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INTRODUCTION.

T h is  t h e s i s  c o n s i s t s  o f  s t u d i e s  i n  t h e  m i c r o - a n a l y s i s  o f  

o r g a n i c  com pounds. The p ro b le m s  i n v o l v e d  a r e ,  f o r  t h e  m ost p a r t ,  

a c c u r a t e  d e t e r m i n a t i o n s  o f  s m a l l  am ounts  o f  i n o r g a n i c  p r o d u c t s .

The a n a l y s e s  h a v e  b e e n  done  w h e re v e r  p o s s i b l e  b y  v o l u m e t r i c  m e a n s .

Ih e  w ork  i s  p r e s e n t e d  i n  f o u r  s e c t i o n s

( 1 )  S im u l ta n e o u s  d e t e r m i n a t i o n  o f  s u lp h u r  and  h a l o g e n  b y

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

d u e  t o  s u lp h u r -  an d  h a l o g e n  a c i d s ,  and  o b t a i n i n g  t h e  

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

( V ie b o c k )*

2NaCl + 2Hg(0H)(CN) -> 2N&0H + Hg(CN)g. HgClg 

2NaOH + HgS0 4 -> Nag S04 + 2HgO

S u lp h u r  was c a l c u l a t e d  b y  d i f f e r e n c e .

( 2 )  D e t e r m i n a t io n  o f  s u l p h u r  i n  compounds c o n t a i n i n g  s u lp h u r ,  

n i t r o g e n  an d  h a l o g e n .

The c o n d i t i o n s  u n d e r  w h ich  s u lp h u r  i s  m o s t  f a v o u r a b l y  

o x i d i s e d  t o  s u lp h u r  t r i o x i d e  ( f o r  HgSO^), a r e  n o t  c o n d u c iv e  

t o  t h e  l i b e r a t i o n  o f  com bined n i t r o g e n  e i t h e r  c o m p le t e ly  

a s  m o l e c u l a r  n i t r o g e n  o r  c o m p le t e ly  a s  n i t r o g e n  p e r o x i d e . 

Hence t h e  t o t a l  a c i d i t y  r e a l i s e d  b y  c o m b u s t io n  i s  a lw ay s  

s h o r t  o f  t h e  t h e o r e t i c a l  f o r  a l l  t h r e e  e l e m e n t s .  The 

a n a l y s i s  f o r  t h e  s u lp h u r  c o n t e n t ,  t h e r e f o r e ,  n e c e s s i t a t e d
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t h e  d e v e lo p m e n t  o f  a  new p r o c e s s .
2

F r i e d r i c h  p r o p o s e d  a  m e th o d  o f  o v e rc o m in g  t h i s ,  h u t  

when t e s t e d  i t  was fo u n d  t o  he  u n r e l i a b l e ,  and  a f t e r  i n v e s t i ­

g a t i n g  t h e  p o s s i b i l i t i e s  o f  v a r i o u s  m e th o d s ,  t h a t  o u t l i n e d  by  

t h e  f o l l o w i n g  s t e p s

NagSO^ + xB aC lg  ->  BaSO^ + 2NaCl + x - 1  BaC lg 

BaClg -> BaCr04 -> I g -> Na2S20 3

was s a t i s f a c t o r i l y  a p p l i e d  t o  m i c r o - a n a l y s i s .

( 3 )  S o u rc e s  o f  e r r o r  e n c o u n te r e d  d u r i n g  t h e  a t t e m p t e d  r e p e t i ­

t i o n  o f  a  r e c e n t l y  p u b l i s h e d  m eth o d  f o r  m ic ro -m e th o x y l  d e t e r m i n a ­

t i o n  w e re  t r a c e d  an d  e l i m i n a t e d  s a t i s f a c t o r i l y .

The r e a c t i o n  i n v o l v e d : -  

CH30R -> CH3 I  -> CH3 I B r g -> IB r  -> H I03 -> 61 -> 6Na2 Sg0 3

( 4 )  The s a t i s f a c t o r y  m anner i n  w h ich  compounds w ere  deco m p o sed , 

f o r  t h e  s u l p h u r - h a l o g e n  d e t e r m i n a t i o n  ( s e c t i o n  1 ) l e d  t o  a t t e m p t s  

b e in g  made t o  u s e  t h e  same tu b e  f i l l i n g ,  v i z .  p l a t in u m - r h o d iu m  

g a u z e  i n s t e a d  o f  P r e g l ’s ^  u n i v e r s a l  f i l l i n g  f o r  c a rb o n  and  h y d ro g e n ,

E x c e l l e n t  r e s u l t s  w ere  o b t a i n e d  f o r  compounds c o n t a i n i n g  

c a rb o n ,  h y d ro g e n  an d  oxy g en , a n d  a  new m ethod  f o r  e l i m i n a t i n g  th e  

e f f e c t  o f  o x i d e s  o f  n i t r o g e n  on  t h e  c a r b o n -h y d r o g e n  d e t e r m i n a t i o n ,  

u s in g  t h i s  f i l l i n g ,  g i v e s  p ro m is e  o f  b e in g  p r a c t i c a b l e .



3.

( 1 )  The D e t e r m i n a t i o n  o f  S u lp h u r  and  H a lo g e n  i n  O rg a n ic  Compounds .

The d e t e r m i n a t i o n  o f  s u lp h u r  i n  o r g a n i c  compounds f r e e  o f

n i t r o g e n  and  h a l o g e n  may b e  e f f e c t e d  by  t h e  m ethod  and  a p p a r a t u s
4

d e s c r i b e d  b y  P r e g l  . An aq u e o u s  s o l u t i o n  o f  p e r h y d r o l  i s  u s e d  a s  

t h e  t r a p p i n g  a g e n t  f o r  t h e  o x i d i s e d  s u l p h u r .  S u lp h u r  t r i o x i d e  

m a in ly  i s  p ro d u c e d  d u r i n g  th e  c o m b u s t io n ,  b u t  any  d i o x i d e  w h ich

i s  fo rm e d  i s  r e a d i l y  o x i d i s e d  t o  t h e  t r i o x i d e  b y  t h e  p e r h y d r o l .
5

A c c o rd in g  t o  K n e i t s c h  t h e  s t a t e  o f  o x i d a t i o n  o f  s u lp h u r  

d e p e n d s  on  t h e  t e m p e r a t u r e  a t  w h ic h  t h i s  t a k e s  p l a c e .

The f o l l o w i n g  f i g u r e s  i l l u s t r a t e  th e  e q u i l i b r i u m  o f  K n e i t s c h  

S u lp h u r  D i o x i d e - T r i o x i d e  S y s te m .

Temp. s o 3 Temp. SO

° C . P e r  c e n t . °C . P e r

300) E q u i l i b r i u m ( 7 6 500 96
350) n o t  a t t a i n e d (9 5 550 88
400 100 600 80
450 99

I t  i s  o b v io u s  t h a t  t h e  l e a s t  demand i s  made on  t h e  p e r ­

h y d r o l  i f  t h e  t e m p e r a t u r e  o f  t h e  o x i d i s i n g  a tm o sp h e re  i s  b e tw e e n  
o o

400 -4 5 0  C. A c c o r d in g ly  t h e  t e m p e r a t u r e  o f  t h e  c a t a l y s t  s h o u ld  

b e  m a i n t a i n e d  w i t h i n  t h e s e  l i m i t s  .

P r e g l  fo u n d  d i f f i c u l t y  i n  com bin ing  t h e  e s t i m a t i o n s  o f  

s u lp h u r  and  c h l o r i n e  ( h a l o g e n ) ,  a l t h o u g h  h e  s u g g e s t e d  s e p a r a t e  

m e th o d s  f o r  e a c h 4 *^.
7

V iebfick  s u c c e s s f u l l y  em ployed  p e r h y d r o l  i n  t h e  d e t e r m in a ­

t i o n  o f  c h l o r i n e  and  b r o m in e .
8

Cowie and  G ib so n  f o l l o w i n g  o n ,  com bined th e  e s t i m a t i o n  

o f  s u lp h u r  and h a l o g e n ,  b y  u s in g  p e r h y d r o l  and  a l t e r i n g  t h e



4 .

a p p a r a t u s  s l i g h t l y  by a f f i x i n g  t o  t h e  b e a d  tu b e  a n  a d a p t o r - l i k e  

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

h y d r o l  s o l u t i o n ,  a n d  d i p p i n g  i n t o  a  c o n i c a l  f l a s k .

The d e t e r m i n a t i o n  o f  s u l p h u r  a n d  c h lo r in e  was done by 

c o m b in a t io n  o f  t o t a l  a c i d i t y ,  -  c h l o r i n e  (G l) by Y o l h a r d f s  m ethod  -  

a n d  h e n c e  s u l p h u r  by d i f f e r e n c e .

D u r in g  t h e  c o m b u s t io n  o f  h a lo g e n  c o n t a i n i n g  s u b s t a n c e s  a n  

o x id e  o f  c h l o r i n e  i s  fo rm e d  w h ic h  n o r m a l ly  e s c a p e s  o u t  o f  t h e  

s y s te m .

P e r h y d r o l  h a s  t h e  e f f e c t  o f  r e d u c i n g  t h e  o x id e s  o f  c h l o r i n e  

(an d  t h e  o x y a c id s )  to  h y d r o c h l o r i c  a c i d ,  a c c o r d i n g  t o  t h e  

e q u a t i o n s : -

2C10g 4* HgOg 

HClOg + 2H2 0 2 

HG10 + H2Q2

The . e x p e r im e n ta l  d i f f i c u l t y  . o f  t h e  m ethod  p ro p o s e d  by Gowie
p

an d  G ib so n  f o r  t h e  h a lo g e n  d e t e r m i n a t i o n  i s  t h e  o b s e r v a t i o n  o f  

t h e  end p o i n t .

F u r t h e r  e x p e r im e n t s  h a v in g  f a i l e d  to  im prove  t h e  d e f i n i t e ­

n e s s  o f  t h i s  end p o i n t ,  o t h e r  m ethods  o f  d e t e r m in i n g  h a lo g e n  w ere  

e x p l o r e d  (p ag e  2 9 ) .

M ohr! s '1‘0 m ethod  f o r  e s t i m a t i n g  h a lo g e n  h a s  one a d v a n ta g e
9

o v e r  V o l h a r d Ts i n  t h a t  i t  i s  b a s e d  on  t h e  d i r e c t  t i t r a t i o n  o f  

h a l i d e  w i t h  s t a n d a r d  s i l v e r  n i t r a t e  s o l u t i o n .  The end p o i n t  i s  

n o t e d  when t h e r e  i s  fo rm e d  a  r e d d i s h  p r e c i p i t a t e  o f  s i l v e r  c h ro m a te  

by t h e  r e a c t i o n  o f  t h e  f i r s t  e x c e s s  o f  s i l v e r  i o n  w i t h  c h ro m a te  i o n  

a d d e d  to  t h e  h a lo g e n  s o l u t i o n  a s  i n d i c a t e d .

2HC102 + 0 2 

->  HG1 + 2H20 + 02

—> HC1 + Ho0 + C>



F a j a n s  and  F r a n k e n b u r g e r  h a v e  p o i n t e d  o u t  t h a t  e s t i m ­

a t i o n s  b y  M ohr’s m e th o d  t e n d  t o  b e  h i g h ,  w h ic h  may b e  a c c o u n te d  

f o r  b y  t h e  s o l u b i l i t y  o f  t h e  s i l v e r  c h r o m a te .  M ohr’s e s t i m a t i o n  

c a n n o t  b e  c o n d u c te d  i n  a c i d  s o l u t i o n ,  a s  c a n  V o l h a r d ’s , 9 and  

p r e c i p i t a t i o n  o f  t h e  s i l v e r  c h l o r i d e  i s  n o t  so r e f i n e d  a s  i n  t h e  

t h i o c y a n a t e  m ethod  i n  c o n s e q u e n c e .

I n v e s t i g a t i o n s  o f  t h i s  m ethod  f o r  m i c r o - a n a l y s i s  a r e  

d e t a i l 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  o f  t h i s  t h e s i s ,  and  show i t  

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

P o ta s s iu m  C yan ide  a s  a  q u a n t i t a t i v e  r e a g e n t  f o r  C h lo r id e  
d e t e r m i n a t i o n .

S i l v e r  s a l t s  a r e  c h a r a c t e r i s e d  by  an  a b i l i t y  t o  fo rm  

com plex  s a T t s .  S i l v e r  c y a n id e  r e d i s s o l v e s  i n  p o t a s s i u m  c y a n id e  

s o l u t i o n  f o rm in g  a  com plex a c c o r d in g  t o  th e  e q u a t i o n : -

AgCN + KCN -> K .[A g(CN )2 J

A t te m p ts  w ere  made to  u s e  t h i s  d i s s o l u t i o n  o f  t h e  i n s o l u b l e  

s i l v e r  s a l t s  a s  a  m eans f o r  e s t i m a t i n g  t h e  e x c e s s  s i l v e r  i o n  i n  

t h e  p r e c i p i t a t i o n  o f  c h l o r i d e .  They w ere  u n s u c c e s s f u l  and  d e t a i l s  

M i l  be  fo u n d  on  p a g e  3 3 .

D e t e r m i n a t io n  o f  e x c e s s  S i l v e r  i o n  b y  I o d a t e  i o n .
1 p

* B e re n d x<° h a s  p r o p o s e d  t h e  u s e  o f  p o t a s s iu m  i o d a t e  a s  a

means w h ereb y  e x c e s s  s i l v e r  i o n  may b e  e s t i m a t e d  and  h e n c e  h a l o g e n .  

The s o l u b i l i t y  o f  s i l v e r  i o d a t e  i n  w a te r  i s  to o  g r e a t  f o r  t h e  

m ethod  t o  be  a p p l i c a b l e  t o  m ic ro  a n a l y s i s .

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



6 .

i s  c o n s i d e r a b l y  l e s s  t h a n  i n  a q u e o u s  s o l u t i o n s .  U n f o r t u n a t e l y  

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

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

l a t t e r  s a l t  com ing o u t  o f  s o l u t i o n ,  b u t  t h e  s o l u b i l i t y  o f  t h e  

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

f a c t o r s  l e a d s  t o  t h e  m e th o d  b e in g  r e j e c t e d .

M e rc u r ic  O x y c y a n id e .

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

an d  i n  c o n c e n t r a t e d  s o l u t i o n  h y d r o l y s i s  i s  n e g l i g i b l e .  Hence

t h e r e  h a v e  b e e n  p r o p o s e d  m e th o d s  f o r  h a l o g e n s  b a s e d  o n  t h i s  f a c t .
13

V ototfek  i n  1915 p r o p o s e d  a  m ethod f o r  t i t r a t i n g  c h l o r i d e  

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

i n d i c a t o r  a  d i l u t e  s o l u t i o n  o f  sodium  n i t r o p r u s s i d e . , The end

p o i n t  was r e a c h e d  a t  th e  f i r s t  o p a l e s c e n c e .
14J u r e c e k  h a s  a p p l i e d  t h i s  p r i n c i p l e  t o  e s t i m a t i o n  o f  

s m a l l  am ounts  o f  c h l o r i d e  and  b ro m id e  w i t h  c o n s i d e r a b l e  s u c c e s s .

I n  s u p p o r t  o f  t h e  g e n e r a l  p r i n c i p l e  o f  a n a l y s i s  o f  h a lo g e n  

c o n t e n t  b y  p r e c i p i t a t i o n  o f  t h e  m e r c u r i c  h a l i d e  comes V ie b o c k ’s* 

w ork  on t h e  d e t e r m i n a t i o n  o f  n e u t r a l  c h l o r i d e  by  an  a c i d i m e t r i c  

m ethod  d e p e n d in g  on t h e  p r e c i p i t a t i o n  o f  t h e  s a l t  Hg(CN)g.Hg( C l)
2

a c c o r d in g  t o  t h e  f o l l o w i n g

2Hg(0H)(CN) + 2NaCl -> Hg(CN)g,HgCl2 + 2NaOH

I n  t h e  p r e s e n c e  o f  e x c e s s  n e u t r a l  m e r c u r i c  o x y c y a n id e  

s a t u r a t e d  s o l u t i o n  t h e  r e a c t i o n  g o e s  c o m p le t e ly  to w a rd s  t h e  r i g h t  

w i t h  f o r m a t i o n  o f  sodium  h y d r o x id e  e q u i v a l e n t  t o  t h e  c h l o r i d e



p r e s e n t .  T h is  a l k a l i  may b e  t i t r a t e d  w i t h  s u l p h u r i c  a c i d  w i t h ­

o u t  i n t e r f e r e n c e  w i t h  t h e  b a l a n c e  o f  th e  e q u i l i b r i u m  i n  c o n c e n ­

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

T h is  r e a c t i o n  i s  s p e c i f i c  f o r  h a l o g e n s  and  d e p e n d s  on  

t h e  w e l l 'k n o w n  a f f i n i t y  o f  m e rc u ry  f o r  h a l o g e n .  S p e c i a l  e x p e r i ­

m e n ts  w i t h  known s o l u t i o n s  showed t h a t  t h e i r  h a l o g e n  c o n t e n t  ca n  

be  d e te r m in e d  i r r e s p e c t i v e  o f  ad d ed  sodium  s u l p h a t e .

V ie b o c k  i n v e s t i g a t e d  t h i s  m ethod  f o r  h a l o g e n  a n a l y s i s  on  

a  h em i-m ac ro  an d  m ic ro  s c a l e ,  and  h e  s t a t e s ,  a s  h a s  b e e n  above 

r e m a rk e d  upon , t h a t  t h e  compound HgCClOgHgClg s u f f e r s  p r a c t i c a l l y  

no h y d r o l y s i s  i n  c o n c e n t r a t e d  s o l u t i o n ,  w h i l s t  t h e  c o r r e s p o n d in g  

compound Hg(CN)gHgSO^ i s  s t r o n g l y  h y d r o ly s e d  i n  c o m p a r i s o n .

Hence t h e  u s e f u l n e s s  o f  t h e  s a l t  Hg(OH)(CN) i n  t h e  p r e s e n t  e s t i ­

m a t io n  .

I n  t h i s  work i t  was a p p l i e d  m a in ly  t o  t h e  e s t i m a t i o n  o f  

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

w i l l  go to w a r d s  t h e  l e f t  i f  t h e  s o l u t i o n  i s  a  d i l u t e  o n e ,  h e n c e  

t h e  f i r s t  c o n s i d e r a t i o n  i s  t h e  m a in te n a n c e  o f  c o n d i t i o n s  w h ich  

p ro m o te  q u a n t i t a t i v e  f o r m a t i o n  o f  a l k a l i .

I f  a  s a t u r a t e d  s o l u t i o n  o f  m e r c u r i c  o x y c y a n id e  be  u s e d  

to  b r i n g  a b o u t  t h e  c h e m ic a l  c h a n g e ,  t h e n  i t  i s  p o s s i b l e  t o  e s t i m a t e  

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

s t a n d a r d  a q u eo u s  a c i d  s o l u t i o n  h a v in g  any  e f f e c t  on t h e  end  p o i n t .  

