t o r e a c t v i t h sodium 

t h i o p h e n o l a t e a t a r a t e c o m p a r a b l e t o t h a t of e t h y l e n e b r o m i d e . An 

e f f o r t v a s made t o f i n d v h e t h e r t h e k i n e t i c s of t h e r e a c t i o n conformed 

t o a r a t e e q u a t i o n m o d i f i e d f o r a t v o s t e p r e a c t i o n v h i c h assumed t h e 

second s t e p of t h e r e a c t i o n t o b e f a s t compared t o t h e f i r s t . Such an 

e q u a t i o n , however , d i d n o t r e p r e s e n t t h e r e a c t i o n k i n e t i c s . As a 

c o n s e q u e n c e , t o o b t a i n t h e i n i t i a l s p e c i f i c r a t e c o n s t a n t t h e 

q u a n t i t y shovn b e l o v v e r s u s t i m e v a s p l o t t e d on a l a r g e g r a p h p a p e r , 
b a - x l o g - . 
a b - x 

( 2 0 ) I . M. K o l t h o f f and L. S. Guss , J . Am. Chem. S o c . , 6 0 , 2 5 l 6 ( 1 9 3 3 ) . 
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t h e c u r v e e x t r a p o l a t e d t o t h e i n i t i a l t i m e , and t h e d e s i r e d s p e c i f i c 

r a t e c o n s t a n t c a l c u l a t e d from t h e i n i t i a l s l o p e of t h e c u r v e . S i n c e 

t h e e f f e c t of b e t a - b r o m i n e on t h e r e a c t i v i t y of a l k y l b r o m i d e s v a s d e ­

s i r e d , i t seems t h a t t h e above r e s u l t s s h o u l d b e s a t i s f a c t o r y . S i n c e 

e a c h b r o m i n e v a s e q u a l l y c a p a b l e of b e i n g d i s p l a c e d , t h e s p e c i f i c r a t e 

c o n s t a n t q u o t e d f o r e t h y l e n e and t r i m e t h y l e n e b r o m i d e a r e d i v i d e d by 

t v o i n o r d e r t o g i v e t h e r a t e c o n s t a n t p e r b r o m i n e . The s p e c i f i c 

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

The h e a t s and e n t r o p i e s of a c t i v a t i o n l i s t e d i n t h e t a b l e s v e r e 

c a l c u l a t e d f rom t h e a b s o l u t e r a t e e q u a t i o n u s i n g t h e method of l e a s t 

s q u a r e s ( 2 9 ) • The a v e r a g e d e v i a t i o n of a c t i v a t i o n e n e r g i e s f rom t h e 

mean v a s t h o u g h t a c c u r a t e v i t h i n 0 . 3 k c a l / m o l e and t h e c o r r e s p o n d i n g 

v a l u e s f o r t h e a c t i v a t i o n e n t r o p i e s v e r e t h o u g h t a c c u r a t e v i t h i n 

0 . 7 e . u . / m o l e . 

I n a p r e v i o u s s t u d y i n t h i s l a b o r a t o r y on t h e i n f l u e n c e of a 

s e c o n d h a l o g e n on t h e S^2 r e a c t i v i t y of a n o t h e r h a l o g e n a t t a c h e d t o 

t h e same c a r b o n a tom i t v a s found t h a t t h e a l p h a - h a l o g e n d e c r e a s e d t h e 

r e a c t i v i t y ( l ) . I n a n e f f o r t t o d e t e r m i n e v h e t h e r t h e s t e r i c i n ­

f l u e n c e s v e r e r e s p o n s i b l e f o r t h e d e c r e a s e i n r e a c t i v i t y , i t v a s t h o u g h t 

d e s i r a b l e t o s t u d y t h e r e a c t i o n u s i n g a n u c l e o p h i l i c r e a g e n t v h i c h v a s 

of a n e u t r a l c h a r g e t y p e . The n u c l e o p h i l i c r e a g e n t c h o s e n v a s t r i e ­

t h y l a m i n e , and t h e r e a c t i o n t h e v e i l known M e n t s c h u t k i n r e a c t i o n , of 

t h e t y p e : 

( 2 9 ) S . G l a s s t o n e , K. J . L a i d l e r , and H. E y r i n g , The Theory of R a t e 
P r o c e s s e s , McGraw-Hi l l Book C o . , I n c . , New York , N. Y . , 1 9 4 1 , p . l 4 . 

( l ) C. H. Thomas, P h . D. T h e s i s , G e o r g i a I n s t i t u t e of T e c h n o l o g y , 1 9 5 3 . 



( C g H ^ N + XCHgY » (C 2 H ) N-CHgX+Y" 

S i m i l a r r e a c t i o n r a t e s have b e e n s t u d i e d i n t h e p a s t by 

m e a s u r i n g t h e r a t e of f o r m a t i o n of t h e h a l i d e i o n ( 3 0 ) i . e . , Y , 

o r b y m e a s u r i n g t h e r a t e of d e c r e a s e of b a s e c o n c e n t r a t i o n (lh). 

However, i t was d e c i d e d t o m e a s u r e t h e k i n e t i c s of t h e r e a c t i o n b y 

m e a s u r i n g t h e r a t e of change of t h e c o n d u c t a n c e of t h e s o l u t i o n . Such 

a method, o f f e r e d a d v a n t a g e s i n t h a t o n l y s m a l l q u a n t i t i e s of r e a c t a n t s 

w e r e n e e d e d , and v e r y f a s t r e a c t i o n s c o u l d b e measu red c o n v e n i e n t l y 

and w i t h a c c u r a c y . 

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

t h e r e l a t i v e r e a c t i v i t i e s i n n i t r o b e n z e n s . N i t r o b e n z e n e was chosen 

a s t h e s o l v e n t b e c a u s e of i t s s u p e r i o r a b i l i t y t o f a c i l i t a t e t h e r a t e 

of f o r m a t i o n of t h e q u a t e r n a r y ammonium s a l t s . F u r t h e r a d v a n t a g e s e x ­

i s t e d i n t h a t t h e r e a p p e a r e d t o b e l e s s l i k e l i h o o d of s u b s e q u e n t s a l t 

h y d r o l y s i s , and t h e r e l a t i v e l y h i g h b o i l i n g p o i n t a l l o w e d one t o s t u d y 

t h e r e a c t i o n a t h i g h t e m p e r a t u r e s w i t h o u t t h e d i f f i c u l t y of e v a p o r a t i o n 

l o s s e s due t o h a n d l i n g . 

The i n s t r u m e n t a r r a n g e m e n t was t h a t of a s i m p l e c o n d u c t i v i t y 

b r i d g e whose c i r c u i t d i a g r a m i s d e s c r i b e d u n d e r t h e i n s t r u m e n t s e c t i o n . 

However, a Leeds and N o r t h r u p s t u d e n t p o t e n t i o m e t e r was a r r a n g e d i n 

t h e c i r c u i t a s t h e b r i d g e ' s r a t i o a rms i n such a way t h a t o n l y t h e s l i d e -

w i r e and end c o i l s w e r e u s e d . T h i s a l l o w e d one t o make r a p i d measu remen t s 

b y m e r e l y p l a c i n g t h e c e l l i n t h e c i r c u i t , making a n a p p r o x i m a t e s e t t i n g . 

( 3 0 ) G. E. Edwards , T r a n s . F a r a d a y S o c , 3 3 , 129 ( 1 9 3 7 ) . 

(lh) C. N. Hinshe lwood e t a l , J . Chem. S o c , 860 ( 1 9 3 8 ) . 



of t h e r e s i s t a n c e "box, and a d j u s t i n g t h e s l i d e w i r e u n t i l a n u l l 

p o i n t was o b t a i n e d . The c e l l r e s i s t a n c e was t h e n c a l c u l a t e d from t h e 

r e s i s t a n c e box r e a d i n g , R, and t h e s l i d e w i r e r a t i o , A, by t h e 

e q u a t i o n : 
4500+A 

R s R . 
x 5500 - A 

U t i l i z i n g t h e r e s i s t a n c e s m e a s u r e d , t h e c o n c e n t r a t i o n of p r o d u c t 

formed can e a s i l y b e o b t a i n e d by u s e of t h e p l o t s d e s c r i b e d i n t h e 

e x p e r i m e n t a l s e c t i o n . 

Some d i f f i c u l t y was e n c o u n t e r e d i n t h a t t h e p h a s e of t h e 

c u r r e n t i n e a c h s i d e of t h e c o n d u c t i v i t y b r i d g e was n o t i n b a l a n c e . 

S i n c e an a d j u s t i a b l e a i r c o n d e n s e r of s u f f i c i e n t s i z e was n o t 

a v a i l a b l e , t h e p r o b l e m was overcome by a d d i n g an i d e n t i c a l c e l l 

c o n t a i n i n g 30 ni l . of s o l v e n t i n p a r a l l e l w i t h t h e r e s i s t a n c e b o x . 

An i n c r e a s e was e n c o u n t e r e d i n some of t h e k i n e t i c d a t a ; i t was 

t h o u g h t t h a t a s u b s e q u e n t r e a c t i o n migh t e x p l a i n t h e s e d a t a s i n c e 

i t had. b e e n r e p o r t e d by D a v i e s and. h i s a s s o c i a t e s t h a t t r i m e t h y l a m i n e 

would form a b i s compound when r e a c t e d w i t h t h e d i h a l o m e t h a n e s ( 1 5 ) . 

An e x p e r i m e n t was a r r a n g e d i n wh ich a two f o l d e x c e s s of t r i e ­

t h y l a m i n e was r e a c t e d w i t h d i i o d o m e t h a n e i n n i t r o b e n z e n e . I n o r d e r t o 

b e c e r t a i n t h a t no u n e x p e c t e d i n f l u e n c e of s o l v e n t was o c c u r i n g , a 

s i m i l a r e x p e r i m e n t was c a r r i e d o u t u s i n g methy e t h y l k e t o n e a s t h e 

s o l v e n t . A l t h o u g h t h e c r u d e p r o d u c t from t h e r e a c t i o n u s i n g n i t r o ­

b e n z e n e a s t h e s o l v e n t weighed. 3*3 V e r c e n t more t h a n t h e o r e t i c a l l y 

( 1 5 ) W. C. D a v i e s e t a l , J . Chem. S o c , kl2 ( 1 9 3 9 ) . 



e x p e c t e d from a one s t e p r e a c t i o n , t h e a n a l y s i s f o r i o n i c i o d i d e c o r ­

r e s p o n d e d t o t h a t f o r a p r o d u c t from a one s t e p r e a c t i o n . F u r t h e r , 

t h e p r o d u c t s o b t a i n e d from r e a c t i o n s u s i n g d i f f e r e n t s o l v e n t s were 

i d e n t i c a l . 

A l t h o u g h Hartman and c o w o r k e r s had shown t h a t no r e v e r s a l of 

t h e M e n s c h u t k i n r e a c t i o n o c c u r e d i n examples which t h e y i n v e s t i g a t e d 

( 3 1 ) ; a p o s s i b l e r e v e r s a l of t h e r e a c t i o n s i n v o l v i n g t r i e t h y l a m i n e 

were c o n s i d e r e d i n an e f f o r t t o e x p l a i n c e r t a i n d e c r e a s e s i n t h e r a t e 

d a t a . 1 E x p e r i m e n t s were a r r a n g e d i n which an e x c e s s of t r i e t h y l a m i n e 

was u s e d and i n wh ich t h e p r o d u c t was d i s s o l v e d i n n i t r o b e n z e n e ; how­

e v e r no r e v e r s a l c o u l d b e d e t e c t e d . A more p r o b a b l e e x p l a n a t i o n of 

t h e d i f f i c u l t i e s i n t h e r a t e d a t a can b e a t t r i b u t e d t o t h e p r o c e d u r e 

u s e d f o r c e l l c a l i b r a t i o n s i n c e d e c o m p o s i t i o n of t h e r e a c t i o n m i x t u r e 

was observed, i n many c a s e s w h i l e a w a i t i n g c o m p l e t i o n of t h e r e a c t i o n . 

I n such c a s e s t h e f i n a l r e s i s t a n c e d i d n o t c o r r e s p o n d t o t h e c o r r e c t 

c o n c e n t r a t i o n of q u a t e r n a r y ammonium s a l t , and t h e e n t i r e c a l i b r a t i o n 

c u r v e was I n c o r r e c t by a s m a l l f a c t o r . 