I l l u s t r a t i o n s  o f  t h i s  a p p e a r  on  p a g e  35 o f  t h e  e x p e r i m e n t a l  s e c t i o n .  

A n a l y s i s ,  s u c c e s s f u l l y  e f f e c t e d  by t h i s  m e th o d , o f  11 compounds 

w i l l  be  fo u n d  on  p a g e  40 .
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P r o c e d u r e .

2 - 5  mg. o f  sod ium  c a r b o n a t e  i s  w e ig h e d  i n t o  a  s m a l l  p l a t i n u m  

b o a t  w h ic h  i s  i n t r o d u c e d  i n t o  a  50 c c . d i s t i l l i n g  f l a s k ,  an d  d i s ­

s o lv e d  i n  0 .5  c c .  w a t e r .  0 .0 4  c c .  o r  t h e r e a b o u t s  o f  p e r h y d r o l  i s  

added  a n d  t h i s  s o l u t i o n  su c k e d  i n t o  t h e  b e a d s  o f  a  c l e a n  d r y  com­

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

i s  r e t a i n e d  i n  t h e  b e a d s ,  t h e  f l a s k  a f f i x e d  t o  t h e  c o m b u s t io n  tu b e  

by  a  t h i n  r u b b e r  s t o p p e r  an d  t h e  c o m b u s t io n  tu b e  l a i d  i n  p o s i t i o n .

The p l a t i n u m - r h o d iu m  c o n t a c t  i s  now p u s h e d  i n t o  p l a c e  i n  t h e  com-

b u s t i o n  t u b e  a r e a  h e a t e d  b y  t h e  f u r n a c e .  0 . 5  c c . / 1 0 0  a l k a l i  

s o l u t i o n  a n d  one d ro p  o f  p e r h y d r o l  a r e  now p i p e t t e d  i n t o  t h e  s i d e  

arm o f  th e  d i s t i l l i n g  f l a s k  and  t h e  w ho le  a p p a r a t u s  a s s e m b le d .

The s i d e  arm  o f  t h e  f l a s k  i s  now t i l t e d  t o  a  s u i t a b l e  p o s i t i o n  f o r

t h e  i n t e r m i t t e n t  b u r s t i n g  o f  th e  s e a l  to  be  o b t a i n e d .

The s t o p p e r  a t  t h e  e n t r a n c e  t o  th e  tu b e  i s  w i th d ra w n  and

t h e  w e ig h e d  o u t  compound, 3 -5  mg. i n t r o d u c e d  i n  a  p l a t i n u m  b o a t
12i n t o  t h e  t u b e  a n d  p u s h e d  a lo n g  a b o u t  crn.^rom e n t r a n c e .  The 

s to p p e r  i s  r e p l a c e d  and  j o i n t s  exam ined  and  t i g h t e n e d ,  and  h e a t i n g  

commenced a b o u t  7 d n .fro m  t h e  e n t r a n c e  t o  t h e  t u b e ,  w i t h  a  b u n s e n  

b u r n e r .  The b u n s e n  i s  g r a d u a l l y  moved a lo n g  to w a rd s  t h e  compound, 

and t h i s  o r  a  d e c o m p o s i t io n  p r o d u c t  o f  i t ,  s lo w ly  d i s t i l s  b e f o r e  

t h e  h e a t  i n t o  t h e  f u r n a c e  a r e a  h e a t e d  t o  4 0 0 ° -4 5 0 ° C .

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

tu b e  s o l u t i o n  and  i n  t h e  d i s t i l l i n g  f l a s k .

A f t e r  b u r n in g  t h e  s u b s t a n c e ,  t h e  t u b e  i s  sw ep t f o r  some 

20 m in u te s  w i t h  o x y g en ,  d i s m a n t l e d  and  c o o l e d .  The a l k a l i - p e r h y d r o l  

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



w i t h  1 0 -1 5  cc* w a t e r ,  and  t h e  s o l u t i o n  t i t r a t e d  f o r  t o t a l  a c i d i t y  

a l lo w a n c e  b e i n g  made f o r  any  a c i d i t y  due  t o  t h e  p e r h y d r o l . 

M e th y le n e  B lu e /M e th y l  Red m ixed  i n d i c a t o r  s o l u t i o n  i s  u s e d .

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

b a s i n  ( s i l i c a )  an d  t h e  d i s t i l l i n g  f l a s k  t h o r o u g h l y  w a s h e d .  The 

w a s h in g s  a r e  ad d e d  to  t h e  s o l u t i o n  i n  t h e  e v a p o r a t i n g  b a s i n ,  and  

t h e  w h o le  c o n c e n t r a t e d  u n d e r  g e n t l e  h e a t  on a  m u f f l e  c o n e .  The 

c o n t e n t s  a r e  e v a p o r a t e d  a lm o s t  t o  d r y n e s s  i n  some 2 0 -3 0  m i n u t e s ,  

t h e n  10  c c .  o f  s a t u r a t e d  n e u t r a l  m e r c u r i c  o x y c y a n id e  s o l u t i o n  i s  

added  an d  t h e  s o l u t i o n  t i t r a t e d  w i t h  s t a n d a r d  s u l p h u r i c  a c i d  f o r  

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



( 2) D e t e r m i n a t i o n  o f  S u lp h u r  i n  compounds c o n t a i n i n g  S u l p h u r ,
H a lo g e n  an d  N i t r o g e n .

A n a l y s i s  o f  a  s u l p h u r - h a l o g e n - n i t r o g e n - c o n t a i n i n g  compound 

by t h e  c o m b u s t io n  m eth o d  a s  f o r  s u l p h u r  and  c h l o r i n e  shows a  t o t a l  

a c i d i t y  i n  e x c e s s  o f  t h a t  r e q u i r e d  f o r  t h e  s u lp h u r  and  c h l o r i n e  

and  s h o r t  o f  t h a t  r e q u i r e d  by  a l l  t h r e e  e l e m e n t s .

T h is  " e x t r a ” a c i d i t y  i s  due t o  t h e  n i t r i c  a c i d  fo rm e d  by  

t h e  n i t r o g e n  o f  t h e  compound a c c o r d in g  t o  t h e  e q u a t i o n s  : -

N + Og -> NOg 

2N0g + H20 -> HN03 + HNOg

HNOg + HgOg -> HN03 + HgO 

j"HNOg + HC10 -> HNOg + H C lJ

15T a r v in ,  Todd and  B o sw e ll  a s s e r t  t h a t  n i t r o u s  and  h y p o -  

c h lo r o u s  a c i d s  do n o t  lo n g  e x i s t  i n  t h e  same s o l u t i o n .  Hence t h e  

b r a c k e t© !  e q u a t i o n .

Among m eth o d s  t r i e d  f o r  t h e  a n a l y s i s  o f  s u l p h u r  ( s u l p h a t e )  

o b t a i n e d  b y  c o m b u s t io n  w ere  t h e  f o l l o w i n g  : -

1 . )  T i t r a t i o n  o f  s u l p h a t e  w i t h  s t a n d a r d  b a r iu m  c h l o r i d e  

s o l u t i o n  u s in g  r h o d i z o n i c  a c i d  a s  i n d i c a t o r .

Sodium r h o d i z o n a t e  i n  s o l u t i o n  i s  y e l l o w ,  w h i l s t  t h e  

c o r r e s p o n d in g  b a r iu m  s a l t  s o l u t i o n  i s  r e d  c o l o u r e d .  S t r e b i n g e r
1 g f

and  Von Zombory made u s e  o f  t h i s  i n  e s t i m a t i n g  s u l p h a t e  v o l u -  

m e t r i c a l l y .  When t h e  b a r iu m  i o n  ^ u s t  e x c e e d s  t h a t  amount 

r e q u i r e d  b y  t h e  s u l p h a t e ,  t h e  r e d  r h o d i z o n a t e  i n d i c a t e s  t h e  end



p o i n t  o f  t h e  t i t r a t i o n .  T h is  m e th o d  was fo u n d  t o  h e  s e r v i c e a b l e  

i n  N/ l 0 s o l u t i o n s  b u t  t h e  d e g r e e  o f  s e n s i t i v i t y  was n o t  s u f f i c i e n t  

when i t  was a p p l i e d  t o  N/ l ° °  s o l u t i o n s .  H ence t h e  m eth o d  was 

r e  j e c t e d .

2 . )  T e t r a h y d r o x y  q u in o n e ,  a l l i e d  t o  r h o d i z o n i c  a c i d  chem­

i c a l l y  e x h i b i t s  s i m i l a r  c h a r a c t e r i s t i c s  a s  an  i n d i c a t o r .  T h is  

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

z o n ic  a c i d  b u t  i t  was a l s o  i n s u f f i c i e n t l y  a c c u r a t e  when a p p l i e d

t o  N/ 100 s o l u t i o n s .  T h is  m ethod  p r o p o s e d  b y  S c h r o e d e r '1’'7 h a s  b e e n
18m o d ified , b y  Sheen  and  K a h le r  s i n c e  t h i s  w ork  was c o m p le te d  w i t h  

a  f a i r  amount o f  s u c c e s s . They a r e  c o n t e n t  w i t h  e r r o r s  o f  f ro m  

1-4% sind h a v e  ad d e d  t o  t h e  m ethod  t h e  u s e  o f  a  s i d e  lamp a d j a c e n t  

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

t h e  end  p o i n t .

3 . )  B e n z id in e  h y d r o c h l o r i d e  was n e x t  c o n s id e r e d  a s  a  

means o f  e s t i m a t i n g  s u l p h a t e .
19 20T h is  m e th o d ,  p r o p o s e d  b y  M uir , was a p p l i e d  b y  F i s k e

21and  Drummond t o  d e t e r m i n a t i o n  o f  s u l p h a t e  i n  b io c h e m ic a l  s o l u ­

t i o n s  .

The r e s u l t s  w i t h  m ic ro  w ork w ere  so i n a c c u r a t e  a s  n o t  t o  

be  w o r th y  o f  n o t e .

4 . )  F r o m P r e g l ' s  “Q u a n t i t a t i v e  O rg a n ic  M ic r o a n a l y s i s "  

E n g l i s h  t r a n s l a t i o n ,  3 rd  e d i t i o n ,  p a g e  163 , i s  c u l l e d  th e  f o l l o w ­

in g

" F r i e d r i c h  h a s  r e c e n t l y  p u b l i s h e d  a  v o l u m e t r i c  m ethod  o f  

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



I t s  e s s e n t i a l  f e a t u r e s  a r e  t h a t  t h e  c o m b u s t io n  tu b e  c o n ­

t a i n i n g  s p i r a l s  m o is t e n e d  w i t h  p e r h y d r o l  i s  r i n s e d  i n t o  a  q u a r t z  

b a s i n  a f t e r  t h e  c o m b u s t io n ,  an d  t h e  w a s h in g s  a r e  t h e n  c o n c e n t r a t e d  

on t h e  w a t e r  b a t h  u n t i l  t h e i r  volum e i s  1 0 -1 5  c . c . "  T h is  s o l u t i o n  

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

t h e i r  sod ium  s a l t s .  A q u a n t i t y  o f  s u l p h u r i c  a c i d  c o r r e s p o n d in g  

to  t h e  a l k a l i  a l r e a d y  u s e d ,  i s  t h e n  add ed , t h u s  c o n v e r t i n g  a l l  

t h e  s u l p h u r i c  a c i d  fo rm ed  d u r in g  t h e  c o m b u s t io n  i n t o  t h e  b i s u l ­

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

t o  d r y n e s s .  A f t e r  warming t h e  r e s i d u e  f o r  h a l f  an  h o u r  on  t h e  

w a te r  b a t h ,  i t  i s  d i s s o l v e d  i n  a  s m a l l  amount o f  w a t e r ,  a f t e r  

w h ich  t h e  q u a n t i t y  o f  s u l p h u r i c  a c i d  c o r r e s p o n d in g  t o  t h e  amount 

o f  s u lp h u r  o r i g i n a l l y  p r e s e n t  i s  d e t e r m in e d  by  a  f u r t h e r  t i t r a t i o n  

w i t h  a l k a l i . "

B e f o r e  a t t e m p t i n g  t o  r e p e a t  F r i e d r i c h  i t  was d i s c o v e r e d  

t h a t  i f  sodium  s u l p h a t e  s o l u t i o n  i s  add ed  t o  a  s o l u t i o n  c o n t a i n i n g  

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

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

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

i n a l l y  p r e s e n t .

Thus t h e  t h r e e  t i t r a t i o n s  o f  F r i e d r i c h  a r e  r e p l a c e d  by  

o n ly  one t i t r a t i o n  w i t h  t h e  same r e s u l t .

I n  a p p ly in g  F r i e d r i c h Ts m ethod  t o  c o m b u s t io n  p r o d u c t s  i n  

t h i s  work i t  was f o u n d  t h a t  a  d e f i c i e n c y  o f  s u lp h u r  a lw a y s  a p p e a r e d  

and i t  was c o n c lu d e d  t h a t  t h i s  was due to  in c o m p le te  o x i d a t i o n  o f  

t h e  s u lp h u r  t o  s u lp h u r  t r i o x i d e  i n  s p i t e  o f  t h e  t e m p e r a t u r e ,  and



t h a t  t h e  r e m a in in g  p a r t i a l l y  o x i d i s e d  s u l p h u r  was l o s t  a s  

s u l p h u r  d i o x i d e  i n  company w i t h  t h e  n i t r i c  and  h y d r o c h l o r i c  

a c i d s .

5 . )  The s u c c e s s f u l  m e th o d  was b a s e d  on  t h e  f o l l o w i n g  

p r o c e d u r e : -

The s u l p h u r i c  a c i d  was n e u t r a l i s e d  and  t h e  a l k a l i  t i t r a ­

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

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

T h is  volum e o f  s t a n d a r d  BaClg s o l u t i o n  was e x c e e d e d  

s l i g h t l y  a n d  t h e  e x c e s s  b a r iu m  i o n  p r e c i p i t a t e d  a s  c h ro m a te  

b y  a d d i t i o n  o f  p o t a s s i u m  c h ro m a te  s o l u t i o n .

The com bined  p r e c i p i t a t e s  o f  b a r iu m  s u l p h a t e - c h r o m a t e  

w ere  f i l t e r e d ,  and t h e  c h ro m a te  d e t e r m in e d  b y  a d d in g  a c i d i f i e d  

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

w i t h  s t a n d a r d  sod ium  t h i o s u l p h a t e  s o l u t i o n .  H ence t h e  e x c e s s  

b a r iu m  c a n  b e  c a l c u l a t e d  and  f ro m  t h a t  t h e  amount r e q u i r e d  f o r  

s u l p h a t e .



14 .

P r o c e d u r e .

The p r o c e d u r e  recommended f o r  t h e  d e t e r m i n a t i o n  o f  

s u lp h u r  i n  o r g a n i c  compounds a l s o  c o n t a i n i n g  n i t r o g e n  and  h a l o g e n  

i s  a s  d e s c r i b e d  i n  P r e g l ’s Q u a n t i t a t i v e  O rg a n ic  M ic r o a n a l y s i s ,  

p ag e  30 o f  t h e  3 rd  E n g l i s h  E d i t i o n .

A f t e r  t h e  c o m b u s t io n ,  t h e  tu b e  i s  w ashed  o u t  w i t h  a b o u t  

10 c c . w a t e r ,  i n t o  a  100 c c .  b e a k e r .  The a c i d  s o l u t i o n  i s  

n e u t r a l i s e d  and  t h e  t i t r a t i o n  h e r e  g i v e s  t h e  u tm o s t  volum e o f  

BaClg s t a n d a r d  s o l u t i o n  r e q u i r e d  t o  p r e c i p i t a t e  t h e  s u l p h a t e  i n  

t h e  s o l u t i o n .  The b e a k e r  w i th  t h e  n e u t r a l i s e d  s o l u t i o n  i s  h e a t e d  

w h i l s t  t h i s  volum e o f  b a r iu m  c h l o r i d e  s o l u t i o n  i s  r u n  i n t o  i t .

The c o n t e n t s  o f  t h e  b e a k e r  a r e  c o o le d ,  and  an  e x c e s s  o f  p o t a s s iu m  

ch ro m a te  s o l u t i o n  a d d e d .  The b a r iu m  i o n  i s  a t  o n ce  p r e c i p i t a t e d  

a s  b a r iu m  c h ro m a te .

The com bined p r e c i p i t a t e s  o f  b a r iu m  s u l p h a t e  and  b a r iu m
22ch ro m ate  a r e  now f i l t e r e d  f r e e  o f  o t h e r  s a l t s  b y  an  Ermch 

f i l t e r  s t i c k ,  and  a r e  w ashed  w i t h  50% a l c o h o l .  Upon a d d i t i o n  

o f  an  e x c e s s  o f  h y d r o c h l o r i c  a c i d  t o  t h e  r e s i d u e  i n  t h e  b e a k e r  

and a ro u n d  t h e  f i l t e r  s t i c k ,  ch ro m ic  a c i d  i s  l i b e r a t e d .

The f i l t e r  s t i c k ,  w h ich  h o l d s  some o f  t h i s  a c i d  i n s i d e  

th e  sh a n k  i s  now r i n s e d  i n s i d e  and  o u t  w i t h  w a t e r ,  and  t a k e n  

o u t  o f  t h e  b e a k e r .

P o ta s s iu m  i o d i d e  ( a  c r y s t a l )  i s  now add ed  to  t h e  a c i d  

s o l u t i o n  an d  t h e  l i b e r a t e d  i o d i n e  t i t r a t e d  w i t h  sodium  t h i o s u l -  

p h a te  s t a n d a r d  s o l u t i o n ,  u s in g  a  d i l u t e  s t a r c h  s o l u t i o n  a s  t h e  

i n d i c a t o r .



1 5 .

T h is  t i t r a t i o n  d e t e r m in e s  t h e  e x c e s s  b a r iu m  i o n  p r e s e n t  

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

c a l c u l a t e d .



(3 )  M ic ro -M e th o x y l  D e t e r m i n a t i o n .

The r e c e n t  a c h ie v e m e n ts  o f  V ie b d c k  and S c h w a p p a c h ^  i n  

t h e  d e t e r m i n a t i o n  o f  M ethoxy l g r o u p s  on a  m acro  s c a l e ,  and  t h e  

a p p l i c a t i o n  o f  t h e i r  m e th o d  to  m ic ro  d e t e r m i n a t i o n s  b y  V ieb b ck
04

and B r e c h e r  l e d .  t o  a t t e m p t s  b e in g  made t o  em ploy th e  m ethod 

f o r  r o u t i n e  m ic ro  m e th o x y l  d e t e r m i n a t i o n .

A c c o rd in g  t o  t h e  above  w o r k e r s ,  when m ethy l i o d i d e ,  w h ich  

i s  l i b e r a t e d  f ro m  t h e  a l k o x y l  c o n t a i n i n g  body  by  r e a c t i o n  w i th  

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

a c id  c o n t a i n i n g  p o t a s s i u m  a c e t a t e ,  t h e  a l k y l  i o d i d e  r e a c t s  schem­

a t i c a l l y  t h u s : -

CH3 I  -> CH3 I B r 2 -> IB r  H I03

Upon a d d i t i o n  t o  th e  above  s o l u t i o n  o f  sodium  a c e t a t e ,  

and f o r m i c  a c i d ,  t h e  e x c e s s  o f  b ro m in e  i s  d e s t r o y e d ,  and  upon  

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

a t e d  a c c o r d i n g  t o  t h e  e q u a t i o n : -

H I03 + 5HI -> 3H20 + 61 .

That i s ,  f o r  e v e r y  m e th o x y l  r a d i c l e  p r e s e n t  i n  t h e  o r i g i n a l  com­

pound t h e r e  a r e  l i b e r a t e d  s i x  i o d i n e  atom s w h ic h  r e s u l t  i n  a  s i x ­

f o l d  t i t r a t i o n  a n d  c o n s e q u e n t ly  h e i g h t e n  t h e  a c c u r a c y  o f  t h e  

d e t e r m i n a t i o n .  The t i t r a t i o n  i s  o f  sodium  t h i o s u l p h a t e  w i th  a  

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

ch3or



25A rn d t  and  M a r t i n s  em ployed  t h i s  m ethod  i n  a n a l y s i s  o f  

a lk o x y l  compounds c o n t a i n i n g  s u l p h u r  and  n i t r o g e n ,  u s in g  w e ig h t s  

o f  from  2 5 -5 0  mg. s u b s t a n c e .  They fo u n d  t h e  m ethod  s a t i s f a c t o r y .

V ie b d c k  and  B r e c h e r  u s e d  w e ig h t s  o f  from  1 -5  mg. b u t  on 

a t t e m p t i n g  t o  r e p e a t  t h i s  w ork  a  num ber o f  d i f f i c u l t i e s  w ere  e n ­

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

w ash ing  s o l u t i o n  h a d  b e e n  made t h e s e  d i f f i c u l t i e s  w ere  f i n a l l y  

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

I n  t h e  e x p e r i m e n t a l  p a g e s  o f  t h i s  w ork  a r e  f o u n d  d e t a i l s  

showing t h a t  t h e  a b s o r b in g  s o l u t i o n  recommended b y  V ieb d ck  and 

h i s  c o -w o rk e r s  i s  i n f l u e n c e d  by  l i g h t ,  h e a t ,  d i l u t i o n ,  and  t im e  

o f  s t a n d i n g ,  a l l  o f  w h ich  f a c t o r s  p ro m o te  t h e  f o r m a t i o n  o f  a 

s u b s t a n c e  w h ic h  r e a c t s  w i t h  a c i d  p o ta s s iu m  i o d i d e  s o l u t i o n  a s

does HI0_ l i b e r a t i n g  i o d i n e .  I t  i s  p resu m ed  t h a t  t h i s  s u b s t a n c e
o

i s  HBrOj. V ie b d c k  a c k n o w le d g e s  t h e  p o s s i b l e  f o r m a t i o n  o f  t h i s  

compound, and  s u g g e s t s  t h a t  i t  i s  b r o u g h t  a b o u t  b y  t h e  p r e s e n c e  

o f  u n d i s s o l v e d  sod ium  a c e t a t e  i n  t h e  s o l u t i o n  p r i o r  to  t h e  a d d i ­

t i o n  o f  t h e  f o r m ic  a c i d .

P r o b a b ly  he  i n t e n d e d  t o  s a y  t h a t  i t s  f o r m a t i o n  was due  t o  

to o  l i t t l e  d i s s o l v e d  sodium  a c e t a t e .

The e r r o r s  t o  w h ich  V i e b d c k 's  s o l u t i o n  g a v e  r i s e  w ere  

e n t i r e l y  overcom e b y  u s in g  a s  a b s o r b in g  s o l u t i o n  b ro m in e  d i s ­

s o lv e d  i n  aq u e o u s  p o ta s s iu m  b r o m id e .



L . L ead  b a s e .
M. M icro  'b u r n e r .

I .  I c e  w a t e r .

B . B o i l i n g  f l a s k .

V. V e r s e h lu s s 'b a b s c h e n ."
S .  A s b e s to s  s h i e l d .

A. A b s o r p t i o n  t u b e s .

W. W ash ing  c h am b er .



1 8 .

P r o c e d u r e .

The a p p a r a t u s  ( f i g ,  o p p o s i t e )  i s  a f t e r  L ieb^® , and  w i t h  

t h e  e x c e p t i o n  o f  t h e  a b s o r b i n g  v e s s e l s ,  i s  made o f  J e n a  g l a s s .

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

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

on a  r e t o r t  s t a n d .  About 3 c c .  h y d r i o d i c  a c i d  i s  p i p e t t e d  i n t o

t h e  b o i l i n g  f l a s k  v i a  t h e  s i d e  arm , and  a  k n i f e  edge o f  p h o s p h o r ­

ous d ro p p e d  i n  t o  p r e v e n t  bum ping d u r in g  t h e  b o i l i n g  o f  t h e  a c i d

i n  t h e  f l a s k .  Enough w a sh in g  s o l u t i o n  ( s o d iu m  b i c a r b o n a t e  s a t ­

u r a t e d  s o l u t i o n  i s  e f f i c i e n t )  p u t  i n t o  t h e  w ash in g  cham ber t o  

j u s t  c o v e r  t h e  t i p  o f  t h e  d e l i v e r y  tu b e  e n t e r i n g  f ro m  t h e  b o i l i n g  

f l a s k .

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

e s t i m a t i o n  b y  a d d in g  0 .0 5  c c .  b ro m in e  t o  18 c c .  20%, aq u eo u s  

p o ta s s iu m  b ro m id e  s o l u t i o n .  T h is  s o l u t i o n  i s  made hom ogeneous 

and d i v i d e d  i n t o  two e q u a l  p a r t s .

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

c o n t r o l  and  i s  k e p t  u n d e r  t h e  same c o n d i t i o n s  a s  t h e  a b s o r b in g  

s o l u t i o n  p r o p e r ,  t h e  9 c c .  o f  w h ich  a r e  d i v i d e d  so t h a t  t h e  

f i r s t  o f  t h e  a b s o r b in g  tu b e  r e c e i v e s  a b o u t  7 c c .  and t h e  s e c o n d  

th e  r e m a i n d e r .

Hie t u b e s  a r e  f i t t e d  i n t o  p o s i t i o n ,  and  th e  s t o p p e r  a t  

t h e  t o p  o f  t h e  v e r t i c a l  d e l i v e r y  tu b e  l e a d i n g  i n t o  th e  a b s o r b in g

sy s tem  i s  m o is t e n e d  and  i n s e r t e d  i n t o  p l a c e .

The " v e r s c h l u s s s t a .b s c h e n ” and CC>2 d e l i v e r y  tu b e  a r e  now

a f f i x e d  i n  p o s i t i o n  and  t h e  s t r e a m  o f  g a s  s e t  g e n t l y  g o i n g .



( The " v e r s c h l u s s s t a b s c h e n "  s h o u ld  be  a  n e a t  f i t  f o r  t h e  s i d e  

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

t h e  COg s t r e a m  u n i f o r m l y  i n t o  t h e  b o i l i n g  f l a s k .  ) The f lo w  o f  

COg i s  r e g u l a t e d  to  a l lo w  o n l y  two b u b b le s  t o  b e  i n  t h e  a b s o r b ­

in g  s o l u t i o n  a t  one t i m e .

When t h e  COg s t r e a m  h a s  b e e n  r e g u l a t e d  t h e  v e r s c h l u s s t a b -  

s c h e n  and  d e l i v e r y  tu b e  a r e  w ith d ra w n  and  t h e  t i n  f o i l  t u b e  con ­

t a i n i n g  t h e  w e ig h e d  o u t  compound s l i p p e d  i n t o  t h e  b o i l i n g  f l a s k ,  

and  t h e  s i d e  arm c l o s e d  a g a i n .

H e a t in g  i s  commenced g e n t l y ,  w i t h  a  m ic ro  f la m e  a b o u t

1  cm, o f  w h ich  i s  v i s i b l e ,  and  t h e  t i p  o f  w h ich  i s  a b o u t  1 cm. 

from  t h e  b o t to m  o f  t h e  b o i l i n g  f l a s k .

The t i n  f o i l  t u b e  c o n t a i n i n g  t h e  compound i s  made by  

c u t t i n g  a  p i e c e  o f  t i n  f o i l  a b o u t  1 cm. s q u a re  and  r o l l i n g  t h i s  

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

The w e ig h t  o f  compound t a k e n  s h o u ld  be  1 -5  mg.

H e a t in g  i s  c o n t in u e d  f o r  40 m in u te s ,  i . e . ,  a b o u t  5 m in ­

u t e s  a f t e r  bum ping b e g i n s .

T h e r e a f t e r ,  t h e  com bined a b s o r b in g  s o l u t i o n s  a r e  w ashed  

i n t o  a  f l a s k  w i t h  45  c c .  o f  25% p o ta s s iu m  a c e t a t e  s o l u t i o n  and  

th e  b ro m in e  d e s t r o y e d  by a d d i t i o n  o f  f o r m ic  a c i d  (1  c c .  o f  85%).

2 c c .  o f  10% p o ta s s iu m  i o d i d e  s o l u t i o n  i s  added  and  25 c c .  o f  

5N s u l p h u r i c  a c i d  add ed  and  t h e  l i b e r a t e d  i o d i n e  t i t r a t e d  w i t h  

^ /5 0  sodium  t h i o s u l p h a t e  s o l u t i o n .

The c o n t r o l  i s  s i m i l a r l y  t r e a t e d  and  any  t i t r a t i o n  f o r  

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



G e n e r a l l y  t h e  c o n t r o l  i s  n o t  m ore t h a n  0 .1 0  cc* r e p r e s e n t i n g  1-3% 

o f  t h e  t o t a l  t i t r a t i o n .

D u r in g  t h e  e x p e r im e n t  t h e  c o n t r o l  and  a b s o r b in g  v e s s e l s  

a r e  c o n t a i n e d  i n  a  d a r k e n e d  b e a k e r  c o n t a i n i n g  i c e  w a t e r .

A f t e r  e a c h  e x p e r im e n t  t h e  h y d r i o d i c  a c i d  w i t h  c r u s t  o f  

t i n  c h l o r i d e  and  o r g a n i c  r e s i d u e  i s  w i th d ra w n  f ro m  th e  b o i l i n g  

f l a s k ,  p u t  i n t o  a  r e s i d u e  b o t t l e  and th e  c o n t e n t s  o f  t h i s  f i l t e r e d  

from  t im e  t o  t im e  and  t h e  a c i d  u s e d  o v e r  a g a i n .

T h is  was f o u n d  t o  be  an  a d v a n ta g e  o v e r  t h e  m ethod  o f  

d o in g  t h r e e  o r  more e x p e r im e n t s  w i th  one f i l l i n g  o f  a c i d .



(4) The E s t i m a t i o n  o f  C arb o n  and. H ydrogen  i n
O rg a n ic  Compounds.

(a) The u s e  o f  a  P t /R h  c o n t a c t  i n s t e a d  o f  
P r e g l 1a t J n i v e r s a l  f i l l i n g .

(h) A new p r i n c i p l e  f o r  t h e  e l i m i n a t i o n  o f  
o x id e s  o f  n i t r o g e n .

The c o m p le te n e s s  w i t h  v/hich t h e  c o m b u s t io n  o f  s u l p h u r ,  -  

and h a lo g e n  -  c o n t a i n i n g  compounds was e f f e c t e d  w i t h  P t /R h  

c o n t a c t  s u g g e s t e d  t h a t  a  s i m i l a r  m ethod  m ig h t  h e  a p p l i c a b l e  to  

t h e  d e t e r m i n a t i o n  o f  c a r b o n  an d  h y d ro g e n .
'Z

The P r e g l  f i l l i n g  c o n s i s t s  o f  s u i t a b l y  s p a c e d  c o p p e r  

o x id e ,  l e a d  c h ro m a te ,  s i l v e r  f o i l ,  a s b e s t o s  an d  l e a d  p e r o x i d e .

The l e a d  compounds an d  t h e  a s b e s t o s  a r e  h y g r o s c o p ic  an d  

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

w h i l s t  t h e  l e a d  p e r o x i d e  s u f f e r s  t h e  f u r t h e r  d raw b ack  o f  rem o v in g  

o x id e s  o f  n i t r o g e n  o n ly  i n  t h e  c o m p a r a t i v e l y  s m a l l  t e m p e r a t u r e

r a n g e  1 9 0 ° -2 2 0 ° C .

Below t h e  fo rm e r  t e m p e r a t u r e  i t  com bines  w i th  t h e  o x id e s  

o f  n i t r o g e n  to o  s lo w ly ,  w h i l s t  above  220°C i t  decom poses a n d  

f o u l s  t h e  c o m b u s t io n  t u b e .

The a im  o f  t h i s  work was to  overcom e t h e  n e c e s s i t y  to  

u s e  P r e g l Ts  U n i v e r s a l  f i l l i n g ,  an d  t h e  fo re m o s t  a l t e r a t i o n s  i n  

t h e  s y s te m  w ere  t h e  u s e  o f  t h e  p la t in u m - r h o d iu m  g a u z e  and  t h e  

i n t r o d u c t i o n  o f  a  c o n s t r i c t i o n  a t  t h e  e x i t  w h ich  p e r m i t t e d  th e  

g a s e s  to  f lo w  a t  3 c c . / m i n .  th u s  o v e rco m in g  t h e  n eed  f o r  a n  

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



2 Z .

llo d i f f i c u l t i e s  Y/ere e x p e r i e n c e d  i n  t h e  a n a l y s i s  o f  

s u b s t a n c e s  c o n t a i n i n g  o n ly  c a r b o n  a n d  h y d ro g e n  (a n d  oxygen) 

when t h e  P t / R h  c o n t a c t  was u s e d ,  a n d  t h e  few  s u b s t a n c e s  a n a l y s e d  

( s e e  p a g e  61) w ere  s u f f i c i e n t  t o  g iv e  th e  w ork a  f o u n d a t i o n  

f o r  t h e  n e x t  s t e p ,  -  t o  t r y  to  overcom e t h e  p r o d u c t i o n  o f  n i t r o g e n  

o x id e s  i n  t h e  c o m b u s t io n  o f  n i t r o g e n  c o n t a i n i n g  . s u b s t a n c e s .

The i d e a  was t h a t  i n  d ecom posing  a  compound c o n t a i n i n g  

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

o x y g en , a l l  t h e  n i t r o g e n  i s  l i k e l y  to  b e  l i b e r a t e d  a s  e l e m e n ta r y  

n i t r o g e n .  I n  t h i s  way a n y  o x id e  o f  n i t r o g e n  i n i t i a l l y  p ro d u c e d  

i n  t h e  d e c o m p o s i t i o n  o f  t h e  compound w ou ld  be r e d u c e d  t o  m o le c u la r  

n i t r o g e n  by t h e  c a r b o n  an d  h y d ro g e n  s t i l l  u n o x i d i s e d .

T h is  was e f f e c t e d  by t h e  p r e l i m i n a r y  c h a r r i n g  o f  t h e  

compound i n  a  c l o s e d  tu b e  i n t r o d u c e d  i n t o  t h e  c o m b u s t io n  tu b e  

i n s t e a d  o f  t h e  u s u a l  b o a t .  The c l o s e d  tu b e  was t h e n  o p en ed  i n  

s i t u ,  a n d  t h e  e n t e r i n g  oxygen  o x i d i s e d  a n d  sw ep t o u t  t h e  c o n t e n t s  

o f  t h e  t u b e .

The d r i e d  g a s e o u s  p r o d u c t s  o f  c o m b u s t io n  e t c .  w ere  p a s s e d  

I n to  p o ta s s iu m  i o d i d e  s o l u t i o n ,  and  t h e  l i b e r a t e d  i o d i n e  i n d i c a t e d  

th e  q u a n t i t y  o f  n i t r i c  a c i d  ( I 0 2 ) fo rm ed  i n  t h e  c o m b u s t io n .

As m a n i p u l a t i o n  im proved  t h e  amount o f  l i b e r a t e d  i o d i n e  

became s m a l l e r  ( a s  a s c e r t a i n e d  by t i t r a t i o n  w i t h  s t a n d a r d  sodium  

t h i o s u l p h a t e  s o l u t i o n )  u n t i l  a  p r o c e s s  was e v o lv e d  w h ereb y  ev en  

p i c r i c  a c i d  l i b e r a t e d  no i o d i n e .



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

d i o x i d e ,  t h e  t a b l e  on  p a g e  61 o f  t h e  e x p e r i m e n t a l  s e c t i o n  i l l u s ­

t r a t e s  t h e  m e a su re  o f  s u c c e s s  i n  r e p l a c i n g  t h e  P r e g l  U n i v e r s a l  

f i l l i n g  w i t h  P t / R h  g a u z e .



F ig .  1 .

C o n s t r i c t i o n  i n  C om bustion  Tube .
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Procedure .

(T h e  c o m b u s t io n  tu b e  was o f  t h e  t y p e  u s e d  b y  P r e g l ,  

w i t h  t h e  e x i t  c o n s t r i c t e d  a s  shown i n  f i g .  1 on  p a g e  o p p o s i t e .  

The a b s o r p t i o n  t u b e s  a l s o  w ere  o f  t h e  P r e g l  t y p e .  The w a t e r  

a b s o r b in g  medium was "A nhydrone , " and  t h e  c a r b o n d i o x i d e  medium 

" C a r b o s o r b ."  A m e rc u ry  m anom eter was s u b s t i t u t e d  f o r  t h e  P r e g l  

b u b b le  c o u n t e r .  The a p p a r a t u s  was a s se m b le d  a s  P r e g l ’s .  Hie 

c a t a l y s t  P t /R h  g a u z e  was h e a t e d  by  a  c y l i n d r i c a l  e l e c t r i c  

f u r n a c e , t o  4G 0°-5G 0°C .)

F o r  t h e  e s t i m a t i o n  o f  C arbon  and  H ydrogen i n  compounds 

c o n t a i n i n g  o n ly  C arbon , H ydrogen  and  Oxygen.

The a p p a r a t u s  was a s s e m b le d  a s  d e s c r i b e d  i n  P r e g l ’s 

Q u a n t i t a t i v e  O rg a n ic  M ic r o a n a l y s i s  ( 3 r d  Edn. E n g l i s h  T r a n s l a t i o n  

p age  30 ) ,  The g a s  f lo w  s e t  a t  3 c c ,  p e r  m in u te  and t h e  c a r b o n  

d i o x i d e  t u b e  t a k e n  o f f  a f t e r  sw eep ing  o f  t h e  c o m b u s t io n  tu b e  

was o v e r  w ip ed  a c c o r d in g  t o  P r e g l  and  w e ig h ed  a t  t h e  1 0 th  

m i n u t e .