I n C h a p t e r I b r i e f m e n t i o n was made of t h e mechanism f o r t h e 

ST T2 r e a c t i o n . I t i s d e s i r e d now t o c o n s i d e r i n g r e a t e r d e t a i l t h e 

e l e c t r o n i c i n f l u e n c e s e x p e c t e d from such a mechanism. Two f a c t o r s a p p e a r 

t o d e t e r m i n e r e a c t i v i t y by t h i s mechanism, namely t h e e x t e n t of bond 

making and t h e e x t e n t of bond b r e a k i n g i n t h e t r a n s i t i o n s t a t e . Thus , 

t h e e x t e n t of bond making and bond b r e a k i n g i n t h e t r a n s i t i o n s t a t e w i l l 

d e t e r m i n e t h e m a g n i t u d e of t h e e l e c t r o n d e n s i t y a r o u n d t h e a l p h a - c a r b o n 

( 3 1 ) D. Hartman e t a l , J . Am. Chem. S o c . , 6 4 , 2 2 9 4 ( ± 9 4 2 ; . 



a t o m . E l e c t r o n s u p p l y i s e x p e c t e d t o a i d r e a c t i o n s i n wh ich t h e 

c e n t r a l c a r b o n i s r e l a t i v e l y p o s i t i v e , , i . e . , whe re bond b r e a k i n g i s 

f a v o r e d o v e r bond mak ing , and e l e c t r o n w i t h d r a w a l t o a i d I n c a s e s i n 

w h i c h bond making i s f a v o r e d . However, one s h o u l d b e aware t h a t t h i s 

s i m p l i f i c a t i o n I s somewhat e x a g g e r a t e d i n t h a t t h o s e f a c t o r s wh ich 

f a v o r bond f o r m a t i o n a l s o t e n d t o i n c r e a s e t h e s t r e n g t h of t h e bond 

u n d e r g o i n g c l e a v a g e due t o c o n t r i b u t i o n s from t h e i o n i c t e r m s of t h e 

bond e n e r g y e q u a t i o n ( 3 2 ; . 

I n t h e above e q u a t i o n t h e f i r s t t e r m r e p r e s e n t s t h e a v e r a g e of t h e 

bond e n e r g i e s o f t h e d i a t o m i c m o l e c u l e s and B 2 ; "the r e m a i n i n g t e r m 

i s a f u n c t i o n of t h e d i f f e r e n c e i n P a u l i n g ' s e l e c t r o n e g a t i v i t y v a l u e s 

b e t w e e n t h e a toms A and B . Thus , t h e l a t t e r t e r m a c c o u n t s f o r t h e added 

s t a b i l i z a t i o n of t h e bond due t o i t s u n s y m m e t r i c a l c h a r a c t e r . Thus , 

t h o s e f a c t o r s wh ich f a v o r bond c l e a v a g e w i l l a l s o d e c r e a s e t h e e a s e of 

a p p r o a c h of n u c l e o p h i l i c r e a g e n t s . 

I n compounds w h i c h p o s s e s s e l e c t r o n donor g r o u p s many examples 

e x i s t f o r wh ich bond c l e a v a g e h a s b e e n f a v o r e d t o such an e x t e n t t h a t 

bond f o r m a t i o n i s n o t of s i g n i f i c a n c e . T h e s e a r e , of c o u r s e , t h e w e l l 

known u n i - m o l e c u l a r o r S^l r e a c t i o n s many of w h i c h even show no d e ­

p e n d e n c e a t a l l on t h e c o n c e n t r a t i o n o r t h e n a t u r e of t h e n u c l e o p h i l i c 

r e a g e n t . I t seems r e a s o n a b l e t o o t h a t w i t h s u f f i c i e n t l y s t r o n g w i t h ­

d r a w i n g s u b s t i t u e n t s one m i g h t o b s e r v e examples i n wh ich l i t t l e dependence 

( 3 2 ) L. P a u l i n g , N a t u r e of t h e Chemica l Bond, 2 n d . E d . , C o r n e l l 
U n i v e r s i t y P r e s s , I t h a c a , N. Y . , 1 9 4 5 , p . 6 0 . 



i s a t t a c h e d t o "bond c l e a v a g e . A s i m i l a r i d e a h a s r e c e n t l y b e e n i n ­

t r o d u c e d b y Swain and L a n g s d o r f (37)» I n t e r m e d i a t e c a s e s a r e known, 

t h u s , i n t h e r e a c t i o n of v a r i o u s p a r a s u b s t i t u t e d b e t a - p h e n y l e t h y l c h l o ­

r i d e s w i t h i o d i d e i o n i n a c e t o n e a minimum i n t h e r e l a t i v e r e a c t i v i t i e s 

was o b s e r v e d i n t h e s e r i e s of s u b s t i t u e n t s ; p-MeO 1.0k, p -H 0 . 7 3 5 , 

p F 1 . 5 3 . P - C l I . 6 5 , p - B r I . 6 3 , p - I l.kO, p - N 0 2 3 - 7 ^ ( 3 3 ) . O the r d a t a 

a r e a v a i l a b l e wh ich show a s i m i l a r minimum ( 3 4 - 3 6 ) . However, i t s h o u l d 

b e n o t e d t h a t t h o s e minima a r e o b s e r v e d i n a r o m a t i c s e r i e s w i t h i n wh ich 

s t e r i c f a c t o r s a r e c o n s t a n t . A r a t e minimum due t o s t e r i c r a t h e r t h a n 

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

S i n c e t h e b e t a - , gamma-, d e l t a - , and e p s i I o n - h a l o a l k y l h a l i d e s 

a r e e l e c t r o n w i t h d r a w i n g g r o u p s , one s h o u l d e x p e c t t h e i r r e a c t i v i t y 

r e l a t i v e t o an a l k y l h a l i d e t o b e d e t e r m i n e d b y c o m p e t i t i o n 

b e t w e e n bond c l e a v a g e and bond f o r m a t i o n . F u r t h e r , w i t h r e g a r d t o t h e 

i n f l u e n c e of t h e s p e c i f i c s u b s t i t u e n t t h e e n e r g y n e c e s s a r y f o r c l e a v a g e 

of t h e o l d bond s h o u l d b e e x p e c t e d t o d e c r e a s e and t h e e n e r g y f o r t h e 

f o r m a t i o n of a new bond t o i n c r e a s e i n t h e s e r i e s of b e t a s u b s t i t u e n t s : 

F , C I , B r 

( 3 3 ) G. B a d d e l e y and G. M. B e n n e t t , J . Chem. S o c , 1819 ( 1 9 3 5 ) . 

( 3 ^ ) S. Sugden and J . B . W i l l i s , i b i d . , 1360 ( l 9 5 l ) . 

( 3 5 ) G. M. B e n n e t t and B . J o n e s , i b i d . , I 8 1 5 ( 1 9 3 5 ) . 

( 3 6 ) C. K. I n g o l d , S t r u c t u r e and Mechanism i n O r g a n i c C h e m i s t r y , 
C o r n e l l U n i v e r s i t y P r e s s , I t h a c a , H. Y . , 1 9 5 3 , p . 3 2 7 . 

( 3 7 ) C. G. Swain and W. P . L a n g s d o r f , J r . , J . Am. Chem. S o c , 
7 3 , 2813 ( 1 9 1 5 ) . 



An e x a m i n a t i o n of t h e d a t a i n T a b l e 3 shows t h a t t h e r e a c t i v i t y of 

t h e v a r i o u s e t h y l e n e b r o m i d e s i s l e s s t h a n t h a t of e t h y l b y a f a c t o r 

of a b o u t e i g h t . However, t h e v a r i o u s t r i m e t h y l e n e b r o m i d e s a r e 

o b s e r v e d t o b e of a b o u t t h e same r e a c t i v i t y a s p r o p y l . U n f o r t u n a t e l y , 

i t was n o t found p o s s i b l e t o m e a s u r e t h e S^2 r e a c t i v i t y of t h e e t h y l e n e 

i o d i d e s ; however a c o n s i d e r a t i o n of t h e t r i m e t h y l e n e , t e t r a m e t h y l e n e , 

and p e n t a m e t h y l e n e i o d i d e s show t h a t t h e r e a c t i v i t i e s a r e o n l y s l i g h t l y 

g r e a t e r t h a n t h a t of p r o p y l i o d i d e . One i s l e d t o c o n c l u d e i n t h e 

e t h y l e n e b r o m i d e s e r i e s t h a t bond c l e a v a g e i s s t i l l t h e d o m i n a t i n g 

f a c t o r w h i l e i n t h e h i g h e r s e r i e s t h e s u b s t i t u e n t s a r e s u f f i c i e n t l y 

f a r away t h a t l i t t l e i n f l u e n c e i s o b s e r v e d . 



T a b l e 3 Summary of R e s u l t s f o r t h e R e a c t i o n 

R-X + NaSCvRV. RSCyHj- NaX 
6 5 6 5 ^ 

k - 1 . 1 
k x 10 1 . mole s e c . aE AS « a a 

R-X 0°C 20°C 3U.6°C k c a l e . u , 

HCH 2CH 2Br. 3 . 7 9 
t o . 0 6 

3 9 . 1 
t o . 6 

182 
± 3 

1 8 . 1 - 10 

CH3CH CRgBr 2 . 5 6 
± 0 . 0 3 

2 5 . 6 
± 0 . 3 

112 
t 2 

1 7 . 7 - 1 2 . .3 

C 2 H 5 CH 2 CH 2 Br 2 . 7 7 
J o . 0 3 

2 6 . 9 
± 0 . 3 

121 
t 1 

1 7 . 7 - 1 2 . -3 

C ^ C R g C H ^ B r 3 - l 4 
t 0 . 0 2 

7 7 . 8 
± 0 . 4 

1 7 . 1 - 1 3 - 7 

FCHgCHgBr 0 . 4 0 3 
t 0 . 0 0 6 

4 . 9 5 
± 0 . 0 4 

25 .5 
t 0 . 2 

1 9 . 4 - 9 « .6 

C1CH CHpBr 0 .486 
± 0 . 0 0 6 

5 . 6 1 
t 0 . 0 3 

2 8 . 5 
± 0 . 1 

1 9 . 1 - 1 0 . .6 

BrCH 0CH B r 
2 2 

o . 4 4 6 a 

± 0 . 0 1 
4 . 9 9 a 

± 0 . 1 5 
2 4 . 3 a 

± 1 
1 8 . 7 - 1 2 

FCHgCHgCRVjBr 1 . 8 6 
±" 0 . 0 2 

52.6 1 3 

± 0 . 4 
1 7 . 9 - 12 

ClCH 2 CH 2 CH 2 Br 2 . 54 
+ o .o4 

7 0 . 6 b 

± 0 . 4 
1 7 . 3 - 1 1 . 0 

BrCH 2 CH 2 CH 2 Br 2 . 8 9 a 

+ o .o4 
2 9 . 8 a 

t 0 . 1 
1 8 . 1 - 1 0 . .5 

BrCHpCHgCHgl 2 1 . 3 
± 0 . 4 

191 
+ 4 

1 6 . 7 - 1 1 . • 3 

ICHgCHgCHgl 2 0 . 1 
1 0 . 3 

l 8 l a 

± 3 
1 6 . 9 - 1 0 . • 7 

ClCR^CHgCHgl 
I 0 . 2 

138 
1 1 

1 6 . 3 - 1 1 . 8 



FCH^CH^CH0I 1 1 . 2 10k 1 7 - 2 - 1 0 . 0 x2 2 2 
± 0 . 1 t 1 

C1CH CH CH CH I 2 3 . 8 20k 1 7 . 2 - 1 1 . 3 
2 2 2 2 t Q m l + k 

C1CH CHpCH CH CH I 2 2 . 9 195 1 6 . 5 - 1 2 

CH CH CH I Ik.7 128 1 6 . 6 - 1 2 . 4 
3 2 2 ^ Q t 3 + ± 

These r a t e c o n s t a n t s c o n t a i n a s t a t i s t i c a l f a c t o r of o n e - h a l f 

"lo O These r a t e c o n s t a n t s w e r e d e t e r m i n e d a t 2 9 . 8 C. 
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W i t h i n t h e e t h y l e n e b r o m i d e s e r i e s , somewhat s u r p r i s i n g 

r e s u l t s we re found i n t h a t t h e v a r i o u s s u b s t i t u e n t s had a b o u t t h e 

same i n f l u e n c e on r e a c t i v i t y . A c l o s e r e x a m i n a t i o n of t h e r e a c t i v i t y , 

h o w e v e r , shows t h e c o r r e s p o n d e n c e t o b e l a r g e l y f o r t u i t o u s s i n c e t h e 

d e c r e a s e i n r e a c t i v i t y c a u s e d b y a b e t a - f l u o r i n e r e s u l t s from a more 

u n f a v o r a b l e a c t i v a t i o n e n e r g y w h i l e a t t h e o t h e r e x t r e m e t h a t of b e t a -

b r o m i n e r e s u l t s f rom a more u n f a v o r a b l e a c t i v a t i o n e n t r o p y . Con­

s i d e r i n g o n l y t h e a c t i v a t i o n e n e r g y , one f i n d s t h a t t h e b e t a - h a l o g e n 

i n c r e a s e s t h e a c t i v a t i o n e n e r g y of t h e a l p h a - b r o m i n e i n t h e o r d e r ; 

F * CI 7»Br 

T h i s s u g g e s t s t h a t t h e o v e r a l l d e c r e a s e i n a c t i v a t i o n e n e r g y r e ­

l a t i v e t o t h e u n s u b s t i t u t e d a l k y l h a l i d e i s due t o d i f f i c u l t y i n 

c l e a v a g e of t h e o l d h a l o g e n b o n d . 