F iv e  m in u te s  a f t e r  t h e  c a r b o s o r b  tu b e  i s  t a k e n  o f f ,  t h e  

a n h y d ro n e  tu b e  i s  d i s c o n n e c t e d  from  t h e  c o m b u s t io n  tu b e  and  i t  

i s  t r e a t e d  a s  t h e  c a r b o s o r b  tu b e  and  w e ig h ed  a t  t h e  1 0 th  m in u te  

a f t e r  d i s c o n n e c t i o n .  ( P r e g l  t a k e s  b o t h  o f f  a t  o n c e ,  w e ig h s  t h e  

c a rb o n  d i o x i d e  tu b e  a t  t h e  1 0 th  m in u te ,  and t h e  w a t e r  tu b e  a t  

t h e  1 5 t h . )

The c o m b u s t io n  and  w e ig h in g  o f  p r o d u c t s  a r e  c a r r i e d  o u t  

i n  t h e  m anner d e s c r i b e d  by P r e g l .



A few  compounds w ere  a n a ly s e d  b y  t h i s  m e th o d  q u i t e  s u c ­

c e s s f u l l y ,  and  i t  was d e c id e d  t o  go on t o  t h e  m ore e x a c t i n g

s tu d y  o f  t h e  d e s t r u c t i o n  o f  t h e  o x id e s  o f  n i t r o g e n .

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

i s  a s  f o l l o w s

A 1 cm. d i a m e t e r  s o f t  g l a s s  tu b e  i s  d raw n  o u t  i n t o  c a p ­

i l l a r y  t u b i n g ,  t h e  c a p i l l a r y  b e in g  a b o u t  mm. b o r e  and  v e r y  

f r a g i l e .  T h is  i s  c u t  o f f  i n t o  l e n g t h s  o f  a b o u t  5 cm .,  e a c h  l e n g t h  

i s  a p p r o x i m a te ly  t h e  same w e i g h t .  They a r e  s e a l e d  a t  one  e n d .

One o f  t h e s e  t u b e s  (A) c o u n t e r p o i s e d  a g a i n s t  a n o t h e r  i s  

w e ig h e d ,  t h e n  a  q u a n t i t y  o f  t h e  n i t r o g e n  c o n t a i n i n g  compound 

i n t r o d u c e d  i n t o  i t ,  a s  a  m e l t i n g  p o i n t  tu b e  i s  f i l l e d .  The tu b e

i s  a g a i n  w e ig h e d ,  ( a b o u t  2 -4  mg. w e ig h t  o f  s u b s t a n c e  s h o u ld  be

c o n t a i n e d  t h e r e i n )  t h e n  s e a l e d  a b o u t  m id way a lo n g  i t s  l e n g t h ,  

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

4 mm. d i a m e t e r  an d  1 mm. t h i c k  i s  s e a l e d  a t  one e n d ,  and  th r o u g h  

t h e  o p e n  end  i s  i n t r o d u c e d  a  2 cm. lo n g  c o i l  o f  c o p p e r  o x i d i s e d  

s u p e r f i c i a l l y  ( i n  b low  p i p e  f l a m e ) .  T h is  i s  a l lo w e d  t o  c o o l  ' 

s l i g h t l y .  Then t h e  s m a l l  2 cm. lo n g  s e a l e d  tu b e  i s  n o t c h e d  

a ro u n d  t h e  to p  end w i t h  a  g l a s s  k n i f e ,  and i s  d r i e d  w i t h  a  cham­

o i s  l e a t h e r  and  s l i p p e d  i n t o  t h e  tu b e  c o n t a i n i n g  t h e  c o p p e r  o x id e  

c o i l  w i t h  t h e  n o t c h e d  end to w a rd s  t h e  open  end o f  t h i s  o u t e r  t u b e .

About 4 cm. from  t h e  s e a l e d  end , t h i s  t u b e  i s  d raw n o u t  

u n t i l  a  f i n e  t h r e a d - l i k e  c a p i l l a r y  i s  o b t a i n e d .  The open  end  o f  

t h e  t u b e  i s  now a f f i x e d  to  t h e  s u c t i o n  pump and  t h e  t u b e  e v a c u a te d  

c o n s i d e r a b l y .  The c a p i l l a r y  i s  s e a l e d  and  t h e  o p e n  end o f  t h e  

tu b e  b r o k e n  o f f .
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T h is  c o n s t i t u t e s  t h e  c h a r g e .

By c a r e f u l  s h a k in g ,  t h e  s m a l l  i n n e r  tu b e  can  b e  made 

t o  b r e a k  w i t h o u t  s p i l l i n g  t h e  c o n t e n t s  i n t o  t h e  o u t e r  t u b e .

The o u t e r  " b u l l e t ” i s  now w ip ed  w i th  a  cham ois  l e a t h e r  

and  i n t r o d u c e d  i n t o  t h e  c o m b u s t io n  t u b e .  The C arbon  D io x id e  

t u b e  h a s  p r e v i o u s l y  b e e n  w e ig h ed , i n  a c c o r d a n c e  w i th  t h e  sy s te m  

d e v e lo p e d  f o r  C and H a b o v e .  W ater  i s  n o t  c o n s id e r e d  h e r e  a t  

p r e s e n t ,  f o r  t h e  d i f f i c u l t y  o f  k e e p in g  t h e  " b u l l e t "  t u b e s  t h o r ­

o u g h ly  d r y  d u r in g  e x p e r i m e n t a t i o n  a lw ay s  t e n d e d  to  make t h e s e  

r e s u l t s  h i g h .

A f t e r  t h e  i n s e r t i o n  o f  t h e  " b u l l e t ’̂  h e a t i n g  w i t h  a  n a k e d  

f la m e  i s  commenced a ro u n d  i t  and  t h e  compound b e g in s  t o  d i s t i l l  

o u t  o f  t h e  s m a l l  t u b e  i n t o  t h e  a r e a  o f  t h e  Copper O x id e .  C om plete  

r e d u c t i o n  o f  t h e  o x id e  i s  n o t i c e d  and  on  i n t e n s i f y i n g  t h e  h e a t i n g  

t h e  r e m a in d e r  o f  t h e  compound, w h ich  i s  i n  a  v o l a t i l e  s t a t e  now, 

b e g in s  t o  decom pose t h o r o u g h l y  and c h a r r i n g  i s  v i s i b l e  i n s i d e  

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

r e d u c e d  and  t h e  b u l l e t  a l lo w e d  t o  c o o l .  The h e a t i n g  an d  c o o l i n g  

t a k e  l e s s  t h a n  10 m i n u t e s .

Now, t h e  c o m b u s t io n  tu b e  m ust n e c e s s a r i l y  be  a b l e  t o  

s ta n d  up t o  t h i s  h e a t i n g  w i t h  a  n a k e d  f la m e  and  f o r  t h a t  r e a s o n  

a  s i l i c a  t u b e  i s  u s e d .  The co m b u s t io n  tu b e  h a s  a l s o  t o  s t a n d  a 

c e r t a i n  amount o f  s t r e n u o u s  h a n d l i n g ,  a s  w i l l  be  s e e n  i n  th e  n e x t  

s t e p ,  w h ich  g l a s s  c o u ld  n o t  lo n g  s u r v i v e .

At t h e  e n t r a n c e  to  t h e  f u r n a c e  i n  t h e  c o m b u s t io n  t u b e  i s  

a. c o n s t r i c t i o n  w i t h  a  s i l i c a  p lu g  a lm o s t  f i l l i n g  t h e  t u b e .
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And when t h e  c o o l i n g  o f  t h e  s m a l l  tu b e  i s  o v e r ,  i t  i s  

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

t h r o u g h  t h e  s t o p p e r  ( r u b b e r )  a t  t h e  e n t r y  end o f  t h e  c o m b u s t io n  

t u b e .

H e a t in g  i s  commenced a g a i n  j u s t  b e h in d  t h e  b u l l e t  t u b e ,  

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

i l l a r y  l i k e  n o s e  o f  i t  b r e a k s , *

The b u n s e n  i s  now a p p l i e d  a t  t h e  b a s e  o f  t h e  " b u l l e t "  

and  o x i d a t i o n  t a k e s  p l a c e  w i t h i n  t h e  b u l l e t  s lo w ly  a s  t h e  oxygen  

e n t e r s .

A p r o c e s s  o f  h e a t i n g  and c o o l i n g  c o n t i n u e s  on  t h e  

b u l l e t  f o r  some 10  m in u te s  d u r in g  w h ic h  oxygen  s lo w ly  e n t e r s  

t h e  t u b e  and  d r i v e s  o u t  c a rb o n  d i o x i d e ,  e t c .  The c o p p e r  i s  

r e - o x i d i s e d  and may be  r e c o v e r e d  f o r  f u t u r e  u s e .  The p r o d u c t s  

o f  c o m b u s t io n  a r e  sw ep t i n t o  t h e  a b s o r p t i o n  t u b e s  a s  b e f o r e ,  

and  t h e  c a r b o s o r b  tu b e  w e ig h ed  i n  t h e  u s u a l  m a n n e r .

The r e s u l t s  f o r  t h i s  m ethod  o f  c o m b u s t in g  a r e  e n t e r e d  

i n  t h e  e x p e r im e n ta l  s e c t i o n  o f  t h i s  w o rk .

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

p r e m a tu r e  b u r s t i n g .



E X P E R  I  M E N T A L .



F o r  Combined H a lo g e n -S u lp h u r  D e t e r m i n a t i o n .

28.

Ammonium T h io c y a n a te  and  I r o n  Alum. V o lh a r d 9 ; Gowie
Q

and  G ib s o n  .

Gowie and  G ib so n  a p p l i e d  V o l h a r d 's  m ethod  t o  t h e  e s t i m a ­

t i o n  o f  s m a l l  am ounts  o f  c h l o r i d e  i n  s o l u t i o n .

The m a in  d i f f i c u l t y  i n  th e  o p e r a t i o n  o f  t h e  m eth o d  i s  

t h e  o b s e r v a t i o n  o f  t h e  end p o i n t .

A t te m p ts  w ere  made t o  i n t e n s i f y  t h e  s h a r p n e s s  o f  t h e  end

p o i n t .

l a .  By f i l t r a t i o n  an d  c o n c e n t r a t i o n  o f  f i l t r a t e .

To i n c r e a s e  th e  s e n s i t i v i t y  o f  t h e  end p o i n t ,  i t  was 

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

The s i l v e r  c h l o r i d e  was p r e c i p i t a t e d  b y  s lo w ly  a d d in g  

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

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

and  a t  t h i s  p o i n t ,  i t  h a s  b e e n  d e te r m in e d ,  p r e c i p i t a t i o n  i s  com­

p l e t e .  The c o a g u l a t i o n  p o i n t  i t s e l f  i s  n o t  s e n s i t i v e  enough to  

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

a b le  i n d i c a t i o n  o f  t h e  a p p ro a c h  o f  t h i s  .

The p r e c i p i t a t e  was f i l t e r e d  o f f  and  w ashed w i th  d i s t i l l e d  

w a t e r ,  t h e  f i l t r a t e  t h e r e a f t e r  b e in g  c o n c e n t r a t e d ,  t o  a b o u t  l / 3  

o r i g i n a l  vo lum e, s a y  10 c c . ,  i r o n  alum ad d ed ,  and  t i t r a t i o n  w i t h  

ammonium t h i o c y a n a t e  p ro c e e d e d  w i t h .

The i n c r e a s e  i n  s e n s i t i v i t y  was n o t  s u f f i c i e n t  t o  m e r i t  

a c c e p ta n c e  o f  t h e  m eth o d .



l b .  W ith  alum  a s  e x t e r n a l  i n d i c a t o r ,  w i t h  c a p i l l a r y  t u b e .

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

end  p o i n t ,  t h e  f i l t r a t i o n - c o n c e n t r a t i o n  sy s tem  above  was a d o p te d ,  

and  t i t r a t i o n  w i t h  ammonium t h i o c y a n a t e  c a r r i e d  o u t  w i t h  i r o n  

alum  a s  e x t e r n a l  i n d i c a t o r .  The alum  was s p o t t e d  on  a g l a s e d  

p o r c e l a i n  t i l e ,  and  s m a l l  d ro p s  o f  t e s t  s o l u t i o n  w ere  e x t r a c t e d  

a f t e r  e a c h  d r o p - w is e  a d d i t i o n  o f  t h i o c y a n a t e ,  b y  means o f  a 

c a p i l l a r y  t u b e  and  s p o t t e d  on  t h e  i n d i c a t o r .  The volum e o f  s o l u ­

t i o n  e x t r a c t e d  b y  c a p i l l a r y  was a b o u t  0 .0 2  c c .  The m eth o d  was 

n o t  a  s u c c e s s  a s  t h e  r e d  i r o n  s a l t  was fo rm ed  i r r e g u l a r l y  a lo n g  

a  s e r i e s  o f  s p o t s  o f  a lu m .

1 c o A b s o r p t io n  L a y e r .

Amyl a l c o h o l  and  e t h e r  w ere  added  to  t h e  s o l u t i o n  co n ­

t a i n i n g  t h e  e x c e s s  s i l v e r  n i t r a t e ,  and fo rm ed  a  l a y e r  on th e  

s u r f a c e  o f  t h e  w a t e r .  I r o n  alum was p r e s e n t  i n  t h e  s o l u t i o n .  

F e r r i c  t h i o c y a n a t e  and s i l v e r  t h i o c y a n a t e  may be  p a r t i a l l y  s e p a ­

r a t e d  f rom  e a c h  o t h e r  by  th e  o r g a n i c  l a y e r  w hich  t e n d s  t o  h o l d  

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

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

c o m p le te ,  t h e  s i l v e r  t h i o c y a n a t e  p r e c i p i t a t e  l i n g e r i n g  n e a r  t h e

i n t e r f a c e  o f  t h e  two l a y e r s .

The u se  o f  ammonium t h i o c y a n a t e  and  i r o n  a lum  was d i s ­

c o n t in u e d  b e c a u s e  o f  t h e  i n d e f i n i t e n e s s  o f  t h e  end  p o i n t .



30.

l a .  Sodium c h l o r i d e  t i t r a t e d  w i th  a c i d u l a t e d  s i l v e r  n i t r a t e  

s o l u t i o n  t o  a  p o i n t  i n  e x c e s s  o f  c o a g u l a t i o n  p o i n t .  Ammonium 

t h i o c y a n a t e  t i t r a t e d  t h e  e x c e s s  s i l v e r  n i t r a t e ,  i r o n  alum  a s  

i n t e r n a l  i n d i c a t o r .  Volume o f  s o l u t i o n  » 25 c c .  I r o n  alum  

u s e d  0 .5  c c .  1% s o l u t i o n .

Sodium AgN03 NH4CNS AgN03 f o r NaCl
C h lo r id e fo u n d r e q d .
N .F .0 .0 1 0 1 ) ( 0 .0 1 4 1 ) ( 0 .0 0 6 6 8 )

c c . c c . c c . c c . c c .

5 3 .9 5 1 .1 1 3 .4 2 3 .5 8
5 3 .8 0 0 .5 7 3 .5 3 w
5 3 .7 3 0 .1 2 3 .6 7 ti
5 3 .6 9 0 .1 4 3 .6 2 tt
5 3 .7 0 0 .4 2 3 .4 9 it
5 3 .6 1 0 .1 7 3 .5 2 if
5 3 .7 5 0 .3 7 3 .5 7 if

l b .  S p o ts  o f  i r o n alum  s o l u t i o n  w ere  p l a c e d  on  a t i l e  and

t o  s o l u t i o n c o n t a i n i n g 5 c c .  sodium c h l o r i d e  3 .7 5  c c . S i l v e r

N i t r a t e  s o l u t i o n  was added  s lo w ly  and  w i th  s h a k in g .

From n o r m a l i t y  o f  s o l u t i o n s .

5 .0 0  cc .N aC l S o In .  * 3 .5 8  c c .  AgNOg S o ln .  

t h i s  g a v e  an  e x c e s s  o f  AgNO^ S o ln .  « 0 .1 7  c c .

The p p te ,  was f i l t e r e d  o f f  and  w ashed w i t h  h o t  a c i d u l a t e d  

w a t e r .  The f i l t r a t e  and  w a s h in g s ,  a b o u t  30 -40  c c . ,  w ere  e v a p o ­

r a t e d  down t o  10 c c . ,  and t i t r a t e d  w i th  ammonium t h i o c y a n a t e  

w i th  t h e  f o l l o w i n g  r e s u l t s .
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l c .  No r e s u l t s  w ere  o b t a i n e d  f o r  t h e  a b s o r p t i o n  l a y e r  m ethod  

s i n c e  t h i s  was an  o b s e r v a t i o n  o f  c o lo u r  i n t e n s i t y  i n  th e  f i r s t  

c a s e .

2 a . P o t a s s iu m  C h ro m a te . M ohr^^.

The sodium  c h l o r i d e  s o l u t i o n  ( a b o u t  3 -5  c c .  m e a su re d  

a c c u r a t e l y )  was d i l u t e d  to  10 c c .  and  a b o u t  0 . 5  c c .  1% P o ta s s iu m  

Chrom ate ad d ed  a s  i n d i c a t o r .  The r e s u l t s ,  t a b u l a t e d  below, show 

h i g h  g e n e r a l l y .  The end p o i n t s  w ere v i s i b l e  o n ly  w i th  d i f f i c u l t y .

2 b .  The u s e  o f  c a p i l l a r y  tu b e  was a g a in  r e s o r t e d  t o ,  i n  o r d e r  

t o  i n t e n s i f y  t h e  s h a r p n e s s  o f  th e  end p o i n t .  P o ta s s iu m  Chrom ate 

was u s e d  e x t e r n a l l y  a s  i n d i c a t o r .  The r e s u l t s  d i d  n o t  show an y  

im provem en t o v e r  t h e  o n es  o b t a i n e d  i n  t h e  f i r s t  i n s t a n c e .  The 

s o l u t i o n  was sh a k e n  b e f o r e  e ach  c a p i l l a r y  s p o t  was e x t r a c t e d .

2a . P o ta s s iu m  Chrom ate a s  i n t e r n a l  i n d i c a t o r .

Sodium C h lo r id e  

( 0 . 0 1 0 1 )

3 .0 0  c c . 
3 .5 0  c c .  
3 .9 8  c c .  
4 .50 c c . 
4 .7 4  c c .
5 .0 1  c c .

S i l v e r  N i t r a t e

(0 .0 1 2 7 )

fo u n d

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

r e q u i r e d

2 .4 0  c c .  
2 .8 0  c c .  
3 .1 6  c c . 
3 .5 8  c c .  
3 .7 7  cc  o 
3 .9 9  c c .

3 .  P o t a s sium  C y a n id e .

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

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



and w a s h e d .  The f i l t r a t e  was t r e a t e d  w i t h  KCN s o l u t i o n .  A 

p r e c i p i t a t e  fo rm ed  and  t h i s  s lo w ly  d i s s o l v e d  on  c o n t in u e d  a d d i ­

t i o n  o f  P o ta s s iu m  C y a n id e .  No p o i n t  was d e te r m in e d  w here  t h e  

l a s t  s o l i d  p a r t i c l e  r e d i s s o l v e d ,  a h a z i n e s s  e x i s t i n g  i n  t h e  

s o l u t i o n  lo n g  a f t e r  enough KCN had  b e e n  added  t o  r e d i s s o l v e  t h e  

AgNO^.

S i l v e r  I o d a t e .
12B e re n d s  s u g g e s t e d  m ethod f o r  c h l o r i d e  d e t e r m i n a t i o n  

d e p e n d s  on  t h e  i n s o l u b i l i t y  o f  s i l v e r  i o d a t e  i n  20% a l c o h o l i c  

s o l u t i o n .

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

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

h o l i c  s o l u t i o n  a l s o . I n  o r d e r  t o  overcom e t h i s  unw anted  p r e c i p i ­

t a t i o n ,  n i t r i c  a c i d  may be a d d e d .  U n f o r t u n a t e l y  t h e  n i t r i c  a c i d  

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

M ethod . (Sodium  c h l o r i d e  s o l u t i o n  t r e a t e d  w i th  S i l v e r  

N i t r a t e  s o l u t i o n ,  t h e  e x c e s s  n i t r a t e  f i l t e r e d  o f f  and  t r e a t e d  

w i th  p o t a s s i u m  i o d a t e ) .

S i l v e r  i o d a t e  p r e c i p i t a t e d ,  e x c e s s  p o ta s s iu m  i o d a t e  f i l ­

t e r e d  o f f ,  r e s i d u e  w ashed w i th  20% a l c o h o l i c  s o l u t i o n .  F i l t r a t e  

and  w a s h in g s  t r e a t e d  w i th  p o ta s s iu m  i o d i d e  and n i t r i c  a c i d  and 

t i t r a t e d  w i t h  sodium  t h i o s u l p h a t e .



NaCl + AgNOj NaN03 + AgCl

AgN03 + k i o 3 -> k n o3 +
I

AglO

k i o 3 + Hn o3 -> kno3 + h i o 3

KI +
™ 3 -> kno3 + HI

h i o 3 + 5HI 3HgO + 61

21 + Na2 S2°3 -> Na2S4 °6 + 2NaI

T o t a l  v o l .  s o l n .  = Cl 25 c c .

Alcohol

cc.

AgNOs 
( c t g .2 .5%  HNO3 ) 

0 .0100N  
c c .

1,00
1 . 0 0
1 .00
1.00
1.00
1 . 0 0
1 . 0 0
2 .00

KI0.

0 .00995N  0.0119N
c c .

1 .5 0
1 .5 0
1 .5 0  
2 .0 0  
2 .0 0  
2 .0 0  
2 .0 6
2 .5 0

c c .

0 .6 2
0 .7 1
0 .6 3
1 .0 9  
1 .0 6  
1.12
1 .1 0  
0 .61

AgNO*
req u ires

AgNO*
found

KIO3 fo r  KIO3
c c . c c .

1 .0 1 0 .7 6
1 .0 1 0 .6 5
1 .0 1 0 .7 6
1 .0 1 0 .7 0
1 .0 1 0 .7 3
1 .0 1 0 .6 6
1 .0 1 0 .6 8
1 .0 1 0 .8 9

M ercuric Oxyc y a n id e .

V i e b d c k ’s 1 m ethod f o r  h a lo g e n  e s t i m a t i o n  was a p p l i e d  t o  

t h e  d e t e r m i n a t i o n  o f  sm a l l  amounts o f  c h l o r i d e .

C o n d i t i o n s  o f  E x p e r im e n ta t io n .

S o lu t io n . Su lph uric  a c id  standardised  a g a in st

Sodium C a rb o n a te  Me. Red. M eth .B lue  i n d i c a t o r  

N o r m a l i ty  f a c t o r  = 0 .0 0 9 7 3 .

Sodium C h lo r id e  s o l u t i o n .  N .F .Cby w e ig h t )  0 .0 0 8 7 8

M e rc u r ic  o x y c y a n id e  s o l u t i o n :  Cold  s a t u r a t e d
1 .3 0 $  a p p r o x im a te ly .



The f o l l o w i n g  t a h l e  i l l u s t r a t e s  th e  change  i n  e q u i l i b r i u m ,  due

t o  h y d r o l y s i s ,  o f  t h e  f o l l o w i n g  r e a e t i o n : -

2Hg{ OH)(ON) + 2NaCl Hg(CN) g .HgClg + 2NaOH.

Sodium C h l o r . Hg(0H)(CN) S u lp h u r i c  S u l p h u r i c F i n a l  d i l u t n .
S a t .  s o l n . A cid A cid

fo u n d r e q u i r e d .
c c . c c . cc . cc  . c c .

2 1 1 .7 9 1 .8 0 9 .8
2 1 1 .8 1 1 .8 0 1 2 .0
2 1 1 .7 9 1 .8 0 1 5 .0
2 1 1 .7 5 1 .8 0 1 7 .0
2 2 1 .8 0 1 .8 0 10
2 2 1 .8 1 1 .8 0 15
2 2 . 1 .8 0 1 ,8 0 18 „
2 3 1 .7 9 1 .8 0 15
2 4 1 .8 1 1 .8 0 10
2 10 1 .8 0 1 .8 0 14
2 10 1 .7 9 1 .8 0 14
3 10 2 .7 2 2 .7 0 18
4 10 3 .6 2 3 .6 0 20

I t  w i l l be  o b s e rv e d t h a t  so lo n g  a s  t h e cone e n t r a t  i o n

o f  m e r c u r i c  oxy c y a n id e  i s  m a in t a in e d  a t  a  h i g h  l e v e l  no a p p r e c i ­

a b l e  h y d r o l y s i s  t a k e s  p l a c e .

Hence i n  o r d e r  to  m a i n t a i n  a  h i g h  c o n c e n t r a t i o n  o f  

m e r c u r i c  o x y c y a n id e ,  10 cc* s a t u r a t e d  n e u t r a l  s o l u t i o n  was 

d e c id e d  upon  a s  t h e  s t a n d a r d  volume f o r  each  e s t i m a t i o n .  A lso  

t o t a l  v o lu m e s ,  a f t e r  t i t r a t i o n  w ere k e p t  b e tw e e n  1 0 -2 0  c c .  i n  

o r d e r  t o  h a v e  s t a n d a r d  c o n d i t i o n  f o r  t i t r e  o f  u n know ns .

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

t h e  t i t r a t i o n  t h e  e x p e r im e n ts  g i v i n g  t h e  f o l l o w i n g  r e s u l t s  

w ere  p e r f o r m e d : -



3 6 .

W ith  10 c c .  Hg(0H)(CN) S o l u t i o n

NaCl

N/100 cccc cc

2
2
2
2
2

2
3
4
5
6

1 .8 1
1 .8 0
1 .7 9  
1 .8 1
1 .7 9

The r e s u l t s  show t h a t  s u l p h a t e  d o e s  n o t  a f f e c t  t h e  

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

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

Sodium C h l o r i d e  ( w i t h  m e r c u r i c  o x y c y a n i d e ) .

W t. o f  Sod . C h l o r .  * 4 .9 1 5  mg.

C o m b u s tio n  A p p a ra tu s , .

The f i g u r e  o p p o s i t e  p a g e  8  i l l u s t r a t e s  t h e  m a in  d i f f e r ­

e n c e s  i n  t h e  P r e g l  c o m b u s t io n  a p p a r a t u s  f o r  c h l o r i d e ,  a n d  t h e  

a p p a r a t u s  a d o p te d  i n  t h i s  w o rk .

T h a t  a d o p te d  b y  Cowie and  G ib so n  was d i f f e r e n t  f ro m  t h e  

l a t t e r  o n l y  e s s e n t i a l l y  i n  t h a t ,  i n s t e a d  o f  th e  50 c o .  d i s t i l l i n g

T i t r a t i o n  HqSO, 
4

0 .0 0 9 7 2

W t. o f  S od . C h l o r .  = 2 .5 1 0  mg

T i t r a t i o n  HgSO^ * 4 .4 1  cc

NF » 0 .0 0 9 7 4



f l a s k ,  t h e y  u s e d  a n  a d d i t i o n a l  s p i r a l  tu b e  o f  t h e  “" a d a p t o r "  

t y p e  d i p p i n g  i n t o  a  c o n i c a l  f l a s k .

Where P r e g l  and  Cowie & G ib so n  em ployed a  lo n g  b u r n e r ,  

i t  was fo u n d  a d v a n ta g e o u s ,  f rom  t h e  p o i n t  o f  v iew  o f  m a i n t a i n i n g  

a  c o n s t a n t  t e m p e r a t u r e ,  t o  employ a  c y l i n d r i c a l  e l e c t r i c  f u r n a c e .

Assuming t h a t  no d i f f i c u l t i e s  w ould  a p p e a r  i n  t h e  e s t i m a ­

t i o n  o f  s u l p h u r ,  and  t h a t  any l i k e l y  o b s t a c l e s  w ou ld  r e s u l t  f ro m  

t h e  h a l o g e n  c o n t e n t  o f  compounds f o r  c o m b u s t io n ,  t h e  q u e s t i o n  o f  

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

c o n s i d e r e d .

A m eth o d  f o r  d e t e r m in in g  c h l o r i d e  h a d  b e e n  e s t a b l i s h e d .

The f o l l o w i n g  w ork  was done i n  an e f f o r t  t o  e s t a b l i s h  a  

s u i t a b l e  t r a p p i n g  s y s te m .

A P r e g l - t y p e  c o m b u s tio n  tu b e  was u s e d  i n  t h e  e x p e r i m e n t s .  

G e n e r a l l y  t h e  volum e o f  s o l u t i o n  r e q u i r e d  t o  t r a p  t h e  p r o d u c t s  

o f  c o m b u s t io n  was i n  t h e  n e ig h b o u rh o o d  o f  5 c c . N/ 1 0 0 A l k a l i  

s o l u t i o n  w i t h  a  d ro p  o r  two o f  P e r h y d r o l  s o l u t i o n  a d d e d .

I n  o p e r a t i n g  t h e  oxygen  f lo w ,  a t  3 c c .  p e r  m in u te ,  o f t e n  

a  s e a l  w ou ld  fo rm  i n  t h e  b e a d s  o r  i n  th e  e x i t ,  w h ich  was c o n ­

s t r i c t e d  t o  a l lo w  a f lo w  o f  3 c c . / m i n .  These l i q u i d  s e a l s  h a d  

t h e  e f f e c t  o f  s to p p in g  fo rw a rd  d i s t i l l a t i o n  o f  t h e  compound i n t o  

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

t i o n  to w a rd s  t h e  oxygen  e n t r a n c e  to o k  p l a c e .  (The m ethod o f  

f i l l i n g  t h e  b e a d  tu b e s  w i t h  t h i s  s o l u t i o n ,  was to  add t o  a  t e s t  

tu b e  (w h ic h  h a d  b e e n  t r e a t e d  to  e x t r a c t  any  e x t e r n a l  a l k a l i )  t h e



standard a lk a l i  so lu tio n  (5  cc .) and suck th is  up in to  the bead 

section  of the tube and r e ta in  i t  th e re .)

To overcome the tendency to form .seals: the e x it  from  

the tube was enlarged considerably, but the e f fe c t  was not p ro­

nounced, and i t  was obvious th a t the volume of so lu tio n  was the 

cause o f the tro u b le , since th is  forms seals in  the beads 

sec tio n . The amount of ac tive  a lk a l i  could not be reduced, but 

the concentration could be a lte re d , and, th e re a fte r  the a lk a l i  

was weighed out in  a small platinum  boat and tra n s fe rre d  in  the 

f i r s t  cases to a te s t tube, and dissolved in  -J-1 cc. d is t i l le d  

w ater. A drop or two of Perhydrol was added, and th is  whole 

sucked in to  the bead tube.

The to ta l  e ffe c t of th is  was th a t the combustions were 

ca rrie d  on in  a smooth even fashion, no seals impeding the flow  

of gases. The te s t tube was placed over the mouth o f the bead 

tu b e .

The re s u lts  fo r  the compound p -d i-c h lo ro  benzene were 

however short of what should have been rea lis e d  by the a c id ity  

o f the c h lo rin e , and i t  was concluded th a t the trapping system 

was not e f f ic ie n t  enough to give a l l  the oxides of ch lorine a

chance to be reduced.

F in a lly  the 50 cc. d is t i l l in g  f la s k  was introduced in to  

the apparatus. I t  was more e a s ily  handled than the s p ira l tube 

proposed by Gowie and Gibson. The side arm of the f la s k  was a t  

f i r s t  dipped in to  a small te s t tube containing a lk a l i  ( standard 

so lu tio n ) w ith  P erhydro l. The trapping system was now qu ite



s a t i s f a c t o r y .  The f lo w  o f  g a s e s  b ro k e  th r o u g h  t h e  a l k a l i  s o l u t i o n  

i n  t h e  t e s t  tu b e  i n t e r m i t t e n t l y .  No s e a l s  r e s u l t e d ,  f o r  t h e  e x i t  

f ro m  t h e  s i d e  arm was w ide  enough t o  p r e v e n t  t h i s .

o f  t h e  d i s t i l l i n g  f l a s k  was b e n t  bow sh ap ed  and i n  t h e  c e n t r e  o f  

i t s  l e n g t h -  a  s m a l l  b u lb  was b low n; t h i s  b u lb  a c t e d  as  a  r e s e r v o i r  

f o r  t h e  s t a n d a r d  a l k a l i  s o l u t i o n .  I t  was b ro k e n  i n t e r m i t t e n t l y  

b y  t h e  f lo w  o f  g a s e s  and th e  s id e  arm c o u ld  be so t i l t e d  t h a t  t h e  

i n d i v i d u a l  b u b b le s  o f  g a s  w ere h e l d  i n  s o l u t i o n  f o r  a  s h o r t  t im e  

a l l o w in g  i n t i m a t e  c o n t a c t  o f  t h e  g a s e s  w i t h  s o l u t i o n  and  p e r m i t ­

t i n g  r e d u c t i o n  o f  t h e  o x id e s  o f  c h l o r i n e .

As a  f i n a l  m o d i f i c a t i o n  o f  th e  a p p a r a t u s ,  t h e  s id e  arm

C om busting  p - d i c h lo r o b e n z e n Q . 

W eigh t o f  compound 2 -4  m g.

% C h l o r i n e  i n  Compound 

Pound R e q u i r e d .
R em ark s .

4 7 .3 4 8 .3
5 c c .  S ta n d a rd  a l k .  u s e d  w i th  2 d r o p s  P e r ­
h y d r o l .  L iq u id  fo rm ed  s e a l s  i n  b e a d  t u b e .

4 7 .5 tr S o l i d  a l k a l i  i n  0 .5  c c .  w a te r  w i t h  2 d r o p s  
P e r h y d r o l .  Smooth f lo w  o f  g a s e s .

4 8 .4

4 8 .0 if

« S o l id  a l k a l i  i n  0 . 5  c c .  w a t e r  + P e r h y d r o l  
i  c c .  S ta n d a rd  a l k a l i  i n  t e s t  tu b e  + P e r ­
h y d r o l  w i th  d i s t i l l i n g  f l a s k  s i d e  arm 
d ip p e d  t h e r e i n .

4 7 .9
4 8 .3

it
t!

As above b u t  w i th  s id e  arm b e n t  a s  d e ­
s c r i b e d .
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F o r  S u lp h u r  i n  p r e s e n c e  o f  N i t ro g e n  and H a lo g e n .

R h o d iz o n io  a c i d . ( S t r e b i n g e r  and von Zombory1 6 )

The b a r iu m  s a l t  o f  r h o d iz o n io  a c i d  i s  r e d  i n  c o l o u r ,  

t h e  sod ium  y e l lo w  i n  d i l u t e  s o l u t i o n .  H ence, i n  n e u t r a l  s u l p h a t e  

s o l u t i o n ,  t h e  f o r m a t i o n  o f  th e  b a r iu m  s a l t  i s  t a k e n  a s  th e  end 

p o i n t  i n  t h e  t i t r a t i o n  o f  s u lp h a t e  w i th  a  s t a n d a r d  b a r iu m  s o l u ­

t i o n .  The ch an g e  a t  th e  end p o i n t  i s  f rom  th e  y e l lo w  o f  th e  

sod ium  s a l t  t o  t h e  r e d  o f  th e  b a r iu m .

I n  a n y  o f  t h e  e x p e r im e n ts  done w i th  th e  i n d i c a t o r  u s e d  

i n t e r n a l l y  no d e f i n i t e  y e l l o w - r e d  change was o b s e r v e d .  A t te m p ts  

w ere  made t o  u s e  t h e  s o l u t i o n  o f  t h e  sodium s a l t  a s  e x t e r n a l  

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

A s e r i e s  o f  s p o t s  w ere p l a c e d  on d i f f e r e n t  s u b s t a n c e s ,  

P o r c e l a i n  t i l e ,  S i l i c a  t i l e ,  F i l t e r  p a p e r  and w ashed  l i n e n .

The u n d e r n o te d  t a b l e  g i v e s  th e  r e s u l t s  o b t a i n e d .

N o r m a l i ty  f a c t o r  S u lp h a te  s o l u t i o n  =» 0 .0 0 9 6 3

tt » Barium  ,f =* 0 .0 0 8 4 4

The s o l u t i o n s  w ere  a c c u r a t e l y  made up w i th  p u r e  r e a g e n t s

i n  d i s t i l l e d  w a t e r .

1 c c .  S u lp h a te  sh o u ld  r e q u i r e  1 .1 4  c c .  Barium  s o l u t i o n .

E x p e r im e n t .

2 c c .  NaoS0„ s o l u t i o n  t i t r a t e d  i n t o  b e a k e r ,  d i l u t e d  to
* d 4

15 o c .  and t i t r a te d  w ith  Barium N itra te  so lu tion  s low ly. A fte r  

e ach  a d d itio n  o f  Barium solution, a te s t spot was conveyed by
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c a p i l la r y  tube  

were o b ta in e d .

to  the rhodizonate sp o t . The fo llo w in g  r e s u l t s
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S in c e  th e  f o rw a r d  t i t r a t i o n  m ethod was n o t  p r a c t i c a b l e  

u s in g  so d iu m  r h o d i z o n a t e  a s  e x t e r n a l  i n d i c a t o r ,  a  b a c k  t i t r a t i o n  

m ethod  was t r i e d  o u t .  The e x c e s s  Barium  was t r e a t e d  w i t h  s u l ­

p h a t e  and  s p o t s  w ere t a k e n  o u t  o f  th e  s o l u t i o n  b y  c a p i l l a r y  

t u b e s  ( a  f r e s h  t u b e  f o r  e a c h  s p o t )  i n  th e  hope t h a t  t h e  r e d  

b a r iu m  c o l o u r  w ould  s h a r p l y  d i s a p p e a r .  T h is  m eth o d  was no more 

s u c c e s s f u l  t h a n  t h e  f o r m e r .