Of i n t e r e s t a l s o i s t h e e n t r o p y of a c t i v a t i o n t e r m wh ich i s 

o b s e r v e d t o i n c r e a s e i n t h e o r d e r : 

01 < B r . 

Assuming t h e model p r o p o s e d b y I v a n h o f f a n d Magat (38), i t i s found 

t h a t t h e s m a l l s i z e of s i z e of b e t a - f l u o r i n e makes its«4s„ of a b o u t t h e 
— — a 

same m a g n i t u d a s t h a t f o r a b e t a - h y d r o g e n . On t h e o t h e r hand , i t i s l e s s 

p r o b a b l e t h a t a m o l e c u l e w i t h a b e t a - b r o m i n e a t t a c h e d would b e i n t h e 

p r o p e r c o n f i g u r a t i o n f o r r e a c t i o n . A c c o r d i n g t o c a l c u l a t i o n s by Mozsh ima ' s 

me thod (4l) , t h e gauche form of e t h y l e n e b r o m i d e i n m e t h a n o l i s a b o u t 

(38) N. I v a n h o f f and M. Magat , J. Chim. P h y s . , 47, 9l4 (1950). 

(4l) S . I . Mizush ima, J o u r n a l of Chemica l P h y s i c s , 18, 754 (1950). 



ho 

0 . 7 c k a l p e r mole l e s s s t a b l e t h a n t h e t r a n s fo rm. T h u s , an e x ­

a m i n a t i o n of T a b l e 3 shows t h a t t h e A S f o r e t h y l b r o m i d e t o b e 
a 

a b o u t e q u a l t o t h a t f o r e t h y l e n e f l u o r o b r o m i d e and a b o u t two e n ­

t r o p y u n i t s g r e a t e r t h a n t h a t f o r e t h y l e n e b r o m i d e . As migh t b e 

s u s p e c t e d , t h e A S f o r e t h y l e n e c h l o r o b r o m i d e i s i n t e r m e d i a t e b e -
a 

tween t h a t f o r e t h y l b r o m i d e and e t h y l e n e b r o m i d e . 

An e x a m i n a t i o n of T a b l e 3 a l s o i n d i c a t e s t h a t t h e e l e c t r o n i c 

e f f e c t s a r e c o n s t a n t when t h e s u b s t i t u t i o n i s more t h a n two c a r b o n 

a toms removed from t h e r e a c t i o n s i t e . Thus , i t i s o b s e r v e d t h a t t h e 

gamma-, d e l t a - , and e p s i I o n - h a l o a l k y1 h a l i d e a r e of a p p r o x i m a t e l y t h e 

same r e a c t i v i t y a s t h e p r o p y l h a l i d e . 

I n a n e a r l i e r p o r t i o n of t h i s c h a p t e r c o n s i d e r a t i o n was g i v e n 

t o t h e e l e c t r o n i c i n f l u e n c e s e x e r t e d i n an S^2. r e a c t i o n . The r e ­

a c t i o n s p r e v i o u s l y c o n s i d e r e d , however , we re t h o s e i n which t h e c h a r g e 

t y p e s of t h e r e a c t a n t s w e r e s i m i l a r t o t h o s e of t h e p r o d u c t s . The 

f o r m a t i o n of a q u a t e r n a r y ammonium s a l t from a t e r t i a r y amine and an 

a l k y l h a l i d e , on t h e o t h e r hand , i n v o l v e s a r e a c t i o n b e t w e e n n e u t r a l 

m o l e c u l e s t o form an i o n i c p r o d u c t . S i n c e t h e a l p h a - c a r b o n atom of t h e 

q u a t e r n a r y ammonium s a l t i s more p o s i t i v e i n t h e p r o d u c t t h a n i n t h e i n i t i a l 

s t a t e , one s h o u l d e x p e c t t h e a l p h a - c a r b o n a tom t o b e more p o s i t i v e i n 

i t s t r a n s i t i o n s t a t e t h a n i n t h e g round s t a t e . As a r e s u l t , bond 

c l e a v a g e s h o u l d b e made more d i f f i c u l t . A r a t e minimum, i f a n y , s h o u l d 

b e e x p e c t e d t o o c c u r w i t h c o n s i d e r a b l y s t r o n g e r e l e c t r o n w i t h d r a w i n g 

g r o u p s . 

A c o m p a r i s o n of t h e r e l a t i v e r e a c t i v i t i e s of t h e m e t h y l e n e 

h a l i d e s t oward sodium m e t h o x i d e i n m e t h a n o l i n d i c a t e a r a t e minimum 



a s i s s e e n b y t h e o r d e r : 

CHgl, 1200 ; C H 2 I 2 , 1 ; C H ^ I I , 7 

I n a c o n s i d e r a t i o n of t h e d a t a i n T a b l e 2 a s i m i l a r minimum i n t h e 

r e l a t i v e r e a c t i v i t i e s of t h e m e t h y l e n e h a l i d e s t o w a r d t r i e t h y l a m i n e 

i s s e e n b y t h e o r d e r : 

T h u s , t h e i n c r e a s e d r e a c t i v i t y c a u s e d b y t h e s u b s t i t u t i o n of an 

a l p h a - c h l o r i n e f o r an a l p h a - i o d i n e a tom i s more p r o b a b l y due t o s t e r i c 

f a c t o r s s i n c e a r a t e minimum i s n o t e x p e c t e d t o o c c u r w i t h t h e s e 

s u b s t i t u e n t s . 

One m i g h t t e n t a t i v e l y c o n c l u d e t h a t t h e o r d e r of r e a c t i v i t i e s 

o b s e r v e d b y Thomas ( l ) i s a l s o due t o s t e r i c f a c t o r s . However, t h e 

above c o n c l u s i o n s s h o u l d b e r e g a r d e d a s t e n t a t i v e u n t i l more r e l i a b l e 

d a t a on t h e r e a c t i v i t i e s of t h e v a r i o u s m e t h y l e n e h a l i d e s t o w a r d 

t r i e t h y l a m i n e and q u i n u c l i d i n e a r e c o l l e c t e d . 

( l ) C. H. Thomas, P h . D. T h e s i s , G e o r g i a I n s t i t u t e of T e c h n o l o g y , 
1 9 5 3 . 



CHAPTER IV 

CONCLUSIONS 

I n t h i s i n v e s t i g a t i o n t h e s u b s t i t u t i o n of a h a l o g e n atom f o r 

a b e t a - h y d r o g e n a tom i n an e t h y l h a l i d e was found t o d e c r e a s e t h e 

r e a c t i v i t y of t h a t h a l i d e t o w a r d sodium t h i o p h e n o l a t e i n a b s o l u t e 

m e t h a n o l . P r e v i o u s r e p o r t s t h a t a b e t a - h a l o g e n i n c r e a s e d t h e S 2 
N 

r e a c t i v i t y we re shown t o b e b a s e d on k i n e t i c e v i d e n c e f o r an E2 r e ­

a c t i o n . 

The o r d e r w i t h wh ich t h e b e t a - s u b s t i t u e n t d e c r e a s e s t h e r e ­

a c t i v i t y of t h e e t h y l h a l i d e i s : 

The o r d e r of r e a c t i v i t i e s were somewhat s u r p r i s i n g , however , i n t h a t 

t h e v a r i o u s b e t a - h a l o g e n s had a b o u t t h e same i n f l u e n c e on r e a c t i v i t y . 

An i n s p e c t i o n of t h e h e a t s and e n t r o p i e s of a c t i v a t i o n show t h e s i ­

m i l a r i t y of r e a c t i v i t i e s t o b e f o r t u i t o u s s i n c e t h e more u n f a v o r a b l e 

h e a t of a c t i v a t i o n f o r t h e b e t a - f l u o r i n e i s b a l a n c e d by t h e l e s s 

f a v o r a b l e a c t i v a t i o n e n t r o p y f o r t h e b e t a - b r o m i n e . 

One s h o u l d a l s o n o t e t h a t t h e h e a t s of a c t i v a t i o n i n c r e a s e w i t h 

i n c r e a s i n g e l e c t r o n e g a t i v i t y of t h e s u b s t i t u e n t w h i l e t h e a c t i v a t i o n 

e n t r o p y d e c r e a s e s w i t h i n c r e a s i n g s i z e of t h e s u b s t i t u e n t . 

E l e c t r o n i c i n f l u e n c e s e x e r t e d b y s u b s t i t u e n t s s i t u a t e d i n t h e 

gamma, d e l t a , o r e p s i l o n p o s i t i o n a r e o b s e r v e d t o b e mino r a s e v ­

i d e n c e d by s i m i l a r r a t e s and h e a t s of a c t i v a t i o n . 

P r e l i m i n a r y e x p e r i m e n t s on t h e r e a c t i v i t y of t r i e t h y l a m i n e 

t o w a r d v a r i o u s of t h e m e t h y l e n e h a l i d e s s u g g e s t t h a t t h e o r d e r of r e -



a c t i v i t y o b s e r v e d "by Thomas i n t h e r e a c t i o n of t h e same compounds 

w i t h sodium m e t h o x i d e was due t o s t e r i c a s w e l l a s e l e c t r o n i c 

e f f e c t s . 



CHAPTER V 

RECOMMENDATIONS 

I t i s f e l t t h a t f u r t h e r work should he c a r r i e d out on 

t h e r e l a t i v e r e a c t i v i t i e s of t h e methylene h a l i d e s toward t r i e ­

thylamine and toward a l e s s s t e r i c a l l y h indered t e r t i a r y amine 

such as q u i n u c l i d i n e or l - a z a b i c y c l o ( 2 , 2 , l ) h e p t a n e . Such da ta 

would g ive s t ronge r evidence concerning t h e importance of s t e r i c 

f a c t o r s on t h e course of t h e r e a c t i o n . 



APPENDIX A 

SAMPLE CALCULATIONS 



1 . D e r i v a t i o n o f r a t e e q u a t i o n s . 

See any t e x t on k i n e t i c s , e . g. L a i d l e r (ko). 

The e q u a t i o n u s e d f o r t h e c a l c u l a t i o n s I s : 

, 2 . 3 0 3 _ b ( a - x ) k j» 7-7 lOg rr r ( 1 ) 

t ( a - b j G a ( b - x ) v ; 

I I . C a l c u l a t i o n of H from t h e a b s o l u t e r a t e e q u a t i o n . 
a 

eKT - OHa ASA . 
k = T T e HT e T ( 2 ) 

k B o l t m a n n ' s c o n s t a n t 

h P l a n c k ' s c o n s t a n t 

A D e r i v a t i o n of t h e e q u a t i o n u s e d when two s e t s o f d a t a a r e a v a i l a b l e 

e K T l Ajla A S 0 I n k - I n - - i - + *i-a ( 3 j 
1 h RT R 

RT T T 
AH -s - ^ - 2 ( I n k - I n k - 4 - I n -2_) (5) 

a T x _ T 2 1 2 ^ ^ 7 w y 

B . D e r i v a t i o n of t h e l e a s t s q u a r e s method u s e d when t h r e e s e t s 

of d a t a a r e a v a i l a b l e . 

l n k a b - j p + - (6) 

eKT A S 
l e t A •=. — R - e —^ 

h R 
a l — 1 n A 

a 2 

R 

v i * a t h e minimum d e v i a t i o n 



E q u a t i o n 6 t h e n "becomes 

, - 1 

"1 * "2 i 
T 

I n k . a 4 a A 7- ( 7 ) 

a o v / o . I n k - a - s i ( 8 ) 

T 
( I n k - a ^ a )\v? (9) 

S v a 

1 ,(m k. - a - J ) ( - 1 ) - 0 ( 1 0 ) 
. 1 1 

S a i 
T 

a. 
\ G L I — a ( L N K I " A I " - 4 - ) ( - I ) ( I D 

i 

Y T l + a 2 ^ " l n k i ) 5 0 
t» x 

-» , a - 1 - 2 - 1 2_ ( 1 'E± -t a

2 T . - T_ 1 n k. ) a 0 
• *̂ i 

I I I . C a l c u l a t i o n of A S from t h e a b s o l u t e r a t e e q u a t i o n . 
a 

a . D e r i v a t i o n o f t h e e q u a t i o n u s e d when two s e t s of d a t a a r e 

a v a i l a b l e . 

U s i n g e q u a t i o n 3 o r h, t h e f o l l o w i n g e q u a t i o n i s f o u n d : 
eKT A Ho 

A S^ s R I n - R I n k - ̂ 7 

B . D e r i v a t i o n of t h e l e a s t s q u a r e s e q u a t i o n u s e d when t h r e e s e t s 

of d a t a a r e a v a i l a b l e . U s i n g t h e v a l u e of a^ from e q u a t i o n s 10 o r 

11 d e r i v e d i n p a r t I I . B . of t h e Sample C a l c u l a t i o n s , t h e v a l u e of 

A, S c a n b e r e a d i l y c a l c u l a t e d , 
a 



AFFEKDIX B 



Table 4 

C <HqSHa and 0oHrBr in CIIo0H at 34.6°c. 

Thirty ml. of 0 . 0 1 4 3 9 IT CML-SITa and 0 . 0 1 6 ° 31 M C0F~Br 
^ >j 0 — 2' o 

vere titrated against 0 . 0 2 4 5 T. T 0 

Time in 
Min. 

Titer i 
ml. 

n V 
1, mole 

1 7 . 9 Q 

9 
22 
2 9 
43 
•<2 

'"3 
15 
72 

154 

l c5.70 
1 2 , 3 7 
1 1 . 7 0 

n . 90 
" . 0 9 
6 . 1 0 

1 4 . 2 2 
7 . 4 0 
4 . 0 0 

1.. 060 
1 .09? 
1 . 0 9 Q 

1.09^ 
= . ^03 
1.1X8 
1 .110 
1.109 
1.118 

Thirty ml. of 0 . 0 2 0 3 4 11 Cy[] •j-SNa and 0 . 0 2 0 4 4 T.; C, 

were titrated against 0 . 0 3 2 9 ¥. 1 0 . 

1 
10 
20.5 
30 
60 
90 
43 

150 
24o 

1 8 . 7 0 
1 5 . 6 0 
13 • 14 
1 1 . 5 3 

8 . 3 0 
6 . 4 3 
O . Q ? > * y — 
4 . 5 1 
3 . 0 0 

I . O 8 7 
1 .072 
1 .072 
1 .068 
1 .075 
1 .057 
1 . 0 3 6 
1.103 

K:(l. 3 2 * 0 . 0 0 3 ) x 1 0 " 2 1 . mole " 1 sec. ~ 1 

K : ( 1 . 0 9 + 0 . 0 1 6 ) x 1 0 1 1 . mole"1 min. ~ 1 



Table 5 

(VHc-SNa and Ĉ ir̂ Br In CHoOH at 2 0 ° C . 

Thirty ml. of 0 . 0 3 7 7 0 N C;<HrSITa and 0.04423 M C 0 H Br 

were titrated against 0 . 0 4 6 8 TI 1^ 

Time In Titer in k - 1 - 1 
Min. ml. 1 . mole min. 

1 2 3 . 9 4 
23 1 9 - 4 1 0 . 2 3 9 5 
44 1 6 . 3 9 0 . 2 3 7 7 
B3 1 2 . 6 1 0 . 2 3 4 9 

125 9 . 9 3 0 . 2 3 5 5 
169 8 . 0 1 0 . 2 3 6 4 
2 1 1 O . GO 0 . 2 3 7 0 
2 8 1 5 .16 0 . 2 3 7 0 
322 4 . 4 3 0 . 2 4 0 7 

Thirty ml. of O.O3622 1\T G<Ii SHa and 0 . 0 4 3 0 3 M C 0H rBr 
— - ? - 2 5 

were titrated against 0 . 0 4 6 8 IT I . 

1 2 2 . 9 7 
2 1 1 9 . 1 1 0 . 2 3 3 4 
4 1 1 6 . 3 2 0 . 2 3 4 7 
63 1 4 . 0 0 0 . 2 3 2 3 
96 1 1 . 4 2 0 . 2 3 2 1 

133 9 . 2 3 0 . 2 3 0 6 
175 7 . 7 3 0 . 2 3 0 0 
211 6 . 7 0 0 . 2 2 9 7 
275 5 .36 0 . 2 2 6 2 

- 3 - l - 1 
K r ( 3 - 9 1 ± 0 . 0 6 ) x 10 1 . mole ^sec. 
K s ( 2 . 3 5 4- 0 . 0 3 ) x 10 1 . mole sec. 
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Table 6 

CvH cSHa and C 0 H Br In CH OH at 0°C 

Fifty ml. of 0 . 0 3 3 2 3 N CyH rSNa and 0 . ? 3 5 1 g . 0 o H c B r 
— o ,) <— j 

per 100 ml. of solution. Ten ml. samples were titrated against 

0 . 0 2 9 7 N I 0. 

lime in Titer in k xn 10" 
Min. ml. 1 . mole min. 

0 13-03 -----
7 1 I I . 7 6 2 .203 

209 9 . 6 6 2 .255 
311 3 . 3 9 2.301 
402 7 . 4 7 2.319 
1441 2 . 5 3 2.323 

Fifty ml. of 0.03400 H C^H rSNa and 0.736" 5 g . of C KrBr 

per 100 ml. of solution. Ten ml. samples were titrated against 

0 . 0 2 9 7 N I , 
- 2 

0 1 3 . 3 6 
30 1 2 . 3 3 

136 I O . 6 9 2.252 
3 2 7 . 5 9 . 0 1 2 , 233 
4 5 3 . 5 7 -36 2 . 2 9 0 

151.5 2 . 9 3 2 , 2 9 2 

K = ( 3 . 7 9 ^ 0 . 0 6 ) x 10**^ 1 . mole _ 1 s e c-~ ]" 
. -p - 1 - 1 K 2 ( 2 . 2 7 o 1 0 . 0 3 ) x 10 " 1 . mole mm. 



Table 7 

CgR^SNa and Ĉ IL̂ Br in CH^OH at 34.6°C. 

Thirty ml. of O.02563 N CgH SNa and 0.02853 M CgB^Br 

were titrated against 0.0297 N I^. 

Time in Titer in k x_ x 1 0 1 _ 
I n , ml. 1 . mole min. 

1 24.81 
11 20.80 6.829 
20 18.31 6.596 
35.5 15.03 6.690 
51 12.69. 6.638 
7S 10.23 6,514 
100 8.34 6.584 
124 7 . 1 2 6.524 
146 6.26 6.477 

Thirty ml. of 0.02320 N C^H^SNa and 0.02827 M C^H^Br 

were titrated against 0.0297 N I . 
- 2 

1 22.36 
11 I 8 . 7 6 6.977 
2 4 1 5 . 4 8 6.839 
40 12.61 6.817 
61 10.02 6.807 
91 7.63 6.704 
117 6.20 6 .748 
151 4.89 6.712 
181 4.09 6.654 

k^ (1 .12 ±0.02) x 10* 1 . mole ~ sec " 1 

k= (6.697 ±0.112) x 10" 1 1 . mole "hsin. 



Table 8 

C 6H 5SNa and C^H^Br in CH^Oh at 20°C. 

Thirty ml. of O.03816 N CgH^SNa and 0.04354 M O^^r 

were titrated against 0.0466 N I Q. 

Time in Titer in k x̂ lO""-1-
Min ml. 1 . mole min. 

1 2 3 - 8 4 . . . . 
27.5 20.19 1.595 
51 17.88 1.530 
85 15.24 1.538 

182 16.68* 1.507 
260.5 13.15* 1.509 
492 7.96* 1.460 

Thirty ml. of 0.03412 K C.H^SNa 
- 6 5 

and 0.05707 M O^jBr 

were titrated against 0.0297 N I 2. 

2 32.50 
23 27.34 1.559 
45 23.27 1 . 5 4 8 

107 15.54 1.554 
188 9.87 1.570 
245 7.40 1.580 

Thirty ml. of 0.03202 N C^HcSNa - 6 5 and O.06085 M C H^Br 

were titrated against 0.04137 N I 2. 

2 21.73 _>. 
20.25 18.49 1.569 
43 15.44 1.5^3 
71 12.59 1.532 

102 10.20 1.530 
168 6.86 1.513 
240 4.62 1.510 
341 2.75 1.513 

ks (2 .56t 0.03) x 10" ̂  1 . mole ""''sec. - 1 

k : (l.54±0.02) x 10" ̂  1 . mole 

* represents ml. of 0.0297 N Lg. 



Table 9 

Time I n Titer In k x 10"' 
Min. ml. 1. mole m i n . 

0 1 8 . 3 5 
139 l6.40 I.49.I 
2 9 9 . 5 1 4 . 4 6 1 .533 
3 7 2 . 5 1 3 . 7 7 1 .503 

1335 7 . 6 9 1 .540 
l 6 ? 4 6 . 5 1 1 .538 

Fifty ml. of 0 . 08136 II C3-PIqSNa and I .1562 g. of CLli^r 
— O s 0 { 

per 100 ml. of solution. Ten ml. samples were titrated against 
0 . 0 2 1 4 K I p . 

0 1 7 . 4 0 
193 1 3 . 3 5 1 .542 
305 1 1 . 7 5 1 .533 
411 1 0 . 3 4 1 .542 

1387 3 . 7 0 1 .564 
1834 2 . 4 9 1 .544 
2970 O . 93 1 .538 

k = ( 2 . 5 6 i 0 . 0 3 ) x 10 1 . mile"1sec. "-1 

-2 -1 k;z ( 1 . 5 3 3 2 . 0 . 0 1 ) x 10 " 1 . mole " min. 

C^K^SNa and C^^Br in CH Oil at 0°C. 

Fifty ml. of 0.053-30 N CgE^SNa and 0,724? 2 - of C^Ii^Br 

per 100 ml. of solution. Ten ml. samp3.es were titrated a g a i n s t 

0 . 0 2 1 4 N To . 

http://samp3.es


T a b l e 10 

w e r e t i t r a t e d a g a i n s t 0.0297 N I, 

Time i n T i t e r i n k 
Min. m l . 1 . mole m i n . 

1 16.65 
10 l4.20 0.7041 
25 11.10 0.7225 
45 8.36 0.7258 
70 6.16 0.7476 

110 4.02 0.7231 

T h i r t y m l . o f 0.02553 N C^H^SNa and 0 .02733 M C^H B r 

were t i t r a t e d a g a i n s t 0.0297 N I 2 . 

1 25.39 
20 13 .23 0.7489 
28 16.27 0.7390 
42 13.72 0.7314 
61 11.34 0.7147 
87 9-01 0.7049 

119 7.08 0.7293 
IbO 5.51 0.7206 
230 3.90 0.7141 
263 3.36 0,7109 

k r ( l . 2 1 ± 0.001) x 10~ 2 1. m o l e " 1 s e c . " 1 

Jcz ( 7 . 2 4 1 + 0.111) x 1 0 ~ 2 1. m o l e ^ m i n . ' 1 



T a b l e 11 

T h i r t y m l . o f 0.0500 M CjH^Br and 0.03348 N CgH^SNa 

w e r e t i t r a t e d a g a i n s t 0.0297 N I ^ . 

Time i n T i t e r i n k ^ 
Min m l . 1. mole " m i n . 

1 21.29 
15 19.05 0.1655 
25 17.76 O.1613 
47 15.27 0.1620 
79 3.2.49 O.1632 

125 9.79 O.1607 
173 7 .73 O.1617 
23.4 5 .92 0 . l6 i4 
299 4.58 O.1613 
345 3.86 O.1612 

T h i r t y m l . o f 0.3559 N C^H^SNa and 0.054.15 M C^H B r 

w e r e t i t r a t e d a g a i n s t 0.0468 N I g . 