T e tr a h y d r o x y  q u i n o n e .

T h is  s u b s t a n c e  p ro p o s e d  by S c h ro e d e r17  a s  an  i n d i c a t o r  

f o r  B a r iu m  was no m ore s u c c e s s f u l  i n  a p p l i c a t i o n  t h a n  R h o d iz o n io  

a c i d .  The two compounds a r e  u se d  i n  p r e c i s e l y  t h e  same way w i th  

t h e  same c o lo u r  c h a n g e s .

The t e t r a h y d r o x y  qu in o n e  (so d iu m  s a l t )  was t r i e d  o u t  a s  

an  e x t e r n a l  i n d i c a t o r  i n  t h e  manner ab o v e .

No. C o n d i t i o n s V o l .  S u lp h a te P in k  Spot f i r s t T, + +Ba
s o 4 "

o f
T e s t

o f
E x p e r i m e n t .

u s e d . 
c c .

d e v e lo p e d  
a t  c c .

1 . S p o t  on  P o ro u s P l a t e 2 .0 0 2 .3 4 1 .1 7  c c .
2 . It It 11 tt 2 .1 8 2 .6 5 1 .2 1  c c .
3 . tt It It tt 3 .00 3 .3 8 1 .1 3  c c .
4 . ” ” F i l t e r P a p e r 2 .5 0 3 .1 5 1 .2 6  c c .
5 . it it tt it 2 .0 0 2 .1 8 1 .0 9  c c .
a .
7 .

W ith  HC1 ad ded  no P in k in g  d e v e lo p e d .  
Spo t on  C lo th  (L in e n )  2 .00 2 .1 0 1 .0 5  c c .

8 . " " S i l i c a 2 .0 0 2 .3 3 1 .1 7  c c .
9 . it it it 2 .0 0 2 .0 8 1 .0 4  c c .
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B e n z id in e  S u lp h a te  (Drummond1 9 )

The s o l u b i l i t y  o f  B en z id en e  s u lp h a t e  i s  a b o u t  0 .0 5  gins, 

p e r  l i t r e ,  and i s  s a i d  to  be  c o n s id e r a b l y  l e s s  i n  m i x t u r e s  o f  

w a te r  an d  a c e t o n e .

B e n z id e n e  S u lp h a te  i n  d i l u t e  s o l u t i o n  i s  h y d r o ly s e d  

i n t o  a weak b a s e  and s t r o n g  a c i d .  The a c i d ,  s u l p h u r i c ,  may be 

e s t i m a t e d  w i t h  a l k a l i  s o l u t i o n .

A p p l ie d  t o  m ic ro  a n a l y s i s ,  t h e  m ethod was o f  no a v a i l ,  

t h e  s o l u b i l i t y  o f  th e  s u lp h a t e  b e in g  to o  g r e a t  f o r  a c c u r a t e  

r e s u l t s  t o  be  o b t a i n e d ,  even i n  80% a c e to n e  s o l u t i o n .

S t a b i l i t y  o f  P o ta s s iu m  B i s u l p h a t e . ( F r i e d r i c h ^ . )

F r i e d r i c h  e v o lv e d  a  m ethod f o r  s u lp h a t e  e s t i m a t i o n  b a s e d  

on  t h e  s t a b i l i t y  o f  P o ta s s iu m  B i s u l p h a t e .

The s y s te m  was to  add t o  a s u lp h u r i c  a c i d  s o l u t i o n  

n e u t r a l i s e d  e x a c t l y ,  a volume o f  s u lp h u r i c  a c i d  e q u i v a l e n t  t o  

t h e  a l k a l i  f o r  n e u t r a l i s a t i o n .  B i s u lp h a te  was t h u s  fo rm e d .  

C a r e f u l  e v a p o r a t i o n  to  d r y n e s s  f o l lo w e d  and th e  s a l t  r e d i s s o l v e d  

and t i t r a t e d ,  a lw ay s  g i v i n g  e v id e n c e  t h a t  th e  B i s u l p h a t e  was 

q u i t e  s t a b l e  a f t e r  c o n t i n u a l  h e a t i n g .  T h is  was o f  p a r t i c u l a r  

v a lu e  w here  o t h e r  more v o l a t i l e  a c id s  w ere i n  s o l u t i o n  a s  t h e s e  

w ere e v o l v e d .

I n  t h e  p r e s e n t  c o n s i d e r a t i o n  i t  was d i s c o v e r e d  t h a t  a 

l a r g e  e x c e s s  o f  Sodium S u lp h a te  c o u ld  be p r e s e n t  i n  s o l u t i o n  o f  

Sodium b i s u l p h a t e  ( a n d  N i t r i c )  and th e  b i s u l p h a t e  w ould  s t i l l  

re m a in  s t a b l e  .
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When F r i e d r i c h ’s m ethod  was a p p l i e d  t o  p r o d u c t s  o f  c o m b u s t io n  o f  

a  s u lp h u r  c o n t a i n i n g  compound. , t h e  f o l lo w in g  r e s u l t s  w ere  

o b t a i n e d . P r o p y l  e n e d ip h e n y l s u lp h o n e .

S u lp h u r  S u lp h u r

d i r e c t  t i t r a t i o n  ( a f t e r  F r i e d r i c h )  

19.6% 18.6%
17.9%

18.4%
17.0%

S u lp h u r
r e q u i r e d

19.8%

As t h e  d i s c r e p a n c y  was p r o b a b ly  due to  in c o m p le te  c o n v e r s io n  o f  

S0g S0g b y  t h e  p e r h y d r o l ,  c h l o r in e  w a te r  was s u b s t i t u t e d .

H ere  t h e  r e s u l t s  w ere v a r i a b l e ,  h i g h  o n es  a s  th e  r e s u l t  

o f  r e t e n t i o n  o f  h y d r o c h l o r i c  a c id  ( a s  i n d i c a t e d  b y  S i l v e r  N i t r a t e )  

c a u s in g  t h e  r e j e c t i o n  o f  th e  m ethod.

Compounds. S u lp h u r  found  
p e r  C e n t .

S u lp h u r  r e q u i r e d  
P e r  C e n t .

P ro p y l  e n e d ip h e n y l s u lp h o n e  
T o lu e n e su lp h o n a m id e
T h io u re a  4 <J.o
D i n i t r o p h e n y l  d i s u lp h id e ^   ̂ 20
4 - C h l o r o - 3 - n i t r o , 4  . ' - 2 1 d i n i t r o -

d ip h e n y l s u lp h o n e  i £ 7
N i t r o d i p h e n y l  s u lp h id e  13*4

1 9 .8
1 8 .7  
4 2 .1
2 0 .8

8 .2 1
1 3 .8



The e v a p o r a t i o n s  w ere  done i n  a s i l i c a  d i s t i l l i n g  f l a s k  200 c c .  

c a p a c i t y ,  w i t h  a  s i l i c a  tu b e  i n s e r t e d  and h e l d  i n  p l a c e  j u s t  

o v e r  t h e  s o l u t i o n .  The o u t e r  end o f  th e  tu b e  was a f f i x e d  t o  

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

th r o u g h  t h e  sy s te m  t o  h e lp  t h e  e v a p o r a t io n  o f  t h e  s o l u t i o n  i n  

t h e  f l a s k  w h ich  was im m ersed i n  b o i l i n g  w a te r  i n  a w a te r  b a t h .

B arium  C hrom ate  P r e c i p i t a t i o n .

A w e ig h ed  o u t  q u a n t i t y  o f  BaCl^.SHgO was d i s s o l v e d  i n  

w a t e r .  A l a r g e  e x c e s s  o f  P o ta s s iu m  Chromate added  s lo w ly  and 

y e l lo w  B ar iu m  Chrom ate was p r e c i p i t a t e d .  The e x c e s s  K ch ro m ate  

was f i l t e r e d  o f f . The p r e c i p i t a t e  washed w i th  50% A lc o h o l  and 

t h e  H y d r o c h l o r i c  a c i d  and a c r y s t a l  o f  P o ta s s iu m  i o d i d e  ad d ed .  

The l i b e r a t e d  i o d i n e  was t i t r a t e d  w i th  sodium  t h i o s u l p h a t e  ( a n d  

u s in g  s t a r c h  a s  i n d i c a t o r )  .

BaClg.2H g0 T h io s u lp h a te

( 1 )  0 .9 9 8  mg. 0 .9 9  c c .

( 2 )  1 .3 1 9  ’» 1 .3 1  c c .

( 1 )  BaClg.2HgO i n  20 c c .  w a t e r .

( 2 )  B aC l2 .2H20 i n  30 c c .  w a t e r .

The c o n c u r r e n c y  o f  t h e  r e s u l t s  s u g g e s te d  t h a t  t h e  m ethod 

m ig h t  b e  p r a c t i c a b l e ,  and t h i s  was s o .

The a p p a r a t u s  f o r  com busting  was t h e  same a s  f o r  C h lo r in e

and S u lp h u r  d e t e r m i n a t i o n .  The p ro c e d u re  i n  t h e  i n i t i a l  s t a g e s  

was t h e  sam e. I t  was n e c e s s a r y  to  i n t r o d u c e  a sm a l l  p r e  c a t a l y s t



a t  t h e  e n t r a n c e  t o  t h e  f u r n a c e  a r e a ,  i n  o r d e r  t o  p ro m o te  d i s ­

r u p t i o n  o f  some o f  t h e  more s t a b l e  com pounds. T h is  was h e a t e d  

t o  b e tw e e n  5 0 0 °-6 0 0 °C .

A f t e r  w a sh in g  th e  t u b e ,  t h e  t o t a l  a c i d i t y  was a s c e r t a i n e d  

an d  t h i s  g a v e  th e  u tm o s t  volume o f  B arium  C h lo r id e  s o l u t i o n  to  

b e  ad d ed  f o r  p r e c i p i t a t i o n  o f  S u lp h a te .

The s o l u t i o n s  u se d  w ere N/ l ° 0  B arium  C h lo r id e  and Sodium 

T h i o s u l p h a t e ,  s t r o n g  s o l u t i o n  o f  P o ta s s iu m  Chrom ate and s o l i d  

P o ta s s iu m  I o d i d e .
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3 .  H y d r i o d ic  a c i d . R e p e a t in g  V ie b b c k  and  B r e c h e r .

The h y d r i o d i c  a c i d  w h ich  was f i r s t  u s e d  was by  no means

f r e s h  and  on r e s u l t s  b e in g  o b t a i n e d  f o r  V a n i l l i n  w h ic h  w ere  h i g h

and a lw a y s  i r r e g u l a r .  I t  was p resu m ed  t h a t  t h e  h y d r i o d i c  a c i d

and  t h e  w a sh in g  s o l u t i o n  w ere  n o t  e f f i c i e n t ,  t h e  fo rm e r  e v o lv in g

h y d ro g e n  i o d i d e ,  and  t h e  l a t t e r ,  w h ich  was sodium  t h i o s u l p h a t e

n o t  b e i n g  a b l e  t o  cope w i t h  t h i s  e v o l u t i o n ,  was a l l o w in g  i t

th r o u g h  an d  i n t o  t h e  a b s o r b in g  s o l u t i o n .

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

was r u n  and  t h e  Brom ine s o l u t i o n  gave  a  t i t r a t i o n  w h ich  seemed

t o  p r o v e  t h a t  t h e  h y d r i o d i c  a c i d  was a t  f a u l t .  A f r e s h  s u p p ly

was o b t a i n e d ,  b u t  s t i l l  t h e  b la n k s  g av e  a  t i t r a t i o n .

The f l a m e  was r e d u c e d  i n  h e a t i n g  pow er and  t h e  l e n g t h

o f  t im e  o f  h e a t i n g  a l t e r e d ,  v a ry in g  from  20-40  m i n u t e s .  S t i l l

t h e  B rom ine S o l u t i o n  o f  V ieb d ck  g ave  a  p r e c i p i t a t e  o f  i o d i n e

when t r e a t e d  i n  a c c o r d a n c e  w i th  h i s  s y s te m .
*

The h y d r i o d i c  a c i d  ( 1 . 7  ) was beyond  r e p r o a c h .  To

c o n t r o l  h e a t i n g  V i e b d c k 's  g l y c e r o l  b a t h  m ethod was t r i e d  o u t .

T h is  d e f i n i t e l y  was a  d raw back  t o  t h e  e x p e r i m e n t a t io n  

s in c e  i f  i t  a c q u i r e d  a  t e m p e r a t u r e ,  and i t  was n e c e s s a r y  t o  

lo w er  t h i s  q u i c k l y ,  th e  f r e e  f la m e  on t h e  b o i l i n g  tu b e  was th e

b e t t e r  m e th o d  o f  h e a t i n g .

I n v e s t i g a t i o n  o f  th e  w ash in g  s o l u t i o n  was now commenced,

sind a  v a r i e t y  o f  s u b s t a n c e s  t r i e d .

B la n k s  w ere  r u n  on h y d r i o d i c  a c i d  w i t h  t h e  f o l l o w i n g

s u b s t a n c e s  a s  w ash in g  a g e n t s .
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27
P o ta s s iu m  i o d i d e  c r y s t a l s ,  m o is te n e d  w i t h  w a te r  and  

p a c k e d  i n t o  t h e  w a sh in g  ch am b er .  The t i n g e  o f  y e l lo w  i o d i n e  

on KI was v i s i b l e  on  t h e s e  c r y s t a l s  a f t e r  b o i l i n g  o f  t h e  b l a n k  

h a d  p r o c e e d e d  f o r  a b o u t  25 m in u te s  th o u g h  th e  l a c k  o f  i n t e n s i t y  

o f  t h i s  s t a i n  s u g g e s t e d  t h a t  o n ly  a  v e r y  sm a l l  q u a n t i t y  o f  

i o d i n e  was b e i n g  e v o l v e d .

N e v e r t h e l e s s ,  t h e  a b s o rb in g  s o l u t i o n  showed e v id e n c e ,  

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

KI c r y s t a l s  g a v e  way t o  s a t u r a t e d  KI s o l u t i o n .

T h is  p r o v e d  no b e t t e r ,  and a  s e r i e s  o f  m i x t u r e s  w ere  

t r i e d  o u t : -  CaC03  p a s t e  w i t h  K I . Sodium T h io s u lp h a te  s o l u t i o n  

and s a t u r a t e d  sod ium  b i c a r b o n a t e  s o l u t i o n .

A l l  w ere  a p p a r e n t  f a i l u r e s ,  and  i t  was o n ly  by  t h e  

f o r t u i t o u s  b l o c k i n g  up o f  t h e  e n t r a n c e  i n t o  t h e  w ash ing  cham ber 

by t h e  CaCO^ p a s t e  t h a t  t h e  i n v e s t i g a t i o n  o f  t h e  w ash in g  s o l u t i o n  

was c e a s e d  and  i n t e r e s t  t u r n e d  to  th e  a b s o rb in g  s o l u t i o n .

I n v e s t i g a t i o n  o f  V i e b d c k 's  s o l u t i o n .

S o l u t i o n  made up a s  d e s c r i b e d ,  10 c c .  o f  t h i s  t a k e n

and 2 d r o p s  b ro m in e  a d d e d .

A g ro u p  o f  7 t e s t s  w ere made on s o l u t i o n s  o f  t h e  same

c o m p o s i t i o n .  At t h e  end o f  v a r i o u s  p e r i o d s  o f  t im e  th e  t e s t

was t r e a t e d  w i t h  10 c c .  Sod. a c e t a t e  ( i l ' - l  gni. S o l i d  S o l u t i o n

1 0 0 .  o f  50% f o r m ic  a c i d ,  2 .5  o c .  10% KI s o l u t i o n ,  and 1 o o .

HpSO, I o d i n e  s t a r c h  added and th e  s o l u t i o n  t i t r a t e d  t o  a n  end 
c 4

p o i n t  w i t h  T h i o s u l p h a t e .  A l l  t e s t s  k e p t  a t  room t e m p e r a tu r e  i n  

c o n i c a l  f l a s k s .
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—̂ Tne o f  S ta n d in g  T h io s u lp h a te  T i t r a t i o n ,

m in .  cc#

10 0 *15
0 .1 8

20 0 .4 7
25 0 .2 4
30 0 .3 2
35 0 .8 4
60 0 .8 5

C o n c l u s i o n : -  T ha t s o l u t i o n  c a n n o t  be  s u c c e s s f u l l y  u s e d  i n  

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

V ie b d c k ^ s  S o l u t i o n  c o n t i n u e d .

A l l  t e s t s  and  o p e r a t i o n s  c a r r i e d  o u t  i n  i c e  c o o le d  

v e s s e l s .  Ten t e s t s  t r e a t e d  a s  above , and  h a v in g  same c o m p o s i t io n

Time o f  S ta n d in g  . T i t r a t i o n  T h io s u lp h a te  .

m in .  c c .

10 0 .1 6
20 0 .1 7
25 0 .1 2
30 0 .1 3
35 0 .1 3
40 0 .1 8
45 0 .1 3

100 0 .4 0
105 0 .4 6
110 0 .3 9

I r r e g u l a r i t y  s u g g e s te d  t h a t  m ethod c o u ld  n o t  be a p p l i e d  

t o  a c c u r a t e  a n a l y s i s .  I c e  c o o l in g  had  e f f e c t  o f  s l i g h t l y  r e ­

d u c in g  a u t o - f o r m a t i o n  o f  o x i d i s i n g  s u b s ta n c e  s t a b l e  to  f o rm ic  

a c i d .
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V ie b d c k  Ts S o l u t i o n  C o n t in u e d .

As b e f o r e .  ( I n  i c e . )

Adding a f t e r  l a p s e  o f  t im e

§ -1  mg. d i s s o l v e d  Sod. A c e t a t e ,  1 c c .  F o rm ic  50$

2 .5  m l ,  10$ KI + 2 c c • HgSO^ —̂ I o d i n e .  S / l b i o s .

Time o f  S t a n d i n g . T i t  r e .

m i n . c c .

5 0 .6 1
10 0 .6 9
15 0 .6 9
20 0 .77
30 0 .7 9
35 0 .8 0

And w i t h  s o l u t i o n s  f o r  2 0 ,3 0  and 40 m in u te s  d u p l i c a t e s  w ere  

r u n  w i t h  i n c r e a s e  i n  HgS04 added , t h u s : -

2 c c .  HoS0. 2 .5  c c .  4 c c .4
20 m i n s . 0 .7 7  0 .9 8
30 m in s .  0 .7 9  1 .1 0
40 m i n s .  0 .8 0  -  1 .6 5

S u g g e s t in g  t h a t  I o d in e  was p r e c i p i t a t e d  a c c o r d in g  to  t h e  amount 

o f  HgSO^ p r e s e n t  and a l s o  to  l e n g t h  o f  t im e  o f  s t a n d i n g ,  t h e  

s e c o n d  f a c t o r  d ep en d in g  on th e  f i r s t  i n  so f a r  a s  th e  p r e c i p i t a *  

t i o n  o f  I o d in e  was c o m p a r a t iv e ly  s lo w .