1 2 2 . 6 0 
13 20.35 0 .1675 
23.75 16.70 O.1602 
43 l6.21 O.3.636 
71 13.52 O.1600 

100 11.32 0.1609 
l6l 3.20 0.1595 
218 6.23 O.1605 
304 4 .40 0 .1573 

k 5 (2.69+ 0.03) x 10" 2 1. m o l e " 1 s e c , " 1 

k = ( 1 . 6 2 ± 0.016) x 10" 1 1 . m o l e - ! m i n . " 1 

C^HVSNa and C ,H 0 Br i n CH, a t 20°C. b b 4 9 3 



T a b l e 12 

Time i n T i t e r i n k 
m i n . m l . 1 . mole ' minT 

0 1 3 - 5 5 
100 12 .39 O.O1659 
236 11.11 0 . 0 1 5 9 0 

1233 5.53 O.O1665 
1523 4 . 8 3 O.O1676 
23?9 2 . 6 5 O.OI.660 
1662 4.54 O.OJ.664 

F i f t y m l . of 0 . 0 3 3 2 8 N C^H cSNa and 0 - 9 2 3 1 g . of C.,H 0Br 
— o p ^ 9 

p e r 100 m l . o f s o l u t i o n . Ten m l . s amples were t i t r a t e d a g a i n s t 

0 . 0 2 9 7 N I 2 . 

0 1 3 - 7 3 
73 1 2 . 6 9 O.O1635 

319 9 . 9 0 O.O1680 
401 9 - 1 9 O.O1671 

1427 4 . 3 1 0 . 0 1 6 4 7 
1320 3 .29 0 . 0 1 6 9 5 
2 3 4 i L.87 O.O1679 
3254 1-54 0.01.655 

( 2 . 7 7 ± 0 . 0 3 ) x 1 0 ' 1 . m o l e - l s e c . " 

( 1 . 6 6 £ 0 . 0 1 7 ) x 10 1 . mole" min . 

CAi SNa and C,,H Br i n CH-OH a t 0 °C . 
b 5 9 ~> 

F i f t y m l . of 0 . 0 8 o 4 8 N C^H^SNa and 0 -7766 g . of C ^ B r 

p e r 100 m i . of s o l u t i o n . Ten m l . s amples we re t i t r a t e d a g a i n s t 

0 . 0 2 9 7 W I 2 . 



T a b l e 13 

CgR^SNa C^H^Br i n CH3OH a t 29 .4°C. 

T w e n t y - f i v e m l . o f 0.01391 N C^H SNa and 0.03450 M 

C ^ H 1 3 B r w e r e t l t r a t e d a g a i n s t 0.02068 N l 2 -

Time i n 
Min. 

T i t e r I n 
m l . 1. mole s e c . 

0 
25 
36 
45 
68 
88 

120.5 
158 

16.10 
11.14 
9.52 
8.48 
6.38 
5.05 
3-52 
2.34 

0.007740 
0.007873 
O.OO7825 
0.007795 
0.007773 
0.007757 
0.007777 

T w e n t y - f i v e m l . of 0.0139-1 N CgH^SNa and 0.03955 M 

CgH Br we re t i t r a t e d a g a i n s t 0.02068 N I . 

0 16.00 
9 13.62 O . O O 7 8 7 6 

24 IO.63 0.007779 
34 9.08 0.007773 
45 7.68 0.007779 
55 6.66 0.007742 
69 5.40 O.OO7823 
85 4.34 0.007799 

105 3.34 0.007745 
129 2.48 O . O O 7 6 6 8 

k 5 ( 7 . 7 8 3 t 0 .037) x 1 0 3 1. m o l e " 1 s e c . " 1 

k S (4.670 £ 0.022) x 10 1. m o l e " 1 m i n . 



T a b l e l 4 

Time i n T i t e r i n k 
Min. m l . 1. mole™" s e c . 

0 24.59 
47-5 22.59 0.0003223 

1U7 19.03 0.0003177 
249.25 16.12 0.003143 
4o4 12.63 0.0003127 
540 10.23 0.0003133 
647 8.78 0.0003106 

1520 2.49 0.0003141 

F i f t y m l . o f 0.04712 N CgH SNa and I . 3 8 7 I g . o f C g E ^ B r p e r 

m l . of s o l u t i o n . Ten m l . s amples w e r e t i t r a t e d a g a i n s t 0.00923 N I, 

0 24.68 
70.75 22,17 0.0003091 

152 19.65 O . O O O 3 0 9 1 
250.75 16,96 0.0003143 
4o4.5 13.65 0.0003146 
539 1 1 . 4 1 O.OOO3.133 
643.75 9 - 8 6 O . O O O 3 1 6 0 

1519 3.32 0,ouu3l53 

k a ( 3 . J.4l ± 0 .023 ) x 1 0 " i + 1 . m o i e " J " s e c . ~~L 

2 JL 1 

K 5 ( ± . d o 4 t o.u±4) x 1 U 1 . mo.Le~" min . ~J" 

CgH^SNa CgH Br i n C H 3 O H a t 0°C. 

F i f t y m l . of 0.04712 N C^H SNa and 1,5678 g . of C^H,JBr p e r 
— 0 5 ° J-3 

100 m l . of s o l u t i o n . Ten m l . of s o l u t i o n were t i t r a t e d a g a i n s t 



T a b l e 15 

CgH^SIfe. a n d C 2 E ^ 2

 l n C H 3 ° H a t C , 

T h i r t y m l . o f 0.0340? N O H r S N a a n d O.OI679 M C 0 H k B r 0 

w e r e t i t r a t e d a g a i n s t 0.0535 N I p . 

T i m e i n 
M i n . 

T i t e r i n 
m l . 

k x l o " 1 _ ± 

1 . m o l e m i n . 

1 18.97 
16 17 .42 3.56 
31 16.19 3.54 
81 12.55 4.04 

121 10.45 4 .0? 
1?4 8.33 4 . 6 i 
2.42 6.50 5.06 
300 5.31 5 .48 
362 4 . 4 8 5.73 

T h i r t y m l . o f 0.01110 N C^H^SNa a n d O . I 8 2 8 7 M 0 ^ 3 ^ 

w e r e t i t r a t e d a g a i n s t 0.0245 N I , 

1 12 .59 
5 9 .71 3.58 

10 7.27 3.39 
14 5.60 3.49 
18 4.34 3.52 
24 2 . 9 1 3.60 
30 I . 8 9 3 .71 

k s ( 2 . 4 3 ^ 0 . 1 0 ) x 10~ 3 1 . m o l e ^ s e c . ^ 

i - 1 1 
k s ( 2 . 9 2 + 0 . 1 2 ) x 10 1 . m o l e " m i n . ~ x 

T h i s k w a s o b t a i n e d b y p l o t t i n g t h e t e r m s h o w n b e l o w 

^°£> a " &=x 

v e r s u s t i m e , o b t a i n i n g t h e i n i t i a l s l o p e t o t h e c u r v e , a n d d i v i d i n g 

t h e i n i t i a l s l o p e b y t h e d i f f e r e n c e i n i n i t i a l c o n c e n t r a t i o n o f t h e 

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



Table lb 

C.H^SNa and C0H,Br0in GHQOH at 20°C, 

Thirty ml. of 0.03770 N C 6H SNa and 0.07947 M C ^ B i ^ 

were titrated against 0.0463 N I^. 

2 
Time in Titer in k x 10 

Min, ml. 1. mole ' min." 

1 23-95 
2? 21.03 6,40 
59 17.92 6,73 

101 14.62 6,93 
165 10,54 7.49 
237 7«22 3,io 

Thirty ml- of 0.03595 N CgH^SNa and 0.09340 M C ^ B ^ 

were titrated against 0.0468 N I . 

1 22,34 - ....... 

23 20,13 6 •379 
70 15.19 0 • 371 

100 12.77 7 .00 
153 9-27 1 \ .407 
3.96 7.12 7 ,6b 
236 5.42 P 

u .14 

-x-k* ( 4 . 9 9 * 0 , 1 5 ) * 10 1, mole"1 sec. 
2 1 k a (5•001 0 ,19) x 10"" 1. mole' mi n. -1 

This k was obtained as described at the bot torn ' 

* This k contains a statistical factor of one-half, 
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CgH^SNa and C ^ B T ^ i n CE^OH a t 0 C. 

F i f t y m l . of O.O8136 N C^H SNa and 1 .7182 g . of CgH^Br^ 

p e r 3.00 m l . of s o l u t i o n . Ten m l . s amples we re t i t r a t e d a g a i n s t 

0 . 0 2 1 4 N I . 

Time i n 
Min. 

T i t e r i n 
m l . 

k x_10 
1. mole minT 

0 18.77 
344 15.39 5.51 

1359 9 .81 5.97 
1307 7.98 6.13 
2946 4.49 6 .33 
3223 3.86 7 .03 
4551 1.79 3.14 

F i f t y m l . of O.O8136 N C . H S N a and 1. 
- 6 5 

.5029 g . of C 2 H ^ B r 2 

p e r 100 m l . o f s o l u t i o n . Ten m l . s amples we re t i t r a t e d 

a g a i n s t 0 . 0 2 1 4 N 1^. 

0 13 .78 
323 16.57 5 .023 

1344 1 0 . 3 1 5.89 
1783 9.02 6.07 
2925 5-57 6.75 
3201 4 .91 6.95 
4529 2.59 7.92 

* ka(0.446* 0 .010) x 1 0 1 . m o l e " 1 s e c . ~ 1 

* k « ( 5 - 3 5 ± 0 . 0 6 ) x 10~ 3 1 . m o l e ' ^ - m i n . " 1 

* T h i s k was o b t a i n e d a s d e s c r i b e d a t t h e b o t t o m T a b l e 15 

* T h i s k c o n t a i n s a s t a t i s t i c a l f a c t o r of o n e - h a l f . 



Table 13 

CVHrSNa and C0h, ClBr in CH Oil at 34.6°C. 

Thirty ml. of 0.02632 N CgH SNa and 0.03l29 M C^ClBr 

v e r e t i t r a t e d a g a i n s t 0.0329 N I ^ . 

Time in 
Min. 

Titer in 
ml. 

K -1 -1 
.1. mole min. 

1 
5 
8 

12 
20 
35 
53 
69 
90 

130 

24.04 
22.7Q 
21.96 
20.65 
I S . 65 
15.21 
12.8.1 
10.31 
3.00 
5.36 

0.1663 
0.162.1 
0.1680 
o . r 
0.1782 
o . i64o 
0.1735 
0.1764 
0.1720 

Ihirty ml. of 0.02534 N C^SNa and O.6635 M C H, ClBr 
^ 5 2 i-vere titrated against 0.0329 N T 

12 
30 
60 
45 
PQ 

113 
190 

2 
22.82 
20.20 
16.73 
12.45 
14.35 
Q.6? 
7.75 
4.03 

m~3 -1 ± u 1. mole 

0.173.1 
0.1714 
0.1721 
0.1728 
0.1725 
0.1722 
0.1751 

k - ( 2 . 8 5 1 0 . 0 5 ) X 1 0 ° 1. mole^sec. _ 1 

Kr (1.71^ 0.03) X 10**1 1. mole " V n . " x 



T a b l e 19 

CVRVSNa and C^Hi.ClBr i n CKLUH a t 20°C. 

T h i r t y m l . of 0.03166 N CgH^SNa and 0 .04097 M CgH^BrCl 

w e r e t i t r a t e d a g a i n s t 0 . 0 4 1 3 7 N I ^ . 

Time i n T i t e r i n k 
Min. m l . 1 . mole min? 

2 22.96 
100 20.23 0.033^6 
153 18.96 0.03333 
319 15-75 0.03353 
450 13.80 0.03358 

T h i r t y m l . of 0 .02821 N C^H^SNa and 0 .07810 M CgH^ClBr 

w e r e t i t r a t e d a g a i n s t 0.04137 N I . 

2 20.46 
34 I8 .83 0.03355 

112 15.53 0.03364 
193.5 12.90 0.03316 

T h i r t y m l . o f 0.03130 N C^H SNa and 0.07210 M C ^ C l B r 

w e r e t i t r a t e d a g a i n s t 0.04137 N I g . 

2 22.64 
20 21.68 O.03363 
45 ' 20.45 0.03357 
74 19.05 0.03455 

130 16.89 0.03373 
222 13.97 0.03360 
311 I I . 65 0.03399 
465 3.84 0.03355 

k s ( 5 .6 l t 0.03) x 10"^ 1. m o l e ^ s e c . " 1 

k - ( 3 . 3 6 t 0 . 0 2 ) x 10" 2 1. m o l e ^ m i n . " 1 



T a b l e 20 

CgH^SNa and CgH^ClBr i n CH^UH a t 0°C. 

F i f t y m l . o f 0.08126 N C^H^SNa and 1.1554 g . o f 

CgH^ClBr p e r 100 m l . of s o l u t i o n . Ten m l . s ample s we re t i t r a t e d 

a g a i n s t 0.0297 N I . 

3 
Time i n T i t e r i n k x 1 

Min. m l . 1. mole~ min7 

0 13.68 
1019 10.97 2.839 
l488 9.97 2.85 
2502 8.l4 2.91 
3983 6.25 2-91 
5477 4.93 2.89 

F i f t y m l . of O.O8136 N C^H SNa and I.3267 g . of C 2 H^ClBr 

p e r 100 m l . of s o l u t i o n . Ten m l . s ample s w e r e t i t r a t e d a g a i n s t 

0.0214 N I . 

0 18.87 
303 17.43 2.89 

1262 13.59 3.02 
2902 9.44 2.96 
3179 8.96 2.94 
4512 6.90 2.91 

k s (0.486+0.006) x 10" 1. m o l e " s e c . 

k =(2.92+0.037) x 10" 3 1. m o l e " 1 m i n . " 



T a b l e 2 1 

CgH^SNa and C^H^FBr i n CH3OH a t 34.6°C. 

T h i r t y m l . of O.OlSlO N C ^ S N a and 0.03955 M CgH^FBr 

w e r e t i t r a t e d a g a i n s t 0.024-5 N I Q . 

Time i n T i t e r i n k 
Min. m l . 1 . mole m i n . " 

1 22.05 
30 18.51 0.1590 
63 15.55 0.1539 
91 13.50 0.1532 

127 n.4-0 0.1520 
208 7-93 0.1525 
260 6.43 0.1518 
302 5.49 0.1503 

T h i r t y m l . of O.O8256 M CgH^FBr and 0.03386 N C ^ S N a 

w e r e t i t r a t e d a g a i n s t 0.0535 N I _ . 

1 18.75 
10 16.79 0.1527 
20 14.89 0.154-8 
31 13.16 0.1538 
54 10.28 0.1540 
64 9.33 0.1531 
90 7.27 0.1523 

120 5.51 0.1527 
170 3.59 0.1525 
275 1.60 0.1500 

k-(2.551 0.02) x 10~ 3 1 . m o l e - ^ - s e c . " 1 

k * (1.529± 0.009) x 10" 1 1 . m o l e ^ m i n . 



T a b l e 22 

CgH^SWa and CgH^FBr i n CH30H a t 20°C. 

T h i r t y m l . of 0 . 0 2 4 2 8 N C ^ S N a and 0 . 0 4 6 8 0 M CgH^FBr 

w e r e t i t r a t e d a g a i n s t 0.0297 N I 2 . 

Time i n 
Min. 

T i t e r i n 
m l . * -1 -1 1 . mole m i n . 

1 
17 
50 

116 
192 
263 
349 
433 

24.53 
23.98 
22.92 
21.05 
19.06 
17.57 
15-93 
14.49 

O.03036 
0.02943 
0.02936 
0.03000 
O.02960 
0.03048 
0.02966 

T h i r t y m l . of 0.03741 N CgH SNa and 0.06454 M CgH^FBr 

w e r e t i t r a t e d a g a i n s t 0.0518 | I 2 . 

1 21.66 
4o 20.12 0.02978 
90 18.41 0.02957 

l4o 16.93 0.02934 
186 15.72 0.02941 
275 13.66 O.02961 
338 12.45 O.02963 
942 5-78 0.03000 

1300 3-99 O.02982 

k r (4.95±0.04) x 10"^ 1 . m o l e ^ s e c . " 1 

k"t (2 .97t0 .03) x 10" 2 1. m o l e - ^ i i n . " 1 



Table 23 

OHj-SHa and C E FBr in CTLOII at 0 c. 

Fifty ml. of O.07o04 IT C^SIIa and O.9617 g. of 
— o P 

FCTI CH Br per 100 ml. of solution. Ten ml. samples were titrated 
2 2 

against 0.0214 II I 0. 

Time in Titer in k x 10 
?!in. ml. 1. mole'-hnin. 

0 17.53 
1274 l4.ll 2.417 
23o6 1 1 . 1 1 2.4.13 
4737 3.57 2.342 
5762 7.20 2.472 

Fifty ml. of 0.07^04 II Oil SITa and 0.3113 g. of 
- 0 5 

FOH^CH Br per 100 ml. of solution. Ten ml. samples were titrated 

against 0.023.4 IT I . 
0 17.62 

1257 3.4.63 2.407 
2736 H . 9 1 2.472 
4766 9.63 2.359 
574l 8.4? 2.452 

10151 5.50 2.437 

k = (0.403 ±0.006) x 10 1. mole" sec. 

ks(242i:0.028) x 10"3 1. ^ l e " 1
 m i n . " 

http://l4.ll


Table 24 

.""line in Titer in "_1 _1 
I Lin. ml. 1. mole min. 

0 26.19 
10. 19.61 0.4264 
15. 17,24 0.4.1-0 
20. 14.99 0.4276 
20. 11.93 0.4255 
33. a. 6l 0.4273 
50. 7.31 0.4249 
70. 4.81 0.4173 
CO . 3-00 0.4199 

Twenty-five ml. of 0.02378 II Oil SITa and 0.07101 M 
~ 0 5 " 

C1(CH0) 3 r Were titrated against 0.0230? II I 

0 25-77 — — 
7 20.90 0.4210 

16.31 0.4220 
io* 13.61 0.4253 
%V 11.18 0.4230 
\,o 8.40 0.4239 
Zr' 6 kq 0.4202 

4.53 0.4236 
-3 -1 -1 

kr (?.053i 0.040) x 10 l. mole sec. -1 -1 -1 k-(4.235* 0.02.4) x 10 1. mole min. 

C6H5GI7a+. Cl(CHg) Br in CH3OH at 29.4°C. 

Twenty-five ml., of 0.024-17 II C<Iir.SIIa and O.O7093 M 

01(013̂ ) Br vere titrated against 0.0230? N I ?. 



T a b l e 25 

CgH^SNa C l ( C H 2 ) 3 B r i n CE^OH a t 0°C. 

F i f t y m l . o f 0.01918 N C^H^SNa and 0.8356 g. o f 

01(011-, )^Br p e r 100 m l . of s o l u t i o n . Ten m l . s ample s w e r e 

t i t r a t e d a g a i n s t 0.007735 N I 0 . 

Time i n T i t e r i n m l . of .. 
Min. 0.007735 N I 1 . mole"* m i n . 

0 12.34 
230.5 10.27 0.01519 
258.5 9.26 0.01539 
530 8.12 0.01531 

1466 4.10 0.01515 
1665 3.61 0.01496 

F i f t y m l . of 0.02025 N CgH^SNa and O.9432 g . of 

C l ^ H g ^ B r p e r 100 m l . o f s o l u t i o n . Ten m l . s a m p l e s w e r e 

t i t r a t e d a g a i n s t 0.007735 N I g . 

0 12.81 
112 11.52 0.1597 
207 10 .64 0.1521 
301.5 9.72 0.1566 
417.25 8.90 0.1502 

1445 3.93 0.1473 

k s (2.543+ 0.042) X 10" 1. m o l e " 1 s e c . 

kz (1.526+0.026) x 10~ 2 1 . m o l e ' - m i n . 



Table 2o 

C g ^ S N a f F(CH2)3Br in CH OH at 29-4 C. 

T w e n t y - f i v e ml., of 0 . 0 1 7 4 3 N C>H rSNa and 0.05139 M 
o O 

F(CH0)3Br vere titrated against 0 . 0 2 2 7 6 II I 9. 

Time in Titer in k _̂  _̂  
Min. ml. 1. mole min. 

0 13.54 
10. 1.0 . U U 0.3118 
17- 14.32 0.3111 
25. 12.69 O.3165 
38.5 10.50 O.3160 
5 1 . 8.32 0.3136 
65. 7.36 0.3174 

120. 3.72 0.3133 

Twenty-five ml. of O.OI883 H CgII_SNa and 0 . 0 3 9 7 4 M 

F(CHp) Br vere titrated against 0 . 0 2 2 7 6 IT I 0 . 

0 20.00 
12. 0.33,06 
1 5 . 1 5 . 9 ^ 0.323.0 
23.5 i4 .19 0.3157 
30. 12.95 0.3179 
33.5 12.04 0.3134 
45. 10.66 0.3155 
6 l . 3 .71 0.3164 
92. 3.04 0.3158 

128. 5.08 0.3131 

k 5 ( 5 . 2 6 ^ 0 . 0 3 7 ) x 1 0 " J X . rnoie"1 

> - ( 3 . 1 5 7 I 0 . 0 2 2 ) x 1 0 " " 1 . mole"1min.~1 

o 



Tabxe 2'( 

UJHLbim -fF(Ctt,)oBr in CELOH at 0°C. D 5 d 5 3 
Fifty ml. of 0.02426 N C^SNa and I.4890 g. of 

FfCHg^Br per 100 ml. of solution. Ten ml. samples were 

titrated against O.OO685 N I 0. 

Time in Titer in k 1 -1 
Min. ml. 1. min." mole 

0 17.64 
93 15.83 0.01110 

261 13.06 0.01111 
409.25 11.10 0.01099 
522.25 9.75 0.01107 
734 7.28 0.01190 

1^95 3-50 0.01091 
1917 2.21 0.01102 

Fifty ml. of 0.01970 N C^SKa and I.6723 g. of FCCH^Br 
per 100 ml. of solution. Ten ml. samples were titrated against 

0.00685 N Ig. 

0 14.28 
122 12.19 0.01103 
255 10.25 0.01110 
379 8.72 0.01117 
563 6.95 0.01106 
758 5.37 0.01122 

Iklk 2.30 0.01094 

k= (1.855^0.023) x 10" 4 1. mole~1sec."1 

k: (1 .113 +0.014) x 10" 2 1. mole^min."1 
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Table 28 

C6H5SNa BrCCHg) Br in CL^OH at 19.95°C. 

Twenty-five ml. of O . O O 9 8 5 8 N C^SNa and 0.114357 M 

Br(CH )oBr were titrated against O.OO923 N CgH SNa and 0.114357 M 

Time in Titer in k 
Min. ml. 1. mole"" min." 

0 2 4 . 4 4 

5 19.98 0.3579 
7 1 8 . 4 0 O.3610 

10 16.37 0.3580 
13 14.53 0.3587 
17 12 .46 O.3569 
25 9.03 O.3615 
37 5.70 O.3603 
43 4.52 O.3607 
55 2.85 O.3613 

Twenty-five ml. of O . O O 8 5 6 9 N CgH SNa and O . I I O 8 5 M 

BrfCfL^Br were titrated against 0.00923 N Ig. 

0 22.20 
4 I8 .98 0.3561 

C
o

 

16.31 0.3528 
10 15.01 0.3591 
15 12.41 0.3376 
20 10.29 0.3561 
26 8.15 0.3588 
33.5 6.13 0.3596 
40.25 4.82 0.3578 
50 3.37 O.3561 

ICS (2.987 +0.014) x 10" 3 1 . mole ""'"sec. -1 

K*= (1.792 +0.009) x 10"*1 1 . mole "'"min. -1 

* This k contains a statistical factor of one--half 



Table 29 

Titrated against 0.00735' N I . 

Time in Titer in 1: _-| 
Min. ml. 1. mole " min. 

0 12.71 
32. 11.66 0.03439 
64.5 10.63 0.03505 

1 1 1 . 5 9.42 0.03514 
165.5 8.23 0.0340Q 
241.5 6.31 0.03433 
303. 5.81 0.03453 
364. 3.96 0.03450 

Fifty ml. of 0.01921 II C^SITa and 1.2306 g. of 

Br(CH„)0Br per 100 ml, of solution. Ten ml. samples were titrated 

against 0.007735 IT I 2 . 

0 12.42 
103. 9-93 0.03454 
176. 8.61 0.03505 
232.5 7.64 0.03545 
320. 6.59 0.03390 
493.5 4.60 0.03508 

1425. 0.89 0.03396 

k ^(2.388 + 0.037) x 10" 1. mole^see."1 

(1.737 i 0.022) x 10"^ !. m o l e ' V n . - 1 

This h contains a statistical factor of one-half. 

C-H SNa Br(CIT ) Br in CE-OH at 0°C. 
° 5 2 j 3 

Fifty m l . of 0.02025 N C rH Slla and 1.57?3 g. of 

Br(CHQ)^Br per 100 ml. of solution. Ten ml. samples were 



Table 30 

CVHrSUa + I in CH OH at 19-95' o J i 3 
Twenty-five ml. of 0.008569 N C^H GHa and 0.03984 M 

O \) 

'_H I vere titrated against O . O O 9 2 3 N I . 
3 7 ~ 2 

Time in Titer in k - n _2. 
Min. ml. 1. mole min. 