B rom ine i n  P o ta s s iu m  B ro m id e .

S o l u t i o n  2 d ro p s  i n  10 oo . o f  10% KBr s o l u t i o n .

Sodium a c e t a t e  15% s o l u t i o n

Form ic a c i d  50% s o l u t i o n

P o t .  i o d i d e  10% s o l u t i o n



T e s t  s o l u t i o n s  w ere  t r e a t e d  a s  b e f o r e  (1 0  c c .  NaA. + 1 cc.H.COOH
( + KI + H1S0 4 1

T i t r e . 

c c .

0 .2 8  
0 .2 8  
0 .2 8  
0 .2 8  
0 .3 2
0 .3 7

C o n c l u s i o n .  B r/K B r S o l u t i o n  d oes  n o t  fo rm  HBrOg and  does  n o t  

g i v e  r i s e  t o  I o d in e  p r e c i p i t a t i n g  a g e n t  i n  p o i n t  

o f  t i m e ,  b u t  i n  p o i n t  o f  a c i d  c o n c e n t r a t i o n .

At t h i s  s t a g e  t h e  m ethod d i d  n o t  a p p e a r  h o p e f u l .

R e t u r n i n g  t o  V ie b d c k t s S o l u t i o n .

S o l u t i o n  made up a s  b e f o r e ,  and  10 c c .  m e a su re d  o u t  

i n t o  10 f l a s k s .

5 o f  t h e s e  fo rm ed  s e r i e s  A and  w ere  i c e  c o o le d  w i t h  a  

s t r e a m  o f  C0g p a s s i n g  th r o u g h  a t  2 b u b b le s  i n  s o l u t i o n  a t  one  

t i m e .  The o t h e r  f i v e ,  s e r i e s  B .w ere  i c e  c o o le d  ( j u s t l

S a m p le s . T im e. T i t r e s .

A. B. m i n . A. B.
c c . c c .

(1 ) 10 0 .1 3 0 .2 1
( 2) 30 0 .2 2 0 .3 0\ ^ / 
( 3) 35 0 .2 0 0 .2 0\ ^ • 
( 4 ) 40 0 .3 5 0 .4 4
( 5 ) 80 0 .2 6 0 .3 3

These s u g g e s t e d  t h a t  t h e  b l a n k  was n o t  d e p e n d a b le  a s  a  g au g e  o f

(B rg  i n  KBr)

Time o f  S ta n d in g

m in s  .

5
10
15
20
25 ( 3  cc.H pSO .) 
30 (4  oo .H gSO p

t i t r e  f ro m  e x t r a n e o u s  m a t t e r  i n  t h e  e x p e r im e n t  p r o p e r .



As t h e  B rom ine i t s e l f  m ig h t  h a v e  b e e n  t h e  c a u s e  o f  t h e  

g ro w th  o f  t h e  "unknown” , b ro m in e  was p r e p a r e d  f ro m  A n a la r  P o t a s ­

sium  B ro m id e .

A c e t i c  a c i d / K  a c e t a t e  s o l u t i o n .  2 d r o p s  B rom ine p e r  10 

m l .  s o l u t i o n .  I c e  c o o le d  and  s o l u t i o n  t r e a t e d  a t  10 e t c .  m i n u t e s .

Time o f  S ta n d in g  . T i t r e  .

m i n s . c c .

10 0 .7 2
15 0 .3 8
20 0 .7 0
25 0 .4 2
30 0 .7 5
35 0 .2 5

Showing t h a t  t h e  Brom ine f o r m e r l y  u s e d  m ust h a v e  b e e n  p u r e  e n o u g h .

A c t io n  o f  L ig h t  on  B rom ine S o l u t i o n .

Two s i m i l a r  s a m p le s  o f  10 c c .  made up

( a) S u n l i g h t  sam ple
( b ) D ark en ed  "

Sam ples i c e  c o o l e d .

T i t r e  a f t e r  T i t r e  s i f t e r
20 m in s  . 40 m i n s .

a .  0 .2 4  0 .5 7
b .  0 .1 5  0 .2 2

L ig h t  e n c o u r a g e s  f o r m a t i o n  o f  HBrO^.

T o ta l  d a r k n e s s  how ever  d o e s  n o t  p r e v e n t  i t .

Ammonia and  U rea  w ere  b o th  add ed  t o  th e  s o l u t i o n  i n  p l a c e  o f  f o r m ic  

a c i d  t o  r e d u c e  t h e  HBrO t o  HBr.

S o l u t i o n  t r e a t e d  w i t h  ammonia and  b o i l e d  f o r  5 m in u te s



Sam ples  h a d  t i t r e s  up t o  4 .9 6  c c .  w h ich  was o u t  o f  t h e  q u e s t i o n .  

U rea  t i t r e s  f rom  0 . 0 8 - 1 . 7 6 .

U s in g  96% a c e t i c  a c i d  aq u eo u s  s o l u t i o n  c o n t a i n i n g  10 gm. 

K a c e t i c  10 c c .  + 2 d r o p s  B ro m in e .

A f t e r  15 m i n s .  0 .0 6 c c .  I c e  c o o le d  te m p .

" 15 " 0 .1 0 c c . Room temp .

ft n " 0 .8 3 0 0 .  35%

U sin g  100% HA. 10 gm s. KA p e r  100 c c .

10 c c .  + 2 d p s . Bromine

15 m in s .  0 .1 3 o c .  Room T e m p e ra tu re

20 " 0 .1 2 n t» it

B rom ine i n  K B r.

10% KBr. 105? KA. 10% K I .  H.COOH.

Sam ples 10 c c . K B r.S o ln 3 d ro p s  B r? . i c e  c o o le d  p o u r  i n t o  
add 5 c c .H a .  1 c c .  F o rm ic  a c i d  &10 c c .  KA S o ln .  

1 c c .  HgSO^.
Min. T i t r e .

1 10 0 .3 7
2 15 0 .3 7
3 20 0 .3 8
4 25

F o rm ic  a c i d .

0 .3 7

l a 1 .0 0 0 .3 9
2a 2 .0 0 0 .4 0
3a 3 .0 0 0 .4 0
4 a 1 .0 0 0 .3 8

( F o u r  d ro p s  b ro m in e  0 .5 2 )
One d rop  ; t i t r e  * 0 .1 3  c c .
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One d ro p  o f  Brom ine was u s e d ,  s l i g h t l y  s m a l l e r  t h a n

a b o v e .  The g e n e r a l  v a l u e  f o r  t h e  t i t r a t i o n  was l e s s  t h a n  0 .1 0  cc 
N,

/ 1 0 0  S o d . T h i o s u l p h a t e  S o l u t i o n .

M eth . I o d i d e  i n  A c e t i c  A c id .

1 c c .  S o l u t i o n  c o n t a i n i n g  1 .0 7  mg. M .I .

M*I. i n  A. A. K B r/B rg  K a c e t a t e  F o rm ic  KI HgSC^ T i t r e

1 c c .  1 0 c c /3  d p s .  10 2 1 1  2 .4 3
II «  H II It It g  4 5

2 cc.. " 20 " » " 4 ) 8 6
3 c c .  " 30 " « " 7 .3 6
4 c c .  M 40 I o d in e  c o l o u r  r e v i v e d .

At t h e  c o m p le t io n  o f  th e  a b s o r p t i o n  o f  th e  M el. t h e r e  i s  

i n  t h e  A .S .  H I03 HBr HBrO & KBr.

I t  i s  n e c e s s a r y  t o  add NaA to  c o v e r  a l l  o f  t h e s e  s u b ­

s t a n c e s  an d  c o n v e r t  t h e  a c i d s  i n t o  t h e i r  s a l t s . The a d d i t i o n  o f

H.C00H c a u s e d  r e d u c t i o n  o f  t h e  NaBrO t o  NaBr.

T h e r e a f t e r  f o r  t h e  t i t r a t i o n  o f  t h e  i o d i n e  enoughHgSO^ 

m ust b e  ad d e d  to  c o v e r  a l l  t h e  s a l t s  f o r  t h e  r e a s o n  t h a t  NaA 

w i l l  b e  a t t a c k e d  f i r s t ;  KBr n e x t ,  e t c .

Hence a  l a r g e  e x c e s s  o f  Na a  i s  r e q u i r e d  i n  t h e  f i r s t  

c a se  and  a  l a r g e  e x c e s s  HgSO^ in ,7t h e  s e c o n d .



Compounds A n a l y s e d . 5 7 .

S u b s ta n c e

V a n i l l i n

-M ethyl -  
g l u c o s i d e

w t .
UIVIG , Jo 

-------- *-------- , S u b s ta n c e W t .
0Me,$

mg . Found R eqd. m g . Found R eqd .

0 .5 4 4 2 0 .5 2 0 .4 p -M e th y lb e n z a ld o x im e 2 .3 4 9 2 0 .2 2 0 .50 .8 2 2 2 0 .2 - 2 .8 4 5 2 0 .6
1 .3 1 8 2 0 .2 - P a p a v e r in o l 3 .8 4 5 3 4 .6 3 4 .9
2 .0 1 7 2 0 .3 - p -  Me th o x y b en z  i 1i  d e n e -
2 .4 9 8 2 0 .4 - a c e to p h e n o n e . 3 .2 9 4 1 2 .9 1 3 .0
3 .1 0 0 2 0 .4 - D ib e n z o y l  p - t o l u e n e - 4 .2 4 1 5 .6 1 5 .5 7

s u lp h o n y l  m e th y l
3 .2 1 6 2 0 .3 - g l u c i d e . 3 .8 4 9 5 .6 1 _
3 .5 9 2 2 0 .2 - Io d o d ib e n z o y l  p - t o l u e n e - 4 .6 1 0 5 .0 2 4 .5 5

s u lp h o n y l  m e th y l -
4 .1 9 8 2 0 .2 - g l u c i d e . 4 .6 1 3 5 .0 2 _
4 .6 9 3 2 0 .1 - T e tra m e th y l  K -m e th y l-

g l u c o s i d e . 1 .7 4 1 6 0 .9 6 2 .0

3 .4 7 2 1 6 .2 1 6 .0
3 .7 7 1 1 6 .1 -
3 .8 9 0 1 6 .1 -

4 .  F o r  N i t r o g e n  P e r o x id e  D e s t r u c t i o n .

I n  t h e  i n v e s t i g a t i o n  o f  m ethods w hereby  t h e  o x id e s  o f  

n i t r o g e n  n o r m a l l y  fo rm ed  d u r in g  th e  c o m b u s tio n  o f  a  n i t r o g e n -  

c o n t a i n i n g  compound, c o u ld  be p r e v e n te d  from  a f f e c t i n g  t h e  c a rb o n  

d e t e r m i n a t i o n  i n  such  compound, th e  p r i n c i p l e  a im ed a t  was one i n  

w hich  r e d u c t i o n  o f  th e  n i t r o g e n  o x id e s  w ould t a k e  p l a c e  o r  a l t e r ­

n a t i v e l y  o x i d a t i o n  o f  n i t r o g e n  c o u ld  be p r e v e n t e d .

M o le c u la r  n i t r o g e n  d o es  n o t  r e a d i l y  combine w i th  o xygen , 

and i t  was p re su m ed  t h a t  once  th e  n i t r o g e n  was i n  t h i s  s t a b l e  

s t a t e ,  c o n d i t i o n s  w i t h i n  t h e  com bustion  tu b e  w ere such  t h a t  u n io n  

w ould  be  n e g l i g i b l e .



E x p e r im e n t in g  f i r s t  w i th  P o t .  I o d id e  S o l u t i o n .

A p p a r a tu s  l a y  o u t :

C om bus tion  tu b e  - ,,A nhydronentu b e  -  d e l i v e r y  tu b e  p a s s i n g  

i n t o  c o n c e n t r a t e d  p o t a s s iu m  i o d i d e  s o l u t i o n .

P r o c e d u r e .

The s u b s t a n c e  was w eig h ed  i n t o  p l a t i n u m  b o a t  and  t h i s  

i n t r o d u c e d  i n t o  th e  co m b u s t io n  t u b e .

The c o m b u s t io n  was c a r r i e d  o u t  a s  f o r  c a rb o n  and h y d ro g e n  

and t h e  Anhydrone tu b e  t r a p p e d  th e  w a t e r .  The COg and  NOg p a s s e d  

on i n t o  t h e  P o t .  I o d id e  S o l u t i o n .  H ere  p r e c i p i t a t i o n  o f  I o d in e  

t o o k  p l a c e  and  by t i t r a t i n g  th e  s o l u t i o n  a f t e r  t h e  c o m b u s t io n  

was f i n i s h e d ,  i t  was p o s s i b l e  to  e s t i m a t e  th e  i o d i n e  p r e c i p i t a t e d ,  

and  h e n c e  t h e  NOg p a s s i n g  i n t o  t h i s  s o l u t i o n .

T i t r a t i o n  w i t h  T h i o s u l p h a t e / s t a r c h .

By t h i s  means i t  was p o s s i b l e  to  f o l l o w  th e  p r o g r e s s  

b e in g  made to w a rd s  o b t a i n i n g  a l l  o f  th e  n i t r o g e n  o v e r  a s  m o l e c u l a r  

n i t r o g e n .

The f o l l o w i n g  t a b l e

Compound.

Ni trob en zaldehyde  

2 ,7 9 6  mg. 

2 .7 1 7  mg.

T itr a t io n  
NagSg O3S0lu t  ion

1 c . c .  s  0.12 mg.N2

1 .0 6  c . c .  0 .1 3  mg. 

0 .7 1  c . c .  0 .09  mg.

P«T C .etxl;
T o h i/l

N*

5 0 .2

3 5 .7

Remarks on System , ® tc.

Combustion w ith ou t any a p p lic a ­
t io n  to  d e s tr u c t io n  or NO2*
S i lv e r  f o i l .  vVad o f  Ag f o i l  
between Pr boat and gauze, to  
u n ite  with, or  reduce NOg.
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Compound
T it r a t io n

Na2S2°3  
1 c . c .  * 0 .1 2  mg.Ng

Pev-

To Remarks on System , e t c .

Ni trob  enzaldehyde  
2 .466  mg.

0 .3 1 c . c . 0 .0 4  mg. 1 7 .5 C eric  o x id e . Powdered, in s e r te d  
a t  end o f  tube near o u t l e t .  T h is  
tended to  b lo c k  tu b e, and

2 .7 4 9  mg. 0 .3 0 c . c . 0 .0 4  mg. 1 5 .7 C eric o x id e  with, a s b e s to s  w ool 
te a s e d  through i t  was t r i e d .  
T h is wa& o n ly  s l i g h t l y  more 
e f f i c i e n t .

2 .6 6 5  mg. 0 .0 9 c .c . 0.01 mg. 4 .0 Chrysean (a s  absorbent fo r  NOg) 
forms dark red  p p te . w ith  a c id

2 .726  mg. 0 .1 9 c . c . 0 .0 2 3  mg. 9 .1 n i t r a t e .  Not e f f e c t i v e  enough 
and in  any c a se  does not absorb  
n i t r a t e .

3 .5 4 6  mg. 1.01 c . c . 0.121 mg. 5 1 .3 S i lv e r  w ool, used  a s  a wad a t  
the e x i t  end o f  th e  tu b e .

2 .6 4 6  mg. 0 .0 8 c . c . 0 .0 0 9  mg. 3 .7 Copper o x id e  gauze in  com bustion  
tu b e . O b jectio n  to  t h is  i s  th a t  
th e  comb, tu b es are r e a d i ly  d i s ­
in te g r a te d  .

2 .6 3 7  mg. 0.10 c . c . 0.012 mg. 4 .9 Cold Copper o x id e  (v id e  ,/eb b ). 
Length o f  tube about 8" packed  
w ith  CuO powder and g r a n u le s .  
T his tube may have h e ld  up some 
o f  the NOg m e c h a n ic a lly .

2 .4 1 8  mg. 0 .1 4 c . c . 0 .0 1 7  mg. 8 .3 Cu/Ni (a s red u cin g  agen t in  comb, 
tube) h e a te d . Not e f f e c t i v e .

2 .7 6 1  mg. 0 .2 6 c . c . 0 .0 3 1  mg. 12.1 S a l i c y l i c  a c id  a s  absorbed fo r  
NOg. Not e f f e c t i v e .

2 .8 4 2  mg. 0.02 c . c . 0 .0 0 3  mg. 1.1 P o t. I o d id e . Sod. T h io s . Anhydrone 
m ixture in  tube betw een Anhydrone 
tube and K .I . s o lu t io n .

2 .7 5 3  mg. 0.01 c . c . 0.001 mg. 0 .4 As above e x c ep t th a t s ta r c h  i s
2 .7 7 3  mg. 0 .0 8 c . c . 0 .009  mg. 3 .5 used  in  p la c e  o f  NagSg0g .
2 .7 2 5  mg. 0 .0 5 c .c . 0 .006  mg. 2 .5 New f i l l i n g  o f  K .I . r e q u ir e d .fo r
2 .7 8 2  mg. 0 .0 7 c .c . 0 .0 0 8  mg. 3 .1 each p a ir  o f  exp er im en ts .

2 .6 9 1  mg. P o t . b isu lp h a te  absorb ing  NOg 
(Blank run showed th a t  S0g was 
ev o lv ed  (d e c o lo r is e d  KMhÔ  S o ln .  
a c i d i f i e d . )

2 .8 6 3  mg. 0 .1 5 c . c . 0 .0 1 8  mg. 6 .5 In term ed ia te  tube c o n ta in in g  
f in e l y  powdered P otassium  io d id e  
o n ly . T his S0g would r e a c t  w ith  
io d in e  a s  i t  was

2 .5 4 7  mg. tr a c e ** — H eated in  se a le d  tube F ig .  1 
» » " « w ith  Cu

2 .756  mg. tra c e w ir e .



Compound.
T itr a t io n  

NagSgOg S o ln .
1 c . c .  * 0 .1 2  mg.Ng

P e r ­
centage

To+W-l
hJz

I

Remarks on System , e t c .
i!

N itrob en za ld eh yd e

2 .6 3 2  mg. tra c e - - I
No c a t a ly s t  was used  in  th e  com­

2.888 mg. — — - b u s t io n  tu b e , o th erw ise  a s  above

1*907 mg. - - - Cu Powder (See Note 1 on proced­
ure ) .

2 .6 1 7  mg. 

P ic r ic  A cid

The su b stan ce was in trod u ced  
in to  a sm a ll tube about 3 mm. 
bore, and 2 cm. long  having  a

. 1 .8 7 2  mg. 0.01 c c . 0.001 mg. - t a i l  p ie c e  about 2 cm .long and
2 .8 5 7  mg. 0.01 c c . 0.001 mg. - w eighed, then a q u a n tity  o f  !
2 .216  mg. 