0 22.71 
5. 19.52 0.7743 CO 17.88 0.7712 

14. 15.09 0.7652 
25. 11.05 0.7743 
3 8 . 5 0.7595 
50. 5.76 0.7675 
60. 4.56 0.7569 
90. 2.22 0.7509 

Twenty-five ml. of O.OlSll N C^EUSNa and 0.02862 M 
O P *— 

C X I vere titrated against 0.02276 IT I n, 

0 1 9 . 4 0 
9. 16.12 0.7745 

17 . 13.96 0.7596 
26. 12.00 0.7594 
33. 9.91 0.7653 
46. 3.37 0.7592 
60. 7.23 0.7731 
90. 4. 9 9 0.7735 

124. 3^43 0.7633 

K- (1.276*0.010) x 10*"" 1. mole^sec. " 

K X ( 7 - 6 5 5 i 0 . 0 6 2 ) x 10 1. mole" min. - 1 

-O 



Table 31 

OH^Stfa f C 3H T l in CR^OH at 0 °c . 

Fifty ml. of 0.04-712 N OH rSNa and I.6959 g. of 
— 0 7 

per 100 ml. of solution. Ten ml. samples were titrated 
against 0.00922 N 1 ^ 

Time in Titer in k _-| 
Min. ml. 1. mole sec. 

0 23.91 
23. 19.70 0.00146.1 
36.25 3-7.53 0.00.1502 
52. 15.51 0.001474 
31.75 12 .15 0.001497 

103.75 9.37 0.001496 
173.25 5.00 0.00153-3 
225.5 4.10 0.001510 
290.75 2.61 0.001493 

Fifty ml. of 0.062l4 K C^TrSKa and 1.1927 g. of CoJv/T 

per 100 ml. of solution. Ten ml. samples were titrated 

against 0.0227b N I ? . 

0 13.00 
13.25 12.03 0.001449 
39.25 10.47 0.003.437 
67.75 8.90 0.003.465 

100.5 7.20 0.001601 
135. 6,33 o.ooi466 
139.25 5.00 0.001459 
244.75 3.95 0.001454 
397.75 2.15 0.001450 

k c (1.473 i 0.028) x 10*"° l. molesec. " 
k; (3.338-±0.153) x 10~ 2 l. mole min.-l 
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T a b l e 32 

C^H 5SNa -f I(CH2 ) , I i n CH OH a t T9 .95°C. 

T w e n t y - f i v e m l . of 0.008l4o N C^H^SNa and 0.04071 M 

i f C H g ) ^ ! were t i t r a t e d a g a i n s t 0.01375 N I 2 . 

Time i n T i t e r i n k _^ _2_ 
Min. m l . 1. mole m in . 

0 13.56 
3 10.62 2.078 
5 8.89 2.186 
7 7.60 2.165 
9 6.50 2 . l6 l 

l4 4.33 2.207 
14.3 4.19 2.2266 
18 3.21 2.197 
21.5 2.42 2.2224 

T w e n t y - f i v e m l . of 0.007l8l N C.Hc-SNa and 0.03910 M 

i tCHg) I we re t i t r a t e d a g a i n s t 0.00923 N 1^. 

0 17.92 
3 13.98 2.193 
5 12.03 2.135 
8 9.54 2.143 

11 7.68 2.120 
14 6.05 2. l6l 
20 3.88 2.172 
25 2.71 2.171 
29 1.93 2.229 

k = (1.811 f 0.026) x 1 0 - 2 1. mole^sec."-

k r (1.087 ^0.0l6) l . m o l e " m i n . 

T h i s k c o n t a i n s a s t a t i s t i c a l f a c t o r of o n e - h a l f 



Table 33 

l(CH0)oj p e r 100 ml. of solution. Ten ml. samples vere tot rated 
o 

igainst 0.007735 II I n. 

Time in 
•lin. Titer in k^-j -j 

ml. 1. mole— min. 

0. IO.96 
14.75 3.31 0.230 
19-50 7.4-1 0.247 
26.25 6.53 0.244 
35.5 5.50 0.24-2 
43.5 4.2? 0.24-3 
59.75 0.243 
83 .1 2.03 0.241 

Fifty ml. of 0.01918 II Op rSna and 1.0343 g. of 
— O p 

1(0110)31 per 3O0 ml. of solution. Ten ml. samples vere 

titrated against 0.007735 N I 0. 
0. 11.26 

14.75 3.93 0.241 
24.5 7-79 O.238 
35.5 6.53 0.246 
o2.5 4.53 0.237 
91,5 ^ .04- 0.24-2 

156.25 1.16 0.245 

0.242 to .003 1. mole "2 

(2.014/0.027) x 10~3 i.mole^sec.'1 

This I: contains a statistical factor of one-half. 

C-H53na/.l(CT^)oI in CH OH at 0°C. 

Fifty ml. of 0.02026 H C^HrsiTa and 2.4935 g. of 



Table 34 

C^GIIaf Br(CH0) r i n CTI.OH at 19.95°C 
J o 

Verity-five inl. of 0.01193 - C<:i,- 317a and 0,04:5 

Br(CIIp) I were titrated against 0.02952 II I 

Tine 
Min. 

Titer in 
inl. mo±e m n . 

0 13.50 
10.35 1.173 
9.00 i ion 

i 4 . 5.5i. 
4.33 "l "i i:n 4.33 

25. 3.93 1.151 
30. 3.09 1.174 

2. 4o 1.177 
44.25 1.52 1.173 

T w e n t y - f i v e ml. of 0.01207 II C^lL-sHa and 0.04332 M 

Br(CII2).:)i v e r e titrated a g a i n s t 0.01375 II 1^. 
o — d 

0 2 0 . 5 0 
r 
^ • 

I j .57 1.099 
14.51 1.103 

12. 12.14 1.120 
1 5 . 10.57 1.126 
20. 5.5 5 1.130 
25. 5.00 1.147 
30. 5.56 1.159 
4o. 3.50 I.163 

k s ( 1 . 9 1 3 1 0.037) x 10" c-i . no le" 1

s 

( 1 . 1 4 8 + 0 . 0 2 2 ) l.mole"":"min. 



T a b l e 35 

CgH^SNaf B r C C H ^ I i n CH^OH a t 0°C. 

F i f t y m l . of 0.01970 N C-H^SNa and 1.9590 g . of BrfCHg) I 

p e r 100 m l . of s o l u t i o n . Ten m l . s ample s v e r e t i t r a t e d a g a i n s t O.OO685 N I 2 » 

Time i n T i t e r i n k _^ _^ 
Min. Ml . 1 . mole m i n . 

0 13.44 — — _ _ 

15.5 11.72 0.1229 
30.25 10.13 O.1313 
53.5 8.11 0.1342 
78 6.57 0.1317 

110.5 4.92 0.1320 
146.5 3.54 0.1335 
215 1.93 0.1346 

F i f t y m l . of 0.02754 N C^H^SNa and I.8903 g . of B r ( C H 2 ) 3 I p e r 100 

m l . of s o l u t i o n . Ten m l . s a m p l e s v e r e t i t r a t e d a g a i n s t O . O O 0 8 5 N I ^ . 

T i t e r i n 

0 
12.5 
27 
*7 
70 

100.25 
138.25 
197.25 
283 

k : ( 1 .310^0 . 024) x 10 -1 

m l . 

I0.87 _ _ _ _ 

16.79 0.1283 
l4 .6l 0.1331 
12.43 0.1278 
10.31 0.1275 

7.97 0.1312 
5.95 0.1317 
3.88 0.1316 
2.0b 0.1343 

1 . mole""*" sec."""*" 

. -1 -1 
l . m o l e m i n . 



Table 3o 

OHc-SKa/- Cl(CHP)oI'in CPU OH at 1Q.95°C. 

Twenty-five ml. of 0.01751 K C^H^SNa and 0.03311 LI 

C1(CH 0 )qI were titrated against 0.02276 N I 2. 

Time in Titer in k-l -1 Min. ml. 1. mole min. 

0 1 7 . 3 7 
5. 15.33 0.3595 

18. 10.79 0 . 8 4 3 3 
2 3 . 3.54 0.9255 
40. 6 . 4 3 0.8304 
43. 5.53 0.8180 
58. 4 . 4 0 0.8340 
33. 2.71 0.8235 

Tventy-five ml. of O.OIS65 N CgH^SNa and 0.03893 M 

C 1 (CH 2 ) 3 J vere titrated against 0.02276 N I 

0 19.12 _ _ _ _ _ 

1 0 . 14.29 0 .3242 
1 4 . 5 12.68 0 .3207 
23. 10.21 0 .5248 
31 . 3.36 0.8371 
41 . 6.79 0 . 3 2 0 2 
53. 4.72 0.8255 
0 2 . 2.45 0.8253 

k a (1.332^0.012) x 1 0 " 2 l.mole'1sec " 1 

k s (8.294f0.073) x 1 0 " 1 l.mole^min."1 
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T a b l e 37 

C ^ S N a f C1(CH2)3I i n CH^OH a t 0 ° C . 

F i f t y m l . of 0 . 0 2 8 2 2 N C^H^SNa a n d 1 .8282 g . of 01(0112)31 p e r 

100 m l . of s o l u t i o n . Ten m l . s ample s we re t i t r a t e d a g a i n s t O . O O 0 8 5 N I 2 

Time i n T i t e r i n k ^ 
Min m l . 1 . mole m i n . 

0 17.47 
15.25 15.33 0.09497 
34.5 13.07 0.09670 
55.75 11.06 0.09528 
81 9.12 0.09422 

1 1 1 . 5 7.20 0.09444 
170.5 4 .64 0.09376 
321.5 1.57 0.09265 

F i f t y m l . of 0.01223 K C^H^SNa and I.8959 g , of 01(0112)3! p e r 

100 m l . of s o l u t i o n . Ten m l . s a m p l e s were t i t r a t e d a g a i n s t O . O O 6 8 5 N I ^ . 

0 16.37 
16 14.33 0.09104 
32 12,42 0.09578 
52.75 10.51 0.09373 
35.75 8.08 0.09309 

119.5 5.98 O.O9639 
180 3.78 0.09430 

k : (1.573 £0.019) x 10" 3 l . m o l e ^ s e c . " 1 

(9.438 + 0.112) x 10" 2 l . m o l e - ^ n . " 1 



Table 38 

Time in Titer in k-i Min. ml. 1 . mole 

0 14.13 
14 12.08 0.6l46 
28 10.40 0.6274 
42 9.11 0.6221 
60.2 7 .71 O.6272 
80.5 6.54 O.6225 

113 5 .11 O.6195 
160 3.75 0.6l44 
242 2.22 O.6267 

Twenty-five ml. of 0.02341 N C^HSNa and O.03834 M 

PCCHg) I were titrated against 0.02276 N 1^ 

0 24.54 
7.25 20.79 0.6415 

10 19.66 O.6344 
17 17.22 O.6191 
25 14.77 0.6306 
38 12.00 O.6168 
45 10.91 0.6o42 
60 8.62 O.6180 
79 6.70 O.6155 

100 5.09 0.06224 

(1.03710.010) x 10" 2 1 . mole^sec." 1 

k"= (6.222*0.062) x 10" 1 1 . mole^in." 1 

C ^ S N a FCCHg) I in C^OH at 19.95°C. 

Twenty-five ml. of 0.0082T2 N C ^ S N a and 0.01938 M 

F(CHp) I were titrated against 0.02068 N I . 
*— 5 2 



Table 39 

Cg^SNa+FCCH^i i n c^OII at 0°C. 
Fifty ml. of 0.08030 N C^SIa and I . 1760 g. of 

FfChVO^I per 100 ml. of solution. Ten ml. samples vere 
titrated against O.O2276 II I 2. 

Time in Titer in " k_-j_ _̂  
Min. ml. 1. mole sec. 

0 l6.73 
26.25 1 5 . 1 1 0.001105 
70.5 12.32 0.001128 

109. 11.33 0.001109 
172. 9.34 0.001111 
248.5 7 o 0 0.001123 
341.25 5.91 0.001127 
474.75 4.37 0.001120 

Fifty ml. of 0.05508 N c ^ S K a and 2.0928 g. of 

F(0Ep)^i per 100 ml. of solution. Ten ml. samples vere 

titrated against 0.01375 N I 0. 

Time in Titer in 
Min. ml. 

0 
13.75 
34.25 
54.25 
79.25 

119 . 
L U O . ( 5 

238. 
283.25 

13.95 
17.13 
14.82 
12.90 
10.02 
3.33 
6.11 
4.01 
3.07 

0.001123 
0.001118 
0.00.1121 
0.001117 
0.001126 
0.001127 
0.001124 
0.00.1122 

k r (1 .120 + 0.005) -3 -1 -1 x 10 l.mole ' sec. 

k 3. .720* 0.030) : -2 -1 -i x 10 l.mole min. ~ 



Table 40 

C . H 5 S I T a f C l ( C H ^ ) ^ i i n CH OH a t i 9 . 9 5 ° C . 

Twenty-five m l . of O . O O 9 8 0 O IT C<H,_GI!a and O . O 3 6 9 5 M 

C l ( C H o ) , 1 vere titrated a g a i n s t O.OO923 N I . 

Time in Titer in k ^ 
Min. ml. 1. mole min. 

0 24.10 
3. 21.16 1.221 
5. 19.41 1.232 

1 1 . 15 .17 1.229 
16. 12 .48 1.224 
20. 10.77 1.213 
29. 7.63 1.227 
4o. 5.03 1.235 
61.5 2.42 1.226 

Twenty-five m l . of 0.01391 N CgH^SNa and 

0.03714 M Cl fCHgJ.T were titrated a g a i n s t 0.02053 II I 

0. 15.40 
5. 12.12 1.386 
8.5 I O . 9 4 1 . 1 Q 4 

13 . 9 . 1 1 1.220 
16. 3.12 1.210 
2 4 . 6.19 JL . c y • -

20. 7.10 1.209 
29. 5.22 1.209 
45. 3.20 1.137 
6o.25 2.00 1.193 

k 2 (2.041 + 0.037) x 10*"" l . m o l e " sec." 

kr (1.2241 0.022) 1. mole ""min. "~ 



T a b l e 4l 

Time i n 
Min. 

T i t e r i n 
m l . 1. mole " 1 s e c . " 1 

0 13.91 
17 12.00 0.002379 
30.5 10.71 0.002409 
57 8.71 0.002406 
81.75 7.30 0.002390 

112.75 5.90 0.002393 
1^5.5 4.76 0.002401 
197.75 3.51 0.002371 

F i f t y m l . o f 0 .04015 N C ^ S W a and 1.7958 g . of 

0 1 ( 0 1 ^ ) ^ 1 p e r 100 m l . o f s o l u t i o n . Ten m l . s a m p l e s we re 

t i t r a t e d a g a i n s t 0.02276 N 1^. 

T i t e r i n 
m l . 

0 16.07 _ _ _ _ 

14 .75 13.74 0.002332 
30 11.73 0.002385 
51 9.66 0.002360 
73.5 7.79 0.002427 
92.25 6.76 0.002371 

121.75 5.30 0.002393 
157.25 4.10 O . O O 2 3 6 9 

237.5 2.32 0.002384 

(2.385t0.13) 1 . m o l e ^ s e c . " 1 

k - ( l . 4 3 l t 0.010) 1 . m o l e ^ m i n . " 1 

C^H SNa C l ( C H 2 ) ^ I i n CfL̂ OH a t 0°C. 

F i f t y m l . o f 0.06237 N C^H^SNa and 1.424-2 g . of 

01(01^2)^1 p e r 100 m l . of s o l u t i o n . Ten m l . s a m p l e s w e r e t i t r a t e d 

a g a i n s t 0.02068 K I g . 



Table 42 

C ^ S N a y . 01(01^)^1 in CI-̂ OH at 1 9 . 9 5 ° C 

Twenty-five ml. of 0.01973 N -<H_o i : a and 0.04ll6 M 

Gl(CHN)T;,T v e r e titrated against 0.02063 N I 0. 

Time in 
Min. 

Titer in 
ml. 

-'-1 
1. mole 

-1 
sec. 

0 22.65 
4.5 19.50 0.01967 
7. 16.62 0.01972 

10. 14.79 0.01943 
1 5 . 12.21 0.01947 
20. 10.25 0.01940 
30. 7.32 0.01947 
45. 4.66 0.01935 
6o. 3.01 0.01945 

'Twenty-five ml.of O . O I 8 5 6 N CVi-Tr3Na and 0.03523 

Cl(CEp)^i were titrated against 0.02068 N Ip. 
M 

0 
k . 

7. 
10.5 
20. 
2 9 . 
40. 
50. 
73.5 

21.50 
18.40 
16.45 
l4.66 
10.81 

Q on 
^•39 
6.21 
4.89 
2.Si 

k r (0.019511 0.000.10) 1. mole ~\ ec -1 

01955 
01978 
O I 9 3 8 
01952 
01941 
O I 9 6 0 

01942 
01956 

k 2 (1 .171 .* 0.006) l.mole^min."1 



Table 43 

C^SNa I(CH2)5C1 in CKL̂ OH at 0°C. 

Fifty ml. of O.05692 N Cy^SNa and 2.3226 g. of 

iCCHgJ^Cl per 100 ml. of solution. Ten ml. samples were 

titrated against 0.02068 N I 0. 

Time in Titer in k 
Min. ml. 1 . mole" sec. 

0 12.23 
18 9.68 0.002305 
30.5 8.36 0.002249 
49 6.63 0.002308 
68 5.32 0.002308 
84 . 5 4.49 0.002268 

103.75 3.60 0.002293 

Fifty ml. of O.06232 N CgH^SNa and 1A319 g. of 

ifCHgJ^Cl per 100 ml. of solution. Ten ml. samples were titrated 

against 0.02068 N I 0. 
— d 

0 14.02 
14.75 12.43 0.002356 
35.75 IO.67 0.002285 
60 8.99 0.002299 
95.75 7.10 0.002315 

122.75 6.09 0.002280 
155.75 5.02 0.002290 
212 3.78 0.002250 
291 2.50 0.002282 

kr (2.292± 0.020) x 10~ 3 1 . mole^sec."1 

k*= (1 .375* 0.012) x 10" 1 1 . mole^min."1 



Table 44 

(C2H5)3TT and CE^I in C^NOp at 24.3°c 

Thirty ml. of 0.02562 M(C H ) T- a n d 0.02530 M CPU I 
C J ~> — 0 

Time in Resistance in Moles Per Liter k 
Min. Ohms Salt Formed 1. Mole " sec. 

5.5 1924 0.00584 0.03511 
7.25 lo22 0.00728 0.03590 
9 14-31 0.00850 O . O 3 6 3 8 

1 0 1353 0.00911 O.O3634 
U . 5 H 6 3 0.00992 O . O 3 6 0 9 

16.25 I O 6 9 0.01200 O.O3602 
19 1006 0.01290 0.03542 
23 935 0.03.415 0.03557 
37 810 O . O I 6 9 2 0.03504 

Thirty ml. of 0.02939 M ( C ? H q ) ^ and O . O I 6 7 I M CH,I 

7-5 2017 0 .00551 0.03374 
q 1347 0.006.l4 O.O3267 
10.75 1654 0.00310 0.03335 
1^. 25 1456 O . O O 8 3 2 0.03535 
17 1289 O . O O 9 6 6 0.03593 
1 9 0 1221 0.01031 0.03557 
24.25 1122- 0.01131 0.034-90 
46.25 933 0.01420 0.03517 
31.5 1027 0.01260 0.03513 

k a (3.52 t 0.064) x 1 0 " 2 1. mole" 



Table 45 

( C g H ^ H and ICH^ i n C ^ N O g at 24.3° 

Thirty ml. of 0.09330 M (C 0H C) n and 0.044l2 ICH l 

Time in Resistance in Holes Per Liter k x 10" 
Min. Ohms Salt Formed 1. mole"" sec. 

2?34 5177 0.00444 6.98 
3864 3953 0.00592 6.89 
4150 3767 0.00628 6.85 
4335 3^50 O . O O 6 5 6 6.88 

Thirty ml. of 0.11547 M (CnH_)JN and 0.06421 M ICHoT 
~ f- 5 3 - d 

1502 5234 0.00432 6.84 
2152 3982 0.00533 6.63 
2450 3596 O . O O 0 6 9 6.70 
3338 2563 0.01027 6.89 
5082 2102 0.01299 6.83 
5602 1974 0.01403 6.80 

k* ( 6 . 3 0 2 0 .03) x 1 0 - b

 x. ̂ le^sec.- 1 



T a b l e 46 

( C 2 H 5 ) 3 N and CICHgl i n C ^ N O g a t 24 . 8°C . 

T h i r t y m l . of 0 . 1 1 5 4 7 M ( C g H ^ N and 0 . 0 4 2 0 7 M C1CH 2I 

Time i n R e s i s t a n c e i n mo le s P e r L i t e r k x 10^ 
Min. Ohms S a l t Formed 1 . m o l e " s e c . " 

271 4252 0.00300 3-99 
304 3881 0.00331 3.94 
352 3467 0.00377 3.91 
440 2897 0.00473 3-99 
530 2509 0.00548 3.89 

k^(3 .93± 0.05) x 10 1 . m o l e " 1 s e c . " 1 



Table 47 

Time in Titer in k x l(jr-
Min. ml. 1. mole min." 

0 28.33 
4o 26.26 7.53 
65 25.19 7.81 

130 23.05 7.48 
200 21.14 7.45 
230 19.24 7.57 
359 17.87 7.64 

1443 0 , 6 9 7.73 

k r ( 7 « 6 0 f 0.15) x i O " 2 1. m o l e ' - m i n . ~X 

Table 43 NaOH and CH 2 ~ CHBr in 50 Per Cent Aqueous-

Dioxane at 35.5°C. 

Thirty ml. of 0.0239 N NaOH and 0.0274 M 

vinyl bromide were titrated against 0.1071 H ITaOK. 

Time in Titer in k x 10 1± „1 
Min. ml. 1. mole min. 

0 3.26 
1200 7.97 5.1 
4095 7.35 7.0 
6870 7.65 2.34 
q 3 io 5.5o 10.4 

10320 7.53 8.9 

NaOH and C~h, T̂r in 50 Per Cent Acmeous 

Dioxane at 36.5°C. 

Thirty ml. of 0.02355 N NaOH and 0.02305 M C0H^33r; 

were titrated against 0.0307 r ITC1. 



Extent of substitution in the Reaction 

Between NaOh and C 2H 1 }Br 0 in 50 Per Cent Dioxane at 3o.5°C. 

Thirty ml. of O.O2865 II K'aOH and 0.01373 M CpH^Br^ 

Ii CI. 

Time in Titer in HaOK used NaOH used if no Fraction of 
Krs. ml. moles/l. substitution occurs. Substitution 

14.74 O . O I 3 6 5 0.01336 0.0217 

l b . 5 1 0.01333 0.01366 0.01Si 



APPENDIX C 

GRAPHS 



Figure Circuit Diagram e f Cenduotivity Bridge, 





Resistance (Ohms z 10 ) 

#—Cenoentration Versus Resistance of CICHglKCgH.-)jl 
Solutions in Nitrobenzene at 24 . 8 C. 
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W a l t e r Howe B r a d e r J r . was b o r a O c t o b e r 30, 1927 i n 

Beaumont , T e x a s . H i s e l e m e n t a r y and h i g h s c h o o l e d u c a t i o n 

w e r e r e c e i v e d a t t h e S o u t h P a r k S c h o o l s i n Beasumont , T e x a s ; 

g r a d u a t i o n f rom h i g h s c h o o l o c c u r r e d May 22, l^kk. Whi le 

w o r k i n g a t n i g h t i n t h e Sun O i l Company g a r a g e i n Beaumont , 

T e x a s , f u r t h e r e d u c a t i o n was p u r s u e d a t Lamar J u n i o r C o l l e g e 

f rom F e b r u a r y , 19^5 u n t i l g r a d u a t i o n i n J u n e of 19^6 w i t h a n 

A. A. d e g r e e . S t u d i e s w e r e b e g u n a t t h e R i c e I n s t i t u t e i n 

Sep tember o f 19^7 , and a B . A. d e g r e e i n C h e m i s t r y c o m p l e t e d 

i n J u n e o f 1950. A f t e r r e c e i v i n g t h e B . A. d e g r e e a p o s i t i o n 

was t a k e n w i t h t h e Sun O i l Company a t t h e i r D e l h i , L o u i s a n a 

g a s o l i n e p l a n t ; however t h a t p o s i t i o n was r e s i g n e d J a n u a r y , 

1951 i n o r d e r t o a c c e p t a g r a d u a t e a s s i s t a n t s h i p a t G e o r g i a 

T e c h . Whi le a t G e o r g i a Tech r e s e a r c h g r a n t s f rom t h e R e s e a r c h 

C o r p o r a t i o n of New York and t h e N a t i o n a l S c i e n c e F o u n d a t i o n 

w e r e h e l d . 