Naphthylam ine

0.01 c c . 0.001 mg. compound t ip p ed  out o f  t h i s  
tube in to  a sm a ll hard g la s s  
tube 3 cm .lon g , 3 mm. b o re .

2 .5 0 0  mg. 0 .0 4  c c . 0 .0 0 4  mg. 1 .7 The w eigh ing tube was d r ied  and  
re w eighed f o r  w eigh t o f  compound

1 .9 1 4  mg. mm u sed . (C /N itrogen  Micro Dumas). 
The hard g la s s  tube was ev a cu a t­

1 .8 7 6  mg. tra c e ed and s e a le d , in trod u ced  in to  
comb, tuhe and the compound de­

2 .1 0 7  mg. tra c e composed by h e a t in g . Gu powder 
was th ere  as red u cin g  a g en t, 
but i t  was more probable th a t  { 

the absence o f  NOg in  th e  K .I .  
S o ln . was due red n . by Carbon 
and Hydrogen.

E x p e r i e n c e  i n  t h e  above  c o m b u s t io n s  showed t h a t  t h e  s m a l l  

h a r d  g l a s s  t u b e s  w ere  d i f f i c u l t  t o  b r e a k ,  and  on  a c c o u n t  o f  t h e i r  

s h o r t n e s s ,  v o l a t i l i s a t i o n  o f  t h e  compound u n d e r  p r e s s u r e  was a
jli:

p o s s i b i l i t y .  Hence t h e  sh a p e  o f  t h e  tu b e  an d  p r o c e d u r e  w ere  |

a l t e r e d  t o  s u i t  c i r c u m s t a n c e s  a n d  upon a n a l y s i s  o f  N i t r o b e n z a l d e -  

h yde  by t h e  p r o c e d u r e  d e s c r i b e d  on p ag e  25 t h e  f o l l o w i n g  r e s u l t s  

w ere  o b t a i n e d ,  a n d  a r e  h e r e  p r e s e n t e d  w i th o u t  c l a im  b e in g  made !■

t h a t  t h e  a n a l y s i s  f o r  c a r b o n  i n  compounds c o n t a i n i n g  n i t r o g e n  

w i l l  a lw a y s  be a s  s u c c e s s f u l : -



N itro b en za ld eh y d e . Per Cent Carbon ■ 5 5 .6
W e i^ it . W eight o f  Carbon D io x id e . Per Cent Carbon.

1 . 1 .9 0 3  mg. 3 .8 4 4  mg. 5 5 .1
2 . 1 .6 2 5  mg. 3 .3 4 5  mg . 5 5 .2
3 . 2 .3 5 7  mg. 4 .7 5 3  mg. 5 5 .1
4 . 2 .3 4 4  mg. 4 .716  mg. 5 5 .0
5 . 2 .4 2 3  mg. 4 .6 8 4  mg. 5 2 .7  *
6 . 2 .4 7 8  mg. 4 .9 0 4  mg. 5 4 .0  x
7 . 2 .3 3 0  mg. 4 .7 1 0  mg. 5 5 .0
8 . 2 .3 0 5  mg. 4 .4 2 1  mg. 5 2 .3  X
9 . 2 .0 2 4  mg. 4 .0 2 7  mg. 5 4 .2  x

10. 1 .9 5 5  mg. 4 .0 0 8  mg. 5 5 .8
11. 2 .2 5 4  mg. 4 .6 1 3  mg. 5 5 .9
12. 2 .5 1 2  mg. 5 .0 8 3  mg. 5 5 .2
13 . 2 .4 8 4  mg. 5 .0 4 2  mg. 5 5 .3
1 4 . 2 .3 4 6  mg. 4 .8 1 9  mg. 5 5 .9
15 . 1 .8 9 5  mg. 3 .8 4 2  mg* 5 5 .3
1 6 . 1 .7 9 2  mg. 3 .6 3 5  mg. 5 5 .2

X N .B .  T he b a d  r e s u l t s  a r e  a l l  l o w ,  h e n c e t h e y  c a n n o t  b e  c a u s e d
b y  in c o m p le t e  d e c o m p o s i t io n  o f  o x id e s  o f  N i t r o g e n .

CARBON AND HYDROGEN IN COMPOUNDS FREE OF NITROGEN.

Carbon Hydrogen

Compound* 

O xalic  a c id .

L actose

r

Found 
Per Cent.

1 8 .9
1 9 .0

3 9 .9
3 9 .9  
3 9 .8

Required  
Per C ent,

1 9 .1

4 0 .0

Found 
Per Cent.

4 .6 8
4 .5 9

6 .6 0  
6 .5 5  
6 .5 8

R equired . 
Per Cent.

4 .7 6

6 .6 7



I n  c o n c l u s i o n  may I  t a k e  t h i s  o p p o r t u n i t y  o f  c o n v e y in g  

my s i n c e r e s t  g r a t i t u d e  and a p p r e c i a t i o n  to  P r o f e s s o r  G. G. 

H e n d e r so n ,  F . R . S . ,  C h ie f  o f  t h e  D e p a r tm e n t  o f  C h e m is t ry  i n  t h e  

U n i v e r s i t y  o f  G lasgow , and  Dr D av id  T. G ib so n ,  my s u p e r v i s o r ,  

f o r  t h e i r  h e l p f u l n e s s  and  i n t e r e s t  i n  m a t t e r s  r e l a t i n g  to  my 

w o r k .

The U n i v e r s i t y ,  
G la sg o w .
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522 GIBSON AND CAULFIELD: MICRO-VOLUMETRIC DETERMINATION OF

M icro-V olum etric D eterm ination of Sulphur 
in  Organic Com pounds containing H alogen  

and N itrogen
By D. T. GIBSON, D.Sc., and T. H. CAULFIELD, B.Sc., A.I.C.

Cowie and Gibson1 showed that the combustion-volumetric determination of 
sulphur could be combined with that of chlorine, and the two elements satisfactorily 
determined by acidimetric followed by argentimetric titration.

Their process is greatly improved by the use of Viebock’s2 mercuric oxycyanide 
for the halogen determination, which is resolved into an ordinary acidimetric 
titration with a sharp end-point.

At the same time we have taken the opportunity of introducing several other 
simplifications:—(i) The tube is maintained at a temperature of 400° C. electrically.
(ii) The contact is a length of 80-mesh Pt/Rh gauze rolled into the form of a tube.
(iii) There is affixed to the tube a 50-ml. distilling flask, the side-arm of which is 
bent bow-shaped, and has mid-way along its length a bulb blown.

Before attaching the flask, a boat containing about 8 mg. of sodium bicarbonate 
is introduced into it. The alkali is dissolved in 1 ml. of water, and 0*04 ml. of 
perhydrol is added. This solution is sucked up into the beads. The flask is then 
rotated so that the side-arm is in a horizontal position, and 0-04 ml. of perhydrol and 
0*20 ml. of TV/100 alkali are pipetted into the arm. This forms a seal which is 
broken intermittently by the oxygen flow.

After combustion, the products of oxidation are washed into the (receiving) 
flask, and the total acidity of the solution is found by titration with TV/100 
sulphuric acid.

The solution is now concentrated to 2 to 3 ml., 10 ml. of a saturated solution of 
mercuric oxycyanide are added, and the halogen-content is determined by titration 
with TV/100 sulphuric acid, and hence by difference sulphur may be estimated.

The equation

2Hg(OH)(CN) -f 2NaCl ^  HgCl2 -f Hg(CN)2 - f  2NaOH

represents the condition of the solution for the determination of halogen. In 
concentrated solution equilibrium lies practically quantitatively to the right, and 
the sodium hydroxide may be titrated with acid other than halogen acid. Dilution 
of the solution shifts the equilibrium to the left, and it is therefore necessary to 
arrange conditions so that the acid does not add unduly to the dilution, 
or results will be low.

With bromides the degree of accuracy is equally good.
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Sulphur Chlorine
r—-------A--------- ,--,--------- *--------- v

Compound found required found required
PerCent. PerCent. PerCent. PerCent.

Dichlorobenzene, C6H4Cl2 ..................................... 48-3,48-4 48*3
36-7 36-5
15-3 151
12*5 12-1
25-2 251
39-4 39-9
15-8 15-7
18-5 18-1

Bromine

found required
PerCent. PerCent.

24-6 24-8
34-0 34-0
40-8 41-2
29-9 30-4

45*8 45-0

For compounds containing nitrogen, Friedrich3 has proposed a volumetric 
method for determining sulphuric acid; it is based on the stability of potassium 
bisulphate.

We have applied this to artificial mixtures of nitric and sulphuric acids, with 
the following results:

Nitric 
acid 

(0-0170 N)  
ml.

Sulphuric 
acid 

(0-00912 N)  
ml.

Sodium 
sulphate 
(0-0210 N)  

ml.

Alkali 
found 

(0-0113 N)  
ml.

Alkali 
required 
(0-0113 N)  

ml.

1-00 3-00 5-00 2-49 2-48
3-00 3-00 5-00 2-50 2-48
1-00 3-00 6-00 2-50 2-48.
3-00 3-00 6-00 2-50 2*48
2-00 3-00 8-00 2-50 2-48
5-00 3-00 6-00 2-50 2*48
— 3-00 10-00 2-50 2-48

When the method was applied to products of combustion of compounds 
containing sulphur, the results were always 1 to 3 per cent. low. For example, 
the following results were obtained with propylene diphenylsulphone (C16H160 4S2) :

Sulphur Sulphur Sulphur
(direct titration) (after Friedrich) (required)

i--------- *--------- >
PerCent. PerCent. PerCent. PerCent.

19*6 18-6 18*4 19-8
17-9 17-0

Tetrachlorodiphenyl disulphoxide, C12H60 2S2C14 16-5 
Chlorophenylsulphonacetone, C9H90 3SC1 
Ethyl chlorocamphorsulphonate, QiaHjsOjSCl 
Dichlorophenylsulphone, C^HgOgSC  ̂
Tetrachlorodiphenyl disulphide, CjgHeSaC  ̂ .. 
Naphthalene sulphonchloride, C10H7O2SCl .. 
Toluenesulphonchloride, C7H70 2SC1

16-5 16-5
13-6 13-5
11-4 11-5
11*1 11-3
17-7 17-9
14-0 14-2
16-4 16-8

Sulphur

Compound

Bromophenylmethylsulphone, C7H70 2SBr 
d^0C (C H 3)2S02C(S02Me)Br2 . .

CH2-S 0 2 c h 3

found required
Per Cent. Per Cent.

9-69 9-94
13*9 13-6
16-2 16*5
24-0 24-4

C
/ \

CH2-S 0 2 Br
Tolyldibromopropylsulphone, C10H12O2SBr2 9-28 9-00
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Sulphur Sulphur
found required

Per Cent. Per Cent.

19-7 19-8
18-6 18-7
42-3 42-1
20-0 20-8

6-25 8-21
15-7,13-4 13-8

As the discrepancy was probably due to incomplete conversion of S02->S03 by 
perhydrol, chlorine water was substituted. Here the results were variable, 
sometimes tending to be high, owing to retention of hydrochloric acid (as indicated 
by silver nitrate), which caused us to reject the method.

Compound

Propylenediphenylsulphone 
Toluenesulphonamide . .  ' . .
Thiourea
Dinitrodiphenyl disulphide ..  . .
4-Chloro-3-nitro-4/-2/ dinitrodiphenylsulphone 
Nitrodiphenyl sulphide
Other methods tried and subsequently discarded (for reasons indicated in 
parenthesis) included potassium palmitate [(Halm, Vieweg and Meyer),4 (variable 
^>H)]; rhodizonic acid [(Strebinger and Von Zombory5) (satisfactory for JV/10 
solution, not for iV/100)]; tetrahydroxyquinone [(Schroeder6) (for the' same 
reasons as rhodizonic acid)]; and benzidene [(Muer)7 (occlusion, giving high results)].

A method based on the use of barium chloride and potassium chromate was 
found to be a distinct improvement on others, and was finally adopted.

Compound

Propylenediphenylsulphone, Ci5Hi60 4S2 
Camphor sulphonylmethylsulphonylmethane, C^H^O ^
Benzyl sulphonylmethylsulphonylmethane, C9Hla0 4S2 
Thiourea, CH4SN2

99 99 • •  • •  • •  • •

Dinitrodiphenyl disulphide, C^HgO^Ng 
Toluenesulphonamide, C7H90 2SN
Cystine, CeHjaO^Na .......................................
Nitrodiphenyl sulphide, C^HgOgSN 
Sulphanilic acid, C6H70 3SN 
Thiocarbanilide, Ci3H12SN2 
Phenyl-sulphonyl-acetonitrile, C8H70 2SN

99 99 99 99 * *

4-Chloro-3-nitro, 2'-nitro-4'-nitro-diphenylsulphone,
C12H60 8SN3C 1 .................................................

4-Bromo-3-nitro-2'-nitro-4'-nitrodiphenylsulphone,
CjaHgOgSNgBr

4-Chloro-2'-nitro-4'-nitro-diphenylsulphone, C12H70 6SN2C1

The combustion of the compound was carried out in an ordinary Pregl tube 
heated to 400° C. The improved Pt/Rh contact was used. A pre-catalyst of 
platinum foil was also employed. This was heated to a temperature between 
500° to 600° C., to promote the disruption of the compound. The beads were 
moistened with distilled water only. The products of combustion were washed 
into a receiver §iid neutralised with N /100 alkali. The sulphate was precipitated 
in hot neutral solution by drop-wise addition of barium chloride solution (iV/100).

The excess of barium chloride was precipitated with potassium chromate 
solution, and the combined sulphate and chromate precipitates were filtered off and

Sulphur Sulphur
found required

Per Cent. Per Cent.

19-5 19-8
21-2 20-8
25-7 25-9
42-8 42-1
42-3 42-1
20-6 20-8
18-4 18-7
26-6 26-7
13-8 13-8
18-5 18-5
141 13-9
17-4 17-7
17-5 17-7

8-25 8-25

7-27 7*41
9-11 9-37
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washed on an Emich filter-stick. The filter-stick was then washed and boiled in 
dilute hydrochloric acid solution. The solution was cooled, potassium iodide 
was added and the liberated iodine was titrated with TV/100 thiosulphate solution. 
The determination can be complete in less than 2 hours.

The preliminary alkali titration varies, but it gives an upper limit to the 
acidity of the solution, and hence a measure of the volume of barium chloride 
solution required.

The excess of the total acidity over the sulphur acidity varies by from 5 to 
20 per cent, of the latter for the sulphur-nitrogen-compounds analysed, whilst 
for the sulphur-nitrogen-halogen-compounds it rises to over 100 per cent.
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substance, but, in disagreement with them, we find that with such quantities the blank 
given by the absorbing solution is significant and is seriously increased by time, temper­
ature, dilution with water, and even by illumination.

After the decomposition, Viebock washes the absorbing solution into a conical flask 
containing \ —1 g. of dissolved sodium acetate, destroys the excess of bromine with 4 or 
5 drops of formic acid, adds 0-1—0-2 g. of potassium iodide, acidifies the solution with 
sulphuric acid, and titrates it with thiosulphate. He suggests that the presence of undis­
solved sodium acetate gives rise to bromate formation; but we consider it more likely 
that the discrepancy arises from deficiency of dissolved acetate. Further, we found it 
necessary to use excess of sulphuric acid for the liberation of total iodine.

We find that a solution of bromine in potassium bromide obviates these difficulties 
and recommend the following modifications.

An amount of material corresponding to 3— 10 c.c. of N /50-thiosulphate should be taken. 
The " Verschlussstabchen ” should fit tube A as tightly as possible without seizing (cf. Pregl, 
3rd German Edition, p. 199).

A very smaH flame within 1 cm. of the flask gives better control of the heating than does a 
glycerol-bath (Viebock). Heating should be continued for 40 minutes, i.e., 5 minutes after 
bumping begins.

As little washing solution as possible should be used. A saturated solution of sodium 
bicarbonate is efficient.

The absorbing solution should be freshly prepared by adding 6 drops (0-05 c.c.) of bromine 
to 18 c.c. of 20% aqueous potassium bromide. Half of this serves as a blank, and is kept 
beside the absorption tubes during the estimation, being titrated under the same conditions 
at the end. The remaining absorption solution is filled into two absorption tubes (cf. Pregl, 
op. cit., p. 207, Fig. 36), 7-5 c.c. into the first, 1-5 c.c. into the second. The absorption tubes 
and the blank are immersed in ice-water during the estimation.

When the decomposition is complete, the two absorbing solutions are washed into a conical 
•uayk' with 45 c.c7 of 25% potassium acetate, and decolorised with T c.c. of 85%-formic acid.
2 C.c. of 10% potassium iodide and 25 c.c. of 5W-sulphuric acid are added, and the iodine titrated 
with N /50-sodium thiosulphate. The blank, similarly treated, does not exceed 0-1Q c.c.______—

The following results were obtained : 

OMe, %
Wt., r-

Substance.
Vanillin

OMe, %.
Wt., ,------- - Wt.,

Calc.mg. Found. Calc. Substance. mg. Found.
0-544 20-5 20-4 -̂Methoxybenzaldoxime 2-349 20-2 20-5
0-802 20-2 — 2-845 20-6 —
1-318 20-2 — Papaverinol 3-854 34-6 34-9
2017 20-3 — p-Methoxybenzylideneaceto- 3-294 12-9 13-0
2-498 20-4 — phenone

5-61 5-573-100 20-4 — Dibenzoyl £-toluenesulphonyl 4-241
3-216 20-3 — methylglucoside 3-849 5-61 —
3-592 20-2 — Iododibenzoyl -̂toluene- 4-610 5-02 4-55
4-198 20-3 — sulphonyl methylglucoside 4-613 502 —
4-603 20-2 — Tetramethyl a-methyl- 1-741 60-9 62-0
4-693 20-1 — glucoside
3-472 16-2 16-0
3-771 16-1 —
3-890 16-1 —

o-Methyl-
glucoside

Low results were obtained if (i) only one receiver was used; (ii) the heating lasted less 
than 40 minutes; (iii) the titration was too large.
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3 4 3 . Microvolumetric Determination of Methoxyl, .
By D a v id  T. G ib s o n  and T h o m a s  H. Ca u l f ie l d .

V ie b o c k  and S c h w a p p a c h  (Ber., 1930, 63, 2818) have shown that Pregl’s methoxyl 
estimation can be effected volumetrically by absorbing the alkyl iodide in a solution of 
bromine, destroying excess of bromine, adding potassium iodide, and titrating the iodine 
liberated, according to the scheme CH3I — >- CH3IBr2 — >■ IBr — >- H I03 — >■ 3I2. Arndt 
and Martius (Annalen, 1932, 499, 269), who used this method with a series of sulphur 
and nitrogen alkoxy-derivatives, found it very satisfactory with 25—50 mg. of material. 

Viebock and Brecher {Ber., 1930, 63, 3207) also described a procedure for 1—5 mg.
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